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CARDIAC ARREST RHYTHMS

Pulseless Electrical Activity
Asystole (PEA)

. . Incidence: occurring in about 70-
Survival to Hospital
Discharge: Tvpicgl ly 2-10% Non-Shockable Rhythms 80% of cardiac arrests, particularly in-
' hospiteiarrests.

Cardiac Arrest Rhythms

Survival to Hospital Discharge:

‘ Incidence: Shockable rhythms are
Approximately 20-40%

present in roughly 20-30% of out-of-

Shockable Rhythms hospital cardiac arrests (OHCA).

Ventricular Fibrillation (VF)
Pulseless Ventricular

Tachycardia (VT)
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DEFINITION

° bpefiniticn
Carcdi2C 2. res: is the cudder cassation of heart funzrion, resuliing ir the lozs o1 bleod
flow to the body.

« Characteristics:
« loss f cons .iousness
* Absence of pulse

* Lack of breathing or abnormal gasping

* Distinction:
Cardiac arrest differs from a heart attack (myocardial infarction), which is due to
blocked blood flow, whereas cardiac arrest is an electrical malfunction.
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PATHOPHYSIOLOGY OF CARDIAC
ARREST

vnderlying Mechaasm.

> Disruption in tne electrical system or the hearty, ieading to abnormai neart rnythms.
Types of Dysfunction:

Shockable rhythms (vertricalar fibriiiation,  uls :less ventricu ar <acnycardia)

* nNon-snockdble rhythms (asystole, pulseless electrical activity)
Effects on Body:

* 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.
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CAUSES OF CARDIAC ARREST

* snockabie Fhytrms:

)

Ventricular Fibrillation (VF): Chaotic, irregular electrical activity
Pulseless Ventricular Tachycardia (VT): Fast, ineffective contraction rhythm

Causes: Often linked tc i.chemic heart disezc, elect -oly .« imbiiances, dirugss, ard
cardioinyopachy.

* Non-Shockable Rhythms:

Asystole: Complete lack of electrical activity ("flatline")

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

Causes: Severe hypoxia, acidosis, hypovolemia, tension pneumothorax, or trauma.
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SH’S AND 5T°S

5H's
Hypoxia - Insufficient oxygen levels in the blood, preventing effective tissue
oxygenation.

. Hypoavcolemia - Loss of binod or fud vaiuine, often trom trauma cr deliydrat or.

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

acidosis.

. Hyperkalemia / Hypokalemia - Abnormal potassium levels affecting cardiac

function.

. Hypothermia - Low body temperature that slows metabolic and cardiac function.
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SH’S AND 5T°S

N

5T

. Tension pneumothorax - Collapsed lung due to trapped air in the chest cavity,

causing pressure on the heart.

. Tampoinade (cardiac) - Fluid accuraclauon ir the pericardium, compresiig vhe

hearc and imp.ding func:ion.

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

. Thrombosis (pulmonary) - Pulmonary embolism blocking blood flow in the

lungs.

. Thrombosis (coronary) - Myocardial infarction from blocked coronary arteries,

leading to cardiac arrest.
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TREATMENT OF CARDIAC ARREST

* 1mramediit: Steps:

* Bystander CPR: Emphasis on chest compressions and rapid intervention

* Defibrillation: For shockable rhythms (VF/VT), ideally within 3-5 minutes of collapse
* Advanced Cardiac Lile Suppcr: (ACLE):

* Airway management, IV access, medication administration (e.g., epinephrine)

* Continuous monitoring and pulse checks

* Targeted temperature management post-ROSC (Return of Spontaneous Circulation)
* Post-Resuscitation Care:

* Neurological assessment, stabilization, and intensive care monitoring
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PROGNOSIS AND OUTCOMES

* Factors Influencing Progncsis.
* Time to CPR and defibrillation
* Initial rnythm (shockavie vhythms have better outcomes)
|_nderlving "ealth and cause of ar e:t
* Neurological Outcomes:
* Rapid ROSC and temperature management critical for brain health

* Many survivors of IHCA experience favorable neurological recovery
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._|

ACLS PROTOCOL AFTER CARDIAC ARREST

Maintoin Aii wa’ a’nd Dreauning’.

* Jse 22vanced dainvay if need2< (erdot-ache?!
intubation).

* Provide 100% oxveen initially, then adjust to keep
oxvoen saturation >94%.

* Contintous wavi:form c~nnography tc cor firm an-
monitor placement.

Optimize Circulation:

* Monitor blood pressure; target a systolic BP 290
mmHg.

*  Administer IV fluids and vasopressors (e.g.,
norepinephrine or epinephrine) as needed.

Mouitor ‘ur Retuin of Spouitaniecus Circulation
(RO30)

Confirm ROSC:
* Pulse and hlnad pressure present
* Abiupcincrzase in enc-tidal CO, (Et2O )
* Spike in arterial pressure if ar arterial line is in place

Targeted Temperature Management (TTM)

Temperature Goal:

* Maintain a core temperature between 32-36°C for 24
hours.

* Helps reduce brain injury risk and improve neurological
outcomes.
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CONTINUOUS MONITORING AND
SUPPORT

* RHernad/ramic Supfgort:

* Keep MAP (mean arterial pressure) >65 mmHg to ensure adequate organ perfusion.
* Glucose Control:

* Mainwin blcod glucosc levals Letvreer. 148182 z/dL.
* Assess Reversible Causes:

* Re-evaluate 5H and 5T causes to prevent recurrence.
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A CLOSER LOOK

Out-of-Hospital Cardiac Arrest (OHCA) In-Hospital Cardiac Arrest (IHCA)

*Global inciderce. --35 perr 153,000 person-years -icicenze: 1-1.5 >er 1,009 zairissions

Survival te discharze:--R.3% | 1-yec ~ survival: ~7.7% P OEC in ~53% ! Disciarge curvival: ~22 4%

*Key factors for better survival: Bystander CPR, EMS- *Favorable neurological outcome in ~83% of survivors

withessed arrest

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
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European Sudden Cardiac Arrest network: towards Prevention,
Education and New Effective Treatments (ESCAPE-NET): A major
European Horizon 2020 project focused on cardiac arrest @

Hanno L Tan, Nikolaos Dagres, Bernd W Bottiger, Peter J Schwartz @, ESCAPE-MET Investigators  Author Notes

European Heart Journal, Volume 39, Issue 2, 0T January 2018, Pages 86-88,
https://doi.org /10,1093 /eurheartj/ehx758

GLOBAL DISPARITIES

*5urvival aad inziden ze vary by healthcar: infrastructure, cocioecor.omic
factors, bystander CPR availability,and access to detibrillators

-Hizher incidence and |ovver survival rates in economically deprived a~eus

Higher Survival Rates: Lower Survival Rates:

*Norway: Reports a survival rate of *Spain: Records a survival rate of about 6% for
approximately 25% for out-of-hospital OHCA.

cardiac arrests (OHCA). eItaly: Exhibits a survival rate of approximately
*Netherlands: Achieves a survival rate of 5% for OHCA.

around 21% for OHCA.
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NATURAL COURSE OF NEUROLOGICAL
RECOVERY FOLLOWING CARDIAC ARREST

Recovery of
coriicar funciion

JECR .

Brain stem
recovery

CONVA ¢~

Vegetative state

Brain Dead

hours — days (— weeks)
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THE CHAIN OF SURVIVAL

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

- "' B

Co-Founder, President & CEO

Sudden Cardiac Arrest Foundation
Pittsburgh, Pennsylvania
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THE PIONEERS

o tRe —\ \ \ , / / / Pioneering Cardiopulmonary Resuscitation (CPR)
\e i |
IO - : / In the 1950s, >cfai collaborated with Jame; Elam
‘ | \ \
/

* mouth-to-mouth resuscitation
e combined w'th 2xternal chest compressions
* tke eswulishiient of the ABCs (sAirvray, Breathing, Circulation

This protocol became the foundation of modern CPR

Advancements in Critical Care

e Create one of the first intensive care units in the USA
* Establish paramedic emergency services.
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Background

E
)
;

THE USE OF

HYPOTHERMM

AFTER
CARDIAC ARREST

DONALD W. BENSON, M D

G. RAINEY WILLAMS, JR, M.D,

FRANIK € SPENCER, M D,

ADOPH J. YATES, M.D. Baltimere, Maryland® - |

Benson et al. The use of hypothermia after cardiac arrest.
Anesthesia and Analgesia 1959;38:423-428

HEART - LUNG RESUSCITATION __

T FIRST AID: OXYGENATE THE BRAIN IMMEDIATELY .;*“
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viNnT AT OwN JALTE f LA AS »
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Figure 1. Heart-lung resuscitatiorNcardiopulmonary-cerebral
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THE CURRENT CHALLENGES OF
CARDIAC ARREST

Out of hospital and Post cardiac arrest
nmanagement
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LEVELS OF
HYPOTHERMIA ‘

MILD
HYPOTHERNMIA
IN OHCA PATIENTS )10 [ 1= | {= B3 s hrrsc i

< 28° Celsius
Seve re < 82.4° Fahrenheit
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ISCHAEMIA-REPERFUSION SYNDROME

Energy depletion
lon imbalance

Free radical production

Cel ular lnjurv

witochaindriar aysfunciion

Edema and sw ening

Neuronal apoptosis

Oscidative Stress

aem|a—e rrusion

Injury (IRI)

Neurological Effects

Impaired cognitive
function

Li>id peroxication

Protein and DNA damage
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POST ANOXIC BRAIN INJURY

Glutamate toxicity

Increased intracranial Calcium influx

_ _ o pressure
Risk ¢r brain hernia.ion

Neurotransmitter
Imbalance

Cerebral Edema o
Oxidative stress

Swelling and ir.flai nrnaticn

Memory impairment

Brain atrophy Cognitive Deficits

Neuron and axon damage Learning difficulties

White matter
deterioration

Attention and focus issues
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Evidence for TTM

Expert
O GhIRIGAIL T O

Before-after
Studies and case
series
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ORIGINAL ARTICLE

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

Stephen A. Bemard, M.E., B.5., Timothy W. Gray, M.E., BE.5., Michael D. Buist, M.B., B.5., Bruce M. Jones, MB., B.S,,
William Silvester, MB., B.S., Geoff Gutteridge, M.B., B.S., and Karen Smith, B.Sc.
N Engl J Med 2002; 346:557-563 | February 21, 2002

Mild Therepentic Hypsthermia te Improve the Meurologic
Outcome a‘ter Cardiac Arrest

B A< K < RO l l N D The Hypothemmia after Cardiac Arrest Study Group
N Engl J Med 2002; 346:549-556 | February 21, 2002

the NEW ENGLAND
JOURNAL of MEDICINE
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ORIGINAL ARTICLE 'F X in e

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

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

Published February 21, 2002 | N Engl ] Med 2002;346:557-563 | DOI: 10.1056/NEJM0a003289 | VOL. 346 NO. 8

TABLE 5 OUITCOME OF PATIENTS AT DisCHARGE
FROM THE HOSPITAL.

. Quas.l-.rar aomlsed, <>d_d anc even days Hyporierma  NORMOTHERMIA
- 84 eligible patients, 77 included Outcome* (N=43) (N=34)
- Unscheduled interim analysis after 62 patients number of patients
. All rythms included
: Unusual outcome measure: survival to hospital discharge with Normal or minimal disability (able to care for 15 7
ent] d losi : be disch dto h self, discharged directly to home)
sufficiently good neurologic function to be discharged to home or to Moderate disability (discharged to a rehabil- G )
a rehabilitation facility. itation facility) —_—
Severe disability, awake but completely 0 ]

. Uneven groups (43 vs 34 patients
8 P ( P ) dependent (discharged to a long-term

. Temperature in control group (37.1 -37.3 °C) nursine facility)
Severe disability, unconscious (discharged 0 ]
t0 a long-term nursing facility)
Death 22 23
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ORIGINAL ARTICLE

Mild Therapeutic Hypothermia to Improve the
Neurologic Outcome after Cardiac Arrest

Author: The

o This article has been corrected. VIEW THE CORRECTION

Hypothermia after Cardiac Arrest Study Group™ Author Info & Affiliations

Published February 21, 2002 | N Engl | Med 2002;346:549-556 | DOI: 10.1056/NE]M0a012689 | VOL. 346 NO. 8

v/ Less risk of bias/systematic errors!

v/ Patients after ventricular fibrillation

v

Included only 8 % of patients with ROSC

100
LE
i
i\
754 “L
E‘TE'-‘ \Hh ——. 1 H'ﬂ.Dt‘hP mia i
S 504 e
g Normothermia
w
25 -
D 1 1 1 1 1
0 50 100 150 200
Days
MNo. AT Risk
Hypothermia 137 92 86 83 1
Normothermia 138 74 66 64 9
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Bladder Temperature (°C)

39 -

Mormothermia (n=124)
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Hours after Restoration of Spontaneous Circulation
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ILCOR Recommandations

E b

ELSEVIER Hesuscitation 57 (2003 231-235

wwaw glaevier, comfkcatefns us citation

Therapeutic hypothermia after cardiac arrest.
An advisory statement by the Advanced Life Support Task Force of
the International Liaison Committee on Resuscitation™

Jerry P. Nolan™*, Peter T. Morley”, Terry L. Vanden Hoek®, Robert W, Hickey 4!,
ALS Task Force

ILCOR Recommendations
On the bas'> ol the published evidence 1o date, the Advanced |

Commities on Reousciativn (LCURY made Y frdaving |
recommendafions in Octobes Zol2:

o Unconscious adult patients with spontangcus circulanon
after out=of=hospiial cardiae arrest should be cooled 1o
32°C 1o H°C for 12 w24 howrs when the iditial thithm
wis ventricular fibrillation (VE).

* Such cooling may olso be beneficil for other rhythims or
in-hospital cardeac prrest,
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Different cooling techniques ... too many ?

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

—

- weint viral Ry o
IL ellt Vi ral l.DUCE:DllY'PO'I::ERUIA
TO SAVE YOUR SOouL
A._D YOUR RODY

- | S —— —
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1) mducuon ) fargeted hypothermia 3) Rewai..ng 4) nNor nothermia
for 24 hours

—

Temperature (°C)

Time (hours)
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INCREASED RISK OF:

* Infexction
* Arrhythmia

* Hemociinamic
failure

* Seizures
* Major bleeding

* Delayed weaning
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A Meta-Analysis

Contents lists available at ScienceDirect
CARDIOLOGY

International Journal of Cardiology 5
ror journal homepage: www.elsevier.com/locate/ijcard
AOQCUINENTO L1Servato

Prof. Roman—-Pognuz
* Possible risk of systematic errors

* Possible risk of being underpowered
* |Investigated a selected group

Neurological outcome relative risk (RR) for death was 0.84 (95% confidence interval (CI) 0.70 to 1.01) and for poor neurological

Intensive care outcome 0.78 (95% C10.64 to 0.95). For the two trials with least risk of bias the RR for death was 0.92 (95% CI

Critical care 0.56 to 1.51) and for poor neurological outcome 0.92 (95% confidence interval 0.56 to 1.50). TSA indicated

lack of firm evidence for a benefidal effect. The substantial risk of bias and concerns with direcmess rated
[pp——— T S—" e H e

warem .. bn mariAdne e
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39 === 36°C group == 33°C group

38

374

- -

34- N T IRREEE pd

Body Temperature (°C)

T T 1 T T T T T T T T T T T T T T T _ T T T T~
012345\ 7 910111213 415161718 9201122232 7576727 87293,3132:}334351,

lours si" ce Ra domi :atior

ORIGINAL ARTICLE f X in

Targeted Temperature Management at 33°C versus
36°C after Cardiac Arrest

Authors: Niklas Nielsen, M.D., Ph.D., Jern Wetterslev, M.D., Ph.D., Tobias Cronberg, M.D., Ph.D., David Erlinge, M.D.,
Ph.D., Yvan Gasche, M.D., Christian Hassager, M.D., D.M.Sci., Janneke Horn, M.D., Ph.D., +26 , for the TTM Trial

Investigators™ Author Info & Affiliations

Published December 5, 2013 | N Engl | Med 2013;369:2197-2206 | DOI: 10.1056/NE)Mo0a1310519

Proba’:litv of Survival

No. at Risk
33°C group
36°C group

1.0+

0.8

0.6 K\Oﬂ

—_—— 3A°C group
_I_H___I_ W
13°C group
0.4
0.2
P=0.51
0.0 [ [ | | |
0 200 400 600 800 1000
Days since Randomization
473 230 151 64 15
466 235 144 68 12
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Subgroup

Target 33 °C
No. of events/Total no. of patients

Target 36 °C

Hazard Ratio
95% CI

Hazard Ratio
95% CI

Test of
interaction

Age
Less than or equal to 65 years
More than 65 years

Gender

Female
Male

Time from cardiac arrest to ROSC

Less than or equal to 25 min
More than 25 min

Initial rhythm

Non-shockable
Shockable

Shock at admission

Not present
Present

Site category

Two largest sites
Sites except two largest

TTM-Trial
All patients

91/238
144/235

47/80
188/393

791243
156/230

82/98
153/375

183/402
52/70

50/110
185/363

235/473

85/250
140/216

55/98
170/368

86/241
138/224

74/88
150/377

180/398
44/67

40/108
185/358

225/466

113[0.84, 1,53]
1.011[0.80, 1.28]

114[0.77, 1.69]
107[0.87, 1.32]

0.92 [0.68, 1.24]
1.20[0.96, 1.50]

108[0.79, 1.48]
1.06[0.84, 1.34]

1.03[0.83, 1.28]
135[0.90, 2.03]

133[0.87, 2.03]
1021[0.83, 1.25]

1,06 [0.89, 1.28]

_|7
l—

05

|
07 1 15
33 °C better 36 °C better

P=0.52
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—e— Normothermia group —s— Hypothermia group
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ORIGINAL ARTICLE f X in @ 31 I _ T I I T
Hypothermia versus Normothermia after Out-of- 0 10 20 30 40
Hospital Cardiac Arrest Hours since Randomization

Authors: |osef Dankiewicz, M.D., Ph.D., Tobias Cronberg, M.D., Ph.D., Gisela Lilja, O.T., Ph.D., Janus C. Jakobsen, M.D.,
Ph.D., Helena Levin, M.Sc., Susann Ullén, Ph.D., Christian Rylander, M.D., Ph.D., +57 , for the TTM2 Trial

Investigators™ Author Info & Affiliations

Published June 16, 2021 | N Engl | Med 2021;384:2283-2294 | DOI: 10.1056/NEJM0a2100591 | VOL. 384 NO. 24
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A Death at 6 Months

Subgroup Hypothermia Normothermia Relative Risk of Death (95% ClI)
no. of patients
All patients 925 925 —o—i 1.04 (0.94-1.14)
Sex i
Male 738 729 —— 1.03 (0.92-1.15)
® ! 1.10 (0.94-1.29)

Female 187 196
Age

=65 yr +21 £57

=65 yr 504 468
Time to ROSC from cardiac arrest

<25 min : 416

=25 ‘nin 504

nitial rvth.on

Monshockable 231

Shockable 694
Shock on admission

Mot present 651

Present 274

(.99 '0.83-1.1¢)
1.04 (0.94-1.15)

f{

1.09 (0.91-1.33)
1.02 (0.92:-1.12)

{7

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

1.07 (0.95-1.23)
1.01 (0.89-1.15)

| |
1.25 1.50

=

E__.__-._____._

Hypothermia Better Normothermia Better
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TTM1 + TTM2

ORIGINAL ARTICLE

Hypothermic versus Normothermic

f X

Temperature Control after Cardiac Arrest

Authors: Johan Holgersson, M.D., Martin Abild Stengaard Meyer, M.D., Josef Dankiewicz, M.D., Ph.D., Gisela Lilja, O.T,,
Ph.D., Susann Ullén, Ph.D., Christian Hassager, M.D., D.M.Sc., Tobias Cronberg, M.D., Ph.D., +37 , and Janus Christian
Jakobsen, M.D., Ph.D. Autnor Info & Affiliations

Published June 15, 2022 | N EJM Evid 2922:1(11) | DO :10.1)56/EVI D0z22( 0137 | VOL. 1 Nt). 11

&

Survival probability

1.00
0.751
0.501
0.251

0.001

Normothermia {1391
Hypothermia {1398

— Normothermia — Hypothermia
0 30 60 90 120 150 180
Days after randomization
Number at risk
783 753 740 731 727 607
736 721 717 713 711 596
0 30 60 90 120 150 180

Days after randomization

Hypothermia -

MNormaothermia -

mRS0 (No symptoms)
MRS 1 (No dinically sgnificant disability)
MRS2 (Slight disability)
B mRS3 (Moderate disabilty)
mR&4 (Moderately severe disanilty)
B mRS5 (Severe disability)
B mR36 (Dead)

2 50 7
Percentage of Participants

100
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Severity & survival

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

TTM & survival

100 -

— {3=

i
b
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Hypothe ia .o =C gﬁodf C ." lr I P DU »

in patlents who had not received bystander cardlopulmonary resuscitation

?l:l“’
-
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“i ? 1 1 ﬁ ﬁ ? F!. '? High Risk Intermediate Risk Low Risk
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- 100
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MIRACLE, Risk Score

Missed 1
(Unwitnessed Arrest)
= Initial Rhythm
- (Non-Shockable) 1
@& Reactivity of Pupils

(none at ROSC) 1
o Age 0 - 60 years old 0
B 60 - 80 years old 1
L > 80 years old 3
@M Changing Rhythm

‘ (Any 2 VF/PEA/Asy stole)

O LowpH(<7.20) 1
@Q Epinephrine Given 2

____ToraLpoiNs” [ 10|

Risk of Poor Neurologic Outcome
0 - 2= Low Risk
3 4 = Medium Risk

— I
[ /
/
—_—
- /
/
/
4
- ’
/
»a
4
""
— ‘-’
0 1 2 3

MIRACLE, Score

s (%)

20 40 60 80 100

O
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Severn predictor varigbles resulting in a
score ranging from 0 to 10 were used in the

final mode! and it was na
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Survival by quartiles of cooling speed in the Hypothermia group

— Fastest Fast Slower — Slowest

SPEED OF COOLING

o
)
S

\_\_‘_\_H_'ﬁ—‘\

Survival probability

RESEARCH  OpenAccess
- lo C e - 1)
Speza of cooling aite ceradiac arrest el
1 I b in* . i \ . [ - I \' ‘ \ / 4
in relatian to the intervention effact: a cuk-study i atM rancom@iton
from the TTM2-trial
Mortality - Grouped by average temperature at four hours at each site

Group 3 - 34.4°C

Rupert F. G. Simpson'~, Josef Dankiewicz®, Grigoris V. Karamasis'?, Paolo Pelosi**, Matthias Haenggi®, Group 1-338°C Group 2 2A4°C
Paul J. Young”®*"", Janu: Christian Jakobsen'"'?, Jonathar Bannard-Smith'*'*, Pedro D. Wende -Garcic '°,
Fabio Silvio Taccc ne'®, Pr Norc ~2rg '8, Matt P.v.ise'®, Ar ders M. Grejs?°, Gisela Lilja®', Roy Bjat <holt ©isen??,
Alain Cariou®, Je: n Baptiste La: carrou?, [ 4anoj Sa ena®? , Jan Hovdenes?’, Matthew Thomas?,

Hans Friberg?, 1= ~n R Davies! Miklas Nie,z2n30 snd Thar »2< R Keeble™

Group 4 - 34.8°C Group 5 - 35.1°C Group 6 - 35.3°C

Mortality at 180 days

! ] ' ' ' '
Mormothermia Hypothermia MNormothermia Hypothermia MNormaothermia Hypothermia
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WhatTTM | & TTM2 trials did show ?

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

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

* The importance of avoiding fever in cardiac arrest
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Limitationsof TTM | &TTM 2 trials

» OHCA patients (generazibility to in hospital?)

¢ High padents heteregeneity
V' shockable and non-shockable rhythms
v/ no age limit

* Very short no-flow time and a large number of bystander-initiated
resuscitation (implying a limited brain injury)
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M)
Targeted temperatu re management dies
and cardiac arrest after the TTM-2 study
Fabio Silvio Taccone'”, Jean-Baptiste Lascarrou? and Markus B. Skrifvars
Bernard et al. [1] HACA group [2] Nielsen et al. [7] Dankiewicz et al. [5] Lascarrou et al. [4]
Design Single-Centre Multicentric Multiceniric Multicentric Multicentric
N (HT group) 79 (43)%* 275 (7 38)* €39 (473) 1861 (930) 581 (284)
Age, years 67 (49-8Y) 5Y (49-0/) b4+12 64+ 13 b/ (57-76)
Male gender 58% 77% 83% 809% 65%
un. ‘”“’ 0%

| All theTahdomnized studide SR DIl aftor catdind birbd

lare not entirely comparable !

shock on Admission NR 49% 15% 28% 56%

STEMI on Admission NR NR 40% 41% 16%
Lactate, mmol/L 8.3 (2.2-14.9) NR 6.7+45 59444 5.8 (3.2-9.0)
Outcome Assessment Hospital Discharge 6 months 6 months 6 months 3 months
Mortality, %* 51% 41% 50% 50% 81%

UO Assessment Scale CPC3-5 CPC3-5 CPC3-5 MRS 4-6 CPC3-5
UQO, % 51 45 54 55 90
Prognostication Rules Absent Absent Present Present Present

Generalisability/Bias Low/high Low/high High/low High/low High/moderate
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A Systematic Review & Meta-Analysis

Journal of
Clinical Medicine

Review

Targeted Temperature Management after Cardiac Arrest:
A Systematic Review and Meta-Analysis with Trial
Sequential Analysis

Filippo Sanfilippo "**, Luigi La Via '>*, Bruno Lanzafame -2, Veronica Dezio -2, Diana Busalacchi ?,
Antonio Messina *#, Giuserpe Ristagno °, Paolo Pelosi 7 and Marinella Astuto -2

1 Tsepartme 1t of snaesthesia an | Inten: ive C ire, “ Polic inic »-Vittoric Emar uele” U niversil Hospital,

5123 Cat nia, taly; luigilavia @gmai .com (L.L. /.); I nza bb@gmail.com B.L.);
ve. mic _dezio@. ~+- it (VL V-~ g ~r@* —ali (M )

2 School of Anaesthesia and Intensive Care, University Hospital “G. Rodolico”, University of Catania,
95123 Catania, Italy; diana.busalacchi@gmail.com

3 Department of Biomedical Sciences, Humanitas University, Via Rita Levi Montalcini 4, 20090 Milan, Italy;
mess8lrc@gmail com

*[PCCS Humanitas Research Hospital, 20,89 Milan, Italy

an durive

< Effects ¢
> TTM (Temperature range of 32-34 °C)
> Controls:

®
[

- “actively” controlled (avoiding fever)
- “uncontrolled” normothermia (may hesitate in hyperthermia/fever)

% Serious adverse events

PICOS CRITERIA

Patients experiencing CA both in and out-of-hospital, independently

Population from the initially detected rhythm (shockable or not), with TTM
performed after hospital arrival
[ntervention TTM with temperature range set at 32-34 °C
Comparison TTM with either actively controlled or uncontrolled normothermia
Outcome(s) Survival and neurological outcome at longest follow-up (primary);

adverse effects (secondary)

Study.design Randomized contrllad trial anly

("A: cardiac arrest; 1 (v tary et weiiperat ire manajen ent.

neurma‘@ — O gl’lu /.
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Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

First Author Location of Treatment in the Intervention Group Longest Follow Up

First Rhythm Detected

Year Arrest Treatment in the Control Group GNO Assessment
Dankiewicz 2021 OLICA Shockable 74% TTM (surface/ iv, 33 °C, 28 h) + active RW (12 h) 6-months
N = 1861 ' Non-shockable 26% Normothermia (<37.5 °C + surface/iv it =37.8 °C) mRS
Nielsen 2013 OHCA Shockable 80% TTM (any method, 33 °C, 28 h) + active KW (8 h)  6-months—End trial
N =939 Non-shockable 20% TTM (any method, 36 °C, 28 h) + active RW (2 h) CPC—mRS
- . TTM (any method, 33 °C, 24 h) + active RW ,
Lascarrcu 2719 Mx :d 2\ 1) 1080 G - £a JI0-zays
N = 348 (3% OHCA) Nor <kockiable 100% . (8-16 h, . 'C,:;; 1. cPC
Tilvi {-Elu.:,r melcd, 37 —y 45 Iy
Holzer 2002 OHCA Shockable 96% TTM (mattress, 32-34 °C, 24 h) + passive RW 6-months
N =136 Other 4% Normothermia ( 10 target) CPC
TTM {1ce-packs, 33 °C, 12 h) + aciive R }Iouspital discharge
Ber;afdémz OHCA Shockable 100% (6 h) Home/ short term
- Normothermia (37 °C) rehab
. 1I'I'M (Helmet, 33 ", brief *) + passive KW
Hachimi- - 0
idrf; 00 OHICA Non-shockable 54% Normothermia (37 °C) ﬁ-%c;)[ghs
N =61 Shockable 46 TTM (mattress, 33 °C, 24 h) + passive RW
o€ ° Normothermia (37 °C)
Laurent 2005 * OHCA Shockable 74% TTM (HF + ice-packs, 32 °C, 24 h) + passive RW 6-months
N =42 Non-shockable 26% Normothermia + HF 8 h (37 °C) CPC
Hachimi- » y
1. TTM (Helmet, 34 °C, brief *) + passive RW 2-weeks
- O ¥ s
S Uil L srR s Bl Normothermia + treatment of fever (38 °C) CPC

N =30
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Effects on survival

TTM 32-34°C Controls Risk 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] f
Lascarrou, New Engl J Med 2019 53 284 50 297 9.5% 1.11[0.78,1.57] N L
Nielsen, New EnglJ Med 2013 238 473 241 466 295% 0.97 [0.86,1.10] T
Subtotal (95% CI) 1682 1688 73.8% 0.97 [0.90, 1.04]
Total eviints 751 77c

Heteroy 2neig 1au* <UL ) Chi*=0t 2, ut= 2 =0.73;, = 0%
Testfor werallefec Z=081(P:: 0 41)

1.1.2 Passively controlled normothermia

Bernard, New Engl J Med 2002 21 43 11 34 41% 1.51 [0.85, 2.68) T
Hachim -idriv:si, Resuscitatian 2001 3 16 ! 14 _03% 263 [N.21 22 46)

Hachim -wnssi, Flesuscitation 2005 12 30 g 31 2.6% 4.5510.74 3.29]

Holzer, tiow Eng: 2 Med 200% 31 137 Bz~ 227 12.9% 132 4.04,1.66] .

Laurent, JACC 2005 7 22 9 20 23% 0.71 [0.32, 1.54]

Subtotal (95% CI) 248 237 26.2% 1.31[1.07, 1.59] &

Total events 124 91

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

Test for overall effect. Z= 2.65 (P =0.008)

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

Total events 875 861

Heterogeneity: Tau*=0.01: Chi=11.58,df=7 (P=0.12); F= 40% III?I]E n?z , 5 fu

Testfor overall effect: Z=092 (FP=0.36)
Test for subgroup differences: Chir=7.71,df=1 (P=0.005), F=87.0%

Higherin Contrals Higherin TTM 32-34°C
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Effects on neurologic outcome

TTM 32-34°C  TTM 36°C or SoC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Actively controlled normothermia
Dankiewicz, New Engl J Med 2021 393 881 387 866 29.8% 1.00[0.90,1.11] "
Lascarrou, New Engl J Med 2019 29 284 17 297 7.9% 1.78[1.00, 3.17] -
Nielsen, New Engl J Med 2013 218 469 222 464 28.0% 0.97 [0.85,1.11] z
Subtotal (95% CI) 1634 1627 65.7% 1.02 [0.88, 1.18]
Total v vents 640 £26
Feter gerenty. Tav =001, Chr=q4 1L, /=2 (P=0120), r=51%
“estfiroerall affect Z=0.7 (F =11.719)
1.2.2 Passively controlled normothermia
Bernard, New Engl J Med 2002 21 43 9 34 6.7% 1.64 [0.97, 3.49] »
Hachiunr-wl'rissi, Resuscitation 2001 2 16 0 14 0.4% 4.41[0.23,84.79]
Hachiini-iZrissi Resuscitation 2005 8 30 3 K | 21% 2.76 [0.81,.2.41] - B
Holzer. New En il J Med 2002 75 136 54 137 1.20.2% 1.40 [1.08, 1.81] B B
Laurent, JACC 2005 7 22 9 20 4 8% 0.71 [0.32, 1.54) 7
Subtotal (95% Cl) 247 236 34.3% 1.42[0.99, 2.04] &
Total events 113 75
Heterogeneity, Tau*=0.05, Chi*=546,df=4 (P=0.24), F=27%
Testfor overall effect Z=1.93 (P=0.05)

Total (95% CI) 1881 1863 100.0% 1.17 [0.97, 1.41] b

Total events 753 701

Heterogeneity: Tau*=0.03: Chi*=17.55,df =7 (P=0.01); F=60% l]:1 ) 1:I] 5:II|

Testfor overall effect: £=1.66 (F = 0.10)

Testfor subgroup differences: Chif= 287, df=1 (P=0.09), F=65.1%

Higher in Controls Higher TTM 32-34°C
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Adverse events

Arrhythmias
TTIM32-34°C TTM Controls Risk Ratio Risk Ratio

Study or Subgroup Bvents  Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Crankiewicz, m'ewe Engl.) Med 2021 242 H2T 162 421 HBY.H% 1.401[1.21,1.74] —.—
Holzer, Maw ¢ npJ nted 200! g 135 &4 TaE 212 % 1.0 [0.87,1.58] — - =3
Lascarrod, Mo =no! J Med 20149 .5 28 £ 4 2097 11.2% 11610751 236] 1 " o
Total (95% CI) 1346 1356 100.0% 1.35[1.16, 1.57] -'-
Total events 206 =17

Heterogenesity: TauF=d 00 Shi=154 df=2 (F=0.28) ['= U% —3

Wi i 1! |
Test for avera)! affect = 352 ¢« = 02001} L.5 17 1 5 2

Higher .n Cantrals  Higherin 32 - 34 °C

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))
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CONCLUSIONS

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

v/ does not improve survival nor neurological outcome

V' itincreases the risk of arrhythmias

* For survival, robhust evidence and no more studies are needed.
% For necrological outcomsz current evider ce is not robust enotigh - thus new
research Is needed.

¢ Approaching temperature management with“uncontrolled” normothermia may be

associated with worse outcomes and this should not be considered an option
nowadays.
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— Normothermia — Hypothermic Temperature Control

ORIGINAL RESEARCH ARTICLE

Temperature Control After In-Hospital Cardiac
Arrest: A Randomized Clinical Trial

Sebastian Wolfrum, MD*; Kevin Roed|', MD*; Alexia Hanebutte, MD; Riidiger Pfeifer, MD; Volkhard Kurowski, MD;
Reimer Riessen, MD; Anne Daubmann, MSc; Stephan Braune, MD; Gerold Séftker, MD; Eric Bibiza-Freiwald, MSc;
Karl Wegscheider, PhD; Heribert Schunkert's, MD; Holger Thiele', MD"; Stefan Kluge, MD";

for the Hypothermia After In-Hospital Cardiac Arrest Study Group

Probability of survival

]}

05
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Patens at risk Days since Randomization

Darys 0 30 50 a0 140 150 180
Hypothemmic Temperature Control 120 45 k7] 38 36 M 3
Nommathenmia 118 48 i L] i 36 M

Study Intervention
"Mormothermia

Hypothermic Temperature Contro
Censorad

- Censored


Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz


The STEPCARE trial

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

factorial, superiority trial to include 3100 patients

|. Continuous sedation “or 36 h or minimal sad:ution (SEDCARE)
2. Fever management with or without a TTM device for 72 h (TEMPCARE)
3.A mean artzrial pressure target of > sSmmHg aor > 65mmHg for 36 hours (MAPC ARE)

Follow-up will be performed at 30 days and 6 months after cardiac arrest including mortality,

functional outcome and quality of life

|. 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
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APPROCCIO DIAGNOSTICO
AL PAZIENTE CON ROSC
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Prof. Erik Roman-Pognuz MD PhD
UCO Anestesia, Rianimazione e terapia antalgica
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BEYOND THE
PULSE

Post-Cardiac Arrest Syndrome (PCAS): the real challenge
begins.

Timing is Critical
= Most ucatns atter RCEC occur wichin e Tirst 72
hours.
= Early interventions can reduce maortality and improve

neurological recovery. =
Up to 80% ROSC reiich the ICU comacose. unstatle, and ‘

diagnostically uncertain.

Goals of Post-ROSC Diagnostic Strategy
= |dentify reversible causes (e.g., coronary occlusio
PE)
= Detect complications (e.g., traumatic injuries from
CPR)
= Stratify prognosis (especially neurological)
= Guide appropriate therapy and ICU care

Survival depends on identifying the cause


Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz


DIAGNOSING
LIFE AFTER
ROSC

The diagnostic missian:

A time-sens tive, lavered 2p0proach:
o Immediate [0-1 h): Stabilize,
detect reversible causes.
o Early (1-24 h): Define etiology
and organ injury.

o Delayed (224-72 h): Assess
neurological potential and
outcome.

carlv Delayed
(1-24 h) (24-72h)

Comprehenssive prognostication
Immediate and organ assessment

(0-1h)

Stabilization and identification
of reversible causes
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GUIDELINES

POST RESUSCITATION CARE 2®25
KEY MESSAGES

After ROSC use ABCDE approach

+ Insert an advanced airway (tracheal intubation when skills available)

* As soon as Sp0; can be measured reliably or arterial blood gas values
are obtained, titrate the inspired oxygen to achieve an arterial oxygen
saturation of 94-98%, and ventilate lungs to achieve normocapnia

+ Aim for a systolic blood pressure : 100 mmHg or a mean arterial
oressit.c - S0-650 iy

Perform functional assessments Prioritise immediate coronary
of physical and non-paysical angiography for patients \viui “lear
LN P . n [ L2
in prirmen’s vefore Gi: ciiarge = W ST-ei ».auidn on the ECG or othe!
to i lentify ‘ehabil tatioli needs high suspi :ion or coronary ucausicn
and refer to =arlv .ehabi itation (e.g. xaem odynamic and/cr

if indicated electrical instability)
POST
RESUSCITATION
Use a multimodal strategy CARE Actively prevent fever by targeting

including clinical examination,
electrophysiology, biomarkers,
and imaging to predict good or

poor neurological outcome

a temperature < 37.5 °C for patients
who remain comatose after ROSC
from cardiac arrest
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POST-CARDIAC A
SYNDROME:

MECHANISMS OF

o Cessation of CBF—> halted aerobic metabolism
o ATP dep etior = failu e of Na*/K puinp: = irtreceliular Za?* acct mulation

o Neuronal electrical silence and structural vulnerability

Reperfusion phase:

o Restoration or LBF triggers glutamate release — protease/phospholipase
activation

Further Ca** overload and mitochondrial dysfunction - secondary neuronal

injury

Systemic response:

o Activation of inflammatory and coagulative cascades - cytokine release

o Exacerbation of multiorgan failure and secondary brain injury (due to

hypotension, blood-gas or glycaemic derangements, fever, seizures, cerebral
oedema)

Severity linked to:

-
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AND
MANAGEMENT

Post-resuscnta;lon management goals:

1. Witigate Hid' severity > the ieading cause of ii-
nosnital death oftor arrect

2. Optimize systemic and cerebral homeostasis
(hemodynamics, oxveenation, temperature. glucose)

3. Praven:secongaary.njury
Therapeutic research:

1. Many pharmacologic agents tested, none show
convincing benefit (so far..)

2. Withdrawal of life-sustaining treatment
(WLST) following poor-outcome prognostication
accounts for most late deaths

Four Phases of
Hypoxic-lschemic
Brain Injury (HIBI)

I
v

[ Ischemic depolarization

Reperfusion repolarization}

I

Dysregulation

I

{ Recovery & repair

Y ey
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AETIOLOGICAL ASSESSMENT AFTER ROSC: CARDIAC VS. EXTRA-CARDIAC CAUSES

Epidemiology

» . Zardiac origin (predominantly ischaemic ) = racst common cause of QHCA,

1

« o Ixtracardice causcs < 1/3 o1 OniCAs, i equiring siomigt identification
by TTE and early CT imaging

Rationalc Tor eariy muicimodaal in.aging

= Transthoracic echocardiography = rapid assessment of global function and
tamponade.

= Dual-phase contrast-enhanced CT (pulmonary + venous) = identifies both

cause and comblications (e.o. CPR-related trauuma. PF. haemorrhage).

Broad work-up including CT & echo to reveal

Ssonneville (2021) Diagnostic strategy after ROSC hidden causes
_ i CT improves early detection of non-cardiac &
Hubert (2020) Whole-body CT in early ROSC CPR-related complications
= | -
Grimaldi (2019) Non-shockable OHCA outcomes rhythms; early CT imaging is critical for

accurate prognosis and treatment planning

Extra-cardiac causes

4

Re:siiiatory: acutre hvpucic failure,
massive PE.

® Neurological: intracranial haemorrhage,
ischaemic sticlke (*hiombhocmkaiin).

® vascCuUiar: aoruc dissection, inajur
vessel rupture.

e Metabolic / toxic: less frequent, but
should be screened if initial evaluation
is inconclusive.

Note: Neurological causes strongly predict
poor neurological outcome-justifying
early brain imaging.
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WHOLE-BODY CT

STRATEGY AND
INTEGRATION WITH
CORONARY

ee¥c ieatiéns stiscitation
2. Guideline avolittion (ERC-ESICM 2021 = 2025):

* 2021. Consider CT orany ana Cv pulnicaary angiogiaphy wiien
no evident cardiac cause.
* 2025: Recommend immed ate whole-body CT (head, neck.

chest andonien, g elvis, £ T coronary angiograpny) ~vhen rio
clear >1-elevation on ECG.

3. Diagnostic algorithm (expert synthesis):
*  ST-elevation present - immediate coronary angiography.

*  No ST-elevation / unclear aetiology - whole-body CT
first to identify treatable non-cardiac causes (e.g. PE, ICH,
dissection).

*  CT-guided triage to targeted coronary or other
interventions.

Supporting evidence:

Prospective pre/post analysis
(standard care vs. systematic CT
within 6 h):

e Diagnostic yield: 92 % vs. 75 %,
p<0.001.

= Timre to aiaynosis: 3 hvs. 14 h,
p < 0.000"

e No increase in contrast-induced
nephronathy or transoort
cornplicetions.

14 h

92 %

3h

Diagnostic yield  Time to diagnosis
p<0,0001
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'Y N AWM AL - W]

THE POST-
CARDIAC
ARREST

PATIENT

Timing of tracheal irtuoat.or::

= May occur before, during, or after (most
cases) depending on clinical context

¥
:
Rationale for airway control post-ROSC:

:
:

r

= Ensures controlled oxygenation an \
ventilation. ' | 4
= Prevents aspiration of gastric g@nfen ‘] '
= Enables precise control of intervéiiiic ! y
. ) — -,

affecting neurological nécoye

* Temperature ma

-

* Seizure control

* Sedation and ne
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DRUG-ASSISTED—

Author Citation Study Focus

I N ’ U B A ’ I O N Sunde, K., et Airway management and Evaluated post-cardiac arrest airway and sedation
al. sedation after cardiac arrest. strategies, focusing on induction and maintenance
Resuscitation, 2022; 172: 45- drugs.

AFTER ROSC

Hemod/naini~ consideration;:
* Avoid induction hypotension in post-ROSC instability to protect cerebral perfusion.

Induction strat=gv:
* Nosingic drug ccmbinadion groven Luperior.
*  Recommended approach:

* Low-dose sedative (e.g., etomidate, ketamine, or low-dose propofol in stable
patients).

* Analgesic (e.g., fentanyl or remifentanil) to blunt sympathetic surge.

* Rapid-onset neuromuscular blocking agent (e.g., rocuronium or
suxamethonium).

Post-intubation management:
* Capnographic confirmation (sustained ETCO, waveform)

e  Protective ventilation (hormocabpnia normoxia)
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Author

Nolan,
J.P., et al.

Lopez-de-
Sa, E., et
al.

Eastwood,
G.M.,, et
al.

Sjoding,
M.W,, et
al.

Citation
Oxygenation and
Ventilation After Cardiac
Arrest.Resuscitation,
2025; in press.

Resuscitation,
2024; 189: 109812.

(ICU-ROX Trial). N
Engl J Med, 2019; 382:
989- 001,

N Engl J Med,
2020; 383: 2477-2478.

Study Focus

Comprehensive
ILCOR systematic
review and CoSTR
on oxygenation and
ventilation
management after
ROSC.

Meta-analysis of
RCTs comparing
different oxygen and
CO:. targets in post—
cardiac arrest
patients.

Large RCT
(n=16,500) assessing
Spt2 90Y) vs usu .1
care (=96 %).

Investigated accuracy
of pulse oximetry in
relation to skin
pigmentatic .

OXYGENFARGETS
FOLLOWING
CARDIAC ARREST
(ILCOR &

ERC/ESICM 2025])

Key Findings / Relevance
Recommends initial FiQ: 100%, then
titration to SpO2 94-98% / Pa0: 75-100
mmHg once reliable measurement available;
avoid both hypoxemia and hyperoxemia.

Confirms no clear survival benefitfor
liberal or restrictive oxygenation; supports
maintaining normoxia and normocapnia.

No difference in 90-day mortality, including
post—cardiac arrest sub; ;roup;
,uppo.ts n¢ .moaia as ! afe.

Found that pulse oximeters overestimate
SpO: in individuals with darker skin tones,
risking unrecognized hypoxemia; supports

FaYala

caution in post-ZCEC oxygen titration.

Initial: Use FiO; 100% until reliable PaO,/SpO, available (prehospital + in-
hospital)

Avoid: Hypoxemia (strong) and hyperoxemia (weak) once values measurable.

Targets: SpO, 94-98%, PaO, 75-100 mmHg (10-13 kPa) — normoxia

Caution: Pulse oximetry may overestimate SpO, in darker skin tones
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Study / Setting

EXACT Trial JAMA 2022)

BOX Trial (NEJM 2022)

UK-ROX Trial (JAMA 2025)

TiyM2 Secondzry )'n=) e
(Resuscitation 2025; Crit Care
2022)

CLINIiCAL eVIDENCE
BASE AND PRACTICE '
INTEGRATION

Design & Target Comparison

Prehospital RCT — SpO, 90-94% vs
98-100%

Hospital RCT — Pa0O; 68-75 mmHg
vs 98-113 mmHg

Multicenter RCT, 16,500 ventilated
ICU pts (1,502 with HIBI)

Qnser sational secendury analysis

Key Findings

More desaturation events in lower-
target group — early restriction

potentially harmful.

No mortality difference; supports

normoxia as safe.

No difference in 90-day mortality

bet veen SpO; 90% vs usual care.

Earl e hyporavig (P20, > 24 mmmHg)
associated with worse neurological

outcomes.

indications:

Maintain FiO, 1.0 until ABG confirms
normoxia — then titrate to Sp0, 94-98%.

Tracheal intubation and controlled
mechanical ventilation usually required
for 24—72 h post-ROSC.

Exception: Fully awake patient - oxygen
mask or NIV, same SpO, target range.
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VENTHATION

STRATEGY IN
POST-CARDIAC

ARREST CARE

Pathophysislogical rationale:

* After ROSC — mixed metabolic +
respiratory acidosis due to hypoventilation and
tissue hypoperfusion

* RCTs show no outcome aiirerence between
normocapnia (35—45 mmHg) and mild hypercapnia
(50-55 mmHg)

* End-tidal CO, (EtCO,) values may not
reliably reflect PaCO, — confirm by arterial
blood gas when feasible.

*  During hypothermia, PaCO, measurement and
correction are complex; use a consistent local
approach (temperature-corrected or not)

Ventilation After Cardiac Arrest

= (
Hypercapnia o Ventilation Strategy
1 Cerebral vasodilation,
1 CBF. T ICP Control of PaCO,
Normocapnia
i (35-45 mmHg)
Normocapnia
PaCO, 35-45 mmHg Protective ventilation
Tidal volume 6-8 mL/kg
PEEP 2 5 ¢m H,0
Hypogapaia Head elavation
. \
Jd Cererra. vasoconstritior 30°
4 CBF L
- Author "\ Jitati | Studv e s DT —

Se <hou, .CritT.e,
MS., etal,  201322Q0):
21..

Robba, C., Resuscitation,
et al 2019; 143: 24—

30.

Eastwood, JAMA,

M. etal. | 2023;329Q1):
Sy G 47-57.

Diisterhoft, @ Resuscitation,
C.. et al 2018; 131: 43—
.’ -

50.

Wabhlster, Neurocrit Care,
S.. et al. 2017; 27(1):
’ 104-113.

De: crit es the

me :han 'sms o’
uypercapnia an 1
hypocapr:~
following cardiac
arrest.
Observational study
assessing PaCO:
effects on CBF and
outcomes post-
cardiac arrest.
Large RCT
comparing PaCO:
50-55 mmHg vs
35—45 mmHg post-
ROSC.

Evaluates impact of
temperature
correction on
PaCO: values
during
hypothermia.
Compares o-stat vs
pH-stat correction
in temperature-
managed patients.

High ights hat hy percapni‘. commonly occurs
post- ROSC due tr hypov.ntilation and tissue
nypuperfusivig, €auing w nuxed acidosis.

Demonstrates that

both hypocapnia and hypercapnia can worsen
outcomes by disrupting cerebral autoregulation
and perfusion.

Found no difference in survival or neurological
outcomes; supports normocapnia (PaCQ: 35—
45 mmHg)as safe standard.

Shows that PaCO: measurement varies with
temperature correction; risk of
unrecognized hypocapnia in cooled patients.

Both methods acceptable if used consistently;
guidelines recommend maintaining
a standardized institutional approach.
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VENTILATORY
MANAGEMENT AND

LUNG PROTECTION

AFTER CARDIAC
ARREST

Protective ventilation

* Tidal volume: 6-8 mL/kg predicted
bodv weignt.

* PEEP 25 cm H,O.

* Head elevation: 30° to reduce
aspiration and intracranial pressure.

Author Citation Study Focus Key Findings / Relevance
Robba, Resuscitation, Prospective physiological Head-up position (30°) reduces risk of
C..etal. 2018:133: 167— study evaluating the impact | aspiration pneumonia and may lower

? 173 ’ ' of head elevation on cerebral | intracranial pressure (ICP) without
: and respiratory parameters compromising oxygenation — supports
in post-cardiac arrest guideline recommendation for nursing

patients. at 30° elevation.
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WHOM?

e Acute coronary syndrome (ACS) remains the most
frequent cause of OHCA with ROSC [21,74]

e Immediate PCI for culprit lesion = associated with
improved survival & neurological outcome
(ohserrationa')

With S
(STEM

80 % have acute coronary
lesion (75)

Strong evidence from
non-arrest STEMI supports

immediate cath lab
access + PCI

2023 ESC & ERC-ESICM:
Primary PCI strategy
recommended in ROSC

patients with persistent ST-

elevation or equivalents 32

Repeat ECG on arrival —

P O

'Without ST-elevation

| NSTEMI or non-diagn as.'¢

cuo):

» Coronary occlusion
possible, but less common

» Major RCTs (COACT,
TOMAHAWK, EMERGEPEARL,
COUPE) -»no benefit from
routine immediate
angiography vs delayed
strategy (32-87)

* Meta-analysis of 5 RCTs

(n>1,000) = confirmed no
survival or neurological benefit

EARLY CORONARY ANGIOGRAPHY: WHEN AND FOR

Auchoy Citation
Dragancea, Resuscitation,
L, et al. 2015; 93: 145

152.
Sandroni, Intensive Care
C., et al. Med,
2020; 46(9):
1803—-1851.
Nielsen, N., Resuscitation,
et al. 2024; 190:
109936.

* ST-elevation or shock/instability —
immediate FFT

 Stable, comatose, no ST-elevation —
wno'e-body €CT first. aclavea PCI.

Stud 7 Fo :us
Investigated ea.ly
predictors of poor
neurological outcome
after cardiac arrest.

Comprehensive
review of prognostic
tools after cardiac
arrest.

Secondary analysis of
TTM2 examining
multimodal
prognostication
performance.

K ey Findings
Demonstrated that early
prognostication is unreliable within the
first hours post-ROSC,; supports
delaying prognostic decisions until
multimodal evaluation.

Identified most reliable predictors
(absent pupillary reflexes, bilaterally
absent N20 SSEP, unreactive EEG, NSE
> 60 pg/L); reinforced the need for

a multimodal approach.

Confirmed that no single test is
sufficient; combining neurological
exam, EEG, biomarkers, and

imaging improves accuracy; emphasized
avoiding premature withdrawal of care.
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ASSESSING AND
GUIDING
CIRCULATION IN
POST-CARDIAC
ARREST PATIENTS

Interpretation:

* Myocardial depressicn anu
vasoplegia frequent; reversible in
most cases.

* Combine hemodynamic and
metabolic endpoints (MAP, ScvO,,
lactate)

Assessing and Guiding
Circulation in Post-Cardiac
Arrest Patients

Post-arrest Recommended
myocardial monritorina tosls:
dys?unction: e Cointinuous ECG +
e Seenin 40-60% invasive arterial
of patients; transient pressure
cver 25-43 7 e Echccardiography
e Use echocardiography (TTE or TEE)
for early detection e Consider PA catheter
and serial evaluation or advanced CO
e Low cardiac index monitoring if shock
not independently persists (95-97)

predictive of poor
outcome if lactate
clears(98-99)
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VAAINTAILNIL] DE K NN AR

AUTOREGULATION AFTER
CARDIACARREST

Mean arterial pressure (MAP):

o Taraet MAP >60-65 mmHa (ERC-ESICM 2025 ILCOR 2024)103:,

o hHigher Mi\P (>70-75 mmH¢) - no survive L ¢ r2nzl be nefi in Kjaergaarc, (BO.!Trial). s Ran jomi:.ed 789 No di#¢z-3nce in morta lity,
RCTe, Lut 1.2 cxcess ricl, eith.or. nnc—ce* in~arrest | neuvolZgical ¢ tr~me, ~r'udney

Author Cita*ion Study Focus Key Findings

J., etal. Engus rleaq,

atients to MAP 63 injury between groups; higher MAP
2022; 387(19): P s MBIl

Consider higher target in:

mmHg vs 77 associated with increased
» Chronic hypertension ‘ 1727-1738. mmMHgfor 36 h after | vasopressor use. Supports target
o Persistant I ypooeiiuson < RO%C. 1A >6u -65 r imF g as safe and
(oligur a, nigh latate) suffizien (ILC DR 20724, ERC-ESICM

« Impaired cerebral autoregulation ==, | | 2025).

« Cerebral oximetry (rSO,) or ICP/PbtO, monitoring may
help individualize MAP!108-110!

> Avoid hypotension; ensure adequate oxygen delivery Author Citation Study Focus Key Findings
despite bradycardia
Lee, Crit Care Investigated cerebral Found that impaired autoregulation is
Heart rate JK., et Med, autoregulation and common post-ROSC; optimal MAP
individualized MAP targets = (where autoregulation preserved)
» Bradycardia (30-40 bpm) common during A 2019; 47(7): after cardiac arrest varied widely between patients (85—
temperature control — benign or protective 964-972. using NIRS-derived 100 mmHg). Suggests that rSO,

[117-1191

cerebral oximetry (rSO,). monitoring can help tailor MAP

« Treat only if signs of hypoperfusion (7 lactate, | targets to reduce secondary brain injury.

urine)
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JUDICIOUS AND
TARGETED FLUID
THERAPY

HYDRATION

IV Fluid

First Author

Laurent

Kdmarainen

Semler /Van
Regenmortel

Coca

a~dfe -

Citation

Circulation, 2002.

JAMA, 2014.

SMART Trial, N EnglJ
Med, 2018; ESICM Fluid

Therapy

Guidelines,Intensive
Care Med, 207 3.

vohon swidies

in Resuscitation, Crit
Care Med, Intensive
Care Meaq, -u:12-2019.

Observati~ >~! and
interventional
studies, 2015-2022.

Study Focus

Characterized
hemodynamic
phases post-
ROSC.

Rapid
prehospital
cold saline

infusion after
ROSC.

Compared
balanced
crystalloids vs
saline.

miwiuence anu
outcomes

of acute kidney
injury
(AKl)post-
carr(ac an st.

MAP, 2
balance. ».id
renal outcomes
after cardiac
arrest.

Key Findings / Relevance

Early cardiogenic

shock followed

by distributive/hypovolemic
phase from systemic
inflammation; supports tailored,
phase-specific resuscitation.

Increased pulmonary edema
and rearrest; no neurological
benefit » avoid large cold
boluses.

Balanced crystalloids > lower
renal complications; ESICM
recommends them as standard,
except use saline for TBI.

AKl .. 54-02% of su. vivors; muo
mild but linked to higher
mortality and ICU stay.

Low MAP <70 ., mHg’ inrra ses
AKl risk; liberal fluids do not
prevent AKI >

advocate controlled, goal-
directed resuscitation.

t * Initial phase: often cardiogenic shock - later distributive/hypovolemic from
b systemic inflammation

* Avoid rapid infusion of large cold volumes post-ROSC — harmful in prehospital
setting

| * Use crystalloids guided by clinical/echo assessment:

Balanced crystalloids or NaCl 0.9% acceptable.

Balanced solutions - lower mortality in critically ill; but avoid in TBI (risk T

mortality)

Monitor response: > MAP, urine output > 0.5 mL/kg/h, { lactate

*  AKlcommon (34-52%), yet liberal fluids don’t prevent it
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si

AFTER ROSC

< /L

Noradrenrzline = preferred {irst-line vasorrassor

—> Use adrenaline oaly 'f noradrenaline unavailable

(small boluses or dilute infusion 8—40 pg/mL).

Clinical note:

—Randomized trials (BOX, NEURO-PROTECT)

show higher noradrenaline doses well
tolerated, no increase in arrhythmias

Category

BEIENS

Pansiritanachot et al., Resusc Plus 2024 - No survival difference between

nd re

RCT
nora and adrenaline (90% mortality both arms).
]
@ ationh! dat Normand 2024 \B n ndef 2024 - Afirenallhe linkgf to increased
mort ~arrest risk.

Dopamine vs
Noradrenaline

Consensus & Guidelines

Li 2020 - Higher mortality with dopamine combination compared with noradrenaline

alone.

Gamper 2016 (Cochrane); Henry 2021 (AHA); Ibafiez 2018 (ESC STEMI); McDonagh
2021 (Heart Failure); Evans 2021 (Surviving Sepsis) = All recommend noradrenaline
as first-line vasopressor.

Yerke 2024; Christensen 2024 - Peripheral administration of dilute noradrenaline is

safe until central access established.
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MANAGING MYOCARDIAL DYSFUNCTION AND LOW
CARDIAC OUTPUT

Echo role: Essential tool — differentiates cardiogenic vs non-cardiac shock, guides
titration:

Inocropes:
* Dobutamine — most established to improve cardiac index
* Use dfter optimizing MAP with fluids and vasopressors.
* In cardiogenic shock — helps offset vasoconstriction, | afterload.
* Dopamine (<10 pg/kg/min) used adjunctively in BOX trial for high-MAP group
Evidence summary:
* No neurological benefit (NEURO-PROTECT) but no myocardial harm

« ESC guidelines (2023): consider inotropes if SBP < 90 mmHg with
hypoperfusion despite fluids/vasopressors
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MECHANICAL CIRCULATORY SUPPORT (MCS) AFTER ROSC

Consider for refractory shock unresponsive to fluids +
vasopressors

Dovicas: IB8F, Impella | LV assist, VA-ECMO
(ECPR).

 ILCOR E=RC-ZSITCM 2C25:

*  Weak recommendation against routine MCS use post-
ROSC (low certainty).

*  May consider selectively for STEMI + short arrest
+ intact neurological potential (GCS >8).

* Requires expert center, close monitoring, and
awareness of bleeding/vascular risks.

Category

Overall outcomes

Adverse effects
]
etafanalysis (2 RCTs)

Recommendations
(ILCOR [ ERC-ESICM
2025)

Findings
idence ba : ; RCT [muly card?c&rls-hure ardiac

No survival advantage at 30 days to 1 year compared with standard care.

eased incidence of major bleeding and vascular complications [165-178] .
No difin gh mrtali Dld
iti

Potential benefit i Mi-related cardiogenic shock with preserved neurological

function and short arrest duration (<10 min) [179] .

- Against routine MCS use after ROSC (weak recommendation, low certainty).

- Consider selectively for STEMI, GCS >8, and short downtime in expert centers.

- Monitor closely for bleeding and vascular complications.
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STEROIDS IN POST-CARDIAC
ARREST CARE: EVIDENCE
SUMMARY

Meta-Analysis & Recommendations
* ILCOR individual-patient meta-analysis (n = 869)
o 1 ROSC rates with steroids .

o No diflere 1ce in survival to discnirrze or faviurabie MRQtzelopoulos IHCA @ayylprganglon Supig to dpenarge: JBILs Senetit
neurdloglcdl reto\ers (NEJM) [158] vasopressN + ine during 4% 7; 9% . 9)
2 ’ -
POSt-

arrest —= ‘_n,l'd roco one

o No difference in HRQoL at 90 days (EQ-5D-5L) ROSC
« CORTICA 1024) confirmed ns benefit of low-dose

. AN poylaget a g triply regiagp + '
steroids. : ,
20134JAM 5] j.FCI'DCDr‘tIS € pos | MN3.9% b (RR 2.94;
vy 1. -20)

ILCOR 2025 / ERC-ESICM Recommendation:

Population [ Intervention Findings Qutcome

Andersen et al., 2021 IHCA,; hydrocortisone after ROSC No benefit on survival or neuro MNeutral
Weak recommendation against routine use of vasopressin SN ) only outcome

+ corticosteroids during or after IHCA.

. CORTICA Trial, 2024 IHCA; low-dose steroids vs No improvement in Neutral
o Certainty: Low—moderate. - :

(Crit Care Med) [159] placebo (n = 184) hemodynamics, end-organ failure-
free days, or functional outcomes

Ongoing trials:

= VAST-A (NCTO05139849), HYVAPRESS
(NCT04591990), DAnocHA (NCT05895838) may clarify role in IHCA and OHCA.
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POST-ROSC ARRHYTHMIAS: EVIDENCE AND
CLINICAL IMPLICATIONS

Aspect Description

Incidence & Mechanisms Recurrent arrhythmias common after ROSC; due to myocardial ischemia, post-arrest

myocardial dysfunction, electrolyte imbalance, catecholamine surge, and structural

heart disease [13

m: o.rige®wvato

- Associated with higher mortality (mainly cardiovascular and multiorgan failure).

- Early new-onset AF (first 2 weeks) - T risk of stroke and mortality [183] .

i imrrha:ias FUT) - R{P\ rst I h tCI t )—Zﬂh VF/pulseless VT [184] .
recu temperature control [185] .

- Recurrence often signak nrecngnlzed reversible causes (e.g., hypoxia, hypo/hyper-

K* acidosis, PE, coronary occlusion) [186] .

Pathophysiology of Refractory Complex interplay of myocardial substrate, arrhythmia triggers, and autonomic
Arrhythmias imbalance; management requires sequential assessment (severity = triggers =

substrate = hemodynamic impact = risk stratification) [187] .

Management - Follow ERC ALS 2025 algorithms [181] .
- For electrical storm: consider deep sedation, stellate ganglion block, MCS, or
urgent catheter ablation if refractory [188] .

- Prophylactic antiarrhythmics not recommended; reserve for recurrent VFVT.

Long-term prevention Many survivors require ICD implantation for secondary prevention of sudden cardiac
death [189] .
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Category

Device role |
Indications (ESC 2

2023)

Evidence
ESC recommendations

Key principle

THERAPY

Guideline Highlights & Evidence
ICD prevents lethal arrh

thmias by automatic defibrillationf/pacing [189] . !
QLmern L.t S
ima evendiOn: Ttarfiomy e hritec yt syndromes; enf

primary electrical disorders [190-191] .

Secondary preventj

= survivors of VF or able VT after reversible causes excluded.
]
Mdta-an of 3 garly HC‘B—} 28% redugtioN\in'y alitly (HRJO. 0 €1 0.60-

0.87: p = 0.0006) and 50% reduction in arrhythmic deaths (HR 0.50, 95% CI 0.37-
0.67) [192-195] .

- Implant ICD for documented VF/VT without reversible cause (Class ).
- If temporarily unsuitable for implantation, use wearable cardioverter-defibrillator
(WCD) as a bridge [109,189] .

Careful patient selection is essential—benefit greatest in survivors with expected long-
term survival and irreversible arrhythmic substrate.

IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR (ICD)

First Citation Study Focus Key Findings / Relevance
Author
Moss (MADIT Trial). N Randomized post-Ml ICD reduced all-cause mortality by
EnglJ Med patients with ~54%; landmark trial establishing ICD
’
. . ventricular arrhythmias | as life-saving in secondary
L (9_?6’ __3?5(26)' to ICD vs con rentional | prevention.
1\-'\-3’ |-‘.-4C. thera| y-
E ordy (SCD-HeFT T!;(). N | ComraredIC?D, ICD "owered mortality by 23% vs
EnglJ Med amiodarone, and placebo; confirmed survival benefit
]
. . placebo in patients across ischemic and non-ischemic
2005; 352(3): 225- with heart failure and cardiomyopathy, reinforcing ICD as
237. low EF. standard in high-risk patients.
First Ci’aticn St udy |l 'ocu’ Key Findings
Author
Zishiri | the VEST Trial. N Randomized 2,302 post- = WCD use did not significantly reduce
Engl J Med Ml patients with LVEF sudden death, but decreased total
’
2018; 379(13): <35% to wearable arrhythmic deaths in compliant
’ ’ cardioverter-defibrillator = patients; supports temporary use as
1205-1215. (WCD) vs standard a bridge until ICD candidacy is
therapy. established.
Priori Eur Heart J, Comprehensive ESC Recommends ICD implantation for
2022; 43(40): guidance on ICD and documented VF/unstable VT after
s :
3997-4126 arrhythmia prevention reversible causes excluded (Class
’ strategies. 1).WCD may be used as temporary
protection in patients awaiting ICD or
with transient contraindications.
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NEW OR CHANGED

Topic

==.ESICM Post-Resuscitation Care Guidelines (2021 vs 2025].

2021 Guidelines

2025 Guidelines

|

Diagnosis of cause/complications . Shift from “angiography
first” to CT first (whole-body CT incl.
head/neck/chest/abdomen/pelvis) unless there’s clear ST-
elevation, in which case angiography still takes priority.

Airway & oxygenation : Core advice retained; new note on
pulse-oxim 2try inaccuracies in darker skin tones.

Ventilatior Norriocapria still racorarnende1; edded cacuticn
in hypothermic patients to avoid hypocapnia.

~aement

Coronary re perfusion: From routinely consider ng immediate

cath in high-iikelihood cases = may delay cath wnen

OHCA without ST-elevation and clinical context doesn’t t
suggest acute occlusion.

g
tigation

Hemodynamic management: From “emphasize MAP >65 with
urine/lactate goals” - explicit MAP target of 60—65 mmHg.

na

Post-ROSC arrhythmias : New
section covering recurrent/refractory arrhythmias.

General ICU care : Recommendations maintained; greater
emphasis on short-acting sedatives for neuro checks

and discouraging routine neuromuscular blockers (unless
ARDS).

WS, .

Suggested coronary angiography first in patients with
myocardial ischemia. CT brain and chest scan were
wsidered if coronary angiography did not find
<ative lesions.

unendation to start with 100 % oxygen
diately after ROSC, then titrate to 94-98 % Sp0.
13 kPa (75-100 mmHg).

aed normocapnia (PaCO; 4.7—6.0 kPa (35—

vy angiography strongly considered in
] N s elevation if high likelihood of
“TONAry L. .

ygeting MAP =65 mmHg guided by
Jdeque.e urine output and lactate normnalization.

ot inclu fed in any Jetail

Recommended EEG monitoring.

Recommende” *~->=ted temperature management at

32-36 °C for at east : 4 h s~ faver ayridan-a (»77 7 °
C) .. liast 72k -ost-FOSC.

Recommender nrrohylact.:> stress ulew - ~.0 dhyl= is
and thromboembolism prophylaxis.

Emphasised multimodal neurological assessment at
=72 h.

Recommended functional assessment before discharge
and follow-up within 3 months post discharge including
screening of cognitive, emotional problems and fatigue.
Brain injury and cardiac rehabilitation when indicated.

v . 2commended considering organ donation post-
vesuscitation.

“lot inuwded.

Coronary angiography remains first if ST-elevation is
present; otherwise, whole-body CT scan (including
head, neck, chest, abdomen, pelvis, and CT pulmonary
angiography) takes priority.

Maintains recommendation and adds explicit guidance
highlighting inaccuracies in pulse oximetry in patients
with darker skin tones.

Maintains recommendation with additional caution in
patients with hypothermia, noting risk of hypocapnia.

Suggests delaying cardiac catheterisation if clinical
context does not clearly indicate a high likelihood of
acute coronary occlusion in OHCA patients without ST-
elavation.

Specifies MAP target of >60-65 mmHg.

Sec ion ad led on rerurrent nd refractory arrhythmias
pos -ROS(

Explicitly states patients with myoclonus but benign
EEG backgrounds should undergo wake-up trials days
after arrest.

Preferred terminology is temperature control.
Re~amm=nds a~*="* preventing fever <37.5 °C for at
leas 72 h J0st-ROFC.

Mair.tain~. weyir 1= rar pmmendations. Emphasises
using short-acting sedatives to facilitate neurclogical
assessment, discourages routine neuromuscular
blocking drugs unless severe acuie respiratory distress
syndrome.

Maintains recommendation with specified indicators of
favourable neurclogical outcome and suggested timing
for brain CT and SSEP recording added to the
algorithm.

Maintains recommendations and adds structured
guidance on rehabilitation in the ICU including early
mobilisation, deliium management, ICU diaries, and to
address physical limitations during follow-up. Stronger
focus on the involvement of co-survivors.

Maintains recommendation and adds recommendations
for cardiac arrest registries to report organ donation
activities.

New recommendations for comprehensive diagnostic
work-up (including genetic testing, cardiac MRI, sodium
channel blocker tests, exercise testing) and emphasises
long-term follow-up.
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NEUROPROTEZIONE:

IMPLICAZIONI CLINICHE
DELLIPERTERMIA,

EVIDENZE SCIENTIFICHE SPERIMENTALI

£ CLiNICHLE
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Learning outcome

* Definition of fever

* Waat is normotnermia’

* Mechanism ai cellular damage

* Fever in injured brain

* Recommendations

* Neuro-protection after cardiac arrest

* Limitation and a sneak peek of future
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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 bzen re-evaluated in modern contexts.

Recent Studies - More recent stud es suggest that the average body cernpzrituce i ight
be slightly lower than 37°C:

*Mackowiak et al. (1992): In a study 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).
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What’s normothermia’

RANDOMIZED CLINICAL TRI

HYPOTHERMIA VERSUS NORMOTHERMIA
AFTER OUT=0F=ROSPITAL CARDIAC ARREST

. Al !3 'h § adults with coma afte’
a

ORCA uf presumeucardiac
® o
tr [
|

C
venlHAT SMOINTAS

or unknown cause

M -84,

Relative risk with hypoth( rma,‘lf496" G,0541011P=0"7

)
POOR FUNC1HONAL UUTCOME AT 6 MUNTH>

ARREST ROSC RANDOMIZATION detrod as a score of 4 10 6 o the moded Rankn scale
80% 7 55%
%\Mmp& ?q,r 5
(— Relative risk with hypothermia, 1.00; 95% C1,0.92t01.09
HYPOTHERMIA In patients with coma after

out-of-hospital cardiac arrest, targeted

CLESLET T did not lead to a lower
incidence of death by 6 months than

[ 33°C )
QARGET TEMPERATURE

(ol2t Z8haheccondomiation, —— 12 1{ 0 &1 NORMOTHERMIA
1hincrements of 1/3 of a degree target temperature of 37.6°C
O ttm2 =
; ‘ Infographic by
Principal Investigator: Niklas Nielsen, MD PhD W @nicisen nidas aum2trial Tommaso Scquizzato

Dankiewicz et al. N Engl J Med 2021.DOI: 10.1056/NEJM0a2100591 W @tscquizzato
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MECHANISM OF CEREBRAL
DAMAGE

~<aocumento

Excitot Hyperthermia prgmbdtes release of e

L] L4 : ° ry
neurotransmittass, Ieing Iula damage. R O [ [ ‘
Oxidative Stress: Elevated temperatureancrease reactive

oxygen species, causing neuronal injury.

Inflammatory Response: Hyperthermia triggers
neuroinflammation, worsening cognitive outcomes.

Cellular effe :ts:

« memorane, ...«wchon nal
and DNA di mage

» stimulation or excitotoxic
mechanisms

» protein denaturation

Lo m efr o es:

® iz haen ia

® b. emor hage

® in arction

= flammatory changes
» oedema

oys 2mic effects:

® _nanges in cerebral
blo>d flow

* endotoxaemia

¢ bactenal translocation
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Cellular effects of hyperthermia

Y - R 5
Folded Protein Unfolded Protein >4O C Aggregates

HT potentiates damage caused by toxic insults like hypoxia and ischaemia
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Neuronal death

Legend CaSPaSG

PUMA

(8%
O BAX

O Anti-apoptotic protein
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Cytochrome ¢

Cell Body
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Destruction of

Mitochondria
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Fever in injured brain

Clinical paper
Post-hypothermia fever is associated with increased mortality after 5 o

out-of-hospital cardiac arrest™

John Bro-Jeppesen:*. Christian Hassager<, Michael Wanscher”, Helle Seholm“,
Jakob H. Thomsen®. Freddv K. Lippert©, Jacob E. Mgller?, Lars Kgber®. lesper Kiaergaard — —

Marker or secondary injury!?

Should we actively treat or prevent PCF?

Protocols include a post cooling TH period..
is this improving the neurological outcome!
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TTM2 trial fever

N otr erraia

M -\ pcthemia
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Day 6 Day 7
Days after Randomization

Day 5

Day 4

Day 3
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ERC-ESICM Recommendations

{ } We recommend contlnuous menlterlng of core temperature in patients who remain comatose

We recommend actively preventing fever (defined as a temperature > 37.7°C) in post-
.OW cardiac arrest patients who remain comatose.

O We recommend actively preventing fever for at least 72 hours in post-cardiac arrest patients
GOOD PRPACTICE Who remain comatgse.

\.J GOOD PRACTICE thls IS meuffument by using a cooling dewce wnth a target temperature of 37. 5 C.

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 recommend not actively rewarming comatose patients

with mild hypothermia after ROSC to achieve normothermia.

@ We recommend not using prehospital cooling with rapid infusion of large volumes of cold 1V
MODERATE fluid immediately after ROSC.

- _/
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Hyperthermia after brain damage

Michael M. Todd, M.D.

Bradley J. Hindman, M.D.

e Colinil Motk PERIOPERATIVE FEVER AND QOUTCOME IN
wa City SURGICAL PATIENTS WITH ANEURYSMAL
William R. Clarke, Ph.D. SUBARACHNOID HEMORRHAGE

Stroke &

Volume 26, Issue 11, Movember 1995; Pay es 204.-2043 sugecican
hitps:/fdoi.orgM0.1161/01.5TR.26.11.204C 3 ot

ARTICLE

Fever in Acute Stroke Worsens Prognosis
A Prospective Study

70%
/3 non
infctive

Incidence

*Hyperthermia is common post-brain
injury, occurring in up to 50% of
patients.

*Often arises within the first 72
hours after the inju:y.

Risk for Mortality

*Hypet thermiz (> 38°C) s
associatea witn a significe.ntly
increased morality ris ¢

*20-30% rise in mortality in
hyperthermic brain-injured patients
versus normothermic.
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N o o ) s Med. 2009 A 15 1454 fais 101007001724 -1 . Controlle cal Tria » Int J Hyperthe : 28(7):621-8
e u I O C Og n I t I ve Early organ dysfunction course, cooling time and H?pertherfnia impairs the executive function using
outcome in classic heatstroke the Attention Network Test

Premotor
Medial frontal

Lateral prefrontal

Fron opolar

Common Neurucugnitive Disorders oe ;
Indirected exploration

. : , M :dial frontopolar cortex
*Memory Impai»~ent: Di#iculy’ v ith <t ~rt-ter . memory re:anti~n an- re<all

*Attention Deficits: Reduced ability to sustain attention and concentrate.
*Executive Dysfunction: Impairments in planning, organizing, and problem-solving.
*Language Difficulties: Challenges in word-finding, fluency, and comprehension.

for possibly redistributing
cognitive control resources
to other potential goals

Directed exploration

*Emotional Dysregulation: Increased irritability, mood swings, or depression. <
Lateral frontopolar cortex
Monitoring a few alternative tasks/
goals for possibly re-engaging one as
replacement of the current task/goal
Exploitation
Posterior prefrontal cortex
Recruiting and implementing cognitive control to
Y optimize the performance of the current goal
Goal-directed
behaviour

Nature Reviews | Neuroscience
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adocume

T alames

E cecutive fuictions like
planning,
decision-makingand

flexibility

Basal ganglia
Depression, anxiety,
apathyand psychotic
symptoms

Hippocampus
Learing and

memory

Cortex

Complex attention
and processing
speed
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Systemic effects

of Hyperthermia

Chronic Cerebral
Hypoperfusion

v

Vascular Cognitive
Impairment and
Dementia

EATHOLOGICAL MECHANISMS
“UExciotowicity (2 Oicdative Stress (rfammation
P Inngy K tnehordriyl Leariean :v.:mn mnatory
E sctron T y2ept 1Chi 0 re® it

.1»..

Gutamate
Rocepicr Ca™

&

ACH™ A Re ctve Dxidatios Specues
* A 0« wteoa Nprogen Species
Jisupt v of oeliuly

v
me abNism O ilavcn < [ noclec scids, proteins, lipids

Basachil Lasincphi
WK Newroptil o e
crs A h5)
=

= — J_ﬁ'L‘QT _ .’X‘
— — — — -
e’

i,

A Inflammatory
Pathways

Y 1kening o assamhh
& oxpres o of Z.ght
unc. 0 protc ins

Monooywe

£33
-

(U Parivascudar Damage

(0 Matrix Metalicprossinases

N
M P Matrin

YFiteonectin
¥ Laminnsg

v
)\ ares sec Bob
ey sabiinee

AWhie Malle

(5IWhite Matter Damage

Gut l'imen

‘nithe jal cells

Lamina propria

¥ Meurgscisnce, 2008 Jul 7161(3):926-39, doi: 101078 neurascience. 2009.04,004

Epub 2009 Apr 8.

Permeability of the blood-brain barrier depends on
brain temperature

Rewiew > Prog Brain Res. 2007162:153-69. doi: 10.1016/30079-6123(06)62003-8.

Cerebral pathophysiology and clinical neurology of
hyperthermia in humans

Healthy Barrier Impaired Barrier Microorganism
Feed antigens
# - Toxins
%
¢ -
qu f AY 2 o -
|T‘ — T 2‘,‘ — Tight
- — - : junctions
I 0 05
° i ] T !
Macrophages
T cells
Dendritic cells
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What if

outcome
Is unclear!
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Learning outcome

/.

o1 AW —

Pathophysiology of brain injury
Treatment of Bl
Targeted temperature management (T TM)
Neuroprotective agznte
Outcomes
Awakening from coma
Neuiopioghostication
Bias in neuroprognostication
Clinical examination
Blood biomarkers
Neurophysiology
Imaging
Recap
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Pathophysiology of brain injury

SCHEMATIC OVERVIEW OF THE PHASES OF INJURY IN HYPOXIC ISCHEMIC ENCEPHALOPATHY . . e
ACUTE PHASE LATENT PHASE SECONDARY PHASE TERTIARY PHASE P Fima I"y | nj u I"y

INSULT

Cell death & apoptotic pathways

Brain

receives 15-20% CO
v1ahilicy depends on
oxygen and glucose

Inflammation
Y ‘ ST

Oxudatlve stress

: O xcutotoxucnty
v ‘

(CBF <too

lo.  fco. CEEE g
e Sl e .
: Reperfusion ] Hyperperfusion consciousness 4- 10 s

L
)
“‘
1
]
L]
]

EEG 10-30 s isoelectric

v

ANAEROBIC METABOLISM

Cytotoxic edema

HI-EVENT 30 MINUTES 6-15 HOURS DAYS WEEKS
: 2 ABBREVIATIONS:
Therapeutic Window HI = HYPOXIC ISCHEMIC
02 = OXYGEN

CO; = CARBON DIOXIDE
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Pathophysiology of brain injury

0 +
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Pathophysiology of brain injury

ol Swollen myocyte
Endothelial gap and Fibiiii tactoids yocy

extravasated RBC's compressing vessel

Regional

endothelial /
swelling \@ E Micro-emboli
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R Sanns) q

p

Z

ZZ

&
N
%

T2

— D @ R T \
= = = \
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Pi. telets
Capillary lumen /

Neutrophil plugs

\ § formation

: Subsarcolemmal bleb
(release of oxygen radicals)

Pathophysiology of Jelayed Cereral Ischemia after SAH

B
Ischemia Neurolnflammation
Cortical spreading Bt cion Mismatch
Depolarization *-., ~ rfusi
Hemorrhage ... Vasospasm
| i larization (CSD
BBB Breakdown --.-us Cortical Spreading Depolarization (CSD)
Microthrombosis & Microthrombosis
Vesoconatriction BED Broakdown
- : Brain Edema
: ’ : Oxidative stress
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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.

*Cerebral Perfusion Pressure (CPP) is the pressure driving blood flow to the brain,
calculated as:

CPP=MAP—ICP
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Relationship Between CBF and CPP

Key Points of the Relationship

|.Direct Influence: CPP directly influences CBF. When CPP falls too low, CBF decreases,
risking ischemia, whii : high CPP may lead tc hypereini. ana po.entially raise I”_P.

2.Autoregulation:
I. Autoregulation is the brain’s ability to maintain consistent CBF despite changes
in CPP, usuaiy within a CPP range of 50-150 mmHg.
2. Outside this 12nze, aL coregulaticn fais, and CBF becomes in-arly depenciert on
CPP:
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:
|. Brain injury can disrupt autoregulation, making CBF highly dependent on CPP.
2. Hyperthermia, hypotension, or elevated ICP can reduce CPP, compromising
CBF and increasing the risk of ischemic damage.

Cercbral
B8lood
Flow

SO g

70 Mg

Cerebral Perfusion Pressure
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Awakening from coma

risk factors in the Parisian registry
Marine Paul, Wulfran Bougouin, Guillaume Geri, Florence Dumas, Benoit Champigneulle, Stéphane

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

Delayed awakening after cardiac arrest: prevalence and _

Laie awzkening >5

Late Awakening in Survivors of Postanoxic gg) associated to
Coma: Early Neurophysiologic Predictors and severe neurological
Association With ICU and Long-Term disability

Neurologic Recovery

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


Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz


Neuroprognostication

Targeted temperature management and rewarming

Unconscious patient, M<3 at =72h without confounders®

- Bilateraly ebsant Nz0 SHEF viave

- 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

Poor outcome likely® Observe and re-evaluate
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False positive rate (FPR)
should be zero

(high accuracy)
Narrow confidence
intervals

(high precision)

Sedation

Duiractions
(towards others)

«QS’Q’
- '\Q

.ds'“ /
\/ [
Q- £

i
Our beliefs —*" f“"fl"mg Others’ beliefs
(about ourselves) Prophecy (about us)

Others' action
(towards us)

Bias in prognostication

A patient’s health
sutcoii-2 can
somecimes align with
the expectations and
beliefs of their care
team, influencing the
recovery process.
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Predictors of Neurological
Outcome After Cardiac Arrest

. Initial Rhythm

*Shockable Rhythms (e.g.,Ventricular Fibrillation or Ventricular Tachycardia): Higher
chance of favorable netnrological outcomes.

*No 1-shocltable Rhythme (e. ., /Asystole o Pulseless Ele :trical Activ ty): Associa ied with
poore: vuLCOoIics.

2.Time to Return of Spontaneous Circulation (ROSC)

*Shorter vuration tec RO!C: [.inked to better neurological reccvery.
*Longer vuration (>2V minutes): Associated with nigher risk of poor neuroiogical
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.
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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 train injury.

5. Neurylogicai Examinatie: at 72 Houve

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

*Motor F.csponse: Lack of inotc r response or absent ui ainstem r>fl :xes :an zighal vrorse
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.
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Predictors of neurological outcome
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Predictors of neurological outcome

Out-of-hospital Ischemia/Reperfusion Suffering Neurons Release Blood Sampling
Cardiac Arrest Injury to the Brain

NSE into Bloodstream and Analysis

.
X
L I |
E [ 4 —_—
® o
2
°®, /
SR o

N x P 48 72
‘%‘ / &~ Hours

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

Marion Moseby-Knappe' @, Niklas Mattsson-Carlgren'?3, Pascal Stammet*, Sofia Backman?, Kaj Blennow®”,

NSE-levels increase and peak at 4872

cut-off for reliable nrediction of poor
cutcome is 60 mg _—!at 48-72 h

levels <|7/ mg | — I predict good outcome

Neurofilament light chain
on the neuron

Neurofilament Light Chain

|\
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Predictors of neurological outcome

activation of primary sensory cortex

C3'-FZ

C3’-M1

CV6-AC

Erb i-c

e = :l .

Key SSEP Waves
1.N9 Wave (Periph=<ral Response)

2. Meaning: Indicates int«ct neripherzl nerve condi.ction frcm the stimulation site to
the brachial plexus.
3. Interpretation: Absence of the N9 wave suggests an issue with peripheral nerves.
~oa 3 Vvave (Cervical Response))

|. Location: Cervical spiral cord (ne:k -egin).
2. Meaning: Reflects conduction from the b:-achial plexus to the cervical spinal cord.
3. Interpretation:Absence or delay in N |3 suggests issues within the cervical spine

or spinal cord pathways.

3.N20Wave (Cortical Response)

I. 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:

I. 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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Normal trace

Continuous
normal voltage
(CNV)
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Status epilepticus
(SE)
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repetitive epileptiform
discharges =50 uV and a
medium frequency = 1
Hz for > 30 min

American Clinical Neurophysiology Society’s Standardized
Critical Care EEG Terminology: 2021 Version

Lawrence J. Hirsch,* Michael W.K. Fong,t Markus Leitinger,t Suzette M. LaRoche,§ Sandor Beniczky,

Background EEG Patterns

*Continuous EEG: Genera'ly associated with a better prognosis if the background is
confinucus and reaciive.

*Disconcinuous or Burst-$iupp~essor. Patterns: Often indi:ate a poorer p.-ogn.sis,
especially if they persist without improvement.

*Suppression: Background EEG with very low amplitude (<10 pV) or isoelectric tracing
indicates severe brain injury and poor rrzonosis.

Reactivity and Responsiveness
*Reactivity: The EEG’s response to external stimuli (such as noise or touch).
* Prognostic Value: EEG that shows reactivity to stimuli is a positive prognostic
indicator. Non-reactive EEG suggests severe brain dysfunction and is associated with
poor outcomes.

Summary of Prognostic Indicators by ACNS 2021

*Good Prognosis: Continuous, reactive EEG without burst suppression or epileptiform
activity.

*Poor Prognosis: Suppressed, isoelectric EEG, burst suppression without improvement, or
persistent unresponsive status epilepticus.
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EPILEPTIFORM
PATTERNS

* Generuz2d Pracdic Posclarges (GF s

Prog 10s‘icV-.lue' GP[s, e spec ally if
combined with a suppressed or burst-
suppression background, are associated with
poor prognosis. Their presence is often
indicaive »f widespread cortical d.mage.

« Status Epil -zlicus:

Pattern: Continuous seizure activity or
EEG patterns meeting status epilepticus
criteria.

Prognostic Value: Prolonged, unresponsive
status epilepticus is strongly associated with
poor outcomes, although short-lived,
treatable seizures may not necessarily
predict a negative outcome.
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PREDICTING NEUROLOGICAL
OUTCOME AFTER CARDIAC
ARREST: ROLE OF
NEUROIMAGING

Qoumento

~Sevgresgrain ing and loss of gray-w @
iffere ' e asso @ ith poor outcomes. O ‘ | I
Early Hypodensities:Visible hypodense agas indicate significant

injury and a likely poor prognosis.

MRI (Diffusion-Weighted Imaging - DWI)

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.

Patient1l —

Patient2

Restricted diffusion of
the whole cortex

Loss o\ Grey-white
differe itiation

No restricted diffusion

Preserved grey-white
differentiation
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ROLE OF GWR IN

PROGNOSTICATION

Patient 1

LS
’L
. ntricle : 12.15¢m
ricle 0.85cm
. glentricle : 142
GWR 1.20

Normal GWR: Gray matter (higher density) typically appears
brighter than white matter on a CT scan.

Decreas sAfteptacdiacrrest, hypoxic brain y —_— AT
can cause cefebral edema, @ g tga loss of distinction BetWee
gray and whTt& mat ue t&decr gra’matter denSTty. : o

Lateral ventricle : 40.07cm

Third ventricle 1.94cm
B Fourth ventricle : 0.49¢m

Predictive Value:

Low GWR (<1.2) is associated with poor neurological
outcomes, often indicating severe brain injury and a high
likelihood of non-recovery.

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

1.

9.

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 detin2 the oprimai tiring, dosing (temperatur2 12vel) and duration ot
treatment.

Neuroorognostication: clinical, electrophysiclogy, 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.
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PUPILLOMETRIA, VEDIAMOCI CHIARO.
COME UTILIZZARLA.
A PLACE IN CLINICAL PRACTICE
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EARNING OUTCOMES

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

e Why we do assess pupils?

e Staridard vs automated

e Clinical use of automated pupillometry
e Prognostication of patient prognosis

e Pupillometry in anesthesia

e Limitation and a sneak peek of future
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who's first?

Sir Robertson, Dousias Argyil

(Edimb 1837 - Gondal, India, 1909)

D -
_/ / X =

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

= .
o~
.___/ &

Pupils DO constrict on a near object.
("faccommodation reflex”)


Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz


WHAT ARE WE
ASSESSING?

Relative
Afferent

| Sy

Consensual -Near

ciation

oD OsS

@ Light is shined on

®

Fretectal - Action potentials

r.ucleus

< ~ 7/ f:om right eye reach
\\(T) < both right and left
Oculomotor P pretectal nuclei.
A, 1
~ / C)_' o i
Ciliary N /\ﬁ 4 g
gengle N~ \ES? S/ X 6
/ i /™ The pretectal
< \ < nuclei stimulate
A both sides of the

Eddinger—Westphal
\ nucleus even
though the light was
perceived only in
the right eye.

right eye only.

of the Eddinger—Westphal
nuclei generate action
potentials through the

right and left oculomotor
herves, causing both pupils
to constrict.

. @The right and left sides

) " 7 ;
RA) LN
R “, TERGES o /
O T r O
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Schematic diagram of pupillary light reflex n-eural pathway:

» Left direct light reflex involves neural segments
1,5,and 7.

» Left consensual light reflex involves neural
segments 2, 4, and 7.

* Right direct light reflex involves neural segments
2,6, arld o

* Right consensual light retlex involves neural
segments 1, 3, and 8.

Diagnostic tool for sensory and
motor function for the eye and
brain stem

Right Left
Retina Retina
CN2 2 1 CN2

1
Pretectal N. 4 V Pretectal N.
t p a Midbrain

| EWN / \ EWN

" L !

[ C3 || & 7| | cN3

Ciliary Ciliary
sphincter sphincter

Afferent limb

Efferent limb for direct light reflex

Efferent limb for consensual light reflex

vvvl

vVvYy

Nerve fibers within midbrain
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Schematic diagram of pupillary light reflex neural pathway:

Right

Retina

CN2

Pretectal N.

Ciliary
sphincter

Left Q

Retina U

Midbrcin

Ciliary
sphincter

Afferent limb
Efferent limb for direct light reflex
Efferent limb for consensual light reflex

Nerve fibers within midbrain

LESION
LOCATION
EXAMPLE

*Right direct reflex is normal

*Left consensual reflex is normal
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STANDARD VS AUTOMATED

ﬁ Pros easy and inexpensive
Cons qualitative, Inter examiner variabilit

(= and lack of reliability

Pros standardise the intensity,

d'stance fram the eve and

.
duraticn of stimulus.Disclays
m o N (- =Y a quantitative and
glossaln.  (Spinal) accessory n. ’ \ ‘ , -9 .

@/ mer LN reproducible measures.
A A Cons cost

\ S ) . :

\ A © " 1>V Midbrain

V->VIII Pons
V, VII=>XIl Medulla
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AUTOMATED PUPILLOMETRY TECHNIQUE

A infrared light measure the pupil <€

(s X
L (
[RRSEE. L AR 1\ '
N o
Q'\,. /!/
N

3 ':
E : Dilation *ejocity o — -
o ' | = == oaam
Q : ;
N2 :
% parameters Non invasive
0 neuromonitorin
0 1 2 3 e pupillogram g bedside tool

Seconds e data trending
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'S
|

N
|

Size (mm)

.

1
1
1
1
ency :
1
1
.

oooooooo

AUTOMATED PUPILLOMETRY
TECHNIQUE

Pupillary function Pupillometry derived variable

N —

1
3
Seconds

Pupil constriction to light stimulation  * Size (mm)

* Asymmetry (mm)

* Constricuon change to light stimulation (% PLR)

* [ atency (sec)

o Constriciion veleodity (ma/s)

* Dilation velocity (mm/s)

* Neurologic Pupillary Index: NPi*, a computed value derived from a mathematic

algorithm including sc¢veral of the above variables

Pupil dilation to punful stimm laticn * Purilla-y retiex di ation: PRI) (%)* *

 Pupillary Pain Inaex: PPI~~

*Calculated only by the Neuroptics® NPi1-200 pupillometer; **available only on the NeuroLight-Algiscan® pupillometer.

Measured Value®

=3.0
O

Assessment

Abnormal/“Sluggish”

Mon-Reactive, Immeasurable, or Atypical Response
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DEVICES

No comparable data on available devices
) Possible that Information with both devices is not the same

No comparable studies that examine accuracy

cubical neive stirauletor (10-606 inA)

e PRD ‘

e PP
NFi index }
algorithm derived
value /

NPi>= 3 normal Neuroptics NPi

reactivity
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Severe TBI ICTH may cause TTH (1) CLINICAL USE OF AP
N NEUROLOGICAL ASSESSMENT

transcalvarial

cingulate

W&___~ (subfalcine)

‘11l oculomotor compression or distortion of midbrain

central
(trans-
tentorial)

|
vy

w Automated Pupillometry and Detection of Clinical Transtentorial
v2in Hernijat on: £ Case Series

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

Quantitative pupiliometry for the ")
raonitcring of intracranial nypertensicn in
patients with severe traumatic brain injury

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

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

HYPOXIC-ISCHEMIC ENCEPHALOPATHY? CLINICAL USE OF AP

HYPOXIC ISCHEMIC ENCEPHALOPATHY

‘ @ NEUROLOGICAL PROGNOSTICATION
‘ HIBI after CA

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOOOOOOOOOOOOOOO

BBBBBBBBBBBBB Clinical paper Resuscitation 83 (2012) 1223-1228

Infrared pupillometry to detect the light reflex during cardiopulmonary
BM} Open Outcome Prognestication of Acute Brain
Injury using the Neurological Pupil
Index (GRANGE) study: protocol for a
prospective, observational, multicentre,
international cohort study

Mauro Oddo,"* Fabio Taccone,® Stefania Galimberti,* Paola Rebora,*®
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Pupillary Pain
Index (PPI)

|

<3

Decrease sufentanil
effect-site target by
0,1ng/ml

|

4-6

!

No change sufentanil
effect-site target

4

>7

!

Increase sufentanil
effect-site target by
0,2ng/ml

CLINICAL USE OF AP
MONITORING ANALGESIA

Perioperative Medicine | August 2017

Pupillometry-guided Intraoperative Remifentanil
Administration versus Standard Practice Influences Opioid
Use: A Randomized Study G

N:da Sahourdin, M.D. 87; Jérome [3arrois, M.D.; Ni_olas Louve', M.D.; Agnés Rigouzzc, M.D.;

Objective Assessment of the Immediate Postoperative
Analgesia Using Pupillary Reflex Measurement

A Prospectiir ard Obseivaliciial Studl/

Mourad Aissou, M.D.,* Aurelie Snauwaert, M.D.,T Claire Dupuis, M.D.,T Arthur Atchabahian, M.D.

CRITICAL CARE, TRAUMA, AND RESUSCITATION: BRIEF REPORT

The Relevance of Pupillometry for Evaluation
of Analgesia Before Noxious Procedures in the
Intensive Care Unit

Lukaszewicz, Anne-Claire MD, PhD; Dereu, Domitille MD; Gayat, Etienne MD, PhD; Payen, Didier MD, PhD
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e like s-PLR requires afferent and efferent pathways are intact
e inter individual variability in pupil size and reactivity
e anesthetic and opioids that affect s-PLR may alter AP (NPi unaffected)

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

i

¥a

Original Research Article

Pupillometry via smartphone for low-

resource settings

Davide Piaggio ? & &, Georgy Namm 2, Paolo Melillo ®, Francesca Simonelli ®, Ernesto ladanza ¢


Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz


	Slide 1: Multicenter Trials in TTM
	Slide 2: Cardiac arrest rhythms
	Slide 3: Definition
	Slide 4: Pathophysiology of Cardiac Arrest
	Slide 5: Causes of Cardiac Arrest
	Slide 6: 5h’s and 5T’s
	Slide 7: 5h’s and 5T’s
	Slide 8: Treatment of Cardiac Arrest
	Slide 9: Prognosis and Outcomes 
	Slide 10: ACLS Protocol After Cardiac Arrest
	Slide 11: Continuous Monitoring and Support
	Slide 12: A closer look
	Slide 13: Global Disparities
	Slide 14: Natural course of neurological recovery following cardiac arrest Patil KD et al. Circ Res. 2015 Jun 5;116(12):2041-9
	Slide 15
	Slide 16: The pioneers
	Slide 17
	Slide 18: The current challenges of cardiac arrest
	Slide 19
	Slide 20: Ischaemia-reperfusion syndrome
	Slide 21: Post anoxic brain injury
	Slide 22
	Slide 23: Background
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53: Beyond the Pulse
	Slide 54: DIAGNOSING LIFE AFTER ROSC
	Slide 55
	Slide 56: Post-Cardiac Arrest Syndrome: Mechanisms of Injury
	Slide 57: Clinical Phases and Management Focus
	Slide 58: Aetiological Assessment After ROSC: Cardiac vs. Extra-Cardiac Causes
	Slide 59: Whole-Body CT Strategy and Integration with Coronary Angiography
	Slide 60: Airway Strategy in the Post–Cardiac Arrest Patient
	Slide 61: Drug-Assisted Intubation After ROSC
	Slide 62: Oxygen Targets Following Cardiac Arrest (ILCOR & ERC/ESICM 2025)
	Slide 63: Clinical Evidence Base and Practice Integration
	Slide 64: Ventilation Strategy in Post–Cardiac Arrest Care
	Slide 65: Ventilatory Management and Lung Protection After Cardiac Arrest
	Slide 66: Early Coronary Angiography: When and for Whom?
	Slide 67: Assessing and Guiding Circulation in Post–Cardiac Arrest Patients
	Slide 68: Maintaining Perfusion and Autoregulation After Cardiac Arrest
	Slide 69: Judicious and Targeted Fluid Therapy
	Slide 70: Vasopressor Strategy After ROSC
	Slide 71: Managing Myocardial Dysfunction and Low Cardiac Output
	Slide 72: Mechanical Circulatory Support (MCS) After ROSC
	Slide 73: Steroids in Post–Cardiac Arrest Care: Evidence Summary
	Slide 74: Post-ROSC Arrhythmias: Evidence and Clinical Implications
	Slide 75: Implantable Cardioverter-Defibrillator (ICD) Therapy
	Slide 76: New or changed 
	Slide 77:  Neuroprotezione:  Implicazioni cliniche  dell’ipertermia, evidenze scientifiche sperimentali  e cliniche
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112: Pupillometria, vediamoci chiaro. Come utilizzarla.   A place in clinical practice
	Slide 113: Learning outcomes
	Slide 114
	Slide 115: What are we  assessing?
	Slide 116: Why do we assess  pupils?
	Slide 117: Lesion location example
	Slide 118: Standard vs Automated
	Slide 119: Automated pupillometry technique
	Slide 120: Automated pupillometry  technique
	Slide 121: devices
	Slide 122: Clinical use of AP Neurological assessment
	Slide 123: Clinical use of AP Neurological prognostication
	Slide 124: Clinical use of AP monitoring analgesia
	Slide 125: Limitations and a sneak peek of future

