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Background

» Cardiac disease is the most common cause of mortality
in the western world and the majority of cardiac deaths
are due to out-of-hospital sudden cardiac arrest (OHCA)

 Estimated incidence of adult OHCA is about 1 case
per 1,000 person/years

* In general, overall survival from OHCA is low with
about only 5-10% of patients surviving.



Mechanisms Underlying Cardiac Arrest

Cardiac causes ~ 80%
OHCA | <_

Non-cardiac causes ~ 20%

In a large proportion of cases diying outside hospital
establishing the aetiology is difficult
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Utstein Template

Study population
followed over time

EMS attended

EMS treated

Cardiac causen
I .

VF
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Incidence of OHCA, Percentage of Treated OHCA,
of Ventricular Fibrillation and of Survival

Adult-only included

Mean (5D

Incidence EMS attended OHCA (n=39) (30.5) 0.25
Incidence EMS treated OHCA (n=48) 62.3 (17.0) <(0.001
Incidence EMS treated OHCA, cardiac cause (n=80) 54.6 (26.0) 0.004
Incidence EMS treated OHCA, VF (n=713] 12.8 (10.6) 0.71
Percentage EMS treated OHCA (n=39) G8.9 (25.6) 0.329
Percentage VF (n=G68) 26.9 (19.4) 0.75
Percentage survival (n=568) 5.6 (4.1) 0.19
Percentage VF survival (n=55) 11.4 (5.01 0.11

EMS indicates emergency medical services; OHCA indicates our-of-hospital cardiac arrest; CPR indicates cardiopulmonary resuscitation; VF indicates ventricular fibrillation.
All incidence rates are per 100,000 person-years.

* Mumerical discrepancies between the upper and lower part of the table can be explained by the fact that these parts are based on different sets of studies. All estimates
are weighed according to the population size.

Berdowski J et al Resuscitation 2010;81:1479-87
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Sudden cardiac death in children (1-18 years):

symptoms and causes of death in a nationwide

setting

Bo Gregers Winkel*, Bjarke Risgaard, Golnaz Sadjadieh, Henning Bundgaard,
Stig Haunsg, and Jacob Tfelt-Hansen




Causes of death autopsied

Cause of death, autopsied Potentially
sudden unexpected death inherited
cases (n = 88) cardiac disease

Cardiac disease
Unexplained deaths Non-cardiac causes of sudden death
Myocarditis Systemic infections
ARVC Accidental suffocation
Connective tissue disease Other accident
Thoracal aortic dissection Meningitis/encephalitis
Valvular disease Epilepsy
Pulmonary cardiac disease Drug overdose
Malformation of coronary artery Pulmonary embolism
Coarctation of the aorta McArdles disease
Acute myocardial infarction Toxic nephropathy
Endocarditis Total non-cardiac sudden deaths
DCM
Conduction defect
iLVH
Rejection of transplanted heart
LQTS %
Total cardiac disease 43 (49%)

Winkel BG et al. Eur Heart J 2014;35:868-75
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Incidence and outcome of in-hospital cardiac arrest in the United
Kingdom National Cardiac Arrest Audit™

Jerry P. Nolan®*, Jasmeet Soar®, Gary B. Smith¢, Carl Gwinnutt®, Francesca Parrott®,
Sarah Power®, David A. Harrison®, Edel Nixon®, Kathryn Rowan€, on behalf of the
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Incidence of adult in-hospital cardiac arrests
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Nolan JP et al. Resuscitation 2014, in press



Location of cardiac arrests

Location of cardiac arrest Number [ %)’

Emergency department
Emergency admissions unit
Theatre and recovery
Imaging department
Cardiac catheter laboratory
Specialist treatment area
[CL or ICLI/HDU

HDU

CCu

Other intermediate care area
Obstetrics area

Ward

Other internal location
Clinic

Mon-clinical area

[CU, intensive care unit; HDU, high dependency unit; CCU, coronary care unit.
3 Location of arrest not reported for 4 arrests.

Nolan JP et al. Resuscitation 2014, in press



Survival to hospital discharge by age
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IW.M Arruolati 14/01/2002 - 13/01/2003
1.397 (BO, MO, RE, PC)

Pazienti con AC extraospedaliero

1001 (72%)

Sottoposti a manovre di rianimazione

288 (29%) 713 (71%)

Pazienti con eziologia non Pazienti con eziologia
cardiaca cardiaca
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AlCare-3

220 AC extraospedalieri
con FV primo ritmo (32%):
Autore prima defibrillazione

50 %

37 %

13 %

Laico Infermiere 118 Medico 118



Original Article

Public Health Burden of Sudden Cardiac

Death in the United States

Eric C. Stecker, MD, MPH; Kyndaron Reinier, PhD; Eloi Marijon, MD;
Kumar Narayanan, MD; Carmen Teodorescu, MD, PhD; Audrey Uy-Evanado, MD;
Kuen(.unwn MD; Jonathan Jui, MD, MPH; Sumeet S. Chugh, MD

Circ Arrhythm Electrophysiol 2014;7:212-17
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Burden of Sudden Cardiac Death in Persons Aged 1 to 49
YearsCLINICAL PERSPECTIVE

by Bjarke Risgaard, Bo Gregers Winkel, Reza Jabbari, Elijah R. Behr, Ole Ingemann-
Hansen, Jargen Lange Thomsen, Gyda Lolk Ottesen, Gunnar H. Gislason, Henning
Bundgaard, Stig Haunsg, Anders Gaarsdal Holst, and Jacob Tfelt-Hansen

Circ Arrhythm Electrophysiol
Volume 7(2):205-211
April 15, 2014

z American
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Association. Copyright © American Heart Association, Inc. All rights reserved.




Flowchart of the identification of all sudden unexpected deaths and all sudden cardiac deaths
in persons aged 1 to 49 years in Denmark 2007 to 2009.

8338 deaths in total

489 foreigners or Danes
dying outside Danish borders

B E—

Y
7849 deaths included
6756 non-sudden death | < ! | 27(0.3%) incomplete death
y certificate data
1066 (14%) sudden
unexpected death
27 Sudden unexpected death | _ . . 454 non-autopsied sudden
(competing causes) V unexpected death
585 autopsied sudden

unexpected death

146 sudden non-cardiac death | = l
¥
439 autopsied sudden
cardiq death

Y
893 (11%) sudden cardiac death
- 304 explained (after autopsy) |-
- 135 unexplained (after autopsy)
- 454 no autopsy performed

Risgaard B et al. Circ Arrhythm Electrophysiol. 2014;7:205-
211

z American
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0 Association. Copyright © American Heart Association, Inc. All rights reserved.



Age-related distribution of the annual sudden cardiac death (SCD) incidence rate per 100 000
persons in persons aged 1 to 49 years in Denmark 2007 to 2009.
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Distribution of the causes of death in the 439 autopsied cases of sudden cardiac death (SCD)
in persons aged 1 to 49 years in Denmark in 2007 to 2009.
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Resuscitation Science

Temporal Differences in Out-of-Hospital Cardiac Arrest
Incidence and Survival

Akshay Bagai, MD, MHS; Bryan F. McNally, MD, MPH; Sana M. Al-Khatib, MD, MHS;
J. Brent Myers, MD, MPH; Sunghee Kim, PhD; Lena Karlsson, MB:
Christian Torp-Pedersen, MD; Mads Wissenberg, MD; Sean van Diepen, MD, MSc;
Emil L. Fosbol, MD, PhD; Lisa Monk, RN, MSN; Benjamin S. Abella, MD, MPhil;
Christopher B. Granger, MD; James G. Jollis, MD

Circulation 2013;128:2595-2602



Distribution of Occurrence
of Out-of-hospital cardiac arrest by hour of the day
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] crverall population (N=138,588)
—&— Unwitnessed arrest with non-shockable fiest cardiac rhythm [M=7.7E80)
---&--- Witnessed arrest with shockable hirst cardiac rhythm (N=3,3E6)

Bagai A et al Circulation 2013;128:2595-2602



Out-of-hospital Cardiac Arrest

Cardiac Causes

[schaemic cardiomyopathy

Dilated cardiomvopathy

Hypertrophic cardiomyopathy

Non-atherosclerotic disease of coronary arteries
Valvular heart di

A g - e e 1 ny i S B N R T Ta T =W -
Arrhyvthmogenic right ventricular cardiomvyopathy
[nfiltrative and inflammatory myocardial di

Congenital heart disease

Primary cardiac electrical abnormalities

Hollenberg J et al J Intern Med 2013;273:572-83



Out-of-hospital Cardiac Arrest

Non-cardiac Causes

Pulmonary embolism

Lung disease (hypoxic cause of cardiac arrest)
Electrolyte abnormalities

Bleeding, nontraumatic (hypovolaemic cause of cardiac
arrest)

Subarachnoid haemorrhage

Drug overdose

Suffocation

Drowning

Sudden infant death syndrome

Hypoglycemia

Hollenberg J et al J Intern Med 2013;273:572-83



Severe Hypoglycemia—Induced Lethal Cardiac
Arrhythmias Are Mediated by Sympathoadrenal Activation

) 1 . 1 . . . . 1 % o - M 1 . « 1

Candace M. Reno, Dorit Daphna-Tken,” Y. Stefanie Chen,” Jennifer VanderWeele,” Krishan Jethi,
. 1.2

and Simon .J. Fisher

Mechanisms of Sudden Cardiac Death Due to
Insulin-Induced Hypoglycemia

| Indirect | | Direct

Hypoglycemia
Hyperinsulinemia
Hypokalemia
Epinephrine
Norepinephrine

Autonomic

Innervation
Tachycardia —_—’) _
Arrhythmias QTc Prolongation

3¢ degree heart
block

|—~> Bradycardia

Diabetes 2013;62:3570-81



Uomo, 45 anni, fisioterapista, sportivo
Arresto cardiaco testimoniato, ritmo di esordio non defibrillabile (PEA)
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Evoluzione ECG (1)
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Evoluzione ECG (2)
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Incidence and Number of Sudden Death in Different at-Risk Patient Groups

Group

General population

Patients with high
coronary-risk profile

Patients with previous
coronary event

Patients with ejection
fraction < 35%,
congestive heart failure

Patients with previous
out-of-hospital cardiac
arrest

Patients with previous
myocardial infraction,
low ejection fraction, and
ventricular tachycardia

E o 15 20 25 30 100,000 200,000 300,000

Incidence of Sudden Death Mo. of Sudden Deaths
% of group) per Year

Adapted from Myerburg et al. Circulation 1992






La Morte Improvvisa nello Sport



Sudden Deaths in Young Competitive Athletes
Analysis of 1866 Deaths in the United States, 1980-2006

Barry J. Maron, MD; Joseph J. Doerer, BS; Tammy S. Haas, RN;
David M. Tierney, MD; Frederick O. Mueller, PhD

Circulation 2009; 119: 1085-1092



Number of cardiovascular (CV), trauma-related, and other SCD
in 1866 young competitive athletes, tabulated by year.
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Epidemiologia della morte improvvisa nello sport

= USA: 2.3 - 4.4/100.000 atleti/anno
= Maron et al (Circ 2009): 0,6/100.000 atleti/anno

= National Collegiate Athletes Association: 2.3/100.000 atleti/anno
(1:43.700)

" 3.6/100.000 atleti/anno (pre-screening)

= Regione Veneto: |

0.4/100.000 atleti/anno (screening)

—

= Minnesota Registry: 0.93/100.000 atleti/anno



L'importanza del’ECG nella visita medico-sportiva
per ridurre il rischio di morte improvvisa

IMPATTO DELLO SCREENING SULLA MORTALITA’ NEGLI ATLETI (12 - 35 anni)
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Dopo 'introduzione della visita medico sportiva nel 1982 la mortalita negli atleti & diminuita
dell’89% (p <0.001)

Corrado D et al. G Ital Cardiol 2011;12(11):697-706



Cost-Effectiveness of Preparticipation Screening for Prevention of

Sudden Cardiac Death in Young Athletes

Matthew T. Wheeler, MD, PhD; Paul A. Heidenreich, MD, MS; Victor F. Froelicher, MD; Mark A. Hlatky, MD; and
Euan A. Ashley, MB ChB, DPhil

Compared with no screening, ECG plus cardiovascular-focused
history and physical examination saves 2.6 life-years per 1000
athletes screened and costs $199 per athlete, yielding a cost-
effectiveness ratio of $76 100 per life-year saved ($62 400 to $130
000)

Ann Intern Med 2010;152:276-286
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Heart Rhythm Disorders: Sudden Death

Cardiac Arrest at Exercise Facilities

Implications for Placement of Automated External Defibrillators

Richard L. Page, MD,*} Sofia Husain, MPH,: Lindsay Y. White, MPH, 1§
Thomas D. Rea, MD, MPH, 11 Carol Fahrenbruch, MSPH,: Lihua Yin, MBA,t
Peter J. Kudenchuk, MD,} Leonard A. Cobb, MD,} Mickey S. Eisenberg, MD, PuHD1

Madison, Wisconsin; and Seattle, Washington
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PERMETTE Al CARDIOLOGI DI INTERVENIRE
SUBITO SULLE CORONARIE, SALVAGUARDANDO
PER PIU TEMPO DALLA SCARSA OSSIGENAZIONE

IL KIT PERMETTE DIATTUARE UN TRATTAMENTO
IN IPOTERMIA, CIOE RAFFREDDA L'ORGANISMO
FINO A 32-34 * PER TENERE A RIPOSO IL CERVELLO

Partono
i soccorsi

Parte un'ambulanza e
subito dopo, avuto
qualche particolare in
pil, un'automedica
Intanto all'uomo viene
praticato un messaggio
cardiaco da una persona
presente. Alle .48
soccorsi sono sul posto

Defibrillato
‘congelato’

e

Il giovane viene
defibrillato, stabilizzato
e intubato. Poi viene
avviata la procedura di

ipotermia per
abbassare la

temperaturaa 35":
viene usato un kit

adesivo speciale

L’arrivo

al Maggiore OrF'e 10,

Il paziente @ accolto
allunita di | 1
Emodinamica L4
dell’ospedale Maggiore:
la sua temperatura &
scesaaldld’ela
coronarografia non
evidenzia danni alle
coronarie

ILrisveglio
il giorno dopo

Dopo una giornata in
Rianimazione in
ipotermia al risveglio @
accolto nella Utic, dove
sono attualmente in
corso gli esami per
approfondire la natura
dell’arresto cardiaco

e stabilire la terapia

Ha un malore: congelato per

11 kit per lipotermia usato su un Uomo i arresto

i VALERIO BARONCINI
e GILBERTO DONDI

STAVA per morire a causa di un
arresto cardiaco che I'aveva colpi-
to mentre soslencva un esame
POST UnIVErsitano. Invece il ragaz
20, 27 anni, & stato salvato grazic a
un’innovativa fecnica con cui 1
medici del Maggiore 'hanno ‘con
gelato’. Ora il glovane sta beniss)
mo, non ha riportato danni neuro
logici ¢ il suo caso & il prime in It
lia di questo tipo. Si, perche ¢ sta-
1o impiegato un kit di raffredda-
mento ‘a placche’ che in Italia ha
solo 'ospedale Maggiore ¢ che

LA TECNICA

A sinistra,

Giuseppe Di Pasquale,
direttore dell"Unita
Operativa

d Cardiologia

del Maggiore

A destra, il
muovissimo kit adesivo
di raffreddamento
utilizzato dal 118
Bologna Soccorso

damentale perché fa affluire me-
no saague al cervello del paziente,
rallentando cosi Pattiviti &, in so-
stanzz. facendolo ‘consumare di
meno’. In questo modo si riduco-
no i possibili danni cerebrali

LA VICENDA & avvenuta la sct-
timana scorsa in un pacse della
prima cintura bolognese ¢ s1 ¢ n
solta positivamente grazie alla si-
perga fra il 118, la nanimazione
la cardiologia dell’Ausl. Il ragazzo
stavasostenendo un esame di abi-
litazione professionale quando &
statocolto da un malore ed & anda

do di praticare il massaggio cardi
aco che si ¢ messa subito all'ope-
ra, salvandogli (la prima volta) la
vita. La chiamata al 118 ¢ partta
alle 9,30 e gli operatori dell’ambu-
lanza ¢ delFamomedica dopo 18
minuti erano gii sul posto. Il gio
vane & stato trastato con il defibril
latore ¢ intubato poi, prima del
trasporto al Maggiore, 1 medici
hanno utilizzaw la nuova tecnica
per l'ipotermia Hanno applicato
al paziente 7-8 placche adesive ret-
tangolari, contznenti un gel spe
ciale in grado di ridurre veloce-
mente la temperatura corporea. E
WS ’ 3 sua tempera-

P d TR
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P = N
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salvarlo

cardiaco. Primo caso,

todi tradizionali, com
re di ghiaccic alcol
grazie all'inno
duzione

dy 1 ey han-
0o otten obiettivo in tempi
rapidissimm, facendo nel frattem
po tutto il rEsto: Manovre ran
matore, raspor 101N .'1.",lh‘JLiI".f‘lt €
ncovero n\{v.:l]ufu

UNA VOLTA arrivato al Maggio-

il ragazzo € SIATO SOt 10 8 CO-
roparografia, che ha escluso danni
alle coronarie (dunque non s € trat-
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VENERDI 18 OTTOBRE 2013 il R@STO d

di ENRICO BARBETTI

LA SERA del 27 settembre il suo
cuore si fermo all’'improvviso. A
distanza di tre settimane Federi-
co R., 35 anni, riesce perfino a
scherzare su quello che gli € suc-
cesso. Era in trattoria con gli ami-
ci quando ha perso conoscenza
senza alcuna ragione apparente.
Arresto cardiaco. In altri tempi e
in altre cittd non avrebbe avuto
scampo. Invece, grazie al defibril-
latore e al kit di raffreddamento a
placche applicato dal 118, che in
breve tempo ha abbassato la sua
temperatura corporea, il trenta-
cinquenne ¢ tornato al mondo
senza alcun danno neurologico.
«Mi hanno ridato mio figlio», sin-
tetizza la mamma.

Cosa ricorda di quella sera?
«Nulla. Ricordo quando mi sono
svegliato qua, in terapia intensiva
— racconta Federico dal suo letto
nel reparto di cardiologia
dell’ospedale Maggiore - diretto
dal dottor Giuseppe Di Pasquale
—. Prima che mi sentissi male, ri-
cordo qualcosa dell’ultimo pome-
nggxo, mentre €ro al lavoro sulle

BOLOGNA PRIMO PIANO
I

LA SERA DEL 27 SETTEMBRE, | GRAZIE AL DEFIBRILLATORE
IN TRATTORIA, IL CUORE, { E AL KIT PER L'IPOTERMIA,
| DIFEDERICO R. SI FERMO IL GIOVANE SUPERO LA CRISI

PARLA IL 35ENNE COLPITO TRE SETTIMANE FA DA ARRESTO CARDIACO

«Ho voglia di mangiare 1 passatelli»

Dal lettino del Maggiore: «In un altm citta ora non sarei qui a raccontarlo»

EQUIPE

Il dottor Giuseppe
Di Pasquale con
Federico. A lato, il
cardiologo Gianni
Casella nella sala
di emodinamica
del Maggiore

IL DOTTOR GIUSEPPE DI PASQUALE
«Tempestivita
e orgamzzanone
cosi evitiamo lutt»




Isola d’Elba
Golfo della Biodola




Outcomes of Out-of-Hospital Cardiac Arrest by Public Location

in the Public-Access Defibrillation Era

Yukiko Murakami, RN, MPH; Taku Iwami, MD, PhD; Tetsuhisa Kitamura, MD, MSc, DPH; Chika Nishiyama, RN, PhD;
Tatsuya Nishiuchi, MD, PhD; Yasuyuki Hayashi, MD, PhD; Takashi Kawamura, MD, PhD; for the Utstein Osaka Project*
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Figure 2. Trends in the proportion of public-access AED use by laypersons among bystander-witnessed
OHCAs of cardiac origin in public places according to the location. AED indicates automated external

defibrillation; OHCAs, out-of-hospital cardiac arrests.
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How to Improve Survival After OHCA

Key Areas for the Next 10 Years

* |[dentification of high-risk patients
* Increased use of bystander CPR and AEDs
* Improved understanding of the use of hypothermia

* Determining which patients should undergo
immediate coronary angiography

* Determine the importance of ECMO during CPR









