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The 2025 Korean advanced life support guidelines were updated using a structured evidence
evaluation process informed by recent randomized controlled trials and systematic reviews. The
guideline development group prioritized patient-important outcomes and assessed the certainty
of the evidence to formulate graded recommendations. For drug administration during adult
cardiac arrest, intravenous access is the preferred initial route, with intraosseous access recom-
mended when intravenous access cannot be rapidly established. Epinephrine remains the rec-
ommended vasopressor. Routine administration of vasopressin, either alone or in combination
with corticosteroids, is not recommended for in-hospital or out-of-hospital cardiac arrest. In the
absence of specific indications, the routine use of buffering agents and calcium is discouraged
owing to insufficient evidence of their benefits and potential harm. Defibrillation recommenda-
tions were refined based on emerging evidence. In adults with refractory ventricular fibrillation
or pulseless ventricular tachycardia after multiple unsuccessful defibrillation attempts, vector
change or double sequential defibrillation may be considered in selected settings when per-
formed by experienced teams with appropriate equipment. Airway management guidelines rec-
ommend cricothyroidotomy as a rescue technique when conventional airway management
strategies fail. For patients receiving cardiopulmonary resuscitation while on mechanical venti-
lation, specific ventilator settings during chest compressions are recommended to optimize ven-
tilation and minimize interference with high-quality cardiopulmonary resuscitation. The guide-
lines also address cardiopulmonary resuscitation-induced consciousness, allowing the cautious
use of sedatives and/or analgesic agents when awareness interferes with resuscitation quality or
safety. Overall, the guidelines emphasize evidence-based practice and individualized clinical de-
cision-making.
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MAJOR UPDATES IN THE 2025 ADULT
ADVANCED LIFE SUPPORT GUIDELINES

Route of drug administration during cardiac arrest

In adult patients with cardiac arrest, intravenous access should
be attempted first for drug administration rather than intraosse-
ous access (weak recommendation, low certainty of evidence). If
intravenous access cannot be established during cardiopulmonary
resuscitation (CPR), intraosseous access may be considered as an
alternative route (good practice statement).

Combined administration of vasopressin and corticoste-
roids during cardiac arrest

In adult patients with in-hospital cardiac arrest, the routine addi-
tion of vasopressin and corticosteroids to standard resuscitation
therapy during CPR is not recommended (weak recommendation,
low certainty of evidence). Similarly, the routine administration of
vasopressin and corticosteroids is not recommended for adult pa-
tients with out-of-hospital cardiac arrest (weak recommendation,
very low certainty of evidence).

Use of buffering agents during cardiac arrest

In the absence of specific indications, routine use of buffering
agents, such as sodium bicarbonate, is not recommended during
resuscitation of adult patients with out-of-hospital cardiac arrest
(weak recommendation, low certainty of evidence). Similarly, in
the absence of specific indications, routine administration of
buffering agents is not recommended for the management of
adult patients with in-hospital cardiac arrest (weak recommen-
dation, very low certainty of evidence).

Calcium administration during cardiac arrest

Routine administration of calcium is not recommended for adult
patients with out-of-hospital cardiac arrest (strong recommen-
dation, moderate certainty of evidence). Similarly, the routine use
of calcium is not recommended in adult patients with in-hospital
cardiac arrest (weak recommendation, low certainty of evidence).

Vector change and double sequential defibrillation

In adult patients with cardiac arrest who remain in ventricular
fibrillation (VF) or pulseless ventricular tachycardia (pVT) after
three or more consecutive defibrillation attempts, vector change
defibrillation (weak recommendation, very low certainty of evi-
dence) or double sequential defibrillation (weak recommendation,
low certainty of evidence) may be considered by an experienced
physician, provided that appropriately trained personnel and ad-
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ditional defibrillation pads or defibrillators are immediately avail-
able. When double sequential defibrillation is used, a single oper-
ator sequentially activates the defibrillators (good practice state-
ment).

Cricothyroidotomy during CPR

If standard airway management strategies fail, cricothyroidotomy
may be considered during CPR. Appropriately trained providers
may attempt emergency cricothyroidotomy to establish a surgical
airway (good practice statement).

Mechanical ventilator settings during CPR

When cardiac arrest occurs in patients receiving mechanical ven-
tilation and mechanical ventilation is continued rather than
manual ventilation during CPR, a volume-controlled ventilation
mode may be considered during chest compression. The ventila-
tor should be set to deliver a tidal volume of 6 to 8 mL/kg of the
predicted body weight, or adjusted to achieve a visible chest rise.
Oxygen should be administered at a fraction of inspired oxygen
(Fi0,) of 1.0. The respiratory rate should be set at 10/min with an
inspiratory time of 1 to 2 seconds. Positive end-expiratory pres-
sure (PEEP) should be maintained at 0 to 5 cm H,0, and the peak
airway pressure alarm may be set at 60 to 70 cm H,0. Flow trig-
gering should be disabled. Effective ventilation should be con-
firmed; if adequate ventilation cannot be ensured, providers
should switch to manual ventilation (good practice statement).

Consciousness during CPR

If a patient does not achieve return of spontaneous circulation
(ROSC) but temporarily regains consciousness as a result of chest
compressions, this interferes with the delivery of high-quality
CPR or poses a risk to the patient or providers. Sedatives, analge-
sics, or a combination of both may be considered at the lowest
effective dose to relieve pain and distress (good practice state-
ment). Administration of neuromuscular blocking agents alone in
conscious patients during CPR is not recommended (good prac-
tice statement). The optimal regimen for sedation and analgesia
during CPR remains uncertain; therefore, medication selection
may be guided by regimens commonly used in critical care prac-
tice and local institutional protocols (good practice statement).
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ADULT ADVANCED LIFE SUPPORT
ALGORITHMS

Adult advanced life support for in-hospital cardiac arrest
When an advanced life support (ALS) team arrives at the scene of
an in-hospital cardiac arrest where basic life support (BLS) is un-
derway, defibrillation pads or electrodes should be immediately
applied to the patient to enable cardiac rhythm assessment. If
sufficient personnel are available, providers should rotate roles
for chest compressions and ventilation to maintain high-quality
CPR. If an advanced airway has not been established, a chest
compression to ventilation ratio of 30:2 should be maintained,
and 100% oxygen should be administered during ventilation.

Cardiac arrest rhythms are classified as VF, pulseless ventricular
tachycardia (pVT), asystole, and pulseless electrical activity (PEA).
VF and pVT are classified as shockable rhythms because they are
amenable to defibrillation, whereas asystole and PEA are classi-
fied as nonshockable rhythms as defibrillation is not indicated. In
patients with pVT and PEA, the absence of a carotid pulse should
be confirmed. Because electrocardiographic rhythms may change
during CPR, appropriate treatment strategies should be selected
according to the rhythm identified during ALS (Fig. 1).

Management of shockable rhythms (VF or pVT)

If a shockable rhythm is identified on electrocardiographic analy-
sis, defibrillation should be immediately performed (biphasic de-
fibrillator, 120-200 J; monophasic defibrillator, 360 J). Following
defibrillation, CPR should be resumed immediately and continued
for 2 minutes without rhythm analysis. If the manufacturer's rec-
ommended energy dose for a biphasic defibrillator is unknown, a
defibrillation energy of 200 J should be used.

During CPR, intravenous or intraosseous access should be es-
tablished, and a 1-mg bolus of epinephrine should be adminis-
tered, followed by an intravenous fluid bolus to facilitate rapid
delivery of the drug to the central circulation. Intravenous access
should be attempted first, and intraosseous access should be
considered if intravenous access cannot be established. Epineph-
rine should be administered every 3 to 5 minutes until ROSC is
achieved or resuscitation efforts are terminated.

After 2 minutes of CPR, cardiac rhythm should be reassessed. If
a shockable rhythm persists, defibrillation should be repeated us-
ing the same or higher energy level, followed immediately by
continued CPR. If high-quality CPR is ongoing and epinephrine is
administered appropriately, placement of an advanced airway
may be considered. Once an advanced airway is in place, ventila-
tion may be delivered without interruption of chest compressions

S34

Adult ALS

at a rate of one breath every 6 seconds.

If endotracheal intubation is performed, monitoring end-tidal
carbon dioxide (ETCO,) may assist in assessing the quality of CPR
and in detecting ROSC. If advanced airway placement is unfamil-
iar or unsuccessful, bag-mask ventilation should be continued
with a compression to ventilation ratio of 30:2.

If VF or pVT persists after 2 minutes of CPR following the sec-
ond defibrillation, the patient is considered to have refractory VF
or pVT, and preparation for the administration of amiodarone or
lidocaine is recommended. After an additional 2 minutes of CPR,
if a shockable rhythm persists, a third defibrillation should be de-
livered using the same or a higher energy level, followed immedi-
ately by 2 minutes of CPR. In cases of persistent refractory VF or
pVT, defibrillation energy may be increased to the maximum
available level.

Amiodarone or lidocaine should be administered during CPR. If
the shockable rhythm persists, the above sequence should be re-
peated, and a single additional dose of amiodarone or lidocaine
at half of the initial dose may be administered. The identification
and early correction of reversible causes of cardiac arrest, based
on the patient's clinical context and medical history, are essential
for achieving ROSC. If it does not interfere with CPR, point-of-
care ultrasound (POCUS) may assist in identifying reversible caus-
es. If ROSC is not achieved despite high-quality CPR, extracorpo-
real CPR should be considered.

Management of nonshockable rhythms (asystole or PEA)
Asystole refers to the absence of ventricular contraction, regard-
less of the presence or absence of atrial activity. PEA is defined as
the presence of organized electrical activity on electrocardiogra-
phy without a detectable pulse or blood pressure on palpation or
noninvasive monitoring. PEA encompasses a heterogeneous
group of rhythms, including pseudo-electromechanical dissocia-
tion, idioventricular rhythms, ventricular escape rhythms,
post-defibrillation idioventricular rhythms, and brady-asystolic
rhythms.

Asystole and PEA do not require defibrillation during CPR and
are, therefore, classified as nonshockable rhythms. PEA may result
from reversible causes, and the identification and correction of
these causes may lead to successful resuscitation. Survival rates
in patients with asystole are extremely low, and the primary op-
portunity for successful resuscitation in nonshockable rhythms
lies in identifying and correcting reversible causes.

When a nonshockable rhythm is identified on electrocardiogra-
phy, CPR should be initiated immediately. Intravenous or intraos-
seous access should be established as quickly as possible, and a
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Continue CPR
Attach monitoring/defibrillator
Give 100% oxygen

v

Yes No
l Shockable rhythm? l
VF/pVT Asystole/PEA
Defibrillation
CPR 2 min CPR 2 min
IV/IO access IV/IO access
Epinephrine 1 mg every 3—5 min Epinephrine 1 mg every 3—5 min
No Yes
Shockable rhythm? ~———————— Shockable rhythm?
Yeslv
Defibrillation No
CPR 2 min CPR 2 min
Consider advanced airway, capnography Consider advanced airway, capnography
No Yes
Shockable rhythm? ~——————>» Shockable rhythm? ~ ——m———
Yeslv
Defibrillation No
_ CPR2min CPR 2 min
Amiodarone (or lidocaine) . )
. ) Treat reversible causes (5H5T”)
Treat reversible causes (5H5T”) POCUS, if available
POCUS, if available '
No Yes
Shockable rhythm? ~—— > Shockable rhythm? ~ ————>
Yesl Nol
¥ A4

If ROSC, intensive monitoring and
post—cardiac arrest care
If no ROSC, continue treatment of asystole/PEA

Continue treatment of VF/pVT
Consider ECPR, if available

Continue treatment of VF/pVT
Consider ECPR, if available

Fig. 1. Advanced life support algorithm for in-hospital cardiac arrest. CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; pVT, pulseless ven-
tricular tachycardia; PEA, pulseless electrical activity; IV, intravenous; 10, intraosseous; POCUS, point-of-care ultrasound; ROSC, return of spontaneous
circulation; ECPR, extracorporeal cardiopulmonary resuscitation. ¥The 5H indicates hypovolemia, hypoxia, hydrogen ion (acidosis), hyperkalemia/hypoka-
lemia, and hypothermia, while the 5T indicates toxins, tamponade (cardiac), tension pneumothorax, thrombosis (coronary), and thrombosis (pulmonary).
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1-mg bolus of epinephrine should be administered, followed by
an intravenous fluid bolus. Epinephrine should be administered
every 3 to 5 minutes until ROSC is achieved or resuscitation ef-
forts are terminated.

After 2 minutes of CPR, cardiac rhythm should be reassessed. If
a nonshockable rhythm persists, CPR should be continued, and
placement of an advanced airway should be considered to allow
ventilation without interruption of chest compressions. Once an
advanced airway is in place, monitoring ETCO, may assist in eval-
uating CPR quality and detecting ROSC. If the rhythm remains
nonshockable after reassessment, CPR should be continued, and
efforts should focus on identifying and correcting the underlying
cause of cardiac arrest, with POCUS when appropriate.

Post—-cardiac arrest care

Patients who achieve ROSC after ALS should undergo intensive
monitoring and integrated post-cardiac arrest care. Following
ROSC, immediate management should include hemodynamic
stabilization, optimization of ventilation and oxygenation, target-
ed temperature management, and consideration of coronary in-
terventions for acute coronary syndrome. Post-cardiac arrest care
is addressed in detail in Part 6.

Adult ALS for out-of-hospital cardiac arrest

The adult ALS for out-of-hospital cardiac arrest is largely similar
to that for in-hospital cardiac arrest. However, for providers with
limited experience in endotracheal intubation, bag-mask ventila-
tion is preferred, and use of a supraglottic airway device is rec-
ommended as the initial advanced airway strategy. Providers who
are unfamiliar with advanced airway placement should continue
bag-mask ventilation.

In Korea, intraosseous access is not included within the scope
of the practice of emergency medical technicians. Therefore,
when emergency medical technicians perform ALS for
out-of-hospital cardiac arrest, intraosseous access should not be
attempted.

The duration of on-scene ALS should be determined under di-
rect medical oversight. If the resuscitation team can provide ALS,
including advanced airway placement and epinephrine adminis-
tration, hospital transport may be considered after approximately
10 minutes of on-scene ALS. If the team is unable to provide ALS,
hospital transport may be considered after approximately 6 min-
utes of CPR, in accordance with the BLS guidelines (Fig. 2).

Adult ALS during the COVID-19 pandemic
COVID-19 is transmitted through droplets and contact and has
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an incubation period of 1 to 14 days (mean, 4-7 days), resulting
in a high risk of person-to-person transmission. Although the ev-
idence is indirect, chest compression and defibrillation may gen-
erate aerosols that increase the risk of infection among rescuers.
Therefore, before initiating ALS in patients with confirmed or
suspected COVID-19, rescuers should wear appropriate personal
protective equipment (PPE) [1,2]. At a minimum, PPE should in-
clude level D full-body protective clothing or a waterproof long-
sleeved gown, gloves, and eye protection (goggles or face shield),
along with at least an N95 respirator (preferably a fold-type
rather than a cup-type), an FFP3 respirator, or a powered air-pu-
rifying respirator.

For patients with a poor expected prognosis, the need for re-
suscitation should be reassessed, and ALS should be initiated only
if resuscitation is deemed appropriate. The ALS team should con-
sist of a minimum number of essential personnel, and the use of
a mechanical chest compression device should be considered to
minimize direct contact with the patient.

For rhythm assessment and defibrillation, pre-attached de-
fibrillation pads should be used whenever possible. Ventilation
should be provided using a bag-mask device with an attached
high-efficiency particulate air (HEPA) filter. If an advanced airway
has not been established, bag-mask ventilation performed by two
experienced providers is more effective. A supraglottic airway de-
vice with an attached HEPA filter can be inserted to allow venti-
lation with minimal interruption of chest compressions.

If endotracheal intubation is attempted, a video laryngoscope
should be used to minimize the proximity to the patient's airway,
and the procedure should be performed by the most experienced
provider to maximize the likelihood of first-pass success. Once an
advanced airway is secured, ventilation should be provided with
an attached HEPA filter.

After the termination of resuscitation efforts, PPE should be
disposed of according to the infection control guidelines. Rescu-
ers involved in resuscitation should wash their hands thoroughly
with soap and water or disinfect them with alcohol-based hand
sanitizers as soon as possible, and are advised to change their
clothing. Local public health authorities should be contacted to
determine the need for COVID-19 testing and self-isolation. The
equipment and devices used during CPR should be cleaned or
discarded according to manufacturer and institutional guidelines
[3-5].

www.ceemjournal.org



Tae-Youn Kim, et al.

CEEM

Continue CPR
Attach monitoring/defibrillator
Give 100% oxygen

Yo N
l = Shockable rhythm? 0 l,
VF[pVT Asystole/PEA
Defibrillation
CPR 2 min CPR 2 min
IV/10 access IV/10 access

Epinephrine 1 mg every 3—5 min

!

Shockable rhythm?

YeslY

Defibrillation
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|
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Defibrillation

v

CPR 2 min
Treat reversible causes (5H5T*)

!
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v
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Continue advanced life support for 10 min, then
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Fig. 2. Advanced life support algorithm for out-of-hospital cardiac arrest. CPR, cardiopulmonary resuscitation; VF, ventricular fibrillation; pVT, pulseless
ventricular tachycardia; PEA, pulseless electrical activity; IV, intravenous; 10, intraosseous; ROSC, return of spontaneous circulation. “The 5H indicates
hypovolemia, hypoxia, hydrogen ion (acidosis), hyperkalemia/hypokalemia, and hypothermia, while the 5T indicates toxins, tamponade (cardiac), tension
pneumothorax, thrombosis (coronary), and thrombosis (pulmonary).
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Background for the revision of adult ALS in cardiac arrest
Adult ALS is a key component of the chain of survival in patients
with cardiac arrest and aims to maintain effective systemic circu-
lation and adequate oxygen delivery during high-quality BLS. It
encompasses advanced airway management, vasopressor admin-
istration, defibrillation, use of antiarrhythmic agents, and circula-
tory support strategies, such as extracorporeal CPR, to restore
circulation and support systemic perfusion. The 2025 Korean
guidelines for adult ALS were developed through a structured re-
view of scientific evidence addressing recommendations in the
2020 guidelines that were supported by limited evidence, insuffi-
ciently defined, or difficult to apply within the Korean healthcare
system. Compared with the previous version, the 2025 guidelines
provide more objective and explicit recommendations. The selec-
tion of key topics and the evidence review process are described
in Part 1.

Since publication of the 2020 Korean Guidelines for Cardiopul-
monary Resuscitation, several studies relevant to adult ALS have
been reported. Randomized trials have evaluated epinephrine ad-
ministration via intravenous versus intraosseous routes in adult
cardiac arrest patients [6-8]. Additional randomized trials have
compared combined administration of epinephrine, vasopressin,
and corticosteroids with epinephrine alone in patients with
in-hospital cardiac arrest [9]. Randomized trials evaluating the
clinical effects of calcium administration in patients with
out-of-hospital cardiac arrest have been reported [10]. Studies
comparing conventional defibrillation with vector change de-
fibrillation and double sequential defibrillation have been report-
ed as have randomized trials evaluating extracorporeal CPR in
out-of-hospital cardiac arrest [11,12]. Based on these newly pub-
lished studies, the 2025 Korean guidelines for adult ALS revised
relevant recommendations and introduced new recommenda-
tions. Updates include guidance on buffering agent administra-
tion during CPR, management of cardiac arrest caused by hyper-
kalemia, CPR in the prone position, management of patients who
regain consciousness during CPR, ventilator settings during CPR
in mechanically ventilated patients, and updated recommenda-
tions for ALS in patients with confirmed or suspected COVID-19.

Monitoring during CPR

During ALS, the use of monitoring devices that assess chest com-
pression effectiveness and CPR quality and provide real-time
feedback may help improve the quality of resuscitation [13].
ETCO,, coronary perfusion pressure, diastolic arterial pressure, and
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central venous oxygen saturation may be considered as represen-
tative physiological monitoring indicators during CPR. Among
these, waveform ETCO, monitoring is recommended for assessing
chest compression effectiveness during CPR, predicting the likeli-
hood of ROSC, and confirming correct endotracheal tube place-
ment [14-16].

Use of feedback devices during CPR

Feedback devices may be considered during CPR to monitor pa-
rameters, such as chest compression rate and depth and ventila-
tion frequency to assess resuscitation quality. The simplest exam-
ple is a metronome that provides auditory or visual cues to help
maintain appropriate chest compression and ventilation rates.
More advanced real-time CPR monitoring devices can measure
chest compression rate, depth, recoil, pauses, and compression
fraction and provide corresponding auditory or visual feedback
[13]. However, evidence demonstrating that visual or auditory
feedback devices or metronomes improves clinical outcomes in
cardiac arrest remains insufficient. Therefore, routine use of feed-
back devices during CPR is not recommended. In clinical settings
where real-time CPR feedback devices are already in use, contin-
ued use may be considered [17,18].

Physiological monitoring parameters during CPR

Few methods are available to directly assess hemodynamic status
or CPR effectiveness during cardiac arrest. In addition to electro-
cardiographic rhythm analysis and pulse assessment, monitoring
ETCO,, coronary perfusion pressure, and central venous oxygen
saturation can provide physiological information related to perfu-
sion during CPR. These parameters correlate with cardiac output
and myocardial blood flow during CPR, and may help predict the
likelihood of ROSC.

(1) Measurement of ETCO, partial pressure

Capnography measures carbon dioxide produced by metabolism
and transported to the lungs via circulating blood. Under normal
circulatory conditions, ETCO, ranges from 35 to 40 mmHg. During
cardiac arrest, carbon dioxide production continues, but the ab-
sence of circulation results in minimal pulmonary delivery and
near-zero ETCO, levels. During CPR, pulmonary carbon dioxide
delivery depends primarily on cardiac output generated by chest
compressions. Low ETCO, levels generally indicate inadequate
cardiac output, although low values may also result from bron-
chospasm, endotracheal tube obstruction or kinking, hyperventi-
lation, use of a supraglottic airway device, or air leakage. The
2025 guidelines recommend ETCO, monitoring during CPR for

www.ceemjournal.org
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hemodynamic assessment, prediction of ROSC, and confirmation
of correct endotracheal tube placement. Because ETCO, levels
change proportionally with pulmonary perfusion during CPR,
ETCO, monitoring is useful for assessing chest compression ade-
quacy and predicting the likelihood of ROSC [15,16,19]. ETCO,
monitoring may also confirm correct endotracheal tube place-
ment after intubation [19]. If endotracheal intubation has been
performed and ETCO, levels remain persistently low (< 10 mmHg)
despite over 20 minutes of CPR, the likelihood of ROSC is low
[15,20]. However, when a supraglottic airway device or bag-mask
ventilation is used, the correlation between ETCO, monitoring
and chest compression effectiveness remains insufficient [21].
ETCO, values should not be used as the sole indicator for assess-
ing CPR quality or predicting ROSC. Monitoring ETCO, during CPR
provides guidance for maintaining appropriate chest compression
depth and rate and assists in identifying provider fatigue. A sud-
den and sustained increase in ETCO, levels indicates ROSC. There-
fore, in intubated patients, waveform ETCO, monitoring may be
considered during CPR to assess chest compression effectiveness
and detect ROSC. If ETCO, levels remain below 10 mmHg, chest
compressions should be adjusted to improve resuscitation quality.
An abrupt rise to normal values (30-40 mmHg) should prompt
evaluation for ROSC.

(2) Coronary perfusion pressure

During CPR, coronary perfusion pressure (CPP; defined as diastolic
arterial pressure minus diastolic right atrial pressure) correlates
with myocardial blood flow and ROSC. A CPP below 15 mmHg
during CPR is associated with a low likelihood of achieving ROSC.
However, routine CPP monitoring during CPR is clinically chal-
lenging as it requires simultaneous measurement of aortic and
central venous pressures.

(3) Regional cerebral oxygen saturation

During CPR, regional cerebral oxygen saturation measured using
near-infrared spectroscopy may be used as an indicator of cere-
bral perfusion. This noninvasive technique is easily applied and
may help predict ROSC and neurological outcomes in patients
under cardiac arrest [22,23].

(4) Physiology-guided CPR

Most clinical studies on physiology-guided CPR have been con-
ducted in pediatric populations. In a cluster-randomized trial in-
volving 18 pediatric intensive care units, a bundled intervention
consisting of point-of-care physiology-focused CPR education
and structured clinical event debriefing did not improve survival

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60
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to hospital discharge with favorable functional outcomes [24]. In
that study, when invasive arterial blood pressure or ETCO, moni-
toring was available, clinicians targeted a systolic blood pressure
>100 mmHg and an ETCO, >25 mmHg in older children (ex-
cluding neonates and infants). Observational data from the same
cohort showed higher survival to hospital discharge in older chil-
dren when the mean diastolic blood pressure during CPR exceed-
ed 30 mmHg [25].

In a study involving young adults, invasive arterial blood pres-
sure was measured during CPR in 104 patients. Chest compres-
sion rates of 100 to 120 per minute and compression depths of 6
cm were associated with diastolic blood pressure values of ap-
proximately 30 mmHg measured at both the femoral and radial
arteries [26]. Although a modest trend toward higher blood pres-
sure with increasing compression depth was observed in individ-
ual patients, increased compression depth did not consistently
result in higher blood pressure across all patients. In a more re-
cent study, invasive blood pressure monitoring was performed in
80 adult patients with out-of-hospital cardiac arrest who re-
ceived CPR by helicopter emergency medical service teams [27].
Analysis demonstrated that maximum, mean, and changes in
maximum diastolic blood pressure from baseline were all signifi-
cantly associated with ROSC. The optimal cutoff value of maxi-
mum diastolic blood pressure for predicting ROSC was identified
as 35 mmHg (sensitivity, 94.1%; specificity, 58.7%), and for each
1-mmHg increase in maximum diastolic blood pressure, the odds
of ROSC increased by an odds ratio of 1.05 (95% confidence in-
terval, 1.03-1.08).

Based on these findings, the American Heart Association pro-
posed several physiological targets during CPR through expert
consensus, and the Korean guidelines for adult ALS suggest the
same level of targets (expert consensus) [28].

(1) In patients under cardiac arrest in whom both invasive ar-
terial blood pressure monitoring and central venous cathe-
terization are available, a target coronary perfusion pressure
>20 mmHg should be maintained.

(2) In patients with cardiac arrest in whom only an arterial line
is available, a target diastolic blood pressure =25 mmHg
should be maintained.

(3) In patients with cardiac arrest in whom only ETCO, moni-
toring is available, a target ETCO, =20 mmHg should be
achieved.

Route of drug administration during cardiac arrest
During cardiac arrest, high-quality CPR and early defibrillation
are the primary interventions, with drug administration consid-
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ered subsequently. After initiating CPR and performing defibrilla-
tion, intravenous or intraosseous access should be established for
drug delivery. Establishing vascular access must not interfere with
chest compressions. In patients with shockable cardiac arrest
rhythms, epinephrine should be administered after defibrillation
in the subsequent cycle. In patients with nonshockable rhythms,
epinephrine should be administered as early as possible once
chest compressions have begun and intravenous access has been
secured [29].

Peripheral intravenous access

When drugs are administered via a peripheral intravenous route
during resuscitation, a 20-mL fluid bolus should be administered
after the drug bolus to facilitate rapid entry into the central cir-
culation. Elevation of the extremity during or after drug adminis-
tration may theoretically promote entry into the central circula-
tion by gravity; however, no systematic studies support this prac-
tice.

Intraosseous access

Randomized controlled trials (RCTs) evaluating intraosseous drug
administration during adult out-of-hospital cardiac arrest did not
demonstrate superiority over intravenous access in terms of 30-
day survival, favorable neurological outcome at 30 days or at
hospital discharge, quality of life at 3 months, ROSC, survival to
hospital discharge, 3-month survival, or favorable neurological
survival at 3 months, and was instead associated with a lower
likelihood of achieving sustained ROSC [6-8]. Therefore, intrave-
nous access should be attempted first rather than intraosseous
access for drug administration in adult patients under cardiac ar-
rest (weak recommendation, low certainty of evidence). If intra-
venous access cannot be established during CPR, intraosseous
access may be considered as an alternative route (good practice
statement). In adults, commercially available intraosseous access
devices are convenient to use.

Central venous access

In a small single-center study, patients randomized to femoral or
internal jugular venous access showed higher rates of ROSC than
those who received peripheral intravenous access; however, the
study was limited by a high risk of bias [30]. Therefore, in adult
patients under cardiac arrest, experienced physicians may consid-
er central venous access when intravenous and intraosseous ac-
cess are unsuccessful or not feasible (weak recommendation, low
certainty of evidence).
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Endotracheal drug administration

When neither intravenous nor intraosseous access can be estab-
lished, epinephrine, vasopressin, and lidocaine may be adminis-
tered via the endotracheal route, whereas amiodarone should not
be administered by this route. Drugs administered endotracheally
should be given at a dose 2 to 2.5 times the intravenous dose.

Medications administered during cardiac arrest
Vasopressors

Vasopressors administered during CPR increase the likelihood of
ROSC in patients under cardiac arrest. Until recently, no large
placebo-controlled randomized trials had evaluated their effect
on long-term survival. A large RCT subsequently demonstrated
that epinephrine significantly improved survival compared with
placebo [31]. To date, no vasopressor has demonstrated superior
survival outcomes compared with epinephrine.

(1) Epinephrine
In a large RCT of patients with out-of-hospital cardiac arrest, ad-
ministration of epinephrine at a dose of 1 mg every 3 to 5 min-
utes was associated with higher 30-day and 3-month survival
compared with placebo [31]. Long-term follow-up of the same
cohort showed higher 6- and 12-month survival among patients
who received epinephrine than those who received placebo
[31,32]. Therefore, administration of 1 mg of epinephrine every 3
to 5 minutes is recommended for adult patients under cardiac
arrest regardless of arrest rhythm (strong recommendation, mod-
erate certainty of evidence). Although very low-certainty evi-
dence suggests that high-dose epinephrine may improve ROSC
and survival to hospital admission compared with standard dos-
ing, it does not improve survival to hospital discharge or neuro-
logical outcomes. Therefore, routine administration of high-dose
epinephrine is not recommended (strong recommendation, mod-
erate certainty of evidence) [33]. High-dose epinephrine may be
considered by experienced providers when deemed necessary.
During CPR in adult patients under cardiac arrest, epinephrine
should be administered at a dose of 1 mg every 3 to 5 minutes
using a 1:1,000 ampule or a commercially available 1:10,000 pre-
filled syringe formulation [13,34]. Intravenous administration
should be attempted first, with intraosseous administration con-
sidered when intravenous access is difficult. If neither route can
be established, epinephrine may be administered via the endotra-
cheal route at a dose of 2 to 2.5 mg. The timing of epinephrine
administration depends on the initial arrest rhythm. In nonshock-
able rhythms, epinephrine should be administered as early as
possible. In shockable rhythms, evidence supporting a specific

www.ceemjournal.org



Tae-Youn Kim, et al.

timing strategy is insufficient; in such cases, rapid defibrillation
should be prioritized, followed by prompt epinephrine adminis-
tration after defibrillation [29,35].

(2) Vasopressin

In one study, administration of vasopressin compared with place-
bo improved ROSC regardless of initial electrocardiographic
rhythm and increased survival to hospital admission and dis-
charge in patients with nonshockable rhythms [36]. However,
systematic reviews and meta-analyses incorporating RCTs and
observational studies have shown no significant survival benefit
of vasopressin alone or in combination with epinephrine com-
pared with epinephrine alone [36-38]. Therefore, routine admin-
istration of vasopressin, either alone or with epinephrine, during
CPR in adult patients under cardiac arrest is not recommended
(weak recommendation, moderate certainty of evidence).

(3) Combined administration of vasopressin and corticosteroids
The combined administration of vasopressin and corticosteroids
(e.g., methylprednisolone) during cardiac arrest has been pro-
posed based on physiological rationale, suggesting a potential
improvement in hemodynamic stability during CPR and enhance-
ment of ROSC and long-term survival [39]. However, recent RCTs
and subsequent analyses have demonstrated that this combina-
tion therapy does not significantly improve clinical outcomes
among patients under cardiac arrest [9,40,41]. Therefore, the rou-
tine addition of vasopressin and corticosteroids to standard re-
suscitation therapy during CPR is not recommended for patients
with in-hospital cardiac arrest (weak recommendation, low cer-
tainty of evidence). Similarly, routine combined administration of
vasopressin and corticosteroids is not recommended for patients
with out-of-hospital cardiac arrest (weak recommendation, very
low certainty of evidence).

Buffering agents

Buffering agents during cardiac arrest have been proposed to
correct metabolic acidosis and acid-base imbalance during arrest,
maintain myocardial function and vascular responsiveness, and
facilitate ROSC. However, evidence demonstrating that the rou-
tine use of buffering agents improves survival or neurological
outcomes in patients with cardiac arrest remains insufficient.
RCTs have reported that the administration of buffering agents
does not improve ROSC or survival upon hospital admission
[31,42,43]. Therefore, in the absence of specific indications, rou-
tine use of buffering agents, such as sodium bicarbonate, is not
recommended during the treatment of out-of-hospital cardiac
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arrest (weak recommendation, low certainty of evidence). Simi-
larly, in the absence of specific indications, the routine adminis-
tration of buffering agents is not recommended during the man-
agement of in-hospital cardiac arrest (weak recommendation,
very low certainty of evidence). This recommendation does not
apply to special clinical situations, such as sodium channel block-
er intoxication, tricyclic antidepressant overdose, or hyperkalemia.

Calcium

Recent RCTs demonstrated that calcium administration does not
provide significant benefits in terms of survival or neurological
outcomes among patients under cardiac arrest [10]. A recent
large RCT was terminated early after the interim analysis because
of a potential signal of harm in the calcium administration group,
which showed significantly lower rates of functionally favorable
survival at 90 days and at 1 year in patients who received calci-
um [44].

Accordingly, the routine administration of calcium is not rec-
ommended for adult patients with out-of-hospital cardiac arrest
(strong recommendation, moderate certainty of evidence). Simi-
larly, routine calcium use is not recommended for adult patients
with in-hospital cardiac arrest (weak recommendation, low cer-
tainty of evidence).

However, to date, no RCTs have evaluated calcium administra-
tion in adult patients with in-hospital cardiac arrest, and most
existing evidence is derived from studies involving out-of-hospi-
tal cardiac arrest patients. In addition, this recommendation does
not apply to the following pathophysiological conditions: (1) hy-
perkalemia; (2) hypocalcemia; (3) calcium channel blocker over-
dose; (4) hypermagnesemia; (5) severe electrolyte abnormalities
with a wide QRS complex; or (6) calcium deficiency due to mas-
sive hemorrhage.

Antiarrhythmic drugs

Evidence that amiodarone or lidocaine improves survival to hos-
pital discharge or favorable neurological outcomes in patients
with refractory VF or pVT remains limited. However, amiodarone
has been shown to increase ROSC compared with lidocaine and
to improve survival to hospital admission compared with placebo.
Lidocaine has also been shown to increase ROSC and survival to
hospital admission compared with placebo [45]. Therefore, the
2025 guidelines recommend administration of amiodarone or li-
docaine in adult patients with refractory VF or pVT (weak recom-
mendation, low certainty of evidence). In earlier guidelines up to
2011, magnesium sulfate was recommended for cardiac arrest
caused by polymorphic ventricular tachycardia when hypomag-
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nesemia was suspected; however, the updated recommendations
do not support routine use of magnesium in adult patients under
cardiac arrest (strong recommendation, very low certainty of evi-
dence) [46].

(1) Amiodarone

Amiodarone is indicated for VF or pVT that is refractory to CPR,
defibrillation, and vasopressors. The initial dose is 300 mg admin-
istered intravenously or intraosseously, and if the rhythm remains
refractory, a single additional dose of 150 mg may be adminis-
tered [47].

(2) Lidocaine

Lidocaine may be considered for patients with refractory VF or
pVT. The initial dose is 1 to 1.5 mg/kg administered intravenously,
followed by additional doses of 0.5 to 0.75 mg/kg at intervals of
5 to 10 minutes, up to a maximum total dose of 3 mg/kg.

(3) Magnesium sulfate

Although magnesium sulfate was previously used in patients un-
der cardiac arrest with polymorphic ventricular tachycardia when
hypomagnesemia was suspected, updated recommendations do
not support routine administration of magnesium sulfate in adult
patients under cardiac arrest [46].

(4) Prophylactic use of antiarrhythmic drugs after ROSC
Prophylactic administration of lidocaine or B-blockers may be
considered immediately after ROSC in patients with cardiac ar-
rest due to refractory VF or pVT. However, evidence supporting
their clinical usefulness remains insufficient. B-Blockers may re-
duce catecholamine-induced arrhythmias, stabilize the myocar-
dial membrane, and reduce ischemic injury. However, their rou-
tine use is not recommended because they may cause hypoten-
sion or worsen heart failure in the immediate post-resuscitation
period [48,49]. Lidocaine may suppress arrhythmias associated
with myocardial infarction and prevent progression to ventricular
arrhythmias without apparent harm; however, it does not im-
prove survival outcomes. There is no evidence to support the pro-
phylactic use of antiarrhythmic drugs in cardiac arrests caused by
rhythms other than VF or ventricular tachycardia.

Defibrillation

Basic principles of defibrillation

In the absence of CPR, survival after defibrillation decreases by
approximately 7% to 10% per minute. When bystander CPR is
performed, the decline in defibrillation success is reduced to ap-
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proximately 3% to 4% per minute. Therefore, performing CPR at
the scene of cardiac arrest increases the probability of successful
defibrillation by twofold to threefold compared with defibrillation
without prior CPR. Bystander CPR also contributes to preservation
of neurological function. When defibrillation is performed within
5 minutes of adult cardiac arrest, the neurological injury is mini-
mal. However, CPR alone is unlikely to terminate VF.

Priority between defibrillation and CPR

Studies comparing CPR prior to defibrillation with immediate de-
fibrillation after a delay from cardiac arrest have shown no dif-
ference in survival [50,51]. Therefore, in all patients with cardiac
arrest, CPR should be initiated promptly. Once a defibrillator be-
comes available, electrocardiographic rhythm should be assessed
immediately, and defibrillation should be performed without de-
lay if indicated.

Initial single-shock defibrillation vs. stacked-shock defibrilla-
tion in the treatment of VF

The resumption of chest compressions immediately after defibril-
lation may induce VF recurrence; however, it may be beneficial to
defibrillation efficacy at the next shock by providing myocardial
blood flow [52,53]. During CPR, chest compressions are frequent-
ly interrupted for reasons, such as electrocardiographic rhythm
analysis, ventilation, and intravenous access [54]. In a study in-
volving patients with out-of-hospital cardiac arrest, when emer-
gency medical personnel performed CPR using an automated ex-
ternal defibrillator, the actual proportion of time during which
chest compressions were delivered was only 43% of the total re-
suscitation time [55]. Frequent interruptions in chest compres-
sions decrease the success rate of defibrillation and the overall
survival [56].

Before 2005, delivering three stacked shocks at the outset was
recommended; however, stacked-shock defibrillation prolonged
the duration of chest compression interruption. Since 2020, three
stacked shocks have no longer been recommended. With biphasic
waveform defibrillators, which are adopted in most automated
defibrillators, the success rate of the first shock has been reported
to be high (85%-98%) [57,58]. Accordingly, an initial sin-
gle-shock strategy is recommended rather than three stacked
shocks (weak recommendation, moderate certainty of evidence).

Defibrillation waveforms and energy levels

Currently used defibrillation waveforms include biphasic truncat-
ed exponential, rectilinear biphasic, and pulsed biphasic wave-
forms. No evidence has demonstrated that any specific waveform
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is superior in terms of ROSC or survival outcomes in patients with
cardiac arrest. However, biphasic waveform defibrillators can pro-
vide safe and effective defibrillation at lower energy levels [58-
68]. When delivering the first defibrillation shock using a biphasic
waveform defibrillator, an energy level of 120 to 200 J should be
selected, according to the manufacturer's recommendations. If
the manufacturer's recommended energy level is unknown, then
the maximum available energy level may be considered. For
monophasic waveform defibrillators, defibrillation should be per-
formed at 360 J after the initial shock [69].

Defibrillation energy for consecutive shocks

When VF or pVT is not terminated by the first defibrillation at-
tempt, the energy level for the second and subsequent defibrilla-
tion attempts may be repeated at the same level or increased,
according to the manufacturer's recommendations [70,71]. If a
manual defibrillator capable of energy escalation is available, the
second or subsequent defibrillation attempts should be delivered
at a higher energy level [47,72]. When refractory VF or pVT per-
sists, defibrillation energy may be escalated up to the maximum
available energy level.

Effective defibrillation strategies

(1) Selection of paddles vs. pads

The use of self-adhesive pads reduces interruptions in chest com-
pressions before and after defibrillation and lowers the risk of
electrical arcing, skin burns, and fire. Once applied, pads allow
electrocardiographic rhythm analysis, defibrillation, synchronized
cardioversion, and pacing. Compared with paddles, pads eliminate
the need for conductive gel, repeated repositioning, and applica-
tion of 10 to 12 kg of pressure to the chest during defibrillation.
Accordingly, when available, pads should be considered rather
than paddles.

(2) Strategies to minimize chest compression interruption before
and after defibrillation

The interval between interruption of chest compressions and
shock delivery should be minimized. Even brief interruptions of 5
to 10 seconds reduce defibrillation success [73-76]. Therefore,
chest compressions should be continued while the defibrillator is
charging, and pre-shock pauses should be minimized through
clear team leadership and efficient resuscitation team coordina-
tion [77,78]. When using a manual defibrillator, total interruption
of chest compressions before and after defibrillation should be
limited to < 10 seconds.
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(3) Safe use of oxygen during defibrillation

In oxygen-enriched environments, such as ambulances and hos-
pitals, sparks from improperly attached defibrillation paddles can
cause fires or severe burns [79-81]. Because fires or electrical
arcing have not been reported with self-adhesive pads, their use
is preferred over paddles whenever possible. During defibrillation,
when oxygen is delivered via a nasal cannula, oxygen mask, or
mechanical ventilator, precautions should be taken to prevent
high concentrations of oxygen flowing across the patient's chest.

(4) Electrode placement

To minimize the transthoracic impedance and ensure that electri-
cal current is delivered to the myocardium during defibrillation,
the heart should be positioned between the two electrodes;
therefore, the electrodes should be placed in the sternal-apical
position (Fig. 3). The right sternal electrode (labeled “Sternum")
should be placed to the right of the sternum below the clavicle.
The left apical electrode (labeled "Apex") should be placed at the
level of electrocardiographic lead V6 along the left mid-axillary
line. Electrodes should not be placed over the breast tissue and
should be positioned lateral to the breast whenever possible [82].
When using biphasic waveform defibrillators, the positions of the
two electrodes labeled “Sternum” and "Apex" may be inter-
changed; therefore, electrode repositioning should not delay de-
fibrillation or interrupt chest compressions. To minimize transtho-
racic impedance, the electrodes should be positioned vertically
along the long axis of the chest [83].

(5) Respiratory cycle

To minimize transthoracic impedance, defibrillation should be at-
tempted during the end-expiratory phase of the respiratory cycle,
whenever possible. PEEP at the end of expiration increases trans-
thoracic impedance. In patients with asthma, intrinsic PEEP may
increase the energy requirements for successful defibrillation [84].

Double sequential defibrillation

Double sequential defibrillation is a technique that delivers two
high-energy shocks in rapid sequence using two defibrillators.
This has been proposed as a strategy to treat shockable rhythms
that are refractory to repeated conventional defibrillation, and
some studies have reported the potential benefits of this ap-
proach [11,85-88] In particular, a randomized clinical trial com-
paring conventional defibrillation, vector change defibrillation
(anteroposterior pad placement), and double sequential defibril-
lation reported that both the vector change and double sequen-
tial defibrillation groups had higher rates of favorable neurologi-
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Fig. 3. Position of the pads in (A) vector change and (B) double sequential external defibrillation.

cal outcome at hospital discharge, survival to hospital discharge,
and ROSC [11]. However, because this trial was conducted at a
single center, it remains uncertain whether similar results would
be reproduced in other settings, and the relative superiority of
vector change defibrillation and double sequential defibrillation
cannot be determined. However, further studies are required to
confirm this hypothesis. Accordingly, the routine use of double
sequential defibrillation in cardiac arrest with shockable rhythm
is not currently recommended (weak recommendation, low cer-
tainty of evidence).

In adult patients with cardiac arrest in whom VF or pVT persists
after three or more consecutive defibrillation attempts, vector
change defibrillation (weak recommendation, very low certainty
of evidence) or double sequential defibrillation (weak recommen-
dation, low certainty of evidence) may be attempted at the dis-
cretion of an experienced physician, provided that trained per-
sonnel and additional pads or defibrillators are immediately
available (weak recommendation, very low certainty of evidence)
(Fig. 3). When double sequential defibrillation is performed, a sin-
gle operator sequentially activates the defibrillators (good prac-
tice statement).

S44

Advanced airway management
Airway management and ventilation during cardiac arrest in-
cludes mouth-to-mouth ventilation, mouth-to-mask ventilation,
bag-mask ventilation, supraglottic airway devices, and endotra-
cheal intubation. During prolonged cardiac arrest, chest compres-
sions alone are insufficient to maintain adequate ventilation, and
airway management is necessary to facilitate effective ventilation
and reduce the risk of regurgitation and aspiration of gastric con-
tents. However, it remains unclear which airway management
strategy provides the greatest improvement in patient outcomes.
The 2015 Korean CPR guidelines recommended the use of bag-
mask ventilation or advanced airway devices for oxygenation and
ventilation during out-of-hospital or in-hospital cardiac arrest,
based on the available evidence at that time [89]. Since 2015,
three large RCTs evaluating advanced airway management during
cardiac arrest have been published. Based on analyses incorpo-
rating these data, treatment recommendations from the Interna-
tional Liaison Committee on Resuscitation (ILCOR) and guidelines
from the American Heart Association were revised and published
in 2019 [90-94]. Accordingly, the 2025 guidelines established the
following recommendations for advanced airway management:
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(1) Healthcare providers may use either bag-mask ventilation
or the placement of an advanced airway device during CPR
in adult patients under cardiac arrest (weak recommenda-
tion, moderate certainty of evidence). In adult out-of-hos-
pital cardiac arrest, when an advanced airway is placed
during CPR, supraglottic airway devices are recommended
by emergency medical personnel who lack sufficient train-
ing and experience in endotracheal intubation, whereas en-
dotracheal intubation should only be performed by emer-
gency medical personnel with adequate training and expe-
rience in endotracheal intubation (weak recommendation,
moderate certainty of evidence).

(2) During CPR in adult patients with in-hospital cardiac arrest,
either a supraglottic airway device or endotracheal intuba-
tion may be considered as an advanced airway manage-
ment strategy (weak recommendation, moderate certainty
of evidence).

Bag-mask ventilation

When bag-mask ventilation is performed during CPR, the ratio of
chest compressions to ventilation should be maintained at 30:2.
When a single rescuer uses a face mask, the rescuer should seal the
mask to the patient's face with one hand while squeezing the bag
with the other hand. Inadequate mask sealing may result in hy-
poventilation, and failure to maintain airway patency may cause
air to enter the esophagus, leading to gastric inflation and an in-
creased risk of aspiration. The two-person technique, in which one
rescuer holds the face mask with both hands while the other
squeezes the bag, is more effective. When endotracheal intubation
is performed or a supraglottic airway device is inserted, chest com-
pressions should be continued during ventilation and ventilation
should be delivered at a rate of one breath every 6 seconds [47].

Supraglottic airway devices

During CPR, if advanced airway management is considered and
the success rate of endotracheal intubation is expected to be low
owing to factors, such as limited provider experience, the use of a
supraglottic airway device is recommended. In contrast, in envi-
ronments where the success rate of endotracheal intubation is
high, such as emergency departments staffed by multiple provid-
ers with extensive experience in endotracheal intubation, either a
supraglottic airway device or endotracheal intubation may be
considered an advanced airway management strategy. Therefore,
rescuers should receive sufficient training in the use of supraglot-
tic airway devices and participate in regular practice to maximize
insertion success rates and minimize complications.

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

Endotracheal intubation

An endotracheal tube maintains airway patency, allows suction-
ing of airway secretions, enables delivery of high concentrations
of oxygen, and can be used as a route for the administration of
certain medications. In addition, it facilitates ventilation and pro-
tects the airway from aspiration of gastric contents, as well as
blood and secretions from the mouth and pharynx [95]. Despite
the diverse patient conditions and environments encountered
during resuscitation, repeated, safe, and effective endotracheal
intubation requires substantial technical skill and experience.

(1) Endotracheal intubation in emergency situations

Endotracheal intubation offers several advantages over bag-mask
ventilation. It allows ventilation without interrupting chest com-
pressions and provides effective ventilation regardless of lung or
chest wall compliance. In addition, it minimizes gastric inflation
and regurgitation, and reduces the risk of pulmonary aspiration
of gastric contents [96]. When deciding to perform endotracheal
intubation, rescuers should consider its potential risks and bene-
fits. Rescuers should be able to perform intubation without inter-
rupting the chest compressions. Intubation may be deferred after
ROSC to avoid interruption of chest compressions. If the chest
compressions must be paused for intubation, the interruption
should be limited to <5 seconds. If intubation is unsuccessful,
bag-valve mask ventilation is recommended [47]. After intuba-
tion, the correct tube placement must be confirmed to reduce the
risk of esophageal intubation.

(2) Assessment of correct endotracheal tube placement

ETCO, monitoring measures the partial pressure of carbon dioxide
in the air exhaled from the lungs. The presence of a persistent
ETCO, waveform after six ventilations indicates that the endotra-
cheal tube is located in the airway. Waveform ETCO, monitoring
has the highest sensitivity and specificity for confirming endotra-
cheal intubation and continuously verifying the tube position in
patients with out-of-hospital cardiac arrest. ETCO, monitoring
should be used in conjunction with additional clinical assess-
ments, such as auscultation and confirmation of the passage of
the endotracheal tube through the vocal cords. Because wave-
form ETCO, monitoring alone cannot distinguish whether the
tube is positioned in the trachea or mainstem bronchus, auscul-
tation must be performed to reconfirm the tube position. Wave-
form ETCO, monitoring can be used to confirm endotracheal tube
placement in all settings where advanced airway management is
performed, including out-of-hospital environments, emergency
departments, and in-hospital settings. The use of waveform ETCO,
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monitoring in conjunction with clinical judgment is strongly rec-
ommended for the confirmation of endotracheal intubation and
continuous monitoring of tube position in patients under cardiac
arrest [14,16,20,97-99].

(3) Post-endotracheal intubation management

After correct tube placement has been determined, the depth of
the endotracheal tube at the level of the upper incisors should be
recorded, and the tube should be secured using moisture-resis-
tant tape or a commercial fixation device. After securing the
tube, an oropharyngeal airway or bite block should be inserted
following placement of the endotracheal tube or other advanced
airway devices. Rescuers should reassess tube position after ad-
vanced airway placement and patient transport.

Cricothyroidotomy during CPR

If standard airway management strategies, such as oropharyngeal
airway placement, bag-mask ventilation, supraglottic airway de-
vices, or endotracheal intubation fail during cardiac arrest, inade-
quate airway maintenance and oxygen delivery may lead to fatal
outcomes. However, in cardiac arrest with ongoing chest com-
pressions, the use of monitoring indicators, such as oxygen satu-
ration is limited, and failure of ventilation may be difficult to
promptly recognize. In addition, no clinical studies specifically in-
volving patients under cardiac arrest have been reported, and it is
considered extremely difficult to design and conduct high-quality
studies that directly address this question. Therefore, when stan-
dard airway management strategies fail, cricothyroidotomy may
be considered, and appropriately trained rescuers may attempt to
establish a surgical airway through cricothyroidotomy (good
practice statement).

Mechanical ventilator settings during chest compressions

Two RCTs and two observational studies compared mechanical
ventilation with bag ventilation during CPR [100-103]. The two
RCTs were feasibility studies that compared volume-controlled
ventilation (tidal volume, 6-7 mL/kg; respiratory rate, 10/min;
and FiO,, 1.0) applied after establishing advanced airway with
bag ventilation [100,101]. Each study enrolled 60 patients and no
formal sample size calculations were performed. The results
demonstrated that the use of mechanical ventilation during me-
chanical or manual chest compressions was feasible, and no sig-
nificant differences were observed in oxygenation, ROSC, or sur-
vival rates. In a prospective observational study, mechanical ven-
tilation was associated with reduced arterial PaCO,; however, it
did not affect ROSC, survival, or neurologically favorable survival
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[102]. In addition, a retrospective study compared 298 patients
who received mechanical ventilation using a CPR-specific venti-
lator mode with 2,268 patients who received bag ventilation and
found that mechanical ventilation increased the rate of ROSC but
did not affect neurologically favorable survival [103]. Overall, the
available evidence suggests that mechanical ventilation during
chest compressions is feasible; however insufficient evidence has
demonstrated its superiority over manual bag ventilation or to
recommend a specific ventilator mode.

Therefore, when cardiac arrest occurs in patients already receiving
mechanical ventilation and ventilation is continued rather than
converted to manual ventilation, a volume-controlled ventilation
mode should be used during chest compressions. The ventilator
should be set to deliver a tidal volume of 6 to 8 mL/kg predicted
body weight or adjusted to achieve visible chest rise. Oxygen should
be administered at the maximum concentration (Fi0,, 1.0). The re-
spiratory rate should be set to 10/min with an inspiratory time of 1
to 2 seconds. PEEP should be maintained at 0 to 5 cm H,0, and the
peak airway pressure alarm should be set to 60 to 70 cm H,0.
Flow triggering should be disabled. Effective mechanical ventila-
tion should be confirmed, and if ventilation is ineffective, provid-
ers should switch to manual ventilation (expert consensus).

Mechanical CPR devices

Indications for mechanical CPR devices

Because current evidence does not demonstrate superiority of
mechanical CPR devices over manual chest compressions, manual
chest compressions are recommended as the standard method of
CPR for cardiac arrest [104-114]. However, mechanical CPR de-
vices may be a reasonable alternative when manual chest com-
pressions are difficult to perform or when maintaining high-qual-
ity chest compressions becomes challenging, particularly during
prolonged resuscitation.

Such situations include patient transport in confined spaces
(e.g., elevator transfer in high-rise building), insufficient personnel
to provide continuous chest compressions (e.g., during initiation
of extracorporeal circulation), ambulance transport with unavoid-
able movement of providers or patients, hypothermic cardiac ar-
rest with prolonged resuscitation and chest wall rigidity, or sce-
narios involving risk of exposure to infectious diseases [4,115]. In
addition, during procedures such as coronary angiography or
thrombectomy, mechanical CPR devices may reduce healthcare
provider exposure to radiation while maintaining uninterrupted
chest compressions.
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Korean treatment recommendations
As evidence demonstrating the superiority of mechanical CPR de-
vices over manual chest compressions is insufficient, routine re-
placement of manual CPR with mechanical CPR devices is not
recommended for out-of-hospital cardiac arrest (weak recom-
mendation, low certainty of evidence) or in-hospital cardiac ar-
rest (weak recommendation, very low certainty of evidence).
Mechanical CPR devices may be considered when maintaining
high-quality CPR is difficult or when provider safety is at risk
(good practice statement). Acquisition of mechanical CPR devices
involves cost, and users require appropriate training. Care should
be taken to minimize interruptions in chest compressions during
device application and removal. Delays in initiating CPR due to
preparation for mechanical CPR devices should be avoided.

Extracorporeal CPR

Introduction to extracorporeal CPR

Extracorporeal CPR (ECPR) refers to the use of extracorporeal cir-
culatory devices to maintain blood circulation in patients with
cardiac arrest. An extracorporeal circulation device delivers oxy-
genated blood by circulating it outside the body through cannu-
las inserted into a vein and an artery. Once the extracorporeal
circulation device is connected, the oxygenated blood can be cir-
culated without chest compressions or artificial ventilation. The
purpose of ECPR is to sustain life while treating the reversible
causes of cardiac arrest. The implementation of extracorporeal
circulation in patients with cardiac arrest requires highly trained
personnel and specialized equipment. Successful treatment of
cardiac arrest and patient recovery using ECPR requires close col-
laboration between the team performing extracorporeal circula-
tion and the team responsible for critical care management.

In a recent systematic review, evidence was identified from
four RCTs. Observational studies identified in previous systematic
reviews were considered to have a high risk of bias and low reli-
ability. Therefore, only results from RCTs were considered in this
update of scientific evidence and recommendation levels. Four
RCTs were identified for the prognostic analyses of survival (at
hospital discharge, 30 days, and long-term) and favorable neuro-
logical outcomes (at hospital discharge, 30 days, and long-term)
[12,116-118]. For all clinical outcomes, the certainty of evidence
was assessed as low for out-of-hospital cardiac arrest and very
low for in-hospital cardiac arrest. In a study enrolling 30 adult
patients with out-of-hospital cardiac arrest, ECPR demonstrated
benefits over standard treatment in terms of survival to hospital
discharge, favorable neurological outcomes at discharge, and fa-
vorable neurological outcomes at 6 months [116]. In a study en-
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rolling 15 adult patients with out-of-hospital cardiac arrest, ECPR
showed no benefit compared with standard treatment in terms
of survival to hospital discharge, favorable neurological outcomes
at discharge, or favorable neurological outcomes at 3 months
[117]. In a study enrolling 264 adult patients with out-of-hospital
cardiac arrest, ECPR showed no benefit compared with standard
treatment in terms of 30- or 180-day survival, or favorable neu-
rological outcome at 180 days. However, ECPR demonstrated a
benefit in favorable neurological outcome at 30 days compared
with standard treatment [12]. In a study enrolling 134 adult pa-
tients with out-of-hospital cardiac arrest, ECPR showed no bene-
fit compared to standard treatment in terms of survival to hospi-
tal discharge, favorable neurological outcomes at 30 days, or fa-
vorable neurological outcomes at 6 months [118].

Indications for ECPR
ECPR may be considered for patients with cardiac arrest due to
potentially reversible causes who do not achieve ROSC with con-
ventional CPR but are expected to recover neurologically if circu-
lation is restored. Accordingly, ECPR may be considered in pa-
tients with refractory or recurrent cardiac arrest, provided irre-
versible neurological injury has not occurred. Because assessment
of neurological recovery potential and arrest reversibility is chal-
lenging, uniform selection criteria are difficult to establish.
Previous studies have applied varying inclusion criteria. Com-
monly suggested characteristics include age <75 years, initial
shockable rhythm, correctable or cardiac cause of arrest, wit-
nessed arrest, no-flow time <5 minutes, failure to respond to
> 10 minutes of ALS, and total arrest duration <60 minutes
[119-138].

Considerations forimplementation

Implementation of ECPR requires immediate availability of
trained personnel, equipment, and facilities. As the probability of
recovery declines with increasing CPR duration, the interval from
decision-making to initiation of extracorporeal circulation should
be minimized. Healthcare providers or institutions intending to
use ECPR should establish standardized protocols, training pro-
grams, and monitoring systems to facilitate early application in
appropriately selected patients. Accordingly, ECPR may be consid-
ered as a selective rescue therapy for adult patients with
out-of-hospital cardiac arrest or in-hospital cardiac arrest who
do not achieve ROSC with conventional CPR, when available
(weak recommendation, low or very low certainty of evidence).
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Considerations during ALS

Oxygen administration during CPR

In a prospective multicenter observational study, arterial oxygen
tension during CPR was higher in adult out-of-hospital cardiac
arrest patients who survived to hospital admission [139]. Consid-
ering current recommendations and these findings, administra-
tion of the highest possible oxygen concentration (100%) during
CPR is suggested. However, after ROSC, the FiO, should be titrat-
ed to maintain oxygen saturation between 94% and 98%.

Prognostic indicators during CPR

During cardiac arrest, the ETCO, reflects the cardiac output gen-
erated by chest compressions and can be used as a prognostic in-
dicator. In adult patients with in-hospital or out-of-hospital car-
diac arrest who have undergone endotracheal intubation, a per-
sistently measured ETCO, value of <10 mmHg on waveform cap-
nography after 20 minutes of resuscitation is associated with a
very poor prognosis [14,20]. Accordingly, if ETCO, remains per-
sistently at or below 10 mmHg after 20 minutes despite appro-
priate ALS, termination of resuscitation may be considered after
taking other clinical factors into account.

However, ETCO, should not be used as the sole predictor of
survival and this criterion should not be applied to patients who
have not undergone endotracheal intubation. In addition,
non-continuous, colorimetric ETCO, detectors used in the prehos-
pital setting may be considered to confirm endotracheal tube
placement but are not recommended for prognostication or as a
basis for termination of CPR in the field.

Near-infrared spectroscopy monitoring of regional cerebral ox-
ygen saturation during CPR may serve as an indicator of cerebral
perfusion and can be applied noninvasively to assist in prognostic
assessment and decisions regarding treatment termination.
Therefore, although the data are limited, the measurement of re-
gional cerebral oxygen saturation during CPR is suggested in
adult patients with cardiac arrest as a reference for predicting
ROSC and supporting clinical decision-making [3-5,22,23,140].

Use of ultrasound during CPR

The usefulness of ultrasound, including echocardiography, during
CPR in adult patients has not yet been established. Although the
data are limited, if an experienced ultrasound operator is avail-
able and ultrasound examination does not interfere with CPR, ul-
trasound may be helpful in diagnosing cardiac tamponade or
other potential reversible causes of cardiac arrest and differenti-
ating cardiac activity in patients with PEA [141,142]. In addition,
ultrasound may be attempted as an alternative method to con-
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tinuous ETCO, monitoring for confirmation of endotracheal tube
placement during resuscitation [143]. However, recent systematic
reviews have reported that no single ultrasound finding should be
used as the sole criterion for the termination of resuscitation
[144,145].

Therefore, the routine use of POCUS during CPR to diagnose
reversible causes of cardiac arrest is not recommended (weak
recommendation, very low certainty of evidence). If an experi-
enced POCUS operator can perform ultrasound without inter-
rupting CPR, it may be considered an adjunctive diagnostic tool
when reversible causes of cardiac arrest are clinically suspected
(weak recommendation, very low certainty of evidence). The use
of POCUS during CPR should be carefully considered with aware-
ness of the high risk of interrupting chest compressions and the
potential for misinterpretation of ultrasound findings (good prac-
tice statement).

Return of consciousness during CPR

Return of consciousness during CPR, referred to as CPR-induced
consciousness, has been increasingly reported. The experiences of
rescuers and survivors encompassed diverse themes related to
cardiac arrest, CPR, and recovery. The reported experiences in-
cluded transcendent or mystical phenomena, visual and auditory
perceptions, sensations of separation from the body, dream-like
states, return of consciousness during CPR, and conscious experi-
ences during recovery from a coma. In 2021, the ILCOR conduct-
ed a scoping review to describe reported experiences and evalu-
ate whether interventions, such as the use of sedative agents,
were implemented to prevent these experiences.

(1) Evidence review

Observational studies addressing consciousness and sedation
during CPR were identified. In a study conducted in the United
States involving 143 survivors of in-hospital or out-of-hospital
cardiac arrest, no significant association was observed between
administration of sedative or analgesic medications immediately
before, during, or after CPR and the development of posttraumat-
ic stress disorder [146]. In a study in the United Kingdom involv-
ing 140 survivors of in-hospital cardiac arrest, two patients re-
ported clear conscious experiences with explicit recall of visual
and auditory perceptions during resuscitation [147].

In interviews with 67 healthcare providers in Australia, includ-
ing physicians, nurses, and paramedics, 59 respondents reported
witnessing return of consciousness during CPR; in many cases,
patients did not interfere with resuscitation. Among these events,
respondents reported temporarily pausing CPR (n = 10), reassuring
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the patient (n=7), administering sedative agents or neuromuscu-
lar blockers (n=16), or applying physical restraints (n=2) [148].
In cases in which patient consciousness interfered with resuscita-
tion efforts, such as attempts to block chest compressions or re-
move tubes or lines, 51 of 63 respondents reported such experi-
ences; management included temporary pauses in CPR (n=7),
use of sedative agents or paralytics (n=23), and application of
physical restraints (n=7). These findings highlight the need for
clearer guidance on this issue.

In an observational study of 16,558 out-of-hospital cardiac ar-
rest cases in Victoria, Australia (2008-2014), return of conscious-
ness during CPR occurred in 112 cases (0.7%). Manifestations in-
cluded eye opening (20.5%), verbalization (29.5%), physical
movement (87.5%), or combinations thereof [149]. Sedative
agents, such as midazolam, opioid analgesics, or neuromuscular
blockers were administered in 42 patients (37.5%). Return of
consciousness during CPR was associated with witnessed arrest,
and outcomes were more favorable in patients who did not re-
ceive medications. In a separate study of 23,011 out-of-hospital
cardiac arrest cases in Queensland, Australia (2007-2018), return
of consciousness during CPR was reported in 52 cases (0.23%),
most commonly presenting as agitation or aggressive behavior
(34.6%) [150]. Return of consciousness during CPR was associat-
ed with witnessed arrest, emergency medical services-witnessed
arrest, arrest occurring in a public place, and an initial shockable
rhythm, all of which were linked to higher rates of ROSC and sur-
vival.

Since 1962, 24 case reports and case series describing 31 cases
of return of consciousness during CPR have been published, with
sedative agents used in approximately 30% of cases. Reported
medications included ketamine, midazolam, and fentanyl, admin-
istered alone or in combination [151-174].

(2) Recommendations

In patients who do not achieve ROSC during CPR but temporarily
regain consciousness due to chest compressions and interfere
with high-quality CPR or pose a risk of harm to themselves or
rescuers, administration of sedative agents or analgesics, alone or
in combination, may be considered at the lowest effective dose
to alleviate pain and distress (good practice statement). Adminis-
tration of neuromuscular blocking agents alone to conscious pa-
tients during CPR is not recommended (good practice statement).
Because the optimal sedation and analgesia regimen during CPR
has not been established, medication selection may be guided by
critical care practice and local institutional protocols (good prac-
tice statement).
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In-hospital cardiac arrest

In-hospital cardiac arrest refers to any cardiac arrest occurring
within a hospital setting. Survival depends on an effective system
of care, including rapid response team operation, ALS education,
organized cardiac arrest management, and continuous quality
improvement. Early defibrillation and CPR have been associated
with improved neurological outcomes in patients with in-hospital
cardiac arrest [175-177]. Hospitalized patients often exhibit clin-
ical deterioration hours to days before cardiac arrest [178].
In-hospital cardiac arrest in adult patients most commonly oc-
curs within 2 days of hospital admission, with an incidence of
approximately 1.5 to 2.8 per 1,000 hospitalized patients [179-
184].

The survival outcomes after adult in-hospital cardiac arrest
vary widely [185], which is attributed to differences in the level
of medical care provided and adequacy of healthcare staff. Con-
sequently, outcomes of in-hospital cardiac arrest are determined
based on multiple factors. Some of these factors are modifiable,
while others are not. Nonmodifiable factors included patient age,
sex, comorbidities, and cause of cardiac arrest [186,187]. One of
the most important modifiable factors is the location where car-
diac arrest occurs. When cardiac arrest occurs in general wards,
patients are often not adequately monitored, and the arrest may
be unwitnessed, leading to poor outcomes [182,188]. In contrast,
when cardiac arrest is recognized in settings, such as intensive
care units or high-dependency units with appropriate monitoring
and readily available personnel, response and outcomes may be
improved. Therefore, each institution should establish rapid re-
sponse teams capable of appropriately managing in-hospital car-
diac arrest and implement systems for patient surveillance and
triage using early warning scores.

Rapid response system
A rapid response system was designed to enable early identifica-
tion and appropriate intervention for hospitalized patients whose
clinical conditions rapidly deteriorate [189]. Interventions by a
rapid response team include relatively simple treatments, such as
the initiation of oxygen therapy and intravenous fluid adminis-
tration, as well as complex decision-making processes, including
transfer of the patient to the intensive care unit, decisions re-
garding do-not-resuscitate orders, determination of whether to
escalate treatment stepwise to include CPR and other advanced
interventions, and discussions regarding end-of-life care planning
and terminal care.

The names of teams implementing rapid response systems vary
between institutions, both domestically and internationally, in-
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cluding rapid response teams, medical alert teams, and medical
emergency teams. Despite differences in nomenclature, these
teams serve the same fundamental function of identifying and
treating patients at high risk of clinical deterioration to prevent
cardiac arrest. Currently, controversy remains regarding whether
rapid response systems have a definitive effect on improving pa-
tient survival and reducing the incidence of cardiac arrest. Never-
theless, the successful implementation of a rapid response system
requires the establishment of an environment that ensures ap-
propriate monitoring of hospitalized patients, early detection of
clinical deterioration, and tailored responses [190].

Recent domestic and international studies have reported that
the operation of rapid response systems is associated with re-
duced incidence of in-hospital cardiac arrest and decreased mor-
tality [191-193].

A typical rapid response team is composed of physicians and
nurses specializing in critical care, who respond to predefined
calling criteria based on patient risk. These teams may completely
replace or collaborate with traditional cardiac arrest response
teams. A key element of an effective rapid response system is the
role of all personnel involved in the care of hospitalized patients.
These individuals should be empowered to request assistance for
deteriorating patients and receive training in structured commu-
nication to facilitate effective information exchange [194-196].
Such training should include structured approaches, such as the
ABCDE (airway, breathing, circulation, disability, and exposure)
assessment for vital sign measurement, evaluation, and initial
therapeutic intervention; structured communication tools, such
as SBAR (situation, background, assessment, and recommenda-
tion); and appropriate methods for requesting help [197]. Through
these measures, healthcare personnel can better recognize pa-
tients at risk, understand the clinical context, and identify when
rapid response activation is required.

Individuals involved in patient care may include not only
healthcare providers but also the patients themselves and their
family members or caregivers, who may also be encouraged to
activate the rapid response team [198-200].

Equipment preparation is essential for an effective and rapid
response team performance. Hospitals should regularly manage
and supervise resuscitation-related equipment and medications
to ensure immediate access for prompt resuscitation. Missing
equipment or device malfunctions may result in treatment delays
[201,202].

Early warning scores
Rapid response systems and early warning scores may be effec-
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tive tools for appropriate responses to cardiac arrest in patients
admitted to general wards. Most cases of in-hospital cardiac ar-
rest initially present with nonshockable rhythms on electrocardi-
ography, and signs of respiratory failure or shock typically precede
cardiac arrest [93,182,184]. Therefore, early warning scores may
assist rapid response teams in identifying critically ill patients.

To enable the early detection of clinical deterioration and de-
velopment of critical illness, healthcare providers should measure
patients' physiological parameters and document a vital sign
monitoring plan, including the frequency of measurements. This
can be facilitated by using standardized early warning scores.
Commonly used early warning scoring systems include the Na-
tional Early Warning Score (NEWS) and the Modified Early Warn-
ing Score (MEWS); however, the selection and implementation of
a specific early warning scoring system may vary depending on
institutional circumstances. In general, early warning scoring sys-
tems should align with national guidelines. For example, in the
United Kingdom, the NEWS was approved for use by the National
Institute for Health and Care Excellence [197,203].

The components of the early warning scores typically include
seven parameters: respiratory rate, oxygen saturation, use of sup-
plemental oxygen, body temperature, systolic blood pressure,
heart rate, and level of consciousness, as assessed using the AVPU
(alert, verbal, pain, unresponsive) scale. For example, the NEWS
includes all seven parameters, whereas the MEWS, commonly
used in Korea, consists of five parameters: systolic blood pressure,
heart rate, respiratory rate, body temperature, and level of con-
sciousness, assessed using the AVPU scale. Each parameter was
assigned a score ranging from 0 to 3 [204]. A total MEWS score
of <4 was classified as low risk and warrants observation; a
score of 25 was classified as moderate risk and should prompt
consultation with the rapid response team regarding further
management; and a score of 27 was classified as high risk, indi-
cating a need for intensive care and proactive intervention with
the formulation of an ongoing treatment plan.

Although no RCTs have specifically evaluated early warning
scores for prevention of adult in-hospital cardiac arrest, observa-
tional studies suggest an association between elevated scores
and cardiac arrest risk [205,206]. Emerging approaches, including
machine learning-based models, are under investigation to en-
hance early detection of clinical deterioration.

ARTICLE INFORMATION

Author details

'Department of Emergency Medicine, Inha University College of

www.ceemjournal.org



Tae-Youn Kim, et al.

Medicine, Incheon, Korea

*Department of Emergency Medicine, Yonsei University Wonju College
of Medicine, Wonju, Korea

*Division of Cardiology, Department of Internal Medicine, Ewha Womans
University College of Medicine, Seoul, Korea

“Department of Emergency Medicine, Hallym University College of
Medicine, Chuncheon, Korea

*Department of Anesthesiology and Pain Medicine, Yonsei University
College of Medicine, Seoul, Korea

®Department of Pediatrics, Inje University Sanggye Paik Hospital, Seoul,
Korea

"Department of Emergency Medicine, Seoul National University College
of Medicine, Seoul, Korea

8Design and Contents Team, Asan Medical Center, Seoul, Korea

*Division of Cardiology, Gachon University College of Medicine, Incheon,
Korea

"Department of Emergency Medicine, College of Medicine, The Catholic
University of Korea, Seoul, Korea

11Depar’cment of Paramedicine, Baekseok University, Cheonan, Korea

"’Department of Emergency Medicine, St. Vincent's Hospital, College of
Medicine, The Catholic University of Korea, Suwon, Korea

"*Department of Emergency Medicine, Chonnam National University
Medical School, Gwangju, Korea

14Emergency Medical Center, Gangnam Severance Hospital, Seoul, Korea

"*Department of Emergency Medicine, Ajou University School of
Medicine, Suwon, Korea

16Depar‘[ment of Paramedicine, Namseoul University, Cheonan, Korea

""Department of Anesthesiology and Pain Medicine, Seoul National
University Hospital, Seoul National University College of Medicine,
Seoul, Korea

"®Department of Emergency Medicine, Yonsei University College of
Medicine, Seoul, Korea

"’Department of Pediatrics, Seoul National University College of
Medicine, Seoul, Korea

Author contributions

Conceptualization: SOH; Funding acquisition: SPC; Investigation:
all authors; Project administration: SPC; Writing-original draft:
TYK, GJA; Writing-review & editing: all authors. All authors read
and approved the final manuscript.

Conflicts of interest

Chun Song Youn, Mi Jin Lee, Byung Kook Lee, Jisook Lee, Sung
Phil Chung, and Sung Oh Hwang are editorial board members of
this journal, but were not involved in the peer reviewer selection,
evaluation, or decision process of this article. The authors have no
other conflicts of interest to declare.

Funding

This work was supported by the Korea Disease Control and Pre-
vention Agency (No. 2024100BE7B-00) and the Korean Associa-
tion of Cardiopulmonary Resuscitation.

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

CEEM

Data sharing is not applicable as no new data were created or
analyzed in this study.

REFERENCES

1. Chalumeau M, Bidet P, Lina G, et al. Transmission of Pan-
ton-Valentine leukocidin-producing Staphylococcus aureus
to a physician during resuscitation of a child. Clin Infect Dis
2005;41:€29-30.

2.Nam HS, Yeon MY, Park JW, Hong JY, Son JW. Healthcare
worker infected with Middle East Respiratory Syndrome
during cardiopulmonary resuscitation in Korea, 2015. Epide-
miol Health 2017;39:€2017052.

3.Soar J, Lott C, Béttiger BW, et al. Advanced life support in
adults: European Resuscitation Council COVID-19 guide-
lines. Notf Rett Med 2020;23:248-50.

4. Edelson DP, Sasson C, Chan PS, et al. Interim guidance for
basic and advanced life support in adults, children, and neo-
nates with suspected or confirmed COVID-19: from the
emergency cardiovascular care committee and Get With The
Guidelines-Resuscitation adult and pediatric task forces of
the American Heart Association. Circulation 2020;141:
€933-43.

5. Wyckoff MH, Singletary EM, Soar J, et al. 2021 International
consensus on cardiopulmonary resuscitation and emergency
cardiovascular care science with treatment recommenda-
tions: summary from the Basic Life Support; Advanced Life
Support; Neonatal Life Support; Education, Implementation,
And Teams: First Aid Task Forces; and the COVID-19 Work-
ing Group. Circulation 2022;145:645-721.

6. Ko YC, Lin HY, Huang EP, et al. Intraosseous versus intrave-
nous vascular access in upper extremity among adults with
out-of-hospital cardiac arrest: cluster randomised clinical
trial (VICTOR trial). BMJ 2024:386:€079878.

7.Vallentin MF, Granfeldt A, Klitgaard TL, et al. Intraosseous or
intravenous vascular access for out-of-hospital cardiac ar-
rest. N Engl J Med 2025;392:349-60.

8. Couper K, Ji C, Deakin CD, et al. A randomized trial of drug
route in out-of-hospital cardiac arrest. N Engl J Med 2025;
392:336-48.

9. Andersen LW, Isbye D, Kjeergaard J, et al. Effect of vasopres-
sin and methylprednisolone vs placebo on return of sponta-
neous circulation in patients with in-hospital cardiac arrest:
a randomized clinical trial. JAMA 2021:326:1586-94.

10. Vallentin MF, Granfeldt A, Meilandt C, et al. Effect of intra-

S51


https://doi.org/10.1086/431762
https://doi.org/10.1086/431762
https://doi.org/10.1086/431762
https://doi.org/10.1086/431762
https://doi.org/10.4178/epih.e2017052
https://doi.org/10.4178/epih.e2017052
https://doi.org/10.4178/epih.e2017052
https://doi.org/10.4178/epih.e2017052
https://doi.org/10.1007/s10049-020-00720-9
https://doi.org/10.1007/s10049-020-00720-9
https://doi.org/10.1007/s10049-020-00720-9
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIRCULATIONAHA.120.047463
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1161/CIR.0000000000001017
https://doi.org/10.1136/bmj-2024-079878
https://doi.org/10.1136/bmj-2024-079878
https://doi.org/10.1136/bmj-2024-079878
https://doi.org/10.1136/bmj-2024-079878
https://doi.org/10.1056/NEJMoa2407616
https://doi.org/10.1056/NEJMoa2407616
https://doi.org/10.1056/NEJMoa2407616
https://doi.org/10.1056/NEJMoa2407780
https://doi.org/10.1056/NEJMoa2407780
https://doi.org/10.1056/NEJMoa2407780
https://doi.org/10.1001/jama.2021.16628
https://doi.org/10.1001/jama.2021.16628
https://doi.org/10.1001/jama.2021.16628
https://doi.org/10.1001/jama.2021.16628
https://doi.org/10.1001/jama.2021.20929

CEEM

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S$52

venous or intraosseous calcium vs saline on return of spon-
taneous circulation in adults with out-of-hospital cardiac
arrest: a randomized clinical trial. JAMA 2021;326:2268-76.
Cheskes S, Verbeek PR, Drennan IR, et al. Defibrillation strat-
egies for refractory ventricular fibrillation. N Engl J Med
2022;387:1947-56.

Belohlavek J, Smalcova J, Rob D, et al. Effect of intra-arrest
transport, extracorporeal cardiopulmonary resuscitation,
and immediate invasive assessment and treatment on func-
tional neurologic outcome in refractory out-of-hospital car-
diac arrest: a randomized clinical trial. JAMA
2022;327:737-47.

Crowe C, Bobrow BJ, Vadeboncoeur TF, et al. Measuring and
improving cardiopulmonary resuscitation quality inside the
emergency department. Resuscitation 2015;93:8-13.

Levin PD, Pizov R. End-tidal carbon dioxide and outcome of
out-of-hospital cardiac arrest. N Engl J Med 1997;337:
1694-5.

Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide
and outcome of out-of-hospital cardiac arrest. N Engl J
Med 1997;337:301-6.

Pearce AK, Davis DP, Minokadeh A, Sell RE. Initial end-tidal
carbon dioxide as a prognostic indicator for inpatient PEA
arrest. Resuscitation 2015;92:77-81.

Smereka J, Szarpak L, Czekajlo M, et al. The TrueCPR device
in the process of teaching cardiopulmonary resuscitation: a
randomized simulation trial. Medicine (Baltimore) 2019:98:
€15995.

Zhou XL, Wang J, Jin XQ, Zhao Y, Liu RL, Jiang C. Quality re-
tention of chest compression after repetitive practices with
or without feedback devices: a randomized manikin study.
Am J Emerg Med 2020;38:73-8.

Grmec S. Comparison of three different methods to confirm
tracheal tube placement in emergency intubation. Intensive
Care Med 2002;28:701-4.

Ahrens T, Schallom L, Bettorf K, et al. End-tidal carbon diox-
ide measurements as a prognostic indicator of outcome in
cardiac arrest. Am J Crit Care 2001;10:391-8.

Apel J, Reutrakul S, Baldwin D. Hypoglycemia in the treat-
ment of hyperkalemia with insulin in patients with end-
stage renal disease. Clin Kidney J 2014,;7:248-50.
Cournoyer A, Iseppon M, Chauny JM, Denault A, Cossette S,
Notebaert E. Near-infrared spectroscopy monitoring during
cardiac arrest: a systematic review and meta-analysis. Acad
Emerg Med 2016;23:851-62.

Engel TW, Thomas C, Medado P, et al. End tidal CO2 and ce-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Adult ALS

rebral oximetry for the prediction of return of spontaneous
circulation during cardiopulmonary resuscitation. Resuscita-
tion 2019;139:174-81.

ICU-RESUS and Eunice Kennedy Shriver National Institute
of Child Health; Human Development Collaborative Pediat-
ric Critical Care Research Network Investigator Groups, Sut-
ton RM, et al. Effect of physiologic point-of-care cardiopul-
monary resuscitation training on survival with favorable
neurologic outcome in cardiac arrest in pediatric ICUs: a
randomized clinical trial. JAMA 2022;327:934-45.

Berg RA, Morgan RW, Reeder RW, et al. Diastolic blood
pressure threshold during pediatric cardiopulmonary resus-
citation and survival outcomes: a multicenter validation
study. Crit Care Med 2023;51:91-102.

Sainio M, Hoppu S, Huhtala H, Eilevstjgnn J, Olkkola KT, Ten-
hunen J. Simultaneous beat-to-beat assessment of arterial
blood pressure and quality of cardiopulmonary resuscitation
in out-of-hospital and in-hospital settings. Resuscitation
2015;96:163-9.

Aziz S, Barratt J, Starr Z, et al. The association between in-
tra-arrest arterial blood pressure and return of spontaneous
circulation in out-of-hospital cardiac arrest. Resuscitation
2024,205:110426.

Meaney PA, Bobrow BJ, Mancini ME, et al. Cardiopulmonary
resuscitation quality: [corrected] improving cardiac resusci-
tation outcomes both inside and outside the hospital: a
consensus statement from the American Heart Association.
Circulation 2013;128:417-35.

Koscik C, Pinawin A, McGovern H, et al. Rapid epinephrine
administration improves early outcomes in out-of-hospital
cardiac arrest. Resuscitation 2013;84:915-20.

Qin H, Wang L, Yu B, Xing D, Su J, Bai Z. Effect of other ve-
nous access on cardiopulmonary resuscitation quality: a
prospective, randomized, controlled trial. Biotechnol Genet
Eng Rev 2024;40:2262-72.

Perkins GD, Ji C, Deakin CD, et al. A randomized trial of epi-
nephrine in out-of-hospital cardiac arrest. N Engl J Med
2018;379:711-21.

Haywood KL, Ji C, Quinn T, et al. Long term outcomes of
participants in the PARAMEDIC2 randomised trial of adren-
aline in out-of-hospital cardiac arrest. Resuscitation
2021;160:84-93.

Callaham M, Madsen CD, Barton CW, Saunders CE, Pointer J.
A randomized clinical trial of high-dose epinephrine and
norepinephrine vs standard-dose epinephrine in prehospital
cardiac arrest. JAMA 1992:268:2667-72.

www.ceemjournal.org


https://doi.org/10.1001/jama.2021.20929
https://doi.org/10.1001/jama.2021.20929
https://doi.org/10.1001/jama.2021.20929
https://doi.org/10.1056/nejmoa2207304
https://doi.org/10.1056/nejmoa2207304
https://doi.org/10.1056/nejmoa2207304
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1001/jama.2022.1025
https://doi.org/10.1016/j.resuscitation.2015.04.031
https://doi.org/10.1016/j.resuscitation.2015.04.031
https://doi.org/10.1016/j.resuscitation.2015.04.031
https://doi.org/10.1056/nejm199712043372314
https://doi.org/10.1056/nejm199712043372314
https://doi.org/10.1056/nejm199712043372314
https://doi.org/10.1056/nejm199707313370503
https://doi.org/10.1056/nejm199707313370503
https://doi.org/10.1056/nejm199707313370503
https://doi.org/10.1016/j.resuscitation.2015.04.025
https://doi.org/10.1016/j.resuscitation.2015.04.025
https://doi.org/10.1016/j.resuscitation.2015.04.025
https://doi.org/10.1097/MD.0000000000015995
https://doi.org/10.1097/MD.0000000000015995
https://doi.org/10.1097/MD.0000000000015995
https://doi.org/10.1097/MD.0000000000015995
https://doi.org/10.1016/j.ajem.2019.04.025
https://doi.org/10.1016/j.ajem.2019.04.025
https://doi.org/10.1016/j.ajem.2019.04.025
https://doi.org/10.1016/j.ajem.2019.04.025
https://doi.org/10.1007/s00134-002-1290-x
https://doi.org/10.1007/s00134-002-1290-x
https://doi.org/10.1007/s00134-002-1290-x
https://doi.org/10.4037/ajcc2001.10.6.391
https://doi.org/10.4037/ajcc2001.10.6.391
https://doi.org/10.4037/ajcc2001.10.6.391
https://doi.org/10.1093/ckj/sfu026
https://doi.org/10.1093/ckj/sfu026
https://doi.org/10.1093/ckj/sfu026
https://doi.org/10.1111/acem.12980
https://doi.org/10.1111/acem.12980
https://doi.org/10.1111/acem.12980
https://doi.org/10.1111/acem.12980
https://doi.org/10.1016/j.resuscitation.2019.04.006
https://doi.org/10.1016/j.resuscitation.2019.04.006
https://doi.org/10.1016/j.resuscitation.2019.04.006
https://doi.org/10.1016/j.resuscitation.2019.04.006
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1001/jama.2022.1738
https://doi.org/10.1097/CCM.0000000000005715
https://doi.org/10.1097/CCM.0000000000005715
https://doi.org/10.1097/CCM.0000000000005715
https://doi.org/10.1097/CCM.0000000000005715
https://doi.org/10.1016/j.resuscitation.2015.08.004
https://doi.org/10.1016/j.resuscitation.2015.08.004
https://doi.org/10.1016/j.resuscitation.2015.08.004
https://doi.org/10.1016/j.resuscitation.2015.08.004
https://doi.org/10.1016/j.resuscitation.2015.08.004
https://doi.org/10.1016/j.resuscitation.2024.110426
https://doi.org/10.1016/j.resuscitation.2024.110426
https://doi.org/10.1016/j.resuscitation.2024.110426
https://doi.org/10.1016/j.resuscitation.2024.110426
https://doi.org/10.1161/cir.0b013e31829d8654
https://doi.org/10.1161/cir.0b013e31829d8654
https://doi.org/10.1161/cir.0b013e31829d8654
https://doi.org/10.1161/cir.0b013e31829d8654
https://doi.org/10.1161/cir.0b013e31829d8654
https://doi.org/10.1016/j.resuscitation.2013.03.023
https://doi.org/10.1016/j.resuscitation.2013.03.023
https://doi.org/10.1016/j.resuscitation.2013.03.023
https://doi.org/10.1080/02648725.2023.2199239
https://doi.org/10.1080/02648725.2023.2199239
https://doi.org/10.1080/02648725.2023.2199239
https://doi.org/10.1080/02648725.2023.2199239
https://doi.org/10.1056/NEJMoa1806842
https://doi.org/10.1056/NEJMoa1806842
https://doi.org/10.1056/NEJMoa1806842
https://doi.org/10.1016/j.resuscitation.2021.01.019
https://doi.org/10.1016/j.resuscitation.2021.01.019
https://doi.org/10.1016/j.resuscitation.2021.01.019
https://doi.org/10.1016/j.resuscitation.2021.01.019
https://doi.org/10.1001/jama.1992.03490190067033
https://doi.org/10.1001/jama.1992.03490190067033
https://doi.org/10.1001/jama.1992.03490190067033
https://doi.org/10.1001/jama.1992.03490190067033

Tae-Youn Kim, et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Moreira ME, Hernandez C, Stevens AD, et al. Color-coded
prefilled medication syringes decrease time to delivery and
dosing error in simulated emergency department pediatric
resuscitations. Ann Emerg Med 2015;66:97-106.

Donnino MW, Salciccioli JD, Howell MD, et al. Time to ad-
ministration of epinephrine and outcome after in-hospital
cardiac arrest with non-shockable rhythms: retrospective
analysis of large in-hospital data registry. BMJ 2014;348:
93028.

Fernando SM, Mathew R, Sadeghirad B, et al. Epinephrine in
out-of-hospital cardiac arrest: a network meta-analysis and
subgroup analyses of shockable and nonshockable rhythms.
Chest 2023;164:381-93.

Elbadawi A, Tan BE, Assaf Y, et al. Meta-analysis of efficacy
of vasopressin during cardiopulmonary resuscitation. Am J
Cardiol 2022;181:122-9.

An HR, Han YR, Wang TH, et al. Meta-analysis of the factors
influencing the restoration of spontaneous circulation after
cardiopulmonary resuscitation. Front Physiol 2022;13:
834352.

Holmberg MJ, Granfeldt A, Mentzelopoulos SD, Andersen
LW. Vasopressin and glucocorticoids for in-hospital cardiac
arrest: a systematic review and meta-analysis of individual
participant data. Resuscitation 2022;171:48-56.

Andersen LW, Holmberg MJ, Haybye M, et al. Vasopressin
and methylprednisolone and hemodynamics after in-hospi-
tal cardiac arrest: post hoc analysis of the VAM-IHCA trial.
Resuscitation 2023;191:109922.

Granfeldt A, Sindberg B, Isbye D, et al. Effect of vasopressin
and methylprednisolone vs. placebo on long-term outcomes
in patients with in-hospital cardiac arrest a randomized
clinical trial. Resuscitation 2022;175:67-71.

Kawano T, Grunau B, Scheuermeyer FX; et al. Prehospital so-
dium bicarbonate use could worsen long term survival with
favorable neurological recovery among patients with
out-of-hospital cardiac arrest. Resuscitation 2017;119:63-9.
Niederberger SM, Crowe RP, Salcido DD, Menegazzi JJ. Sodi-
um bicarbonate administration is associated with improved
survival in asystolic and PEA out-of-hospital cardiac arrest.
Resuscitation 2023;182:109641.

Vallentin MF, Granfeldt A, Meilandt C, et al. Effect of calcium
vs. placebo on long-term outcomes in patients with
out-of-hospital cardiac arrest. Resuscitation 2022;179:21-4.
Kudenchuk PJ, Brown SP, Daya M, et al. Amiodarone, lido-
caine, or placebo in out-of-hospital cardiac arrest. N Engl J
Med 2016;374:1711-22.

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

CEEM

46. Thel MC, Armstrong AL, McNulty SE, Califf RM, O'Connor

47.

48.

49.

50.

51.

52.

53.

54.

CM:; Duke Internal Medicine Housestaff. Randomised trial of
magnesium in in-hospital cardiac arrest. Lancet 1997;350:
1272-6.

Soar J, Nolan JP, Béttiger BW, et al. European Resuscitation
Council guidelines for resuscitation 2015: Section 3. Adult
advanced life support. Resuscitation 2015;95:100-47.
Skrifvars MB, Pettila V, Rosenberg PH, Castrén M. A multiple
logistic regression analysis of in-hospital factors related to
survival at six months in patients resuscitated from
out-of-hospital ventricular fibrillation. Resuscitation 2003;
59:319-28.

Kudenchuk PJ, Newell C, White L, Fahrenbruch C, Rea T,
Eisenberg M. Prophylactic lidocaine for post resuscitation
care of patients with out-of-hospital ventricular fibrillation
cardiac arrest. Resuscitation 2013;84:1512-8.

Meier P, Baker P, Jost D, et al. Chest compressions before
defibrillation for out-of-hospital cardiac arrest: a me-
ta-analysis of randomized controlled clinical trials. BMC
Med 2010;8:52.

Huang Y, He Q, Yang U, Liu GJ, Jones A. Cardiopulmonary
resuscitation (CPR) plus delayed defibrillation versus imme-
diate defibrillation for out-of-hospital cardiac arrest. Co-
chrane Database Syst Rev 2014;2014:CD009803.
Berdowski J, Tijssen JG, Koster RW. Chest compressions
cause recurrence of ventricular fibrillation after the first
successful conversion by defibrillation in out-of-hospital
cardiac arrest. Circ Arrhythm Electrophysiol 2010;3:72-8.
Berdowski J, Berg RA, Tijssen JG, Koster RW. Global inci-
dences of out-of-hospital cardiac arrest and survival rates:
Systematic review of 67 prospective studies. Resuscitation
2010;81:1479-87.

Hanisch JR, Counts CR, Latimer AJ, Rea TD, Yin L, Sayre MR.
Causes of chest compression interruptions during out
-of-hospital cardiac arrest resuscitation. J Am Heart Assoc
2020;9:¢015599.

55. Valenzuela TD, Kern KB, Clark LL, et al. Interruptions of chest

56.

57.

compressions during emergency medical systems resuscita-
tion. Circulation 2005;112:1259-65.

Brouwer TF, Walker RG, Chapman FW, Koster RW. Associa-
tion between chest compression interruptions and clinical
outcomes of ventricular fibrillation out-of-hospital cardiac
arrest. Circulation 2015;132:1030-7.

Jost D, Degrange H, Verret C, et al. DEFI 2005: a randomized
controlled trial of the effect of automated external defibril-
lator cardiopulmonary resuscitation protocol on outcome

S$53


https://doi.org/10.1016/j.annemergmed.2014.12.035
https://doi.org/10.1016/j.annemergmed.2014.12.035
https://doi.org/10.1016/j.annemergmed.2014.12.035
https://doi.org/10.1016/j.annemergmed.2014.12.035
https://doi.org/10.1136/bmj.g3028
https://doi.org/10.1136/bmj.g3028
https://doi.org/10.1136/bmj.g3028
https://doi.org/10.1136/bmj.g3028
https://doi.org/10.1136/bmj.g3028
https://doi.org/10.1016/j.chest.2023.01.033
https://doi.org/10.1016/j.chest.2023.01.033
https://doi.org/10.1016/j.chest.2023.01.033
https://doi.org/10.1016/j.chest.2023.01.033
https://doi.org/10.1016/j.amjcard.2022.06.042
https://doi.org/10.1016/j.amjcard.2022.06.042
https://doi.org/10.1016/j.amjcard.2022.06.042
https://doi.org/10.3389/fphys.2022.834352
https://doi.org/10.3389/fphys.2022.834352
https://doi.org/10.3389/fphys.2022.834352
https://doi.org/10.3389/fphys.2022.834352
https://doi.org/10.1016/j.resuscitation.2021.12.030
https://doi.org/10.1016/j.resuscitation.2021.12.030
https://doi.org/10.1016/j.resuscitation.2021.12.030
https://doi.org/10.1016/j.resuscitation.2021.12.030
https://doi.org/10.1016/j.resuscitation.2023.109922
https://doi.org/10.1016/j.resuscitation.2023.109922
https://doi.org/10.1016/j.resuscitation.2023.109922
https://doi.org/10.1016/j.resuscitation.2023.109922
https://doi.org/10.1016/j.resuscitation.2022.04.017
https://doi.org/10.1016/j.resuscitation.2022.04.017
https://doi.org/10.1016/j.resuscitation.2022.04.017
https://doi.org/10.1016/j.resuscitation.2022.04.017
https://doi.org/10.1016/j.resuscitation.2017.08.008
https://doi.org/10.1016/j.resuscitation.2017.08.008
https://doi.org/10.1016/j.resuscitation.2017.08.008
https://doi.org/10.1016/j.resuscitation.2017.08.008
https://doi.org/10.1016/j.resuscitation.2022.11.007
https://doi.org/10.1016/j.resuscitation.2022.11.007
https://doi.org/10.1016/j.resuscitation.2022.11.007
https://doi.org/10.1016/j.resuscitation.2022.11.007
https://doi.org/10.1016/j.resuscitation.2022.07.034
https://doi.org/10.1016/j.resuscitation.2022.07.034
https://doi.org/10.1016/j.resuscitation.2022.07.034
https://doi.org/10.1056/NEJMoa1514204
https://doi.org/10.1056/NEJMoa1514204
https://doi.org/10.1056/NEJMoa1514204
https://doi.org/10.1016/s0140-6736(97)05048-4
https://doi.org/10.1016/s0140-6736(97)05048-4
https://doi.org/10.1016/s0140-6736(97)05048-4
https://doi.org/10.1016/s0140-6736(97)05048-4
https://doi.org/10.1016/j.resuscitation.2015.07.016
https://doi.org/10.1016/j.resuscitation.2015.07.016
https://doi.org/10.1016/j.resuscitation.2015.07.016
https://doi.org/10.1016/s0300-9572(03)00238-7
https://doi.org/10.1016/s0300-9572(03)00238-7
https://doi.org/10.1016/s0300-9572(03)00238-7
https://doi.org/10.1016/s0300-9572(03)00238-7
https://doi.org/10.1016/s0300-9572(03)00238-7
https://doi.org/10.1016/j.resuscitation.2013.05.022
https://doi.org/10.1016/j.resuscitation.2013.05.022
https://doi.org/10.1016/j.resuscitation.2013.05.022
https://doi.org/10.1016/j.resuscitation.2013.05.022
https://doi.org/10.1186/1741-7015-8-52
https://doi.org/10.1186/1741-7015-8-52
https://doi.org/10.1186/1741-7015-8-52
https://doi.org/10.1186/1741-7015-8-52
https://doi.org/10.1002/14651858.cd009803
https://doi.org/10.1002/14651858.cd009803
https://doi.org/10.1002/14651858.cd009803
https://doi.org/10.1002/14651858.cd009803
https://doi.org/10.1161/circep.109.902114
https://doi.org/10.1161/circep.109.902114
https://doi.org/10.1161/circep.109.902114
https://doi.org/10.1161/circep.109.902114
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1161/jaha.119.015599
https://doi.org/10.1161/jaha.119.015599
https://doi.org/10.1161/jaha.119.015599
https://doi.org/10.1161/jaha.119.015599
https://doi.org/10.1161/circulationaha.105.537282
https://doi.org/10.1161/circulationaha.105.537282
https://doi.org/10.1161/circulationaha.105.537282
https://doi.org/10.1161/circulationaha.115.014016
https://doi.org/10.1161/circulationaha.115.014016
https://doi.org/10.1161/circulationaha.115.014016
https://doi.org/10.1161/circulationaha.115.014016
https://doi.org/10.1161/circulationaha.109.878389
https://doi.org/10.1161/circulationaha.109.878389
https://doi.org/10.1161/circulationaha.109.878389

CEEM

58.

59.

60.

61.

62.

63

64.

65.

66.

67.

68.

S54

from out-of-hospital cardiac arrest. Circulation 2010;
121:1614-22.

Berdowski J, ten Haaf M, Tijssen JG, Chapman FW, Koster
RW. Time in recurrent ventricular fibrillation and survival
after out-of-hospital cardiac arrest. Circulation 2010;122:
1101-8.

White RD, Blanton DM. Biphasic truncated exponential
waveform defibrillation. Prehosp Emerg Care 1999;3:283-9.
Carpenter J, Rea TD, Murray JA, Kudenchuk PJ, Eisenberg
MS. Defibrillation waveform and post-shock rhythm in out
-of-hospital ventricular fibrillation cardiac arrest. Resuscita-
tion 2003;59:189-96.

Stothert JC, Hatcher TS, Gupton CL, Love JE, Brewer JE. Rec-
tilinear biphasic waveform defibrillation of out-of-hospital
cardiac arrest. Prehosp Emerg Care 2004;8:388-92.

Tanabe S, Yasunaga H, Ogawa T, et al. Comparison of out-
comes after use of biphasic or monophasic defibrillators
among out-of-hospital cardiac arrest patients: a nationwide
population-based observational study. Circ Cardiovasc Qual
QOutcomes 2012;5:689-96.

. Schneider T, Martens PR, Paschen H, et al. Multicenter, ran-

domized, controlled trial of 150-J biphasic shocks compared
with 200- to 360-J monophasic shocks in the resuscitation
of out-of-hospital cardiac arrest victims. Circulation
2000;102:1780-7.

van Alem AP, Chapman FW, Lank P, Hart AA, Koster RW. A
prospective, randomised and blinded comparison of first
shock success of monophasic and biphasic waveforms in
out-of-hospital cardiac arrest. Resuscitation 2003;58:17-
24,

Morrison LJ, Dorian P, Long J, et al. Out-of-hospital cardiac
arrest rectilinear biphasic to monophasic damped sine de-
fibrillation waveforms with advanced life support interven-
tion trial (ORBIT). Resuscitation 2005:66:149-57.
Kudenchuk PJ, Cobb LA, Copass MK, Olsufka M, Maynard C,
Nichol G. Transthoracic incremental monophasic versus bi-
phasic defibrillation by emergency responders (TIMBER): a
randomized comparison of monophasic with biphasic wave-
form ascending energy defibrillation for the resuscitation of
out-of-hospital cardiac arrest due to ventricular fibrillation.
Circulation 2006;114:2010-8.

Martens PR, Russell JK, Wolcke B, et al. Optimal response to
cardiac arrest study: defibrillation waveform effects. Resus-
citation 2001;49:233-43.

Wang CH, Huang CH, Chang WT, et al. Biphasic versus
monophasic defibrillation in out-of-hospital cardiac arrest:

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Adult ALS

a systematic review and meta-analysis. Am J Emerg Med
2013;31:1472-8.

Walsh SJ, McClelland AJ, Owens CG, et al. Efficacy of dis-
tinct energy delivery protocols comparing two biphasic de-
fibrillators for cardiac arrest. Am J Cardiol 2004:94:378-80.
Stiell IG, Walker RG, Nesbitt LP, et al. BIPHASIC trial: a ran-
domized comparison of fixed lower versus escalating higher
energy levels for defibrillation in out-of-hospital cardiac ar-
rest. Circulation 2007;115:1511-7.

Koster RW, Walker RG, Chapman FW. Recurrent ventricular
fibrillation during advanced life support care of patients
with prehospital cardiac arrest. Resuscitation 2008;78:252-
7.

Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: Adult ad-
vanced cardiovascular life support: 2015 American Heart
Association guidelines update for cardiopulmonary resusci-
tation and emergency cardiovascular care. Circulation
2015;132(18_suppl_2): S444-64.

Edelson DP, Abella BS, Kramer-Johansen J, et al. Effects of
compression depth and pre-shock pauses predict defibrilla-
tion failure during cardiac arrest. Resuscitation 2006;71:
137-45.

Cheskes S, Schmicker RH, Christenson J, et al. Perishock
pause: an independent predictor of survival from
out-of-hospital shockable cardiac arrest. Circulation
2011;124:58-66.

Cheskes S, Schmicker RH, Verbeek PR, et al. The impact of
peri-shock pause on survival from out-of-hospital shockable
cardiac arrest during the Resuscitation Outcomes Consor-
tium PRIMED trial. Resuscitation 2014;85:336-42.

Sell RE, Sarno R, Lawrence B, et al. Minimizing pre- and
post-defibrillation pauses increases the likelihood of return
of spontaneous circulation (ROSC). Resuscitation 2010;
81:822-5.

Edelson DP, Robertson-Dick BJ, Yuen TC, et al. Safety and
efficacy of defibrillator charging during ongoing chest com-
pressions: a multi-center study. Resuscitation 2010;
81:1521-6.

Perkins GD, Davies RP, Soar J, Thickett DR. The impact of
manual defibrillation technique on no-flow time during
simulated cardiopulmonary resuscitation. Resuscitation
2007;73:109-14.

Hummel RS, Ornato JP, Weinberg SM, Clarke AM.
Spark-generating properties of electrode gels used during
defibrillation. A potential fire hazard. JAMA 1988;
260:3021-4.

www.ceemjournal.org


https://doi.org/10.1161/circulationaha.109.878389
https://doi.org/10.1161/circulationaha.109.878389
https://doi.org/10.1161/circulationaha.110.958173
https://doi.org/10.1161/circulationaha.110.958173
https://doi.org/10.1161/circulationaha.110.958173
https://doi.org/10.1161/circulationaha.110.958173
https://doi.org/10.1080/10903129908958955
https://doi.org/10.1080/10903129908958955
https://doi.org/10.1016/s0300-9572(03)00183-7
https://doi.org/10.1016/s0300-9572(03)00183-7
https://doi.org/10.1016/s0300-9572(03)00183-7
https://doi.org/10.1016/s0300-9572(03)00183-7
https://doi.org/10.1016/j.prehos.2004.05.002
https://doi.org/10.1016/j.prehos.2004.05.002
https://doi.org/10.1016/j.prehos.2004.05.002
https://doi.org/10.1161/CIRCOUTCOMES.112.965319
https://doi.org/10.1161/CIRCOUTCOMES.112.965319
https://doi.org/10.1161/CIRCOUTCOMES.112.965319
https://doi.org/10.1161/CIRCOUTCOMES.112.965319
https://doi.org/10.1161/CIRCOUTCOMES.112.965319
https://doi.org/10.1161/01.cir.102.15.1780
https://doi.org/10.1161/01.cir.102.15.1780
https://doi.org/10.1161/01.cir.102.15.1780
https://doi.org/10.1161/01.cir.102.15.1780
https://doi.org/10.1161/01.cir.102.15.1780
https://doi.org/10.1016/s0300-9572(03)00106-0
https://doi.org/10.1016/s0300-9572(03)00106-0
https://doi.org/10.1016/s0300-9572(03)00106-0
https://doi.org/10.1016/s0300-9572(03)00106-0
https://doi.org/10.1016/s0300-9572(03)00106-0
https://doi.org/10.1016/j.resuscitation.2004.11.031
https://doi.org/10.1016/j.resuscitation.2004.11.031
https://doi.org/10.1016/j.resuscitation.2004.11.031
https://doi.org/10.1016/j.resuscitation.2004.11.031
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1161/circulationaha.106.636506
https://doi.org/10.1016/s0300-9572(01)00321-5
https://doi.org/10.1016/s0300-9572(01)00321-5
https://doi.org/10.1016/s0300-9572(01)00321-5
https://doi.org/10.1016/j.ajem.2013.07.033
https://doi.org/10.1016/j.ajem.2013.07.033
https://doi.org/10.1016/j.ajem.2013.07.033
https://doi.org/10.1016/j.ajem.2013.07.033
https://doi.org/10.1016/j.amjcard.2004.04.042
https://doi.org/10.1016/j.amjcard.2004.04.042
https://doi.org/10.1016/j.amjcard.2004.04.042
https://doi.org/10.1161/circulationaha.106.648204
https://doi.org/10.1161/circulationaha.106.648204
https://doi.org/10.1161/circulationaha.106.648204
https://doi.org/10.1161/circulationaha.106.648204
https://doi.org/10.1016/j.resuscitation.2008.03.231
https://doi.org/10.1016/j.resuscitation.2008.03.231
https://doi.org/10.1016/j.resuscitation.2008.03.231
https://doi.org/10.1016/j.resuscitation.2008.03.231
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1161/CIR.0000000000000261
https://doi.org/10.1016/j.resuscitation.2006.04.008
https://doi.org/10.1016/j.resuscitation.2006.04.008
https://doi.org/10.1016/j.resuscitation.2006.04.008
https://doi.org/10.1016/j.resuscitation.2006.04.008
https://doi.org/10.1161/circulationaha.110.010736
https://doi.org/10.1161/circulationaha.110.010736
https://doi.org/10.1161/circulationaha.110.010736
https://doi.org/10.1161/circulationaha.110.010736
https://doi.org/10.1016/j.resuscitation.2013.10.014
https://doi.org/10.1016/j.resuscitation.2013.10.014
https://doi.org/10.1016/j.resuscitation.2013.10.014
https://doi.org/10.1016/j.resuscitation.2013.10.014
https://doi.org/10.1016/j.resuscitation.2010.03.013
https://doi.org/10.1016/j.resuscitation.2010.03.013
https://doi.org/10.1016/j.resuscitation.2010.03.013
https://doi.org/10.1016/j.resuscitation.2010.03.013
https://doi.org/10.1016/j.resuscitation.2010.07.014
https://doi.org/10.1016/j.resuscitation.2010.07.014
https://doi.org/10.1016/j.resuscitation.2010.07.014
https://doi.org/10.1016/j.resuscitation.2010.07.014
https://doi.org/10.1016/j.resuscitation.2006.08.009
https://doi.org/10.1016/j.resuscitation.2006.08.009
https://doi.org/10.1016/j.resuscitation.2006.08.009
https://doi.org/10.1016/j.resuscitation.2006.08.009
https://doi.org/10.1001/jama.1988.03410200077029
https://doi.org/10.1001/jama.1988.03410200077029
https://doi.org/10.1001/jama.1988.03410200077029
https://doi.org/10.1001/jama.1988.03410200077029

Tae-Youn Kim, et al.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Ward ME. Risk of fires when using defibrillators in an oxy-
gen enriched atmosphere. Resuscitation 1996;31:173.
Theodorou AA, Gutierrez JA, Berg RA. Fire attributable to a
defibrillation attempt in a neonate. Pediatrics 2003;
112:677-9.

Pagan-Carlo LA, Spencer KT, Robertson CE, Dengler A, Bir-
kett C, Kerber RE. Transthoracic defibrillation: importance of
avoiding electrode placement directly on the female breast.
J Am Coll Cardiol 1996;27:449-52.

Deakin CD, Sado DM, Petley GW, Clewlow F. Is the orienta-
tion of the apical defibrillation paddle of importance during
manual external defibrillation? Resuscitation 2003;56:15-8.
Deakin CD, MclLaren RM, Petley GW, Clewlow F, Dalrym-
ple-Hay MJ. Effects of positive end-expiratory pressure on
transthoracic impedance--implications for defibrillation.
Resuscitation 1998;37:9-12.

Cabaiias JG, Myers JB, Williams JG, De Maio VJ, Bachman
MW. Double sequential external defibrillation in out-of-hos-
pital refractory ventricular fibrillation: a report of ten cases.
Prehosp Emerg Care 2015;19:126-30.

Cheskes S, Dorian P, Feldman M, et al. Double sequential ex-
ternal defibrillation for refractory ventricular fibrillation: the
DOSE VF pilot randomized controlled trial. Resuscitation
2020;150:178-84.

Cortez E, Krebs W, Davis J, Keseg DP, Panchal AR. Use of
double sequential external defibrillation for refractory ven-
tricular fibrillation during out-of-hospital cardiac arrest. Re-
suscitation 2016;108:82-6.

Emmerson AC, Whitbread M, Fothergill RT. Double sequen-
tial defibrillation therapy for out-of-hospital cardiac arrests:
the London experience. Resuscitation 2017;117:97-101.
Chung SP, Sakamoto T, Lim SH, et al. The 2015 Resuscitation
Council of Asia (RCA) guidelines on adult basic life support
for lay rescuers. Resuscitation 2016;105:145-8.

Wang HE, Schmicker RH, Daya MR, et al. Effect of a strategy
of initial laryngeal tube insertion vs endotracheal intubation
on 72-hour survival in adults with out-of-hospital cardiac
arrest: a randomized clinical trial. JAMA 2018;320:769-78.
Benger JR, Kirby K, Black S, et al. Effect of a strategy of a
supraglottic airway device vs tracheal intubation during out
-of-hospital cardiac arrest on functional outcome: the AIR-
WAYS-2 randomized clinical trial. JAMA 2018;320:779-91.
Jabre P, Penaloza A, Pinero D, et al. Effect of Bag-Mask ven-
tilation vs endotracheal intubation during cardiopulmonary
resuscitation on neurological outcome after out-of-hospital
cardiorespiratory arrest: a randomized clinical trial. JAMA

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

2018;319:779-87.

Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Gran-
feldt A. In-hospital cardiac arrest: a review. JAMA 2019;321:
1200-10.

Soar J, Maconochie I, Wyckoff MH, et al. 2019 International
consensus on cardiopulmonary resuscitation and emergency
cardiovascular care science with treatment recommenda-
tions: summary from the Basic Life Support; Advanced Life
Support; Pediatric Life Support; Neonatal Life Support; Edu-
cation, Implementation, and Teams; and First Aid Task Forc-
es. Circulation 2019;140:¢826-80.

Benoit JL, Gerecht RB, Steuerwald MT, McMullan JT. Endo-
tracheal intubation versus supraglottic airway placement in
out-of-hospital cardiac arrest: a meta-analysis. Resuscita-
tion 2015;93:20-6.

Kramer-Johansen J, Wik L, Steen PA. Advanced cardiac life
support before and after tracheal intubation: direct mea-
surements of quality. Resuscitation 2006;68:61-9.

Callaham M, Barton C. Prediction of outcome of cardiopul-
monary resuscitation from end-tidal carbon dioxide con-
centration. Crit Care Med 1990;18:358-62.

Cantineau JP, Lambert Y, Merckx P, et al. End-tidal carbon
dioxide during cardiopulmonary resuscitation in humans
presenting mostly with asystole: a predictor of outcome.
Crit Care Med 1996;24:791-6.

Wayne MA, Levine RL, Miller CC. Use of end-tidal carbon di-
oxide to predict outcome in prehospital cardiac arrest. Ann
Emerg Med 1995;25:762-7.

Shin J, Lee HJ, Jin KN, et al. Automatic mechanical ventila-
tion vs manual bag ventilation during CPR: a pilot random-
ized controlled trial. Chest 2024;166:311-20.

Tangpaisarn T, Tosibphanom J, Sata R, Kotruchin P, Drum-
heller B, Phungoen P. The effects of mechanical versus bag-
valve ventilation on gas exchange during cardiopulmonary
resuscitation in emergency department patients: a random-
ized controlled trial (CPR-VENT). Resuscitation 2023;
193:109966.

Hernandez-Tejedor A, Gonzalez Puebla V, Corral Torres E,
Benito Sanchez A, Pinilla Lopez R, Galan Calategui MD. Ven-
tilatory improvement with mechanical ventilator versus bag
in non-traumatic out-of-hospital cardiac arrest: SYMEVECA
study, phase 1. Resuscitation 2023;192:109965.

Malinverni S, Wilmin S, de Longueville D, et al. A retrospec-
tive comparison of mechanical cardio-pulmonary ventila-
tion and manual bag valve ventilation in non-traumatic out
-of-hospital cardiac arrests: a study from the Belgian cardi-

S55


https://doi.org/10.1016/0300-9572(96)00961-6
https://doi.org/10.1016/0300-9572(96)00961-6
https://doi.org/10.1542/peds.112.3.677
https://doi.org/10.1542/peds.112.3.677
https://doi.org/10.1542/peds.112.3.677
https://doi.org/10.1016/0735-1097(95)00487-4
https://doi.org/10.1016/0735-1097(95)00487-4
https://doi.org/10.1016/0735-1097(95)00487-4
https://doi.org/10.1016/0735-1097(95)00487-4
https://doi.org/10.1016/s0300-9572(02)00290-3
https://doi.org/10.1016/s0300-9572(02)00290-3
https://doi.org/10.1016/s0300-9572(02)00290-3
https://doi.org/10.1016/s0300-9572(98)00049-5
https://doi.org/10.1016/s0300-9572(98)00049-5
https://doi.org/10.1016/s0300-9572(98)00049-5
https://doi.org/10.1016/s0300-9572(98)00049-5
https://doi.org/10.3109/10903127.2014.942476
https://doi.org/10.3109/10903127.2014.942476
https://doi.org/10.3109/10903127.2014.942476
https://doi.org/10.3109/10903127.2014.942476
https://doi.org/10.1016/j.resuscitation.2020.02.010
https://doi.org/10.1016/j.resuscitation.2020.02.010
https://doi.org/10.1016/j.resuscitation.2020.02.010
https://doi.org/10.1016/j.resuscitation.2020.02.010
https://doi.org/10.1016/j.resuscitation.2016.08.002
https://doi.org/10.1016/j.resuscitation.2016.08.002
https://doi.org/10.1016/j.resuscitation.2016.08.002
https://doi.org/10.1016/j.resuscitation.2016.08.002
https://doi.org/10.1016/j.resuscitation.2017.06.011
https://doi.org/10.1016/j.resuscitation.2017.06.011
https://doi.org/10.1016/j.resuscitation.2017.06.011
https://doi.org/10.1016/j.resuscitation.2016.05.025
https://doi.org/10.1016/j.resuscitation.2016.05.025
https://doi.org/10.1016/j.resuscitation.2016.05.025
https://doi.org/10.1001/jama.2018.7044
https://doi.org/10.1001/jama.2018.7044
https://doi.org/10.1001/jama.2018.7044
https://doi.org/10.1001/jama.2018.7044
https://doi.org/10.1001/jama.2018.11597
https://doi.org/10.1001/jama.2018.11597
https://doi.org/10.1001/jama.2018.11597
https://doi.org/10.1001/jama.2018.11597
https://doi.org/10.1001/jama.2018.0156
https://doi.org/10.1001/jama.2018.0156
https://doi.org/10.1001/jama.2018.0156
https://doi.org/10.1001/jama.2018.0156
https://doi.org/10.1001/jama.2018.0156
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1161/CIR.0000000000000734
https://doi.org/10.1016/j.resuscitation.2015.05.007
https://doi.org/10.1016/j.resuscitation.2015.05.007
https://doi.org/10.1016/j.resuscitation.2015.05.007
https://doi.org/10.1016/j.resuscitation.2015.05.007
https://doi.org/10.1016/j.resuscitation.2005.05.020
https://doi.org/10.1016/j.resuscitation.2005.05.020
https://doi.org/10.1016/j.resuscitation.2005.05.020
https://doi.org/10.1097/00003246-199004000-00002
https://doi.org/10.1097/00003246-199004000-00002
https://doi.org/10.1097/00003246-199004000-00002
https://doi.org/10.1016/0300-9572(96)89056-3
https://doi.org/10.1016/0300-9572(96)89056-3
https://doi.org/10.1016/0300-9572(96)89056-3
https://doi.org/10.1016/0300-9572(96)89056-3
https://doi.org/10.1016/s0196-0644(95)70204-0
https://doi.org/10.1016/s0196-0644(95)70204-0
https://doi.org/10.1016/s0196-0644(95)70204-0
https://doi.org/10.1016/j.chest.2024.02.020
https://doi.org/10.1016/j.chest.2024.02.020
https://doi.org/10.1016/j.chest.2024.02.020
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109966
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2023.109965
https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.1016/j.resuscitation.2024.110203

CEEM

104.

105.

106.

107.

108.

109.

10.

1.

12.

1n3.

14.

S$56

ac arrest registry. Resuscitation 2024;199:110203.
Hallstrom A, Rea TD, Sayre MR, et al. Manual chest com-
pression vs use of an automated chest compression device
during resuscitation following out-of-hospital cardiac ar-
rest: a randomized trial. JAMA 2006;295:2620-8.

Wik L, Olsen JA, Persse D, et al. Manual vs. integrated auto-
matic load-distributing band CPR with equal survival after
out of hospital cardiac arrest. The randomized CIRC trial.
Resuscitation 2014;85:741-8.

Gao C, Chen Y, Peng H, Chen Y, Zhuang Y, Zhou S. Clinical
evaluation of the AutoPulse automated chest compression
device for out-of-hospital cardiac arrest in the northern dis-
trict of Shanghai, China. Arch Med Sci 2016;12:563-70.
Koster RW, Beenen LF, van der Boom EB, et al. Safety of me-
chanical chest compression devices AutoPulse and LUCAS in
cardiac arrest: a randomized clinical trial for non-inferiority.
Eur Heart J 2017;38:3006-13.

Rubertsson S, Lindgren E, Smekal D, et al. Mechanical chest
compressions and simultaneous defibrillation vs conven-
tional cardiopulmonary resuscitation in out-of-hospital car-
diac arrest: the LINC randomized trial. JAMA 2014;311:53-
61.

Smekal D, Johansson J, Huzevka T, Rubertsson S. A pilot
study of mechanical chest compressions with the LUCAS
device in cardiopulmonary resuscitation. Resuscitation 2011;
82:702-6.

Anantharaman V, Ng BL, Ang SH, et al. Prompt use of me-
chanical cardiopulmonary resuscitation in out-of-hospital
cardiac arrest: the MECCA study report. Singapore Med J
2017;58:424-31.

Perkins GD, Lall R, Quinn T, et al. Mechanical versus manual
chest compression for out-of-hospital cardiac arrest (PARA-
MEDIC): a pragmatic, cluster randomised controlled trial.
Lancet 2015;385:947-55.

Couper K, Quinn T, Booth K, et al. Mechanical versus manual
chest compressions in the treatment of in-hospital cardiac
arrest patients in a non-shockable rhythm: a multi-centre
feasibility randomised controlled trial (COMPRESS-RCT). Re-
suscitation 2021;158:228-35.

Baloglu Kaya F, Acar N, Ozakin E, Canakci ME, Kuas C, Bilgin
M. Comparison of manual and mechanical chest compres-
sion techniques using cerebral oximetry in witnessed cardi-
ac arrests at the emergency department: a prospective, ran-
domized clinical study. Am J Emerg Med 2021;41:163-9.

Lu XG, Kang X, Gong DB. The clinical efficacy of Thumper
modal 1007 cardiopulmonary resuscitation: a prospective

15.

116.

17.

18.

19.

120.

121.

122.

123.

124.

125.

Adult ALS

randomized control trial. Zhongguo Wei Zhong Bing Ji Jiu Yi
Xue 2010;22:496-7.

Panchal AR, Bartos JA, Cabanas JG, et al. Part 3: Adult basic
and advanced life support: 2020 American Heart Associa-
tion guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Circulation 2020;142(16_sup-
pl_2): S366-468.

Yannopoulos D, Bartos J, Raveendran G, et al. Advanced
reperfusion strategies for patients with out-of-hospital car-
diac arrest and refractory ventricular fibrillation (ARREST): a
phase 2, single centre, open-label, randomised controlled
trial. Lancet 2020;396:1807-16.

Hsu CH, Meurer WJ, Domeier R, et al. Extracorporeal cardio-
pulmonary resuscitation for refractory out-of-hospital car-
diac arrest (EROCA): results of a randomized feasibility trial
of expedited out-of-hospital transport. Ann Emerg Med
2021;78:92-101.

Suverein MM, Delnoij TS, Lorusso R, et al. Early extracorpo-
real CPR for refractory out-of-hospital cardiac arrest. N Eng|
J Med 2023;388:299-309.

Bartos JA, Grunau B, Carlson C, et al. Improved survival with
extracorporeal cardiopulmonary resuscitation despite pro-
gressive metabolic derangement associated with prolonged
resuscitation. Circulation 2020;141:877-86.

Cesana F, Avalli L, Garatti L, et al. Effects of extracorporeal
cardiopulmonary resuscitation on neurological and cardiac
outcome after ischaemic refractory cardiac arrest. Eur Heart
J Acute Cardiovasc Care 2018;7:432-41.

Chen YS, Lin JW, Yu HY, et al. Cardiopulmonary resuscitation
with assisted extracorporeal life-support versus convention-
al cardiopulmonary resuscitation in adults with in-hospital
cardiac arrest: an observational study and propensity analy-
sis. Lancet 2008;372:554-61.

Choi DH, Kim YJ, Ryoo SM, et al. Extracorporeal cardiopul-
monary resuscitation among patients with out-of-hospital
cardiac arrest. Clin Exp Emerg Med 2016;3:132-8.

Lin JW, Wang MJ, Yu HY, et al. Comparing the survival be-
tween extracorporeal rescue and conventional resuscitation
in adult in-hospital cardiac arrests: propensity analysis of
three-year data. Resuscitation 2010;81:796-803.

Siao FY, Chiu CC, Chiu CW, et al. Managing cardiac arrest
with refractory ventricular fibrillation in the emergency de-
partment: conventional cardiopulmonary resuscitation ver-
sus extracorporeal cardiopulmonary resuscitation. Resusci-
tation 2015;92:70-6.

Yannopoulos D, Bartos JA, Martin C, et al. Minnesota resus-

www.ceemjournal.org


https://doi.org/10.1016/j.resuscitation.2024.110203
https://doi.org/10.1001/jama.295.22.2620
https://doi.org/10.1001/jama.295.22.2620
https://doi.org/10.1001/jama.295.22.2620
https://doi.org/10.1001/jama.295.22.2620
https://doi.org/10.1016/j.resuscitation.2014.03.005
https://doi.org/10.1016/j.resuscitation.2014.03.005
https://doi.org/10.1016/j.resuscitation.2014.03.005
https://doi.org/10.1016/j.resuscitation.2014.03.005
https://doi.org/10.5114/aoms.2016.59930
https://doi.org/10.5114/aoms.2016.59930
https://doi.org/10.5114/aoms.2016.59930
https://doi.org/10.5114/aoms.2016.59930
https://doi.org/10.1093/eurheartj/ehx318
https://doi.org/10.1093/eurheartj/ehx318
https://doi.org/10.1093/eurheartj/ehx318
https://doi.org/10.1093/eurheartj/ehx318
https://doi.org/10.1001/jama.2013.282538
https://doi.org/10.1001/jama.2013.282538
https://doi.org/10.1001/jama.2013.282538
https://doi.org/10.1001/jama.2013.282538
https://doi.org/10.1001/jama.2013.282538
https://doi.org/10.1016/j.resuscitation.2011.01.032
https://doi.org/10.1016/j.resuscitation.2011.01.032
https://doi.org/10.1016/j.resuscitation.2011.01.032
https://doi.org/10.1016/j.resuscitation.2011.01.032
https://doi.org/10.11622/smedj.2017071
https://doi.org/10.11622/smedj.2017071
https://doi.org/10.11622/smedj.2017071
https://doi.org/10.11622/smedj.2017071
https://doi.org/10.1016/s0140-6736(14)61886-9
https://doi.org/10.1016/s0140-6736(14)61886-9
https://doi.org/10.1016/s0140-6736(14)61886-9
https://doi.org/10.1016/s0140-6736(14)61886-9
https://doi.org/10.1016/j.resuscitation.2020.09.033
https://doi.org/10.1016/j.resuscitation.2020.09.033
https://doi.org/10.1016/j.resuscitation.2020.09.033
https://doi.org/10.1016/j.resuscitation.2020.09.033
https://doi.org/10.1016/j.resuscitation.2020.09.033
https://doi.org/10.1016/j.ajem.2020.06.031
https://doi.org/10.1016/j.ajem.2020.06.031
https://doi.org/10.1016/j.ajem.2020.06.031
https://doi.org/10.1016/j.ajem.2020.06.031
https://doi.org/10.1016/j.ajem.2020.06.031
https://www.ncbi.nlm.nih.gov/pubmed/21033510
https://www.ncbi.nlm.nih.gov/pubmed/21033510
https://www.ncbi.nlm.nih.gov/pubmed/21033510
https://www.ncbi.nlm.nih.gov/pubmed/21033510
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1016/s0140-6736(20)32338-2
https://doi.org/10.1016/s0140-6736(20)32338-2
https://doi.org/10.1016/s0140-6736(20)32338-2
https://doi.org/10.1016/s0140-6736(20)32338-2
https://doi.org/10.1016/s0140-6736(20)32338-2
https://doi.org/10.1016/j.annemergmed.2020.11.011
https://doi.org/10.1016/j.annemergmed.2020.11.011
https://doi.org/10.1016/j.annemergmed.2020.11.011
https://doi.org/10.1016/j.annemergmed.2020.11.011
https://doi.org/10.1016/j.annemergmed.2020.11.011
https://doi.org/10.1056/NEJMoa2204511
https://doi.org/10.1056/NEJMoa2204511
https://doi.org/10.1056/NEJMoa2204511
https://doi.org/10.1161/circulationaha.119.042173
https://doi.org/10.1161/circulationaha.119.042173
https://doi.org/10.1161/circulationaha.119.042173
https://doi.org/10.1161/circulationaha.119.042173
https://doi.org/10.1177/2048872617737041
https://doi.org/10.1177/2048872617737041
https://doi.org/10.1177/2048872617737041
https://doi.org/10.1177/2048872617737041
https://doi.org/10.1016/s0140-6736(08)60958-7
https://doi.org/10.1016/s0140-6736(08)60958-7
https://doi.org/10.1016/s0140-6736(08)60958-7
https://doi.org/10.1016/s0140-6736(08)60958-7
https://doi.org/10.1016/s0140-6736(08)60958-7
https://doi.org/10.15441/ceem.16.145
https://doi.org/10.15441/ceem.16.145
https://doi.org/10.15441/ceem.16.145
https://doi.org/10.1016/j.resuscitation.2010.03.002
https://doi.org/10.1016/j.resuscitation.2010.03.002
https://doi.org/10.1016/j.resuscitation.2010.03.002
https://doi.org/10.1016/j.resuscitation.2010.03.002
https://doi.org/10.1016/j.resuscitation.2015.04.016
https://doi.org/10.1016/j.resuscitation.2015.04.016
https://doi.org/10.1016/j.resuscitation.2015.04.016
https://doi.org/10.1016/j.resuscitation.2015.04.016
https://doi.org/10.1016/j.resuscitation.2015.04.016
https://doi.org/10.1161/jaha.116.003732

Tae-Youn Kim, et al.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

citation consortium's advanced perfusion and reperfusion
cardiac life support strategy for out-of-hospital refractory
ventricular fibrillation. J Am Heart Assoc 2016;5:e003732.
Yannopoulos D, Bartos JA, Raveendran G, et al. Coronary ar-
tery disease in patients with out-of-hospital refractory ven-
tricular fibrillation cardiac arrest. J Am Coll Cardiol 2017;70:
1109-17.

Matsuoka Y, Ikenoue T, Hata N, et al. Hospitals' extracorpo-
real cardiopulmonary resuscitation capabilities and out-
comes in out-of-hospital cardiac arrest: a population-based
study. Resuscitation 2019;136:85-92.

Sakamoto T, Morimura N, Nagao K, et al. Extracorporeal
cardiopulmonary resuscitation versus conventional cardio-
pulmonary resuscitation in adults with out-of-hospital car-
diac arrest: a prospective observational study. Resuscitation
2014,;85:762-8.

Chou TH, Fang CC, Yen ZS, et al. An observational study of
extracorporeal CPR for in-hospital cardiac arrest secondary
to myocardial infarction. Emerg Med J 2014;31:441-7.

Hase M, Tsuchihashi K, Fujii N, et al. Early defibrillation and
circulatory support can provide better long-term outcomes
through favorable neurological recovery in patients with
out-of-hospital cardiac arrest of cardiac origin. Circ J
2005;69:1302-7.

Maekawa K, Tanno K, Hase M, Mori K, Asai Y. Extracorporeal
cardiopulmonary resuscitation for patients with out-of-hos-
pital cardiac arrest of cardiac origin: a propensity-matched
study and predictor analysis. Crit Care Med 2013;41:1186-
96.

Schober A, Sterz F, Herkner H, et al. Emergency extracorpo-
real life support and ongoing resuscitation: a retrospective
comparison for refractory out-of-hospital cardiac arrest.
Emerg Med J 2017;34:277-81.

Cho YH, Kim WS, Sung K, et al. Management of cardiac ar-
rest caused by acute massive pulmonary thromboembolism:
importance of percutaneous cardiopulmonary support.
ASAIO J 2014;60:280-3.

Han KS, Kim SJ, Lee EJ, Lee SW. The effect of extracorporeal
cardiopulmonary resuscitation in re-arrest after survival
event: a retrospective analysis. Perfusion 2020;35:39-47.
Mandigers L, Scholten E, Rietdijk WJ, et al. Survival and
neurological outcome with extracorporeal cardiopulmonary
resuscitation for refractory cardiac arrest caused by massive
pulmonary embolism: a two center observational study. Re-
suscitation 2019;136:8-13.

Tanno K, Itoh Y, Takeyama Y, Nara S, Mori K, Asai Y. Utstein

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

CEEM

style study of cardiopulmonary bypass after cardiac arrest.
Am J Emerg Med 2008;26:649-54.

Venturini JM, Retzer E, Estrada JR, et al. Mechanical chest
compressions improve rate of return of spontaneous circu-
lation and allow for initiation of percutaneous circulatory
support during cardiac arrest in the cardiac catheterization
laboratory. Resuscitation 2017;115:56-60.

Shin TG, Jo IJ, Sim MS, et al. Two-year survival and neuro-
logical outcome of in-hospital cardiac arrest patients res-
cued by extracorporeal cardiopulmonary resuscitation. Int J
Cardiol 2013;168:3424-30.

Spindelboeck W, Gemes G, Strasser C, et al. Arterial blood
gases during and their dynamic changes after cardiopulmo-
nary resuscitation: a prospective clinical study. Resuscitation
2016;106:24-9.

Singer AJ, Nguyen RT, Ravishankar ST, et al. Cerebral oxime-
try versus end tidal CO(2) in predicting ROSC after cardiac
arrest. Am J Emerg Med 2018;36:403-7.

Breitkreutz R, Price S, Steiger HV, et al. Focused echocardio-
graphic evaluation in life support and peri-resuscitation of
emergency patients: a prospective trial. Resuscitation 2010;
81:1527-33.

Gaspari R, Weekes A, Adhikari S, et al. Emergency depart-
ment point-of-care ultrasound in out-of-hospital and in-ED
cardiac arrest. Resuscitation 2016;109:33-9.

Chou HC, Chong KM, Sim SS, et al. Real-time tracheal ultra-
sonography for confirmation of endotracheal tube place-
ment during cardiopulmonary resuscitation. Resuscitation
2013;84:1708-12.

Olasveengen TM, Mancini ME, Perkins GD, et al. Adult basic
life support: 2020 international consensus on cardiopulmo-
nary resuscitation and emergency cardiovascular care sci-
ence with treatment recommendations. Circulation 2020;
142(16_suppl_1): S41-91.

Soar J, Berg KM, Andersen LW, et al. Adult advanced life
support: 2020 international consensus on cardiopulmonary
resuscitation and emergency cardiovascular care science
with treatment recommendations. Resuscitation
2020;156:A80-119.

Gamper G, Willeit M, Sterz F, et al. Life after death: post-
traumatic stress disorder in survivors of cardiac ar-
rest--prevalence, associated factors, and the influence of
sedation and analgesia. Crit Care Med 2004,;32:378-83.
Parnia S, Spearpoint K, de Vos G, et al. AWARE-AWAreness
during Resuscitation: a prospective study. Resuscitation
2014;85:1799-805.

S57


https://doi.org/10.1161/jaha.116.003732
https://doi.org/10.1161/jaha.116.003732
https://doi.org/10.1161/jaha.116.003732
https://doi.org/10.1016/j.jacc.2017.06.059
https://doi.org/10.1016/j.jacc.2017.06.059
https://doi.org/10.1016/j.jacc.2017.06.059
https://doi.org/10.1016/j.jacc.2017.06.059
https://doi.org/10.1016/j.resuscitation.2019.01.013
https://doi.org/10.1016/j.resuscitation.2019.01.013
https://doi.org/10.1016/j.resuscitation.2019.01.013
https://doi.org/10.1016/j.resuscitation.2019.01.013
https://doi.org/10.1016/j.resuscitation.2014.01.031
https://doi.org/10.1016/j.resuscitation.2014.01.031
https://doi.org/10.1016/j.resuscitation.2014.01.031
https://doi.org/10.1016/j.resuscitation.2014.01.031
https://doi.org/10.1016/j.resuscitation.2014.01.031
https://doi.org/10.1136/emermed-2012-202173
https://doi.org/10.1136/emermed-2012-202173
https://doi.org/10.1136/emermed-2012-202173
https://doi.org/10.1253/circj.69.1302
https://doi.org/10.1253/circj.69.1302
https://doi.org/10.1253/circj.69.1302
https://doi.org/10.1253/circj.69.1302
https://doi.org/10.1253/circj.69.1302
https://doi.org/10.1097/CCM.0b013e31827ca4c8
https://doi.org/10.1097/CCM.0b013e31827ca4c8
https://doi.org/10.1097/CCM.0b013e31827ca4c8
https://doi.org/10.1097/CCM.0b013e31827ca4c8
https://doi.org/10.1097/CCM.0b013e31827ca4c8
https://doi.org/10.1136/emermed-2015-205232
https://doi.org/10.1136/emermed-2015-205232
https://doi.org/10.1136/emermed-2015-205232
https://doi.org/10.1136/emermed-2015-205232
https://doi.org/10.1097/MAT.0000000000000063
https://doi.org/10.1097/MAT.0000000000000063
https://doi.org/10.1097/MAT.0000000000000063
https://doi.org/10.1097/MAT.0000000000000063
https://doi.org/10.1177/0267659119850679
https://doi.org/10.1177/0267659119850679
https://doi.org/10.1177/0267659119850679
https://doi.org/10.1016/j.resuscitation.2018.12.008
https://doi.org/10.1016/j.resuscitation.2018.12.008
https://doi.org/10.1016/j.resuscitation.2018.12.008
https://doi.org/10.1016/j.resuscitation.2018.12.008
https://doi.org/10.1016/j.resuscitation.2018.12.008
https://doi.org/10.1016/j.ajem.2007.09.019
https://doi.org/10.1016/j.ajem.2007.09.019
https://doi.org/10.1016/j.ajem.2007.09.019
https://doi.org/10.1016/j.resuscitation.2017.03.037
https://doi.org/10.1016/j.resuscitation.2017.03.037
https://doi.org/10.1016/j.resuscitation.2017.03.037
https://doi.org/10.1016/j.resuscitation.2017.03.037
https://doi.org/10.1016/j.resuscitation.2017.03.037
https://doi.org/10.1016/j.ijcard.2013.04.183
https://doi.org/10.1016/j.ijcard.2013.04.183
https://doi.org/10.1016/j.ijcard.2013.04.183
https://doi.org/10.1016/j.ijcard.2013.04.183
https://doi.org/10.1016/j.resuscitation.2016.06.013
https://doi.org/10.1016/j.resuscitation.2016.06.013
https://doi.org/10.1016/j.resuscitation.2016.06.013
https://doi.org/10.1016/j.resuscitation.2016.06.013
https://doi.org/10.1016/j.ajem.2017.08.046
https://doi.org/10.1016/j.ajem.2017.08.046
https://doi.org/10.1016/j.ajem.2017.08.046
https://doi.org/10.1016/j.resuscitation.2010.07.013
https://doi.org/10.1016/j.resuscitation.2010.07.013
https://doi.org/10.1016/j.resuscitation.2010.07.013
https://doi.org/10.1016/j.resuscitation.2010.07.013
https://doi.org/10.1016/j.resuscitation.2016.09.018
https://doi.org/10.1016/j.resuscitation.2016.09.018
https://doi.org/10.1016/j.resuscitation.2016.09.018
https://doi.org/10.1016/j.resuscitation.2013.06.018
https://doi.org/10.1016/j.resuscitation.2013.06.018
https://doi.org/10.1016/j.resuscitation.2013.06.018
https://doi.org/10.1016/j.resuscitation.2013.06.018
https://doi.org/10.1161/CIR.0000000000000892
https://doi.org/10.1161/CIR.0000000000000892
https://doi.org/10.1161/CIR.0000000000000892
https://doi.org/10.1161/CIR.0000000000000892
https://doi.org/10.1161/CIR.0000000000000892
https://doi.org/10.1016/j.resuscitation.2020.09.012
https://doi.org/10.1016/j.resuscitation.2020.09.012
https://doi.org/10.1016/j.resuscitation.2020.09.012
https://doi.org/10.1016/j.resuscitation.2020.09.012
https://doi.org/10.1016/j.resuscitation.2020.09.012
https://doi.org/10.1097/01.ccm.0000108880.97967.c0
https://doi.org/10.1097/01.ccm.0000108880.97967.c0
https://doi.org/10.1097/01.ccm.0000108880.97967.c0
https://doi.org/10.1097/01.ccm.0000108880.97967.c0
https://doi.org/10.1016/j.resuscitation.2014.09.004
https://doi.org/10.1016/j.resuscitation.2014.09.004
https://doi.org/10.1016/j.resuscitation.2014.09.004

CEEM

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

S$58

Olaussen A, Shepherd M, Nehme Z, et al. CPR-induced con-
sciousness: a cross-sectional study of healthcare practi-
tioners' experience. Australas Emerg Nurs J 2016;19:186-
90.

Olaussen A, Nehme Z, Shepherd M, et al. Consciousness in-
duced during cardiopulmonary resuscitation: an observa-
tional study. Resuscitation 2017;113:44-50.

Doan TN, Adams L, Schultz BV, et al. Insights into the epide-
miology of cardiopulmonary resuscitation-induced con-
sciousness in out-of-hospital cardiac arrest. Emerg Med
Australas 2020;32:769-76.

Bernier GM. Maintenance of consciousness during closed-
chest massage. JAMA 1962;181:446-7.

Miller JB, Davie RD, Douglas DM. The efficiency of cardiac
massage in ventricular fibrillation. Description of an in-
stance of recovery of consciousness without spontaneous
heart beat. Br J Anaesth 1961;33:22-3.

Lewinter JR, Carden DL, Nowak RM, Enriquez E, Martin GB.
CPR-dependent consciousness: evidence for cardiac com-
pression causing forward flow. Ann Emerg Med 1989;18:
1M11-5.

Quinn JV, Hebert PC, Stiell IG. Need for sedation in a patient
undergoing active compression: decompression cardiopul-
monary resuscitation. Acad Emerg Med 1994;1:463-6.
McDonald G. Code blue stories: awake and aware in the
emergency department. Hosp Physician 2005;41:12.

Yu HY, Yeh HL, Wang SS, et al. Ultra long cardiopulmonary
resuscitation with intact cerebral performance for an asys-
tolic patient with acute myocarditis. Resuscitation 2007;73:
307-8.

Bihari S, Rajajee V. Prolonged retention of awareness during
cardiopulmonary resuscitation for asystolic cardiac arrest.
Neurocrit Care 2008;9:382-6.

Tobin JM, Mihm FG. A hemodynamic profile for conscious-
ness during cardiopulmonary resuscitation. Anesth Analg
2009;109:1598-9.

Ulrichs CJ, Béttiger BW, Padosch SA. Total recall: is it ethical
not to sedate people during successful resuscitation? Resus-
citation 2014;85:e49.

Fauber J. New CPR devices save lives, Medical College study
finds. Milwaukee J Sentinel 2011 Jan 18 [Online]. https://ar-
chive.jsonline.com/news/health/114171424.html/

Greb CH, Heightman AJ. Mechanical CPR helps save the
day-and the patient. J Emerg Med Serv 2014 Jan 29 [On-
line]. https://www.jems.com/patient-care/cardiac-resuscita-
tion/mechanical-cpr-helps-save-day-and-patien/

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Adult ALS

Gwinnutt C. Awareness during resuscitation. Resuscitation
2015;97:e17.

Hoppenfeld MS, Kotov A, Ortega R. Ventricular fibrillation
and consciousness are not mutually exclusive. Resuscitation
2016;100:e1-2.

Oksar M, Turhanoglu S. Is it possible to maintain conscious-
ness and spontaneous ventilation with chest compression in
the early phase of cardiac arrest? Case Rep Anesthesiol
2016;2016:3158015.

Pound J, Verbeek PR, Cheskes S. CPR induced consciousness
during out-of-hospital cardiac arrest: a case report on an
emerging phenomenon. Prehosp Emerg Care 2017;21:252-
6.

Rice DT, Nudell NG, Habrat DA, Smith JE, Ernest EV. CPR in-
duced consciousness: it's time for sedation protocols for this
growing population. Resuscitation 2016;103:¢15-6.

Grandi T, De Carlo S, Carosi V, et al. Six cases of CPR-in-
duced consciousness in witnessed cardiac arrest. Italian J
Emerg Med 2017 Mar 1 [Online]. https://www.itjem.
org/2017/03/01/six-cases-of-cpr-induced-consciousness-
in-witnessed-cardiac-arrest/

Gray R. Consciousness with cardiopulmonary resuscitation.
Can Fam Physician 2018;64:514-7.

Wacht O, Huri R, Strugo R. Case study: combative cardiac
patient. What do you do when a patient regains conscious-
ness during mechanical CPR? EMS World 2015;44:29-33.
Pinto J, Almeida P, Ribeiro F, Simdes R. Cardiopulmonary re-
suscitation induced consciousness a case report in an elder-
ly patient. Eur J Case Rep Intern Med 2020;7:001409.
Sukumar V. Having a conscious patient during cardiopulmo-
nary resuscitation: is it not time to consider sedation proto-
col?: a case report. A A Pract 2019;13:250-2.

Asghar A, Salim B, Tahir S, Islam F, Khan MF. Awareness
during cardiopulmonary resuscitation. Indian J Crit Care
Med 2020;24:136-7.

Chin KC, Yang SC, Chiang WC. Video of cardiopulmonary re-
suscitation induced consciousness during ventricular fibril-
lation. Resuscitation 2020;155:22-3.

Lapostolle F, Petrovic T, Alhéritiere A, Agostinucci JM, Adnet
F. Life signs in "dead" patients. Resuscitation 2012;83:e164.
Chan PS, Krumholz HM, Nichol G, Nallamothu BK; American
Heart Association National Registry of Cardiopulmonary Re-
suscitation Investigators. Delayed time to defibrillation after
in-hospital cardiac arrest. N Engl J Med 2008;358:9-17.
Kang JY, Kim YJ, Shin YJ, Huh JW, Hong SB, Kim WY. Associ-
ation between time to defibrillation and neurologic out-

www.ceemjournal.org


https://doi.org/10.1016/j.aenj.2016.07.002
https://doi.org/10.1016/j.aenj.2016.07.002
https://doi.org/10.1016/j.aenj.2016.07.002
https://doi.org/10.1016/j.aenj.2016.07.002
https://doi.org/10.1016/j.resuscitation.2017.01.018
https://doi.org/10.1016/j.resuscitation.2017.01.018
https://doi.org/10.1016/j.resuscitation.2017.01.018
https://doi.org/10.1111/1742-6723.13505
https://doi.org/10.1111/1742-6723.13505
https://doi.org/10.1111/1742-6723.13505
https://doi.org/10.1111/1742-6723.13505
https://doi.org/10.1001/jama.1962.03050310086018c
https://doi.org/10.1001/jama.1962.03050310086018c
https://doi.org/10.1093/bja/33.1.22
https://doi.org/10.1093/bja/33.1.22
https://doi.org/10.1093/bja/33.1.22
https://doi.org/10.1093/bja/33.1.22
https://doi.org/10.1016/s0196-0644(89)80942-4
https://doi.org/10.1016/s0196-0644(89)80942-4
https://doi.org/10.1016/s0196-0644(89)80942-4
https://doi.org/10.1016/s0196-0644(89)80942-4
https://doi.org/10.1111/j.1553-2712.1994.tb02529.x
https://doi.org/10.1111/j.1553-2712.1994.tb02529.x
https://doi.org/10.1111/j.1553-2712.1994.tb02529.x
https://doi.org/10.1016/j.resuscitation.2006.08.012
https://doi.org/10.1016/j.resuscitation.2006.08.012
https://doi.org/10.1016/j.resuscitation.2006.08.012
https://doi.org/10.1016/j.resuscitation.2006.08.012
https://doi.org/10.1007/s12028-008-9099-2
https://doi.org/10.1007/s12028-008-9099-2
https://doi.org/10.1007/s12028-008-9099-2
https://doi.org/10.1213/ane.0b013e3181b89432
https://doi.org/10.1213/ane.0b013e3181b89432
https://doi.org/10.1213/ane.0b013e3181b89432
https://doi.org/10.1016/j.resuscitation.2013.12.026
https://doi.org/10.1016/j.resuscitation.2013.12.026
https://doi.org/10.1016/j.resuscitation.2013.12.026
https://archive.jsonline.com/news/health/114171424.html/
https://archive.jsonline.com/news/health/114171424.html/
https://www.jems.com/patient-care/cardiac-resuscitation/mechanical-cpr-helps-save-day-and-patien/
https://www.jems.com/patient-care/cardiac-resuscitation/mechanical-cpr-helps-save-day-and-patien/
https://doi.org/10.1016/j.resuscitation.2014.12.036
https://doi.org/10.1016/j.resuscitation.2014.12.036
https://doi.org/10.1016/j.resuscitation.2015.11.025
https://doi.org/10.1016/j.resuscitation.2015.11.025
https://doi.org/10.1016/j.resuscitation.2015.11.025
https://doi.org/10.1155/2016/3158015
https://doi.org/10.1155/2016/3158015
https://doi.org/10.1155/2016/3158015
https://doi.org/10.1155/2016/3158015
https://doi.org/10.1080/10903127.2016.1229823
https://doi.org/10.1080/10903127.2016.1229823
https://doi.org/10.1080/10903127.2016.1229823
https://doi.org/10.1080/10903127.2016.1229823
https://doi.org/10.1016/j.resuscitation.2016.02.013
https://doi.org/10.1016/j.resuscitation.2016.02.013
https://doi.org/10.1016/j.resuscitation.2016.02.013
https://www.itjem.org/2017/03/01/six-cases-of-cpr-induced-consciousness-in-witnessed-cardiac-arrest/
https://www.itjem.org/2017/03/01/six-cases-of-cpr-induced-consciousness-in-witnessed-cardiac-arrest/
https://www.itjem.org/2017/03/01/six-cases-of-cpr-induced-consciousness-in-witnessed-cardiac-arrest/
https://www.ncbi.nlm.nih.gov/pubmed/30002027
https://www.ncbi.nlm.nih.gov/pubmed/30002027
https://www.ncbi.nlm.nih.gov/pubmed/26357830
https://www.ncbi.nlm.nih.gov/pubmed/26357830
https://www.ncbi.nlm.nih.gov/pubmed/26357830
https://doi.org/10.12890/2020_001409
https://doi.org/10.12890/2020_001409
https://doi.org/10.12890/2020_001409
https://doi.org/10.1213/xaa.0000000000001037
https://doi.org/10.1213/xaa.0000000000001037
https://doi.org/10.1213/xaa.0000000000001037
https://doi.org/10.5005/jp-journals-10071-23345
https://doi.org/10.5005/jp-journals-10071-23345
https://doi.org/10.5005/jp-journals-10071-23345
https://doi.org/10.1016/j.resuscitation.2020.07.006
https://doi.org/10.1016/j.resuscitation.2020.07.006
https://doi.org/10.1016/j.resuscitation.2020.07.006
https://doi.org/10.1016/j.resuscitation.2012.01.045
https://doi.org/10.1016/j.resuscitation.2012.01.045
https://doi.org/10.1056/nejmoa0706467
https://doi.org/10.1056/nejmoa0706467
https://doi.org/10.1056/nejmoa0706467
https://doi.org/10.1056/nejmoa0706467
https://doi.org/10.1016/j.amjms.2019.05.003
https://doi.org/10.1016/j.amjms.2019.05.003

Tae-Youn Kim, et al.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

come in patients with in-hospital cardiac arrest. Am J Med
Sci 2019;358:143-8.

Patel KK, Spertus JA, Khariton Y, et al. Association between
prompt defibrillation and epinephrine treatment with long-
term survival after in-hospital cardiac arrest. Circulation
2018;137:2041-51.

Andersen LW, Kim WY, Chase M, et al. The prevalence and
significance of abnormal vital signs prior to in-hospital car-
diac arrest. Resuscitation 2016;98:112-7.

Neumar RW, Eigel B, Callaway CW, et al. American Heart
Association response to the 2015 Institute of Medicine re-
port on strategies to improve cardiac arrest survival. Circu-
lation 2015;132:1049-70.

Adamski J, Nowakowski P, Goryhski P, Onichimowski D,
Weigl W. Incidence of in-hospital cardiac arrest in Poland.
Anaesthesiol Intensive Ther 2016;48:288-93.

Andersen LW, Holmberg MJ, Lafgren B, Kirkegaard H, Gran-
feldt A. Adult in-hospital cardiac arrest in Denmark. Resus-
citation 2019;140:31-6.

Hessulf F, Karlsson T, Lundgren P, et al. Factors of impor-
tance to 30-day survival after in-hospital cardiac arrest in
Sweden: a population-based register study of more than
18,000 cases. Int J Cardiol 2018;255:237-42.

Radeschi G, Mina A, Berta G, et al. Incidence and outcome
of in-hospital cardiac arrest in Italy: a multicentre observa-
tional study in the Piedmont Region. Resuscitation
2017;119:48-55.

Nolan JP, Soar J, Smith GB, et al. Incidence and outcome of
in-hospital cardiac arrest in the United Kingdom National
Cardiac Arrest Audit. Resuscitation 2014;85:987-92.

Virani SS, Alonso A, Benjamin EJ, et al. Heart disease and
stroke statistics: 2020 update: a report from the American
Heart Association. Circulation 2020;141:e139-596.

Al-Dury N, Rawshani A, Israelsson J, et al. Characteristics
and outcome among 14,933 adult cases of in-hospital car-
diac arrest: a nationwide study with the emphasis on gen-
der and age. Am J Emerg Med 2017;35:1839-44.

Hirlekar G, Karlsson T, Aune S, et al. Survival and neurologi-
cal outcome in the elderly after in-hospital cardiac arrest.
Resuscitation 2017;118:101-6.

Adielsson A, Karlsson T, Aune S, et al. A 20-year perspective
of in hospital cardiac arrest: experiences from a university
hospital with focus on wards with and without monitoring
facilities. Int J Cardiol 2016;216:194-9.

Maharaj R, Raffaele |, Wendon J. Rapid response systems: a
systematic review and meta-analysis. Crit Care 2015;19:

Clin Exp Emerg Med 2026;13(Suppl 1):532-S60

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

CEEM

Winters BD, Weaver SJ, Pfoh ER, Yang T, Pham JC, Dy SM.
Rapid-response systems as a patient safety strategy: a sys-
tematic review. Ann Intern Med 2013;158:417-25.

Park Y, Ahn JJ, Kang BJ, et al. Rapid response systems reduce
in-hospital cardiopulmonary arrest: a pilot study and moti-
vation for a nationwide survey. Korean J Crit Care Med
2017;32:231-9.

Kwak HJ, Yun I, Kim SH, et al. The extended rapid response
system: 1-year experience in a university hospital. J Korean
Med Sci 2014;29:423-30.

Chen J, Ou L, Hillman K, et al. The impact of implementing a
rapid response system: a comparison of cardiopulmonary
arrests and mortality among four teaching hospitals in Aus-
tralia. Resuscitation 2014;85:1275-81.

Miiller M, Jirgens J, Redaélli M, Klingberg K, Hautz WE,
Stock S. Impact of the communication and patient hand-off
tool SBAR on patient safety: a systematic review. BMJ Open
2018;8:€022202.

Buljac-Samardzic M, Doekhie KD, van Wijngaarden JD. In-
terventions to improve team effectiveness within health
care: a systematic review of the past decade. Hum Resour
Health 2020;18:2.

Marshall S, Harrison J, Flanagan B. The teaching of a struc-
tured tool improves the clarity and content of interprofes-
sional clinical communication. Qual Saf Health Care
2009;18:137-40.

UK National Institute for Health and Clinical Excellence
(NICE). Acutely ill patients in hospital: recognizing and re-
sponding to deterioration. NICE clinical guideline CG50.
NICE; 2007.

McKinney A, Fitzsimons D, Blackwood B, McGaughey J. Pa-
tient and family-initiated escalation of care: a qualitative
systematic review protocol. Syst Rev 2019;8:91.

Albutt AK, O'Hara JK, Conner MT, Fletcher SJ, Lawton RJ. Is
there a role for patients and their relatives in escalating
clinical deterioration in hospital? A systematic review.
Health Expect 2017;20:818-25.

Brady PW, Zix J, Brilli R, et al. Developing and evaluating the
success of a family activated medical emergency team: a
quality improvement report. BMJ Qual Saf 2015;24:203-11.
Ornato JP, Peberdy MA, Reid RD, Feeser VR, Dhindsa HS;
NRCPR Investigators. Impact of resuscitation system errors
on survival from in-hospital cardiac arrest. Resuscitation
2012;83:63-9.

Panesar SS, Ignatowicz AM, Donaldson L. Errors in the

S$59


https://doi.org/10.1016/j.amjms.2019.05.003
https://doi.org/10.1016/j.amjms.2019.05.003
https://doi.org/10.1161/circulationaha.117.030488
https://doi.org/10.1161/circulationaha.117.030488
https://doi.org/10.1161/circulationaha.117.030488
https://doi.org/10.1161/circulationaha.117.030488
https://doi.org/10.1016/j.resuscitation.2015.08.016
https://doi.org/10.1016/j.resuscitation.2015.08.016
https://doi.org/10.1016/j.resuscitation.2015.08.016
https://doi.org/10.1161/cir.0000000000000233
https://doi.org/10.1161/cir.0000000000000233
https://doi.org/10.1161/cir.0000000000000233
https://doi.org/10.1161/cir.0000000000000233
https://doi.org/10.5603/ait.a2016.0054
https://doi.org/10.5603/ait.a2016.0054
https://doi.org/10.5603/ait.a2016.0054
https://doi.org/10.1016/j.resuscitation.2019.04.046
https://doi.org/10.1016/j.resuscitation.2019.04.046
https://doi.org/10.1016/j.resuscitation.2019.04.046
https://doi.org/10.1016/j.ijcard.2017.12.068
https://doi.org/10.1016/j.ijcard.2017.12.068
https://doi.org/10.1016/j.ijcard.2017.12.068
https://doi.org/10.1016/j.ijcard.2017.12.068
https://doi.org/10.1016/j.resuscitation.2017.06.020
https://doi.org/10.1016/j.resuscitation.2017.06.020
https://doi.org/10.1016/j.resuscitation.2017.06.020
https://doi.org/10.1016/j.resuscitation.2017.06.020
https://doi.org/10.1016/j.resuscitation.2014.04.002
https://doi.org/10.1016/j.resuscitation.2014.04.002
https://doi.org/10.1016/j.resuscitation.2014.04.002
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1161/CIR.0000000000000757
https://doi.org/10.1016/j.ajem.2017.06.012
https://doi.org/10.1016/j.ajem.2017.06.012
https://doi.org/10.1016/j.ajem.2017.06.012
https://doi.org/10.1016/j.ajem.2017.06.012
https://doi.org/10.1016/j.resuscitation.2017.07.013
https://doi.org/10.1016/j.resuscitation.2017.07.013
https://doi.org/10.1016/j.resuscitation.2017.07.013
https://doi.org/10.1016/j.ijcard.2016.04.013
https://doi.org/10.1016/j.ijcard.2016.04.013
https://doi.org/10.1016/j.ijcard.2016.04.013
https://doi.org/10.1016/j.ijcard.2016.04.013
https://doi.org/10.1186/s13054-015-0973-y
https://doi.org/10.1186/s13054-015-0973-y
https://doi.org/10.1186/s13054-015-0973-y
https://doi.org/10.7326/0003-4819-158-5-201303051-00009
https://doi.org/10.7326/0003-4819-158-5-201303051-00009
https://doi.org/10.7326/0003-4819-158-5-201303051-00009
https://doi.org/10.4266/kjccm.2017.00024
https://doi.org/10.4266/kjccm.2017.00024
https://doi.org/10.4266/kjccm.2017.00024
https://doi.org/10.4266/kjccm.2017.00024
https://doi.org/10.3346/jkms.2014.29.3.423
https://doi.org/10.3346/jkms.2014.29.3.423
https://doi.org/10.3346/jkms.2014.29.3.423
https://doi.org/10.1016/j.resuscitation.2014.06.003
https://doi.org/10.1016/j.resuscitation.2014.06.003
https://doi.org/10.1016/j.resuscitation.2014.06.003
https://doi.org/10.1016/j.resuscitation.2014.06.003
https://doi.org/10.1136/bmjopen-2018-022202
https://doi.org/10.1136/bmjopen-2018-022202
https://doi.org/10.1136/bmjopen-2018-022202
https://doi.org/10.1136/bmjopen-2018-022202
https://doi.org/10.1186/s12960-019-0411-3
https://doi.org/10.1186/s12960-019-0411-3
https://doi.org/10.1186/s12960-019-0411-3
https://doi.org/10.1186/s12960-019-0411-3
https://doi.org/10.1136/qshc.2007.025247
https://doi.org/10.1136/qshc.2007.025247
https://doi.org/10.1136/qshc.2007.025247
https://doi.org/10.1136/qshc.2007.025247
https://www.nice.org.uk/guidance/cg50
https://www.nice.org.uk/guidance/cg50
https://www.nice.org.uk/guidance/cg50
https://www.nice.org.uk/guidance/cg50
https://doi.org/10.1186/s13643-019-1010-z
https://doi.org/10.1186/s13643-019-1010-z
https://doi.org/10.1186/s13643-019-1010-z
https://doi.org/10.1111/hex.12496
https://doi.org/10.1111/hex.12496
https://doi.org/10.1111/hex.12496
https://doi.org/10.1111/hex.12496
https://doi.org/10.1136/bmjqs-2014-003001
https://doi.org/10.1136/bmjqs-2014-003001
https://doi.org/10.1136/bmjqs-2014-003001
https://doi.org/10.1016/j.resuscitation.2011.09.009
https://doi.org/10.1016/j.resuscitation.2011.09.009
https://doi.org/10.1016/j.resuscitation.2011.09.009
https://doi.org/10.1016/j.resuscitation.2011.09.009
https://doi.org/10.1016/j.resuscitation.2014.09.027

CEEM

203.

204.

S60

management of cardiac arrests: an observational study of
patient safety incidents in England. Resuscitation 2014;
85:1759-63.

Smith GB, Prytherch DR, Meredith P, Schmidt PE, Feather-
stone PI. The ability of the National Early Warning Score
(NEWS) to discriminate patients at risk of early cardiac ar-
rest, unanticipated intensive care unit admission, and death.
Resuscitation 2013;84:465-70.

Subbe CP, Kruger M, Rutherford P, Gemmel L. Validation of a
modified Early Warning Score in medical admissions. QJM
2001;94:521-6.

205.

206.

Adult ALS

Greif R, Bhanji F, Bigham BL, et al. Education, implementa-
tion, and teams: 2020 international consensus on cardio-
pulmonary resuscitation and emergency cardiovascular care
science with treatment recommendations. Circulation
2020;142(16_suppl_1): S222-83.

Subbe CP, Davies RG, Williams E, Rutherford P, Gemmell L.
Effect of introducing the Modified Early Warning score on
clinical outcomes, cardio-pulmonary arrests and intensive
care utilisation in acute medical admissions. Anaesthesia
2003;58:797-802.

www.ceemjournal.org


https://doi.org/10.1016/j.resuscitation.2014.09.027
https://doi.org/10.1016/j.resuscitation.2014.09.027
https://doi.org/10.1016/j.resuscitation.2014.09.027
https://doi.org/10.1016/j.resuscitation.2012.12.016
https://doi.org/10.1016/j.resuscitation.2012.12.016
https://doi.org/10.1016/j.resuscitation.2012.12.016
https://doi.org/10.1016/j.resuscitation.2012.12.016
https://doi.org/10.1016/j.resuscitation.2012.12.016
https://doi.org/10.1093/qjmed/94.10.521
https://doi.org/10.1093/qjmed/94.10.521
https://doi.org/10.1093/qjmed/94.10.521
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1161/CIR.0000000000000896
https://doi.org/10.1046/j.1365-2044.2003.03258.x
https://doi.org/10.1046/j.1365-2044.2003.03258.x
https://doi.org/10.1046/j.1365-2044.2003.03258.x
https://doi.org/10.1046/j.1365-2044.2003.03258.x
https://doi.org/10.1046/j.1365-2044.2003.03258.x

	MAJOR UPDATES IN THE 2025 ADULT  ADVANCED LIFE SUPPORT GUIDELINES 
	Route of drug administration during cardiac arrest 
	Combined administration of vasopressin and corticosteroids during cardiac arrest 
	Use of buffering agents during cardiac arrest 
	Calcium administration during cardiac arrest 
	Vector change and double sequential defibrillation 
	Cricothyroidotomy during CPR 
	Mechanical ventilator settings during CPR 
	Consciousness during CPR 

	ADULT ADVANCED LIFE SUPPORT  ALGORITHMS 
	Adult advanced life support for in-hospital cardiac arrest 
	Adult ALS for out-of-hospital cardiac arrest 
	Adult ALS during the COVID-19 pandemic 

	ADULT ALS 
	Background for the revision of adult ALS in cardiac arrest 
	Monitoring during CPR 
	Route of drug administration during cardiac arrest 
	Medications administered during cardiac arrest 
	Defibrillation 
	Advanced airway management 
	Mechanical CPR devices 
	Extracorporeal CPR 
	Considerations during ALS 
	In-hospital cardiac arrest 

	ARTICLE INFORMATION 
	Author details 
	Author contributions 
	Conflicts of interest 
	Funding 
	Data availability 


