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CARDIAC ARREST RHYTHMS

Incidence: Shockable rhythms are 
present in roughly 20-30% of out-of-
hospital cardiac arrests (OHCA).

Survival to Hospital Discharge: 
Approximately 20-40%

Incidence: occurring in about 70-

80% of cardiac arrests, particularly in-
hospital arrests.

Survival to Hospital 

Discharge: Typically 2-10%
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DEFINITION

• Definition:
Cardiac arrest is the sudden cessation of heart function, resulting in the loss of blood 
flow to the body.

• Characteristics:

• Loss of consciousness

• 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

• Underlying Mechanism:

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

• Types of Dysfunction:

• Shockable rhythms (ventricular fibrillation, pulseless ventricular tachycardia)

• Non-shockable 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

• Shockable Rhythms:

• Ventricular Fibrillation (VF): Chaotic, irregular electrical activity

• Pulseless Ventricular Tachycardia (VT): Fast, ineffective contraction rhythm

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

• Non-Shockable Rhythms:

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

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

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

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



5H’S AND 5T’S

• 5 H's

1. Hypoxia - Insufficient oxygen levels in the blood, preventing effective tissue 

oxygenation.

2. Hypovolemia - Loss of blood or fluid volume, often from trauma or dehydration.

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

acidosis.

4. Hyperkalemia / Hypokalemia - Abnormal potassium levels affecting cardiac 

function.

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

• 5 T's

1. Tension pneumothorax - Collapsed lung due to trapped air in the chest cavity, 
causing pressure on the heart.

2. Tamponade (cardiac) - Fluid accumulation in the pericardium, compressing the 
heart and impeding function.

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

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

5. Thrombosis (coronary) - Myocardial infarction from blocked coronary arteries, 
leading to cardiac arrest.
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TREATMENT OF CARDIAC ARREST

• Immediate 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 Life Support (ACLS):

• 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 Prognosis:

• Time to CPR and defibrillation

• Initial rhythm (shockable rhythms have better outcomes)

• Underlying health and cause of arrest

• 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

• Maintain Airway and Breathing:

• Use advanced airway if needed (endotracheal 
intubation).

• Provide 100% oxygen initially, then adjust to keep 
oxygen saturation >94%.

• Continuous waveform capnography to confirm and 
monitor placement.

• Optimize Circulation:

• Monitor blood pressure; target a systolic BP ≥90 
mmHg.

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

• Monitor for Return of Spontaneous Circulation 
(ROSC)

• Confirm ROSC:

• Pulse and blood pressure present

• Abrupt increase in end-tidal CO₂ (EtCO₂)

• Spike in arterial pressure if an 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

• Hemodynamic Support:

• Keep MAP (mean arterial pressure) >65 mmHg to ensure adequate organ perfusion.

• Glucose Control:

• Maintain blood glucose levels between 140-180 mg/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)

•Global incidence: ~55 per 100,000 person-years

•Survival to discharge: ~8.8% | 1-year survival: ~7.7%

•Key factors for better survival: Bystander CPR, EMS-

witnessed arrest

In-Hospital Cardiac Arrest (IHCA)

•Incidence: 1-1.5 per 1,000 admissions

•ROSC in ~53% | Discharge survival: ~23.6%

•Favorable neurological outcome in ~83% of survivors

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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GLOBAL DISPARITIES

•Survival and incidence vary by healthcare infrastructure, socioeconomic 

factors, bystander CPR availability, and access to defibrillators

•Higher incidence and lower survival rates in economically deprived areas

Higher Survival Rates:

•Norway: Reports a survival rate of 

approximately 25% for out-of-hospital 

cardiac arrests (OHCA).

•Netherlands: Achieves a survival rate of 

around 21% for OHCA.

Lower Survival Rates:

•Spain: Records a survival rate of about 6% for 

OHCA.

•Italy: Exhibits a survival rate of approximately 

5% for OHCA.
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NATURAL COURSE OF NEUROLOGICAL 
RECOVERY FOLLOWING CARDIAC ARREST
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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

Co-Founder, President & CEO

Sudden Cardiac Arrest Foundation
Pittsburgh, Pennsylvania
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THE PIONEERS

Pioneering Cardiopulmonary Resuscitation (CPR)

In the 1950s, Safar collaborated with James Elam 

• mouth-to-mouth resuscitation

• combined with external chest compressions

• the establishment of the ABCs (Airway, Breathing, Circulation

This protocol became the foundation of modern CPR

Advancements in Critical Care

• Create one of the first intensive care units in the USA

• Establish paramedic emergency services. 
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THE CURRENT CHALLENGES OF 
CARDIAC ARREST

Out of hospital and Post cardiac arrest 
management
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MILD 
HYPOTHERMIA 
IN OHCA PATIENTS
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ISCHAEMIA-REPERFUSION SYNDROME
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POST ANOXIC BRAIN INJURY

HYPOTHERMIA
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Evidence for TTM

Expert 
opinion

Before-after
Studies and case 
series

Systematic
reviews 

RCTs

Animal 
experiments
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BACKGROUND
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• Quasi-randomised, odd and even days

• 84 eligible patients, 77 included 

• Unscheduled interim analysis after 62 patients

• All rythms included

• Unusual outcome measure: survival to hospital discharge with 

sufficiently good neurologic function to be discharged to home or to 

a rehabilitation facility.

• Uneven groups (43 vs 34 patients)

• Temperature in control group (37.1 -37.3 °C)
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✓ Less risk of bias/systematic errors!

✓ Included only 8 % of patients with ROSC

✓ Patients after ventricular fibrillation

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



HACA-trial: Hypothermia Compared with 

No Temperature Control = Fever!

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



ILCOR Recommandations
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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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It went viral
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INCREASED RISK OF: 

• Infection

•Arrhythmia

•Hemodinamic 

failure

• Seizures

•Major bleeding

•Delayed weaning 
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Earlier trials

• Possible risk of systematic errors
• Possible risk of being underpowered
• Investigated a selected group

A Meta-Analysis
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TTM1 + TTM2

Effects on survival mRS at 180 d 
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Severity & survival TTM & survival

Hypothermia improved good functional outcome 

in patients who had not received bystander cardiopulmonary resuscitation

MIRACLE2
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Seven predictor variables resulting in a final 
score ranging from 0 to 10 were used in the 
final model and it was named MIRACLE2
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SPEED OF COOLING
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What TTM 1 & TTM2  trials did show ?

• Strictly controlled TTM regiments (32 °C vs 36 °C & 33 

°C vs 36.5-37.7 °C ) do not give different results

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

• The importance of avoiding fever in cardiac arrest
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Limitations of  TTM 1 & TTM 2  trials

❖ High patients’ heterogeneity 
✓ shockable and non-shockable rhythms
✓ no age limit

❖ Very short no-flow time and a large number of bystander-initiated 

resuscitation (implying a limited brain injury)

❖OHCA patients (generazibility to in hospital?)

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



All the randomized studies on TTM after cardiac arrest 

are not entirely comparable !
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with Trial Sequential Analysis

A Systematic Review & Meta-Analysis 

❖ Effects on survival & neurologic outcome

➢TTM (Temperature range of 32-34 °C)

➢Controls:

- “actively” controlled (avoiding fever) 

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

❖ Serious adverse events
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Sanfilippo F et al. J. Clin. Med. 2021, 10, 3943

HF: hemofiltration; OHCA: out-of-hospital cardiac arrest; RW: rewarming; TTM: target temperature management; mRS: modified rankin

scale; CPC: cerebral performance category. * The control group not treated with HF was not considered (n = 19)
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Effects on survival 
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Effects on neurologic outcome
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Adverse events

Arrhythmias

No differences in the incidence of:

✓ bleeding (RR 1.10 (95%CI 0.83, 1.44)) 

✓ 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:

✓ does not improve survival nor neurological outcome 

✓ it increases the risk of arrhythmias

❖Approaching temperature management with“uncontrolled” normothermia may be 

associated with worse outcomes and this should not be considered an option 

nowadays.

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

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

research is needed.
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The STEPCARE trial

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

factorial, superiority trial to include 3100 patients

1. Continuous sedation for 36 h or minimal sedation (SEDCARE)

2. Fever management with or without a TTM device for 72 h (TEMPCARE)

3. A mean arterial pressure target of > 85mmHg or > 65mmHg for 36 hours (MAPCARE)

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

functional outcome and quality of life

1. 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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BEYOND THE 
PULSE

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

Timing is Critical
▪ Most deaths after ROSC occur within the first 72 

hours.
▪ Early interventions can reduce mortality and improve 

neurological recovery.
Up to 80% ROSC reach the ICU comatose, unstable, and 
diagnostically uncertain.

Goals of Post-ROSC Diagnostic Strategy
▪ Identify reversible causes (e.g., coronary occlusion, 

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 
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DIAGNOSING 
LIFE AFTER 
ROSC

The diagnostic mission:

A time-sensitive, layered approach:

o Immediate (0–1 h): Stabilize, 
detect reversible causes.

o Early (1–24 h): Define etiology
and organ injury.

o Delayed (≥24–72 h): Assess
neurological potential and 
outcome.
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POST-CARDIAC ARREST 
SYNDROME: 
MECHANISMS OF 
INJURY
No-flow phase:

o Cessation of CBF→ halted aerobic metabolism

o ATP depletion → failure of Na⁺/K⁺ pumps → intracellular Ca²⁺ accumulation

o Neuronal electrical silence and structural vulnerability

Reperfusion phase:
o Restoration of CBF triggers glutamate release → protease/phospholipase 

activation

o Further Ca²⁺ 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:
o Duration of no-flow and low-flow times
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CLINICAL PHASES 
AND 
MANAGEMENT 
FOCUS

Post-resuscitation management goals:

1. Mitigate HIBI severity→the leading cause of in-
hospital death after arrest

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

3. Prevent secondary injury

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
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AE T I OLO G I CA L A SS ES SM EN T AF TE R ROS C :  C ARDI AC  VS.  EX TRA - CA RDI AC CAUS ES

Epidemiology

▪ Cardiac origin (predominantly ischaemic ) = most common cause of OHCA.

▪ Extracardiac causes ≈ 1/3 of OHCAs, requiring prompt identification 
by TTE and early CT imaging

Rationale for early multimodal imaging

▪ Transthoracic echocardiography → rapid assessment of global function and 
tamponade.

▪ Dual-phase contrast-enhanced CT (pulmonary + venous) → identifies both 
cause and complications (e.g. CPR-related trauma, PE, haemorrhage).
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WHOLE-BODY CT 
STRATEGY AND 
INTEGRATION WITH 
CORONARY 
ANGIOGRAPHY1. CT to detect complications of resuscitation

2. Guideline evolution (ERC-ESICM 2021 → 2025):

• 2021: Consider CT brain and CT pulmonary angiography when 
no evident cardiac cause.

• 2025: Recommend immediate whole-body CT (head, neck, 
chest, abdomen, pelvis, ± CT coronary angiography) when no 
clear ST-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.

14

h

75%
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AIRWAY 
STRATEGY IN 
THE POST–
CARDIAC 
ARREST 
PATIENT
Timing of tracheal intubation:

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

Rationale for airway control post-ROSC:

▪ Ensures controlled oxygenation and 
ventilation.

▪ Prevents aspiration of gastric contents.

▪ Enables precise control of interventions 
affecting neurological recovery:

• Temperature management

• Seizure control

• Sedation and neuroprotection
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DRUG-ASSISTED 
INTUBATION 
AFTER ROSC

Hemodynamic considerations:

• Avoid induction hypotension in post-ROSC instability to protect cerebral perfusion.

Induction strategy:

• No single drug combination proven superior.

• 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 ETCO₂ waveform)

• Protective ventilation (normocapnia, normoxia)
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OXYGEN TARGETS 
FOLLOWING 
CARDIAC ARREST 
(ILCOR & 
ERC/ESICM 2025)

Initial: Use FiO₂ 100% until reliable PaO₂/SpO₂ available (prehospital + in-

hospital)

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

Targets: SpO₂ 94–98%, PaO₂ 75–100 mmHg (10–13 kPa) → normoxia

Caution: Pulse oximetry may overestimate SpO₂ in darker skin tones
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CLINICAL EVIDENCE
BASE AND PRACTICE
INTEGRATION

Indications: 

• Maintain FiO₂ 1.0 until ABG confirms
normoxia → then titrate to SpO₂ 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 SpO₂ target range.
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VENTILATION
STRATEGY IN 
POST–CARDIAC
ARREST CARE

Pathophysiological rationale:

• After ROSC → mixed metabolic + 

respiratory acidosis due to hypoventilation and 

tissue hypoperfusion

• RCTs show no outcome difference between

normocapnia (35–45 mmHg) and mild hypercapnia

(50–55 mmHg)

• End-tidal CO₂ (EtCO₂) values may not
reliably reflect PaCO₂→ confirm by arterial

blood gas when feasible.

• During hypothermia, PaCO₂ measurement and 

correction are complex; use a consistent local
approach (temperature-corrected or not)
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VENTILATORY
MANAGEMENT AND 
LUNG PROTECTION
AFTER CARDIAC
ARREST
Protective ventilation

• Tidal volume: 6–8 mL/kg predicted
body weight.

• PEEP ≥ 5 cm H₂O.

• Head elevation: 30° to reduce 
aspiration and intracranial pressure.
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EARLY CORONARY ANGIOGRAPHY: WHEN AND FOR 
WHOM?

Practical approach:

• ST-elevation or shock/instability → 

immediate PCI.

• Stable, comatose, no ST-elevation → 

whole-body CT first, delayed PCI.

• Consider neurological prognosis before 

invasive intervention
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ASSESSING AND 
GUIDING
CIRCULATION IN 
POST–CARDIAC
ARREST PATIENTS

Interpretation:

• Myocardial depression and 
vasoplegia frequent; reversible in 
most cases.

• Combine hemodynamic and 
metabolic endpoints (MAP, ScvO₂, 
lactate)

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



MAINTAINING PERFUSION AND 
AUTOREGULATION AFTER 
CARDIAC ARREST
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• Initial phase: often cardiogenic shock → later distributive/hypovolemic from 
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 ↑ 
mortality)

• Monitor response: ↑ MAP, urine output > 0.5 mL/kg/h, ↓ lactate

• AKI common (34–52%), yet liberal fluids don’t prevent it

JUDICIOUS AND 
TARGETED FLUID
THERAPY
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VASOPRESSOR STRATEGY 
AFTER ROSC

Noradrenaline = preferred first-line vasopressor

→ Use adrenaline only if noradrenaline unavailable
(small boluses or dilute infusion 8–40 µg/mL).

Clinical note:

→Randomized trials (BOX, NEURO-PROTECT) 
show higher noradrenaline doses well
tolerated, no increase in arrhythmias
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MANAGING MYOCARDIA L DYSFUNCTION AND LOW 
CARDIAC OUTPUT

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

Inotropes:

• Dobutamine → most established to improve cardiac index

• Use after optimizing MAP with fluids and vasopressors.

• In cardiogenic shock → helps offset vasoconstriction, ↓ afterload.

• Dopamine (≤10 µg/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 C IRCULATORY SUPPORT (MCS)  AFTER ROSC

Consider for refractory shock unresponsive to fluids + 

vasopressors

Devices: IABP, Impella / LV assist, VA-ECMO 

(ECPR).

• ILCOR - ERC–ESICM 2025:

• 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.
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STEROIDS IN POST–CARDIAC 
ARREST CARE: EVIDENCE 
SUMMARY

Meta-Analysis & Recommendations

• ILCOR individual-patient meta-analysis (n = 869)

o ↑ ROSC rates with steroids

o No difference in survival to discharge or favourable 
neurological recovery

o No difference in HRQoL at 90 days (EQ-5D-5L)

• CORTICA (2024) confirmed no benefit of low-dose 
steroids.

ILCOR 2025 / ERC–ESICM Recommendation:

Weak recommendation against routine use of vasopressin 
+ corticosteroids during or after IHCA.

o Certainty: Low–moderate.

Ongoing trials:

▪ VAST-A (NCT05139849), HYVAPRESS 
(NCT04591990), DANOCHA (NCT05895838) may clarify role in IHCA and OHCA.
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POST-ROSC ARRHYTHMIAS : EV IDENCE AND 
CLINICAL IMPLICATIONS
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IMPLANTABLE CARDIOVERTER-DEFIBRILLATOR (ICD) 
THERAPY
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NEW OR CHANGED 

1. 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.

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

3. Ventilation: Normocapnia still recommended; added caution 
in hypothermic patients to avoid hypocapnia.

4. Coronary reperfusion: From routinely considering immediate 
cath in high-likelihood cases → may delay cath when 
OHCA without ST-elevation and clinical context doesn’t 
suggest acute occlusion.

5. Hemodynamic management: From “emphasize MAP ≥65 with 
urine/lactate goals” → explicit MAP target of 60–65 mmHg.

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

7. General ICU care : Recommendations maintained; greater 
emphasis on short-acting sedatives for neuro checks 
and discouraging routine neuromuscular blockers (unless 
ARDS).

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



NEUROPROTEZIONE: 
IMPLICAZIONI CLINICHE 
DELL’IPERTERMIA,
EVIDENZE SCIENTIFICHE SPERIMENTALI 
E CLINICHE
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ERC 22

Learning outcome

• Definition of fever

• What is normothermia?

• Mechanism of cellular damage

• Fever in injured brain

• Recommendations

• Neuro-protection after cardiac arrest

• Limitation and a sneak peek of future
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ERC 22

What’s fever?

Recent Studies - More recent studies suggest that the average body temperature might 

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).

Carl Reinhold August Wunderlich's Study (1868) - Wunderlich's large-scale study in 

the 19th century established 37°C (98.6°F) as the average normal body temperature, a 

standard that has been widely referenced since. However, the study’s methodology and 

tools have been re-evaluated in modern contexts.
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ERC 22

What’s normothermia?
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WHY CAN WE 
GET MUCH 

COOLER THAN 
WE GET HOT?
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MECHANISM OF CEREBRAL 
DAMAGE

• Mechanisms of Injury

• Excitotoxicity: Hyperthermia promotes release of excitatory 

neurotransmitters, leading to cellular damage.

• Oxidative Stress: Elevated temperatures increase reactive 

oxygen species, causing neuronal injury.

• Inflammatory Response: Hyperthermia triggers 

neuroinflammation, worsening cognitive outcomes.
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Cellular denaturing 

HT potentiates damage caused by toxic insults like hypoxia and ischaemia 

Cellular effects of hyperthermia

>40°C Aggregates

ionic flux

mitocondrial dysfunction
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Neuronal death

Caspase

Apoptosi

Cell death 

glutamate e glycine

Heat shock 

proteins

AD, SM, TBI

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



Should we actively treat or prevent PCF?

Protocols include a post cooling TH period..

is this improving the neurological outcome?

Fever in injured brain

Marker or secondary injury?

Similar PFC vs No fever

>39°C for >7h
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TTM2 trial fever 
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ERC-ESICM Recommendations
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Hyperthermia after brain damage

70%

1/3 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 injury.

Risk for Mortality

•Hyperthermia (≥ 38°C) is 

associated with a significantly 

increased mortality risk.

•20-30% rise in mortality in 

hyperthermic brain-injured patients 

versus normothermic.
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Neurocognitive 

disorders

Common Neurocognitive Disorders

•Memory Impairment: Difficulty with short-term memory retention and recall.

•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.

•Emotional Dysregulation: Increased irritability, mood swings, or depression.
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NEURO

COGNITIVE 
DISORDERS

Limbic system: memory and 

learning ability

Prefrontal cortex: executive 

functions 

Intraparietal sulcus: processing 

and memory
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Systemic effects 

of Hyperthermia
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What if 

outcome 

is unclear?

conservative vs pessimistic
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Learning outcome
1. Pathophysiology of brain injury

2. Treatment of BI

3. Targeted temperature management (TTM)

4. Neuroprotective agents

5. Outcomes

6. Awakening from coma

7. Neuroprognostication

- Bias in neuroprognostication

- Clinical examination

- Blood biomarkers

- Neurophysiology

- Imaging

8. Recap
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Pathophysiology of brain injury

Brain 

receives 15-20% CO

viability depends on 

oxygen and glucose 

CBF stop

consciousness 4- 10 s 

EEG 10-30 s isoelectric

primary injury
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Pathophysiology of brain injury

primary 
injury

secondary injury
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Pathophysiology of brain injury

Delayed hypoperfusion

Cerebral disregulation

No reflow phenomenon
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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

1.Direct Influence: CPP directly influences CBF. When CPP falls too low, CBF decreases, 

risking ischemia, while high CPP may lead to hyperemia and potentially raise ICP.

2.Autoregulation:

1. Autoregulation is the brain’s ability to maintain consistent CBF despite changes 

in CPP, usually within a CPP range of 50-150 mmHg.

2. Outside this range, autoregulation fails, and CBF becomes linearly dependent on 

CPP:

1. Low CPP (<50 mmHg) can cause hypoperfusion, risking ischemia.

2. High CPP (>150 mmHg) may overwhelm autoregulatory mechanisms, 

increasing ICP and the risk of edema.

3.Conditions Affecting CBF and CPP:

1. Brain injury can disrupt autoregulation, making CBF highly dependent on CPP.

2. Hyperthermia, hypotension, or elevated ICP can reduce CPP, compromising 

CBF and increasing the risk of ischemic damage.
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Awakening from coma

Late awakening (>5 
gg) associated to 
severe neurological 
disability

70%  within 48h

latest 25 days after
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Neuroprognostication
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Bias in prognostication

Self fulfilling prophecy

False positive rate (FPR) 

should be zero

(high accuracy) 

Narrow confidence 

intervals 

(high precision)

Blinding test results

Investigate prognostication 

in countries where WLST is 

not performed 

Sedation

A patient’s health 

outcome can 

sometimes align with 

the expectations and 

beliefs of their care 

team, influencing the 

recovery process.
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1. Initial Rhythm

•Shockable Rhythms (e.g., Ventricular Fibrillation or Ventricular Tachycardia): Higher 

chance of favorable neurological outcomes.

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

poorer outcomes.

2. Time to Return of Spontaneous Circulation (ROSC)

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

•Longer Duration (>20 minutes): Associated with higher risk of poor neurological 

outcomes.

3. Duration and Quality of CPR

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

perfusion and outcome.

•Prolonged CPR (>30 minutes): Generally indicates a poorer prognosis.

Predictors of Neurological 

Outcome After Cardiac Arrest
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4. Post-Cardiac Arrest Hypothermia Management

•Therapeutic Hypothermia (Targeted Temperature Management): Cooling to 32-36°C 

has shown to improve neurological outcomes by reducing brain injury.

5. Neurological Examination at 72 Hours

•Pupillary Reaction: Non-reactive pupils at 72 hours post-arrest is a strong indicator of 

poor outcome.

•Motor Response: Lack of motor response or absent brainstem reflexes can signal worse 

outcomes.

6. Biomarkers

•Serum Neuron-Specific Enolase (NSE): Elevated levels are associated with greater 

brain injury and poorer prognosis.

•S100B Protein: Another marker that, when elevated, can indicate worse neurological 

outcomes.

7. EEG Patterns

•Early EEG after ROSC: Patterns such as burst suppression or status epilepticus are 

associated with poor neurological recovery.

•Continuous and Normal EEG Patterns: More favorable for recovery.

Predictors of Neurological 

Outcome After Cardiac Arrest
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Predictors of neurological outcome

Clinical examination

motor response response to pain (GCS-M≤3) at≥72 h after ROSC 

ocular reflexes At≥72 h after ROSC, bilaterally absent pupillary or corneal 

reflexes 

myoclonus early (<48 h), a generalised distribution, a synchronous 

stereotyped pattern, and prolonged (>30 min) duration 
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Predictors of neurological outcome

NSE
NSE-levels increase and peak at 48–72 

cut-off for reliable prediction of poor 

outcome is 60 mg L−1 at 48–72 h 

levels <17 mg L−1 predict good outcome

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



Predictors of neurological outcome
Electrophysiology

activation of primary sensory cortex

Key SSEP Waves

1.N9 Wave (Peripheral Response)

1. Location: Brachial plexus (near the shoulder, recorded from the arm).

2. Meaning: Indicates intact peripheral nerve conduction from the stimulation site to 

the brachial plexus.

3. Interpretation: Absence of the N9 wave suggests an issue with peripheral nerves.

2.N13 Wave (Cervical Response)

1. Location: Cervical spinal cord (neck region).

2. Meaning: Reflects conduction from the brachial plexus to the cervical spinal cord.

3. Interpretation: Absence or delay in N13 suggests issues within the cervical spine 

or spinal cord pathways.

3.N20 Wave (Cortical Response)

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

2. Meaning: This is the most important wave in SSEP for brain assessment. It 

represents the cortical response to sensory input and reflects intact sensory 

conduction to the brain.

3. Interpretation:

1. Present N20 Wave: Suggests functional sensory pathways to the brain, 

generally associated with a better prognosis in comatose patients.

2. Absent N20 Wave: Strongly predicts poor neurological outcome after events 

like cardiac arrest, as it indicates a lack of cortical response to sensory input.
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Electrophysiology

Background EEG Patterns

•Continuous EEG: Generally associated with a better prognosis if the background is 

continuous and reactive.

•Discontinuous or Burst-Suppression Patterns: Often indicate a poorer prognosis, 

especially if they persist without improvement.

•Suppression: Background EEG with very low amplitude (<10 µV) or isoelectric tracing 

indicates severe brain injury and poor prognosis.

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

• Generalized Periodic Discharges (GPDs):

• Prognostic Value: GPDs, especially if 
combined with a suppressed or burst-
suppression background, are associated with 
poor prognosis. Their presence is often 
indicative of widespread cortical damage.

• Status Epilepticus:

• 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

• Key Imaging Modalities

• CT Scan

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

• Early Hypodensities: Visible hypodense areas 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.
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ROLE OF GWR IN 
PROGNOSTICATION

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

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

• 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. Primary (ischaemic) and secondary (reperfusion) injury occur sequentially during cardiac 

arrest, resuscitation, and the acute post-resuscitation phase.

2. TTM is a strategy to achieve and maintain a specified body temperature, typically from 

33 to 37.5 °C.

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

treatment.

4. Neuroprognostication: clinical, electrophysiology, biomarkers and imaging

5. Clinical: motor response, ocular reflexes and myoclonus

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

confirmation

7. EEG is complex and prone to subjectivity. Recently ACNS standardize the interpretation. 

8. Still no definite consensus on the optimal timing of imaging. Generally TC as a first step 

than MRI.

9. Predicting good neurological outcome is challenging, needs more investigation. 
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PUPILLOMETRIA, VEDIAMOCI CHIARO. 
COME UTILIZZARLA.  
A PLACE IN CLINICAL PRACTICE

• Erik Roman-Pognuz MD, PhD
• Department of Medical Science - University 

of Trieste
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LEARNING OUTCOMES

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

• Why we do assess pupils?

• Standard vs automated

• Clinical use of automated pupillometry

• Prognostication of patient prognosis

• Pupillometry in anesthesia

• Limitation and a sneak peek of future
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who’s first?

Sir Robertson, Douglas Argyll 
(Edimb 1837 - Gondal, India, 1909)
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WHAT ARE WE 
ASSESSING?
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WHY DO WE ASSESS 
PUPILS?

• 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, and 8. 

• Right consensual light reflex involves neural 
segments 1, 3, and 8.

Diagnostic tool for sensory and 
motor function for the eye and 
brain stem
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LESION 
LOCATION 
EXAMPLE

Left consensual reflex is normal

Right direct reflex is normal
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III→V Midbrain
V→VIII Pons
V, VII→XII Medulla 

STANDARD VS AUTOMATED

Pros easy and inexpensive
Cons qualitative, Inter examiner variability (>39%) 
and lack of reliability

Pros standardise the intensity, 
distance from the eye and 
duration of stimulus.Displays 
a quantitative  and 
reproducible measures.
Cons cost
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AUTOMATED PUPILLOMETRY TECHNIQUE

Infrared visible light source coupled 
with a camera

A infrared light measure the pupil 
baseline

After 3’’ a visible light delivered

The pupillary response recorded with 
camera
Other 
parameters

• pupillogram
• data trending

Non invasive 
neuromonitorin
g bedside tool
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AUTOMATED PUPILLOMETRY 
TECHNIQUE

Erik Roman-Pognuz
documento riservato
Prof. Roman-Pognuz



DEVICESNeurolight Algiscan

Neuroptics NPi

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

No comparable studies that examine accuracy

cubical nerve stimulator (10-60 mA)
• PRD
• PPI

NPi index
algorithm derived 
value 
NPi>= 3 normal 
reactivity
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CLINICAL USE OF AP
NEUROLOGICAL ASSESSMENT

Severe TBI ICTH may cause TTH (1)

1

III oculomotor compression or distortion of midbrain

In comatose with BI deterioration of AP parameters (NPi or CV) 
may predict ICHT and suggest investigation or treatment
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CLINICAL USE OF AP
NEUROLOGICAL PROGNOSTICATION

HIBI after CA
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CLINICAL USE OF AP
MONITORING ANALGESIA
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LIMITATIONS AND A SNEAK PEEK OF FUTURE

• like s-PLR requires afferent and efferent pathways are intact

• inter individual variability in pupil size and reactivity

• anesthetic and opioids that affect s-PLR may alter AP (NPi unaffected)

• AP requires equipments and consumables, unsuitable for low resource settings
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