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To my Mother, Git and my late Father, Bgsse

Both of wrom have experienced cardiac arrest






ABSTRACT

Background

Among Outof-HospitalCardiacArrest(OHCA) patients, where resuscitation efforts have
been initiated, only about 25% are admitted alive to hospital. To optimize the chance of
survival it is of great importance to identify and treat the underlying cauke o&rdiac
arrest. The overall aim ofercurrent workvas tostudydifferent diagnostic gproaches
OHCA patients and to evaluate if early coronary angiograpith potential subsequent
percutaneous coronary intervention (PCtuld improve outcome.

Methods and results

Study I. A nationalobservational retrospective study, evaluating the effect on survival of
early coronary angiograpg.no early coronary angiography in witnessed, unconscious
OHCA patients with shockable rhythm and without&avation on the first ECG.
Unadjusted 34@lay survival in the earlgngiographygroup was 65%, comparedth 52% in
the neearly-angiographygroup. The adjusted OR for 8y survival was 1.42 for early
angiography{95% CI 1.062.02, p=0.048)The adjusted HRor oneyear survival was 1.35
for early angiograph{95% CI 1.041.77, p=0.03).

Study Il. An openlabel, prospective, randomized, national multicenter clinical study in
OHCA patientscarried out tassess feasibility and safety aspettsstrategy of oronary
angiography within 120 minutes from first medical contact versus coronary angiography
potentially performed at a later stage. Among 79 randomized pdfiems2015 to 201y

39 were randomized to immediate coronary angiography and 40 to stafdare
treatment The median time from EMS arrival to coronary angiography was 135 minutes in
the immediateangiography groupA culprit lesion was found in 14/38 (36.8 @gtients
randomized to immediate coronary angiograghgt PCI was performed in dilese patients.

In patients randomized to standard of dezatmen6/40 (15%) underwerttoronary
angiography before the stipulatétieedays.

Study Il . A retrospective, descriptive, singtenter study, assessing the use of Focused
Cardiac Ultrasoun(FOCUS) in cardia@rrest patients with ROSC and without-ST
elevationon the ECGIn total FOCUS was performed in 237 (182 OHCA andrg5
hospital cardiac arregpatients. FOCUS findingsad an impact omanagement and led to
further immediate diagnostimeasures in 52 (21.9%) patients.

Study IV. A sub-studyof Study Il carried out tacompae postresuscitation myocardial
function in the two randomized groups. In the immediate angiography group, median left
ventricle ejection fraction (LVEF) at 24 hours was 47%-@8, 3055) compareavith 46%
(Q1-Q3; 3555) in the standardf-care groupThepeak TroponiAT level during the first 24
hours was 362 ng/L (QD3; 1742020) in the immediatangiography group conapedwith
377 ng/L (Q1Q3;2051078) in the standaraf-care group.



Conclusions

In a SwedistDHCA populationwith shockable rhythm without Sdlevation, early coronary
angiographymay beassociated with improvezhort and longtermsurvival.
RandomizingdDHCA patients without SElevation to a strategyf immediate coronary
angiography was feasiblilo significant safety issues were observed.

No differences in postesuscitation myocardial dysfunction parameters between the two
groups were found.

Postreauscitationassessmembuld include FOCUS as an adjunctive diagnostic measure
shortly after ROSC.
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1 RESEARCH QUESTION AND RATIONALE

This thesigs focusel mainly on adulbut-of-hospital cardiac arre6DHCA) patients who
haveachievedeturn of spontaneous circulatifROSQ but remain comatose at hospital
arrival. Approximately 25%f patientdreated by the emergency matiservices (EMSare
admitted alive to hospital

Management of the paestirdiac arrest patiesincludes determiningand if possibletreating
the cause of the arreBventhough electrocardiogra(ECG) is an important tool to identify
ST-elevationsindicating acute coronary occlusion, the vast majority of caialigest patients
do not have SElevatiorr®. Furthermore, these patients are most often unconscious and
unable to share their medical histoDpservational studies haverealedthatapproximately
25 % have a coronary occlusfoithus, ECG hakeenshown to be insufficierin predictng
anacute coronary event acdrrently there is a knowledge gap tohow clinicians should
manageOHCA patients without SElevation.

Although nternational guidelines suggest that coronary angiography should be considered in
patients with resuscitated cardiac arrest withoute&Vation on EC@nd with a high

suspicion of ogoing myocardial infarctiof?, the existing scientific evidende favor of

routine use of coronary angiography after OHCA is insufficitotfind methods to improve

the identification othosepatientswho would benefit from earlgoronary angiographyould

be of great value for patieand care givers.

The overall aim of thisvork was to evaluate coronary angiography and other diagnostic
approache# outof-hospital cardia@rrest patients and to investigate if early coronary
angiographyand potential subsequgrdrcutaeous corong intervention(PCI) could
improve outcome.






2 INTRODUCTION
2.1 OUT-OF-HOSPITAL CARDIAC ARREST

2.1.1 Definition

Out-of-hospital cardiac arrest (OHCA) is defined asfitessation of cardiac mechanical
activity as confirmed by the absence of signs of circulation, occurring outside of a hospital
setting'®.

2.1.2 Incidence

The totalannualnumber of adult patients affected ®HHCA, where resuscitation efforts have
beeninitiated or continued by emergency medical sesfE&MS) has been estimated to be
275,000 in Europé and356,000 in the United Stat&s> Substantial regional variations
exist in reporting systems, data collection and reporting sul¥rifal

There is still a knowledge gap regarding the true incidence of OHCA. An effort to better
understandhis has been carried out by Berdowski etraportingtheglobal incidence of

adult EMStreated OHCA tde62.3 cases/100,000 persgears’. The incidence of OHCA
when defined as the total number of OHCA events where resuscitation efforts have been
initiated or continued by the EMS is 3740.0/100000 persoryears in Europé-*®and
47.3/10Q000 persosyears in North Americd. The number of reported EM&ated cases in
Sweden has been estimated to 52400 persoryears®?°

2.1.3 Overall survival and prognostic factors

The overall survival rate after resuscitation atterhgtthe EMS has been reported to be
1094*. The most importantredictors of survival from OHCA are:

1. The presence of ventricular fibrillation (VF) or pulseless ventriculaytactia
(pVT) as the first recorded rhytifmthese beinthe strongdspredictos of survival.
Among patients found in VF/pVT and treated with a public automated external
defibrillator (AED), survival can be as high as 76%0n the other hand, for each
shock deliveregthe chance of survival decreasasd if more than 10 defibrillations
are delivered the survival rate is 8%hich underscorethe factthat time to ROSC is
crucial for survival.

2. Witnessed cardiac arréstwhich is logical since witnessed OHCA is associated with
bystandecardiopulmonary resuscitatig@PR?%?”anda higher incidence of VF
comparedvith unwitnessed OHCH

3. Public location is associated witigher survival raté8 andis associated with
witnessed OHCA and VF as first rhythm. However, ntases o©OHCA occur at
home

4. A relatively low age this beingassociated witl higher survivarate®® ,although it is
weaker comparedith other predictors.



In patients withaninitial shockable rhythnandcomatose on admission to hospital after
ROSG 35-50% will survive 30 days with a reasonable neurologicalists? Survival from

the scene of arrei hospital admission varies between regions and ranges fr&TP22
mostly because of regional auige, treatment differences and regional initiatives to optimize
the effectiveness of the local chain of survi%&3%°,

2.2 THE CHAIN OF SURVIVAL

With thepurposeof improving survival from OHCA, the American Heart Association

(AHA) presented a statementin189d¢ al | ed @A The chain ity sur vi val
conernedmainly pre-hospital factorsHowever, during the last two decades post

resuscitation care has been more emphasitegllinks in the chain of survival are:

Early recognition of symptoms and call for help.

Early CPR, bystander CPR most preferably.

Early defibrilation either by using public AED or by EMS personnel.
Postresuscitation care. Féurthertreatment and prognostication.

= -4 —a -

Figure 1.Nolan et aP®. reprinted with permission frofisevier

The chain of survivahcludesthe community, emergency medical dispatch, EMS and
receiving hospitals. The miosnportant links in the chain of survival are the earliest ones,
early recognition of cardiac arrestitiation of CPRand early defibrillatio?f. For untrained
witnesses or relativegecognition of a cardiac arrest is not straightforward arsdah a

stressful moment call for help is difficult and requires calmness. Every minute that a patient
with OHCA goes without CPR and defibrillation, the chance of survival decreases by
approximately 1096°. The chain of survival is essential for patients to survive to hospital
admission and, subsequently, to hospital discharge.

Most patients who survive the initial resuscitation treatrassmtuunconscious at hospital
admittance, butomepatientsregainconsciousness immediately after ROSE€aifly
recognized as cardiac arrest and providih treatment The proportion of conscious



patients resuscitated from OHCA rasffem 1536% dependig onthepopulation
studied”*°. Awakesurvivors ofOHCA havdimited or no brain injury and represent a less
complicat@ groupasregads postresuscitation treatment and have a survival rate -of 90
96967841

2.3 ETIOLOGY OF OHCA

Finding the etiology of cardiac arrest is importardduese it enables specific treatmefithe
underlying cause. Overathefinal etiology of the cardiac arredtiffers betweerpopulatiors.

Table 1 Overview of etiologies

Ischemic heart| Non-ischemic heart No structural heart Non-cardiac
disease disease disease disease
Acute coronary| Dilated cardiomyopathy| Idiopathic ventricular | Lung disease,
lesion fibrillation COPD, pneumonia
Chronic Hypertrophic Long QT syndromge Intracerebral
coronary arteryl] cardiomyopathy congenitalor acquired | bleeding
disease
Coronary Valvular heart disease | Brugada syndrome Pulmonary
artery embolism
dissection
Coronary Myocarditis Catecholaminergic Asphyxia,
artery spasm polymorphic ventriculan drowning
tachycardia, CPVT
Congenital Acute pericardial Wolf-Parkinson White | Seizures
coronary artery| tamponade syndrome
anomaly
Aortic dissection Intoxication
Arrhythmogenic right Hypothermia
ventricular
cardiomyopathy, ARVC
Acute myocardial Trauma,
rupture hypovolemia
Congenital heart diseag Electrolyte
disturbances
Cardiac sarcoidosis Septicshock

In early autopsy studies, ischemic heart diseasfound to be the major cause of cardiac
arrest, responsible for 821% of all deattf§*3 This has been contradictédone of the more
recent autopsy stiek whichrevealedhat only 32% okudden cardiac deathad stable or
acute coronary heart disease as the eti6fogy



In a French publication describing patients admittea @b anintensive care unit (ICUgand

using an extensive diagnostic strategy, the arrest was attributed tecardat cause
(neurological, acute respiratory failure and intoxication) in 1/3 of the patients and a cardiac
cause in 2/3 of ththenf®. Among the cardiac causes, acute coronary syndrome accounted for
60% (37% if including noscardiac causes) and chronic ischemic heart disease for 20% (12%
if including norcardiac causes). Other forms of cardiomyopétiated, hypertrophic,

congenital, restrictive and valvular) accounted for 13% of the cardiac causes and primary
electrical dseases accounted for 5%. Unexplained cardiac arrests were observed in 3% of the
patients which was in accordance with older studies reporting approximately 5% of patients
with normal hearts after thorough examinatféns

In summary, ischemic heart diseaacute or chronic, is still considered as the major cause of
cardiac arreét.

The first recorded rhythm is considesaimportantiue when determing the etiology and
reveals substantial information about prognosis.

2.3.1 VF and pulseless VT in relation to etiology

The proportion of EMSreated patients Wi VF/pVT as the presenting rhythm rasge
between 225%'°484% The proportiorof patients with shockable rhythinas declined over
the yeas for no clear reasotfsAmong suggestedogsible reasons are improved cardiac
prevention care and more frequease ofimplantablecardioverter defibrillator§l CDs).

If the presenting rhythm is shockaltlee primary etiology is more often of ischemic heart
disease origitt, either acute with coronary culprit lesigws chronic with formation of
ischemic cardiac scanldowever, patients with ischemic etiology can also present with
asystole angulseless electrical activilfPEA).

The patlophysiology of VF during myocardigdl ischemia is complex but affects the
resting membrane potential andikn concentrationdeading to alterations in conduction,
refractoriness and automaticity in myocardial ¢élls

Other causes of VF/pVihcludeion-channel disorders, such as long-§mhdrane, Brugada
syndrome andatecholaminergic polymorphic ventricular tachycardia (CP¥T)
Cardiomyopathies without ischemic etiology, suchikdet! cardiomyopathy, hypertrophic
cardiomyopathy and arrhythmogenic right ventricular cardiomyopathy (ARVC) may also
cause VF/pVT3,



Uncommon Cardiomyopathy Risk factors for coronary atherosclerosis:
causes older age, male sex, hyperlipidemia,
smoking, hypertension, diabetes

Coronary
atherosclerosis

Genetic factors, Genetic factors,
hypertension infection, others
<5% ‘ ‘ ~10-15% ‘ ‘ ~80% * ‘

Primary electrical Hypertrophic Dilated Chronic Acute plaque
and genetic cardiomyopathy cardiomyopathy myocardial scar destabilization:
ion-channel caused by rupture, fissure,
abnormalities, infarction hemorrhage,
valvular or thrombosis

congenital heart
disease, other
causes v
P
lb ]

Triggers of cardiac arrest:
transient ischemia, hemodynamic fluctuations, neurocardiovascular influences, environmental factors

¥ ¥ ¥ ¥ ¥

Sudden Death

Typical sequence of electrical events:

Y\W\VVV\NVW\/WV\—)‘VV\MN\W\—)

Sinus rhythm Ventricular tachycardia Ventricular fibrillation Asystole

Figure 2. Mechanisrs of cardiac arrestf cardiac causéduikuri et al®*. Reproduced with
permission from NEJM

2.3.2 Pulseless electrical activity (PEA) in relation to etiology

The general definition of PEA is the absence of signs of circulation in the presence of
electrial activity. However the definition ofPEAis not totally clear. One suggestion, from
Myerburg et al is thatiPEA is a syndrome characterized by the absence of a palpable pulse
in an unconscious patient with organized electric activity other than ventricular
tachyarrhythmia on EC&°. Another form of PEA is so called pseuB&A which can be
described as a state withoatgable pulse but with cardiac activity and ventricular
contractions which can be detected by ultrasefund

A North Americarregistryreported the proportion ahses oPEA tobe 2094, In Sweden,
the proportion of OHCA patients presenting with PEA has increasddn 2016 it



aacounted for 22%4. PEA has been reported to be associated with older age, female gender
andahistory of pulmonary diseage

In experimental animal models asphyxia has been the model for the induction,afff&A
occurs in 311 minute’. PEA may be caused by reversible conditions and if identified
correct treatment could lead to ROSC. Theseawf PEA arbroadlyconsidereds the 4Hs
(Hypoxia, Hypovolemia, Hyper/Hypokalemia, Hypothermia) and 4Ts (Thrombosis,
Tamponade, Toxins and Tension pneumothoedcribed by Kloeck et®landassumedo
bepotentially reversible causes. Some of these areraegycauses of cardiac arresid
according to a Swiss report the Hs&Ts represeniy55% of PEAcase’. Other causeare
intracranial hemorrhage and nmehemic cardiac causds.the Swiss studyyypoxia and
cardiacdiseasesvere theprimary etiologie®f PEA

2.3.3 Asystole in relation to etiology

Asystoleis defined as theerminationof electrical and mechanical activity the heartA
large proportion of OHCA patiengsefound to have asystole at the scene of the arrest. If the
first recorded rhythm is asystole the prognosis is,peithn a survival ra¢ of 1-29°254,

In many casessystole coulde viewed as a surrogate marképrolonged resuscitation
efforts in cardia@rrests of all origins and all presenting rhythardd it is unclear how often
asystole ighe primary rhythm Eventually all patients will end up with asystole if not
detected and treated.

Shockable rhythm conversion from initial asystole is associatadw increased rate of pre
hospital ROSC and survivaf® In a large review of patients with initial nehockable
rhythms 4.6 percent of patients faxhversion t@ shockable rhythrduring CPR®,

2.4 TOOLS TO DETERMINE THE ETIOLOGY OF OHCA

2.4.1 Medical history and symptoms

Comatose patients with ROSC after cardiac arrest cannot provide a medical history.
Sometimes family members or the EMS can dessymptoms preceding the cardiac arrest.
In one study a survegoncerningvarning symptoms prior to cardiac arrests carried out
Amongthedeceased and survivors, 51% presented with at least one symptom within four
weeks prior to thie cardiac arresfThe most common symptom was chest gaiesent in

46% of patientsfollowed by dyspnea,18%, and palpitations or syncope presentinl&%
Japanese studtywasreported that the most frequent symptom preceding cardiac arrest was
dyspnea (27.6%jollowed by chest pain (20.7%) angnsope (12.79%5. Warning

symptoms mayctivate the EMS faster, unless being ignored by the patient or family
members, anthis activatiorhas been reported to be associated with improved sithAval

Comorbidities existing prior to cardiac arrest might be of importance when assessing the
cause of tharrest andfor prognosis. According to a large Swedish observational Siutig



most common comorbidities prior to arresrecongestive heart failure (29%ghistory of
myocardial infarction (24%), digtes (23%) and chronic pulmonary disease (19%).
Increasing comorbidity is associated wattiecreased likelihood of survival irrespective of
initial rhythm’®72,

24.2 ECG

In OHCA patients with ROSC arasecured airway ead ECG should immediately be
carried outmast preferably in the ambular@elf the ECG after ROSC indicates ST
elevation the suspicion of a recent coronary event is Higimanyobservational studias
has beemeported that S‘Elevation has high predictive value in diagnosing the presence of
acute coronary lesionsanging from 85% to 96%7° In contrastSteerJensen et al. found
that 37% of patients with S&levationsshowednormal coronary angiogpay’®. For
comparisonECG in patients without cardiac arrest ith a high suspicion of acute
myocardial infarction, SElevation has predictive valuganging between 786% foran
acutecoronary lesiofi*’® Large STEMI(ST-segment elevation myocardial infarction)
regisershaverevealedhat patients with OHCA represent approximately 10% of the total
STEMI populationradmitted to hospit&l. OHCA patients presenting with SJevation hee

a higher proportion of VF as primary rhythm compasétt patients without SElevatio°,

Approximately 7680% of OHCA patients present without-8Evation orthe ECG-8182
Most OHCA studies on EC@atterns merge thesases ohon-ST-elevation into one
comparison grouf3® Observational studies report shifting proportions of significant
coronary disease in patients without-8&vation ranging from 467198284

According to ESGEuropean Society of Cardiologgdidelines for the management of
STEMI, Aeft bundle branch block (LBBB) witblinical suspicion of ongoing myocardial
ischemia should be managed in a similar way to STEMI padleitsthe setting of cardiac
arrest LBBB has a poor predictivealueas regards aacute coronary event. Stalnsen et

al. reporedthat reduced coronary flow was present in only 24% of patients presenting with
LBBB®. In a study desibing angiographic findings in relation to ECG, LBBB had the same
proportion (40%) of normal coronary findings as normal ECBoth LBBB and right

bundle branch block (RBBB) are frequent on the first EEfi& cadiac arresbut seems to

be transierft:%¢ In aDanish studyt wasobserved tha>90% of the LBBB's and RBBB's

had resolved aftéour hours®.

ST-depressiomnd TFwave inversion ar&CG signsuggestive of ischemia report from
Norway presentethe factthat in patients with S@epression or -vave inversion 24% had
reduced coronary flow comparadth 18% in patients with normal EC6

To summarizein observational studiashas beeroncludel that ECG after ROSC in
OHCA patientsis not a reliable method to identify acute coronary culprit le8itfri§8’



Other ECGabnormalities

Compareadvith ECG changes suggestive of coronary ischemiagi@mnel conditionsuch
aslong QTtime andBrugada syndromeanbe found but are rarely seen after resuscitated
cardiac arreét.

2.4.3 Coronary angiography

The tilization of coronary angiography after OHCA has increased during the last 28years
The increased trend to perform coronary angiography after ROSC started with the landmark
study by Spaulding et.gbublished in 199 #eporting high rates of significant coronary

disease even among patients withouteddvatior’.

European Society of Cardiology (ESC) guidelines for STEMI state that in patients with ST
elevation folowing cardiac arrest, primary PCl is the strategy of ch&iaghermorefin
patients without S-Elevation, but with a high suspicion of ongoing myocardial ischemia,
urgent coronary angiography, and PCI if indicated, should be consifiered

ThelatestEuropean Resuscitation Council (ERC) guidelipeblished in 2015post
resuscitatiorcaresection) state thaficoronary angiography, and PCI if required, should be
performed in patients with ROSC and-8lEvation orthe ECQ@?. In patients without ST
elevation on the ECG, the ERC declare thatfitesisonable to discuss and consider emergent
coronary angiography &ft ROSC in patients with the highest risk of a coronary cause for
their cardiac arregt.

The availability of coronary angiography varies between ciastregions and citi€s The
decision to transfer a patient with recently ROSC to a hospital with 24/7 coronary
angiography facilitiesnay imply risks of new cardiac arrest and delays to target temperature
management. However, transport distance has not been associated with lower suriial rates
92 and it has been argued that all OHCA patients should be transported to-aeekic

centers with 24/7 coronary angiography faciltfé4 These arguments come from

observational studiewiith risks of bias and currently there is a trial randomizing OHCA
patients without S#levation for transptation to hospitals with 24/7 angiography facilities
comparedvith standard care at the nearest hosfital

Coronary angiography msoassociated with potential risks. Patients are exposed to contrast
medium which may impair renal functi8h®’ vascular riskrbm an invasive procedure and
bleeding risk from antithrombotic medicatfén

2.4.4 Cardiac biomarkers

Cardiac troponins and higdensitiuty troponin assays are of great value for early diagnosis
of acute myocardial infarction in patients without cardiac aftéslevatectirculating

troponin levels are specific for cardiomyocyte injury but not for myocardial infattion
resuscitated OHCA patients tropotewelsare almost always elevatad a result of
myocardial damage and the levels of troponins are related to the duration of
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resusciaition'°1%2 andto prognosis®. Geri et al% conducted a studyith the aimof
determning whetheror not assay dfigh-sensitivity cardia¢croponin T was usefuh

diagnoss of recent coronarartery occlusion as the cause of OHCAogdanin T was
assessed at ICU admissidiney found that the optimum eaff value of highsensitivty
troponin T was 575 nb/with a sensitivity of 6%1% and specificitypf 65.5% for recent
coronary occlusion. However, the authors concluded thablond sample of high sensiity
troponinT atthetime of admission tanICU was notenough as a diagnostic tool to select
patientsfor coronary angiographgfter OHCA.

N-terminal preB-type natriuretic peptide (NproBNP) isreleasedy myocardial cellsn
response tatrial and ventriculastretch. NTproBNP ismost commonly uset diagnose
and assedseart failure. Elevated NproBNP levels have beeaportedo beassociated with
anincreased risk of ventricular arrhythmi2s Most comatose OHCA patients havevated
NT-proBNP levelsand increased NProBNP levels are associated with increased
mortality06-197

2.45 Ultrasound

The European Resuscitation Council guidelines state@uhatsound may be of use in
assisting with diagnosis and treatment of potentially reversible causes of cardiatarrest
Ultrasoundrepresenta noninvasive and aessible tool to examirgecardiacarrest patient.
The challenge is to usewisely during CPR.

Ultrasound has been reported to be associated with prolonged interruptions of chest
compression§®11° The feasibility olusingultrasound during cardiac arrest depends on the
image qualitywhich hago be goodenough for interpretatigandin one studyt was

reported that the image quality was not useful for interpretation in 40% of pidtients

In patients with PEAhere is a possibilitio useultrasound to determine the cause of the
arrest'? Cardiac tamponad#ustrates arexample where ultrasound is the best tool to
provide the correct diagnosisith a high sensitivity and specificify’. Ultrasound has also
been suggested as a toolelationto terminaion of resuscitation efforts in neshockable
rhythm patients without cardiac activit§'!>

The use of ultrasound after RO8Cattemps to determine the etiology of arrest has not been
studied in detajlbutit has the potential to facilitate further decisioakingas regards
whetheror notto perform immediate coronary angiography.

2.4.6 Computed Tomography (CT)-thorax and head

A respiratoryor neurological cause of cardiac arrest should be considered in patients without
ST-elevation on the first ECG. Examples of respiratory causes of cardiac arrest include
severe pneumonandacute on chronic respiratory faildite

Acute pulmonary embolism is an uncommon cause of cardiac arrest and has been reported to
be responsible for 2-8.8% of cases’. Neurological causes of cardiac arrest are more or less
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equal to major cerebrovascular bleedimad in particular subarachnoid hemorrHa§end
they havebeen reported as the cause of cardiac arrest-2.290 ofpatients!6:118:119
Aortic dissection/rupture is a rare cause of cardiac arrestawggported incidence of 0.1
2.39%416120 and anbe identified byCT-thorax.

A reportfrom the European association for percutaneous cardiovascular interventions
(EAPCI) recommend a diagnostic wewk with CT-thorax and head in patients without-ST
elevatiort?.

/ Post-resuscitation ECG \

STEMI No STEMI
\ !
Absencebo(f1 _?ign'r/fxiptignt
comorbidities “ER or
favourable cardiac heetce o ICU/CICU
arrest setting non-corona stop” for
\ cause, nosignificant f|  diagnostic
“STEMI comorbidities, AND work-up
fast track” favourable cardiac || Additional history
arrest setting Echocardiography
\ CT scan
4 head/thorax
Iedials Laboratory values
coronary
angiography

Figure 3. Proposed treatment algorithm from EAPRbc et al?X, Reproduced with permission from
Eurolntervention

A French studylescribing OHCA of neurological causes noted that 23% of patients had ST
elevation on the admission EE& This ECG phenomenon may be caused bgssice
catecholamine release with overload of the sympathetic nervous Sfstedmay inherit

risk when decide on further clinical management in OHCAe&Vation patients.

2.5 CORONARY ANGIOGRAPHIC FINDINGS AND PCI
ST-elevation after ROSC

In patients with STelevation orthe ECG after ROSC, observational studredicatethat the

left anterior descending coronary artery (LAD) is the culprit vessel in the largest proportion
of cases, 4%6%, the right coronary amy (RCA) in 1833%, the left circumflex artery

(LCX) in 11-22% and the left maiooronary arteryn 2-3.194°>123124 |n patients presenting
with ST-elevation after OHCA the rates of PCI have been reported tadwedre71

89(%)3‘37’12?.’
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European Resuscitation Council guidelistste that PCI should be performed in adult
patients with ROSC and Sdlevation on the ECGThere are no randomized studies
supporting this recommendat, mostly because cardiaerest patienteave beemxcluded
from large randomized trials demonstrating the benefits of primary PCl in Si&ht$?,
However, many observational studies repmrassociation with improved survival if early
revascularization is performed after ROSC ineddvation patientg®12’

No STelevation after ROSC

Patients without S'Elevation are a heterogayusgroup of cardia@rrest patientsand
coronaryangiographic findings and the rates of PCI are reported in different ways depending
on the population studied. Most published studies report high proportions of significant
coronary diseaseanging from 52659128130,

In observational studies, the finding of an occluded coronary artery, which should be of most
interest, has been reportedtmxur in22.927.0%o0f case$*1132 The only randomized study
publishedthe COACT trial, ncluded VFpatients without cardiogenic shqecute

thrombotic occlusiogwere reporteth 3.4% of the patients randomized to immediate

coronary angiographsf.

In published observational studies, a culprit lesion deemed fond&eefound in 2:41%
of patient$8213313% indicatingthatPCI was performed in some gatts without coronary
occlusion. In the COACT trial, PCl was performed in 33% of the patients randomized to
immediate coronary angiograpfly/

The distribution between coronary vessels identified as cl#sidnlocationsand
subsequently responsible frardiac arredhasdiffered betwer studiesTheleft main
coronary artery was identified as culprit #t13%, The LAD in 30-50%,the RCA in 2329%
andtheLCX in 14-28%of case$®13!

In the COACT trial the proportion afises othronic total occlusion (CTO) was 37.%%
The reporting of CTO has been rar@bservational studies bt one studyt wasreported
that 8% of the patients had CTO at the time of coronary angiography after OHCA

Timing of coronary angiography in OHCA without-8€vation

It is of importance to determine if immiate coronary angiography is necessary becdngse
proceduras associated with logistical and organizational challenges. Furthermore, immediate
coronary angiography may delthetime to ICU monitoring and treatment.

During the last 10 years many obseivadl studieconcerningDHCA patients without ST
elevation, haveeen carried out in an attentptanswethe question of whether or nearly

coronary angiography improves survival compawétl late or no coronary angiography.

The limitations in the ragtersregarding the exact time poiok coronary angiography result

in expressionsuchasi | mmedi at e coronary angiographyo,

13



angi ogandifErmy d y ¢ or o n ameaningenegythioggrormaghbuysdo 24
hoursaftercardiac arrgf?82.13°

Hollenbeck et al*2compared earlyersus lateoronary angiographiy patients with
shockable rhythm and found that early coronary angiography was associatadediibtion
in deathrate A Danish studghowedhat the use of emergent coronary angiography in
patients without SElevation was not associated with reduced mortélity a pog-hoc
analysis of the TTMTargeted Temperature Managemen#) it wasconcluded that early
coronary angiography was not associated with improved suifival

In the COACT tral 552 patients with initial shockable rhythmere randomizetb a strategy

of immediate coronary angiography compangith a strategy of delayed angiography after
neurologic recoveryt wasconcludedhatthere was no difference between the groups in the
primary endpoint of survival at 90 days (OR 0.89; 95% CI-0.8Z; p=0.51%C. The time

from arrest to coronary angiography was 2.3 hours in the immezbab@aryangiography

group.
Antithrombotic treatment

Dual antiplatekttherapyis a fundamental treatmeintpatients undergoing PQiarried outo
prevent a new coronary event including stent thrombosis. In comatose OHCA patients
intravenous administration should be considered before insertion of a nasogastric tube. Ther
is a risk of decreased efficacy of dyahdministered antiplatelet therapy because of reduced
absorption caused by gastroparesidsystemic inflammation after resuscitatiarhich may

impair drug efficacy.

In one large observational studyasrepatedthatthe incidence of stent thrombosis in
OHCA patientsindergoing PClvas4.7%4°¢. In comparisonmyocardialinfarction patients
without cardiac arrestndreceiving a sterttave a reported aidence of stent thrombosié
0.51.0%37:138

Survival in relation to ECGindings

Several studies hawhownthat patients without S€levation have higher mortality rates
comparedvith patients presenting with Sdlevation after ROSE"® HoweveraDutch
studyshowed ndlifference in survivalvhencomparing S7elevation andho ST-elevation
after OHCA®,

Treatment options for necoronary causes

Highly dependentmthe presumed causéaardiac arrestreatment options are thrombolysis
for pulmonary embolisit’, pericardial drainage for cardiac tamportatieorrecton of
electrolyte abnormalitié®® anduse ofantidotesn cases o$uspected drug overddgt
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2.6 POST-CARDIAC-ARREST CARE IN THE INTENSIVE CARE UNIT

Comatose survivors of cardiac arrest are subjects for monitoring, hemodynamic optimization,
targeedtemperature management and prognostication in the intensive care unit. Depending
on the severity of wholbody ischemiga great deal of patients develgustcardiac arrest
syndromé*, which consist of:

- Postcardiac arredbrain injury

- Postresuscitation myocardial dysfunction
- Systemic ischemia/reperfusion response
- Persistent precipitating pathology

Targeted temperature management (TTM) is recommended for neuroprétéctioaTTM

trial, 939 patientsvere randomly assigned 33°C or 36°C for 24 hourswvith prevention of
feverfor 72 h in both groups. At80-days followupthere was no difference in mortaliy
neurologic function between the grotf3sThis result raises the questiofiwhether

hypothermia rather than prevention of fever improves outcome, which is the rationale for the
TTM2 trial**3,

Postresuscitation myocardial dysfunction (PRMD) is characterized by myocardial stunning
and reduced myocardial contraction and is affected by the acute or chronic underlying cause
of the arresf“. The degree of PRMD testb increase with longer duration of resuscitation.
Hemodynamic instability after cardiac arrest may result from PRMD and/or from systemic
vasodilation and often requires inotropic supportardsopressor agent such as
noradrenalin&®.

One randomized trialas carried out tmvestigae if mean arterial pressure (MAP) >85
mmHg, by optimizing cerebral perfusion, compangith MAP >65 mmHg could improve
neurological outcomm cases ofesuscitated OHCAT he tial failed to show any difference
in neurological outcome at 180 d&lfs

Elevatedactate levels at admission have been associated with higher mortality in OHCA
patient$*”148 while fasterlactate clearance has been shown to be prot&€tive

One third of pagnts die from circulatory causes, mostly during the first two to three days in
the ICUPL Two-thirds of pdients dying after OHCA in the ICU das a result of
neurologicainjury induced by the no flow and leflow circulation state during initial
resuscitatiort®>1%2 Neurological ppgnostication with a multimodal approach after 72 hours
is recommended before deciding on withdrawal ofdifstaining treatment (WLS¥¥.
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2.7 FURHTER EVALUATION OF ETIOLOGY

Transthoracic echocardiograpisyessential after cardiac arrest for detection of abnormalities
that suggest or confirm important causes of cardiac arrest.

Cardiac magnetic resonance imaging (CMR) should be performed in selected patients to
detect cardiomyopathies such as AR{&hytrmogenic right ventricular cardiomyopathy)
myocarditis, cardiac sarcoidosis and cardiac amyloidosis and should be performed before
decisionon ICD implantation.

In patients resuscitated from shockable rhythm and with absence of reversible causes of
cardac arrest an ICD should beplace prior to discharg¥.

However, if there iglear evidence of myocardial infarction as the cause of arrest the patient
could be evaluated at a later time for ICD implantaftbn

In cases ofinexplained OHCA death (particularlytime young), obtaining a poshortem
blood sample, is recommendedhe Europea Heart Rhythm Association guidelirtedin
orderto perform genetic testing that may provide valuable informdtiothe family.

2.8 NEUROLOGICAL FOLLOW-UP

Severe neurological impairment is rare among OHCA survivors and most patients are
categorized as cerebral performance category (CPC) 1, ands2dered as good neurological
outcomé*?. However, mild to moderate cognitive impairment is common among Survivors.
The consequences of cognitive deficits may lead to impairment in quality of life, depression
and symptoms of fatigti®®. A neurerehabilitation program focused on specific cognitive and
psychological needs of patients could be beneféial

2.9 GENDER ASPECTS

Patients suffering from OHCA are predominantly meagroportion of 6472%°7:1°8
Womentend to beolder,to more often present with a n@hockable rhythm and haae
lower chance of receiving bystander CPR

In a French report, men were mdkely to undergoearly coronary angiograpt{y0% vs
49%). However, men hadhigher prevalence of S&levation orthe ECG(21% vs 13%
The reporindicated nagender differencas regardsurvivat®®,

A Swedish study, including only Vfjfatientswas carried out toomparanen and women.
There was no gender difference as regeodsnary angiographyut men had a higher
prevalencef coronary artery disease (78 vs 54%) and more men had PCI folloarimggary
angiography{59% vs 42%). The studyevealed ndalifference in survivid®.
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3 AIMS

The overall aim of thisvork was to evaluate coronary angiography and other diagnostic
approaches in owdf-hospital cardiac arrest patients and to investigate if early coronary
angiography and potential subsequent PCI could improve outcome.

The specific aims of the studies were:
Study I

To evaluate the association between early coronary angiography (within 24 hours of arrest)
and survival in OHCA patients without Sfevation on the ECG.

Study I

To investigate feasibility and safety aspects of randomimegnsciou®©HCA patiets
without ST-elevationto immediate coronary angiography compasgt standarebf-care in
patients admitted primarily to the intensive care unit.

Study I

To investigate how focused cardiac ultrasound shortly after RO&Sociated with the use
of further diagnostic measures and if the detection of pulmonary embolism, cardiac
tamponade and acute myocardial infarction could be improved.

Study IV:

To study if immediate coronary angiography with potential PCI influenced mareost
resuscitation myzardial dysfunction such as leféntricular ejection fraction, biomarkers
and lactate clearana® comparison witlpatients that were primarily admitted to the
intensive carenit without immediate coronary angiography.
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4 METHODS

Table 2 Oveview of study design, study population and data sources.

Study | Study I Study 1l Study IV
Study design | Observational Randomized | Descriptive Randomized
retrospective controlled trial = study controlled triaJ
study Secondary
analysis
Numbers n=799 n=118 n=237 n=118
Data source | SRCR, StudyCRF, Local register, StudyCRF,
SWEDEHEART, SCAAR medical records SCAAR
NPR, Medical
records
Inclusion Witnessed Witnessed Cardiac arrest Witnessed
criteria OHCA, VF, OHCA, ROSC | admitted to the  OHCA, ROSC
ECG without ST Medical ICU,
elevation ECG without
ST-elevation
Years 2009 2013 2015 2017 2012 2017 2015 2017
Statistical Descriptive Descriptive Descriptive Descriptive
method statistics, logistic statistics statistics statistics
regression, Cox
proportional
regression
Outcome 30-day survival, Feasibility, FOCUS LVEF,
one and three logistics and influence on Troponin
year survival safety aspects  management  levels, lactate
clearance and
NTproBNP
levels

SRCR, Swedish register for cardiopulmoniaguscitation; SCAAR, Swedish Coronary
Angiography and Angioplasty Regist&{PR, National patient register
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4.1 STUDY I; OBSERVATIONAL COHORT STUDY

Study design, population and data sources

In this observational study, data from three different nati@gsters wereised The first
selection was from the Swedish regrdor cardiopulmonary resuscitation (SRCR) between
2008and2013. Patients with bystandertnessed OHCA, first recorded rhytlohVF or

VT, admitted alive to hospital and patieatged18-79 years were included. Excluded were
patients withesystoleor PEA as first recorded rhythm, conscious patients aditasgow
Coma Scalascore 0f>8 and patientaged80 or more

The SRCR is a quality register for OHCA funded by the Sweaishciation of Local
Authorities and Regions. Reports are entered in the register by all EMS organizations in
Sweden if the EMS or bystanders have attempted resuscitation. Since 2010 all EMS
organizations in all 21 regions in Swedwvereporedto the rgister. The reports contain
variables in accordance with the Utstein temptdte reporting cardiac arrest and
cardiopulmonary resuscitation outcomes. Thehmsgpital variables enteraathe registeare
age, g@nder, whether the OHCA was witnessed or not, the first recorded rhythm, location of
the arrest, bystander CPR, administration of drugs, defibrillation, time intervals and
informationon ROSC when admitted to hospital. A validation refro@013%* showedhat
25% of all OHCAs were not reported ppectively by the EMSuttheywere found after
crosschecking of EMSecords and entered retrospectively into the register.

The SRCR dataset was merged with data from the SWEDEHEART registtudingthe
RIKS-HIA register whichwas used for ECG infaration and comorbidities. The SCAAR
(Swedish Coronary Angiography and Angioplasty Register) register was used for coronary
angiography and PCI variables. SCAAR contains informdtmm all 29 centers performing
coronary angiographgnd PCI in Sweden. SCAAcoverage during the study period was
almost100%. Coronary angiographand PCldatain SCAAR are prospectivelgollected,
auditedand monitorediccording talefinedstandard$?.

Not all OHCA patients were registered in RHKIBA and SCAAR and therefore missing
ECGs were collected from patiedisedical records

Additional data on comorbidities prior tardiac arresand mortalitywas collected from the
National Patient Registawhich is run by the Swedish National Board of Health and Welfare
organization. Coverage regarding mortality is almost 1062auseach Swedish citizen has
aunique personal identification numB&r All hospitaladmissions in Sweden are reported to
the registrytogethemwith international classification of diseasedegICD-10 codek

National coverage regarding comorbidities in the NationaéRaRegister is almost 100%

and a validation has shown that8% of all diagnossare valid®.

The study cohort was classified into two

gr

coronary angiography performed within24 hoors he car di ac &wyr €AtG0, an
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defined as coronary angiography performed after 24 hours or not at all. The study endpoints
were 30day survivalandone and threeyear survival.

Statistical methods

Categorical variables were presented as numbers and percentages and comtiralnes as
medians with interquartile ranges (IRDifferences between categorical daere@assessed

by using the ChBquare test and differences between continuous data was assessed by using
the MannWhitney U testLogistic regression analysis waarformed to determine the
association between early CAG anddy survivalBackward stepwise regression was used

to limit the number of variables used in multivariate analysis. To calculatédangsurvival

a Cox proportional regression model was used

4.2 STUDY Il AND IV; RANDOMIZED STUDY

Study design, population, treatment protocol and data sources

The Dlrect or Subacute Coronary angiography in@tospital cardiac arrest study
(DISCO)is an opeHrabel, prospective, randomized, national multicenter clinical study
(ClinicalTrials.gov ID: NCT02309151Yhe DISCO study was designed to compare a
treatment strategyith immediate coronary angiograpfwith possible PCl)defined as
angiographywithin 120 minute®f first medical contactersus treatment based on current
clinical practice after OHCA, with patients being admittedridCU and coronary
angiography performed at a later stage.

Patientseligible for the study vereOHCA patients oveagedl8 yearsor morewith

witnessed cardiac arrest, ROSC at the latest in the emergency room and coronary
angiography possible within 120 minutgdirst medical contact. Excluded were patients
with ST-elevation on the first ECG, obvious roardiac case of cardiac arrest, terminally ill
patients with a life expectancy of less than one year, patients not unconscious (defined as
Glasgow coma scale >8) and patients with known pregnancyeShuand IV present

results from the initial pilot phase oftISCO trial.

In Study Il the outcome measures were logistics, feasibility and safety aspects.

In Study IV the outcome measures were\edtricle ejection fraction at 24 hours, peak
troponinT levels, levels of NIproBNP at 72 hours and lactate cleagaatsix and 24 hours.

The randomization procedure was performed through an online randomization.module

Patients randomized to immediate coronary angiographytveated byollowing a
revascularization protocol stating tfigCl should be performed dime presumed culprit

lesion and that additional significant stenoses detected should be treated in addition to the
culprit lesion, i.e., PCI should be carried out on all significant stenoses that are accessible to

20



PCI during the acute coronary angiograpt8ignificant stenoses referred to stenades
>50%asestimated by the P@iperator.

Patients randomized to standa&rfdcare were treated according to passtuscitation

guidelines in the ICU with potential coronary angiography performed not beforeltyge

If circulatory instability, ventricular arrhythmias or ECG changes witkel&Vation occurred
the attending physician could consider a coronary angiography before the stipulated three
days.

All study data were collected in a cagport form (CRF)AIl data were then entered ingo
web-based data system at the Uppsala Clinical Research Centeonl@éatanary
angiography was collected from the SCAAR regidtach study site was monitored by
independent research nurses according to Good Cliniczlderatandards.

In the pilot phase of the study, OHCA patients witheddvation were also included as an
observational group. Thgroupwasnot randomize@nd wadollowed only for observation
andfor comparison regarding differences in timeframes stoggandbiomarkers

Statistical methods

To assess feasibility and safety aspexssmple size of 80 randomized patients was chosen.
The sample size was predefined in the study protocol. The anmlgtrted all enrolled
patientsrandomized patientsithhout ST-elevationand patients ith ST-elevation Owingto

the limited number of patients presstho comparative statisaé measuresere performed

in Study Il Continuous variables were presented as medians andCi@&yorical variables
were preserd as total numbers of patients and proportions (%) in each gndsudy 1V
differences between the groups were analyzed using theghre test for categorical
variables and the Marwhitney U test for continuous variables
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4.3 STUDY lll; RETROSPECTIVE, DESCRIPTIVE STUDY

Study design, population and data sources

A retrospective, descriptive, singbenter study conducted at Sodersjukhuset between 2012
and2017. The study was designed to describe how focused cardiac ultr@sO@1dS) was
used anassociated with further diagnostic measures and if the detection of pulmonary
embolism, cardiac tamponade awlite myocardial infarctiofAMI) could be improved in

the setting of podROSC cardiac arrest.

Patients included in the sty were all adufiresuscitated from cardiac arrest and admitted to
the Medical ICU at Sodersjukhuset. All patients identified as having successful resuscitation
following OHCA or inhospital cardiac arrest (IHCA) without any restrictions in care were
included. Patients with S&levation on the ECG, patients admitted from other hospitals,
patients without focused cardiac ultrasound examination and patients with obvieus non
cardiac or respiratory causes of the cardiac arrest were excluded. The FOCUS mxaminat
was performed by the attending echocardiograqamtified cardiologist.

To identify the patients, the local hospital register for cardiac arrest was used. Study variables

were reviewed retrospectively from electronic medical records and organized in an

anonymized local database. Interpretation of whethaotthe FOCUS findings influenced

further management was adjudicated from the
different time points. Information on management was documented, togeth#drevith

patientodés final diagnosis established by clirt

Statistical methods

Categorical variableserepresented as total numbers and proportions and continuous
variables were presented as medians and IQR&gto the descriptive degn of the study
no comparative statistical tests were performed
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4.4 ETHICAL CONSIDERATIONS

The studies were approved by the regional stieiciew board in Stockholm (Study |
approval number 2014/11314/2, Stuéesl|l and 1V, approval number 2014170331/1, Study
[l approval number 2016/13321).

Studes| and Il were retrospective studies, and the possible tatine participating patients
was considered to be low.

Conducting research on unconscious cardraest patients requires cautioor Ratural
reasons, unconscious OHCA patients cannot provide informed consent to participate in a
randomized clinical trial.

Because of the design of the DISCO study, with enrolment as soon as possible after sustained
ROSC, and the nature thfe participants, comatose survivors after OHCA, informed consent
could not be obtained before randomization.

When conducting a randomized trial there must be a balance of risk and benefit for the
participants. When the DISCO study was designed there was (and sthifigting
evidenceconcerningvhetheror notimmediate coronary angiography could improve survival
rates in OHCA patients without Sdlevation.

Potential harm to patients randomized to immediate coronary angiography cbalurbe
attributed to the int@ention and potential harm in patients randomized to standard care in the
ICU could be lack of revascularization of an occluded coronary awéhypotential
consequences. The DISCO study protocol states thpatients randomized to standard care
coranary angiography could be performed before three days if the patient develop circulatory
instability, STFelevation on the ECG or serious ventricular arrhythéhias

In the DISCO studyrelatives were asked for consaifter randomizatiormost often in the
ICU and in a few cases several weeks afterward. In one case the next of kin degined
consent. All patients who survived were informed about thleatnd asked for written
informed consent. None of the survisaleclinedo giveconsent in the study.

During the timeline of a randomized clinical trial, new evidence could be presented which
could ethically question continuation of the trial. The COACT f{avas presented in 2019
and the resulteend tostrengthen the continuation of the DISCG@iltri

23



5 RESULTS

5.1 STUDY I; SURVIVAL IN OHCA-VF PATIENTS WITHOUT ST-ELEVATION
Study population

During the study period 2673 OHCA patients were treated by the EMS amdngthose

5178 were witnessed and admitted alive to hospital. Patientasyitiole/PEA, awake

patients, patientagedess than 18r 80 year®r moreand patients with S€levation or
presumed new LBBB on admission were excluded. A total of 799 patients were included in

thefinal analysis. Early CAG within 24 hourswas perferd i n 275 pati ent s.

CAGO group included 524 patients.

Figure 4. Study | flow chart.

n=26173 EMS-treated OHCA

n=5178 witnessed OHCA admitted alive

n= 2198 Asystole/PEA
""""""""""" n= 1297 GCS >8
n=514 Age <18 or >80

n=1169 VF, unconscious
Study population analysed

---------------------- n=370 ST-elevation, 32%

n=799 non ST-elevation, 68%

n=275 Early CAG n=524 No Early CAG
Within 24 hours CAG >24 hours or no CAG
Main results

Unadjusted 34@lay survival in the earlCAG group was 65%, comparedth 52% in the ne
earlyCAG group. The adjusted OR for-8@y survival wa 1.42 for early CAG (95% ClI
1.002.02, p=0.048). The adjusted HR for eyear survival was 1.35 (95% CI 1:0477).
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Figure 5. Survivalusing Cox proportional regression analysis, H&ustechazard ratio at
three years.
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Reprinted with permission from Elsevier

Table 3.Angiographic findings

Early CAG (%) Late CAG (%)

n=275 n = 166 P
Significant coronary stenoses (>50%)

1 vessel 77 (28) 40 (24) 37
2 vessels 49(18) 22(13) 21
3 vessels 46(17) 30(18) J2
Left main (LM) only 0(0) 0(0) -
LM plus 1 vessel 1(04) 1(06) b7 9
LM plus 2 vessels 7(3) 3(2) 99
LM plus 3 vessels 12(4) 10(6) 49
Total significant stenoses 193 (70) 106 (64) 22
Normal/atheromatous 82(30) 60(36) 24
Coronary angiography only 135 (49) 109 (66) .002
Coronary occlusions 74 (27) 33(20) .03
Percutaneous Coronary Intervention (PCl) 140(51) 57 (34) 003

Values are numbers (%). Differences were assessed by chi-square test for categorical data.
A significance level of P < 05 was chosen.

Reprinted with permission from Elsevier

The proportion of significant stenoses was 70% in the E2A§ group and 64% in the
LateCAG group. PCl was performed in 51% in the E&KG group and 34% in the Late
CAG group.
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5.2 STUDY IlI; DISCO PILOT STUDY
Study population
In this study 79 patients were randomized from January 1st, 2015 to October 15th, 2017.

There were 39 patients randomized to immediate coronary angiography and 40 patients to
standarebf-care. In the observational Slevation group, 39 patients were included.

Figure 6.

DISCO-pilot-trial flow chart

Out-of-hospital cardiac arrest patients admitted to
participating hospitals during the study period

(n=663) *

Not meeting inclusion criteria, n=111
-Unwitnessed, n=103
-Coronary angiography not possible within 2h, n=8

One or more exclusion criteria, n=350
-Non-cardiac cause, n=135
-Life expectancy less than one year, n=73
-ST-elevation, n=131
-Awake, n=11

Other reasons, n=124
-Doctors decision to not include despite fulfilling
study criteria, n=38
-Unknown reason, n=86

Randomized

(n=79)

v

l

[

Allocated to immediate coranary angiography (n=39)

+ Received allocated intervention (n=38)

+ 1 patient did not received immediate corcnary
angiography because of end-stage lung cancer

Allocation

| |

Allocated to no immediate ceronary angiegraphy (n=40)
+ Received allocated intervention (n=40)
+ B patients underwent coronary angicgraphy before 3

l

Patients with full informed consent (n=38)

Next of kin declined consent {n=1)

Informed consent

] )

h 4

Patients with full informed consent (n=40)

Assessed for logistics, feasibility and safety (n=38)

[

Assessment of logistics,
feasibility and safety

) 4

}

Assessed for logistics, feasibility and safety (n=40)

*The number indicates how many OHCA patients that were admitted to the participating hospital during the study period. This was due to
that three study sites did not report screening lists during the pilot phase.

Reprinted with permission from Elsevier.

26




Feasibility

In the immediateangiography group, the median time from EMS arrival to coronary
angiography was 135 minutes (@QB: 106178).

When reevaluatinthe inclusion and exclusion criteria, we found that 10 patients did not fully
meet the study criteri@mainly cases ohonwitnessed cardiac arrest and awake pabients
However, they were included in the pilot phaséhefstudyon ato intentionto-treatbasis

Due to the lack of 24/7 coronary angiography services in two of the participating study
centerstransportation between primary and tertiary hospitals occurissl/gnout of 38
cases (18.4%)No serious evesbccurred during the transpationfrom the primary hospital
to the tertiary center.

Crossover

In the standardf-care grougsix patientainderwent coronary angiography earlier than three
days after the cardiac arrest. The reasons for earlier coronary angiogeaphgmonset of
ST-elewation, high troponin levels and echocardiography indicating ischemia.

Table 4. Time periods

Mo 5T elevation ST elevation
Median times (Q1-Q3) Immediate Standard Observation, STEMI
CAG of care n=39
n=33& n=40
Time from cardiac arrest to EMS g (5-13) S (6-12) g (4-12)
arrival {min)
Time from cardiac arrest to ROSC 20 (14-35) 25(19-34) | 25(17-30)
{min)
Time from EMS arrival to vessel 135 (106- MA MA
puncture (min) 178)
Time from cardiac arrest to 79 (65-56) 76(63-52) | NA
randomization {min)
Time from randomization to angio 69 (42-54) MA MA
{min)
Time from ER arrival to ICU arrival 155 (85-212) | 104 (85- 176 (143-210)
{min) 134)
Time from ER arrival to vessel S8 (68-133) MA MA
puncture (min)

Times are presented as medians (Q21-03). Abbreviations: EM3: Emergency medical service, ROSC: Return of spontaneous
circulation, CA: Cardiac arrest, ICU: Intensive care unit, ER: Emergency room, MA: Mot answered
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Coronary angiography and PCI findings

In the immediatengiography group a culprit lesion was found in 14/38 patients (36.8%)
PCI was performed in 15/38 patients (39.5%) and assessed as successful in 14/15 (93%)

patients.

Table 5.Coronary angiography and PCI

Immediate CAG
n=38

Observation (STEMI)
n=39

Radial access 17 (44.7%) 13 (33.3%)
Femoral access 18 (47.4%) 23 (59.0%)
Access not answered 3(7.9%) 3(7.7%)
Culprit lesion identified | 14 (36.8%) 26 (66.7%)
Culprit vessel, LAD 5(13.2%) 18 (46.2%)
Culprit vessel, LCX 3(7.9%) 2 (5.1%)
Culprit vessel, RCA 4 (10.5%) 6 (15.4)
Culprit vessel, Other 2 (5.3%) 0 (0%)
Culprit vessel, Chronic 2 (5.3%) 1(2.6%)
total occlusion (CTO)

PCI of any vessel 15 (39.5%) 26 (66.7%)
General success 14 (93%) 26 (100%)
Significant stenosis 7 (18.4%) 13 (33.3%)
outside identified

culprit vessel

Complete 2 (28.6%) 4 (30.1%)
revascularization,

multi-vessel disease”

Complication related

to intervention

New cardiac arrest at 3(7.9%) 2 (5.1%)
PCl-unit

Arrhythmias (VT/VF) 2 (5.3%) 2 (5.1%)
requiring treatment at

PCl-unit

Bleeding minor 0 (0%) 0 (0%)
Bleeding major 0 (0%) 0 (0%)
Cardiac tamponade 0 (0%) 0 (0%)
Deceased at PCl-unit 0 (0%) 0 (0%)

Categorical variables are presented as numbers (%). Abbreviations: LAD: Left artery descending, LCX: Left circumflex
artery, RCA: Right coronary artery, PCI: Percutaneous coronary intervention, VT: Ventricular tachycardia, VF: Ventricular

fibrillation
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5.3 STUDY lll; FOCUSED CARDIAC ULTRASOUND AFTER ROSC
Study population

In this descriptive study, 237 patients with FOCUS examination were evaluated. The majority
were included after OHCA (n=182, 77%) and a minority after IHCA (n=55, 23%).

Figure 7. Flow chartStudy I

Reprinted with permission from Elsevier.

29































































