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m1 Introduction

Victims of cardiac arrest or asphyxia are in the dire medical emergency, where the
links of four actions called “Chain of Survival” are necessary to save their lives and
return them to their previous state of health. These four actions are (Fig 1):

1. Prevention of conditions leading to cardiac arrest

2. Immediate recognition of cardiac arrest and activation of the emergency medical

service system
3. Basic life support (CPR and AED)

4. Advanced life support and post-cardiac arrest care

Fig 1 Chain of survival for all ages. The links in the chain are: prevention, immediate
recognition and activation, early CPR and rapid defibrillation, and advanced life support with
integrated post-cardiac arrest care
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Prevention of conditions leading to cardiac arrest refers to preventing diseases or
events that may lead to cardiac arrest or respiratory arrest. It is important for children
to avoid getting involved in accidents, such as traffic accidents, choking and near-
drowning. As for adults, to recognize initial symptoms of acute coronary syndromes or
stroke is crucial so that patients are able to receive medical treatment before they suffer
cardiac arrest.

Immediate recognition begins with the suspicion that a person who has suddenly
collapsed or is unresponsive is in cardiac arrest. When recognizing the possibility of
cardiac arrest, call out for help, notify the EMS system (by calling 119) and help to
quickly get the victim an AED and healthcare professionals or EMS personnel with
emergency medical equipments.

Basic life support (BLS) is a series of treatments to maintain respiration and
circulation in the victim. BLS includes cardiopulmonary resuscitation (CPR) with chest
compressions and rescue breathing, and defibrillation with an AED, which can be
performed immediately by any lay person, and is considered to have a major role in
neurologically intact survival of the victim.

Advanced life support (ALS) is a treatment provided using drugs and medical
Instruments to the victim who does not achieve return of spontaneous circulation after
BLS. After resuscitation, intensive care at a specialized medical facility as needed can
increase the possibility of the victim's return to a normal life.

Prior to the 2005 CoSTR, it had been reported that BLS of early activation of the EMS
system, early CPR and early defibrillation had larger impact on neurologically intact
survival of the victims of out-of-hospital cardiac arrest, compared to ALS including
tracheal intubation and drug administration.! Subsequent studies pointed out that,
during CPR provided by a lay rescuer, attempting rescue breathing caused considerable
interruptions of chest compressions, and the significance of chest compressions was
emphasized.2 This concept has been incorporated in the 2010 CoSTR. The JRC
guidelines recommend that, when cardiac arrest is witnessed, CPR should be started
with chest compressions rather than with ventilations to minimize delay in starting
compressions.

These BLS guidelines are developed as common approaches by lay rescuers with
different backgrounds in the scenes where they deal with victims of all age groups, and
therefore the algorithm for victims in a cardiopulmonary emergency adopted here is
targeted both at adults and children. Higher effectiveness of CPR performed by any
rescuer is expected by standardizing the timing of activation of the EMS system and
beginning of CPR (phone first), the initial sequence of CPR, and the compression to
ventilation ratio.

BLS performed by those in contact with children on a routine basis, such as nursery
staff, school teachers, parents or family members of children, is described in Chapter 3:
Pediatric Basic Life Support and Pediatric Advanced Life Support, and BLS performed
by healthcare providers working in a medically-equipped environment such as in a

hospital or an ambulance is in Chapter 2: Adult Life Support (ALS) and in Chapter 3:



Pediatric Basic Life Support and Pediatric Acvanced Life Support. Issues on CPR
training and the EMS system are discussed in Chapter 7: Education, Implementation
and Team (EIT).

The most important changes to BLS in the revised guidelines.

- An untrained bystander should call 119 and ask for instruction from the EMS
dispatchers. It i1s recommended that dispatchers provide compression-only CPR
Instructions to untrained rescuers over the telephone.

- Rescuers should immediately begin CPR if the victim is unresponsive with no
breathing or with agonal respirations. Agonal respiration refers to an abnormal
pattern of breathing that suggests cardiac arrest. Beginning CPR should not be
delayed even though the victim is still gasping (agonal respirations).

- When cardiac arrest is recognized, the rescuer should initiate chest compressions
before airway opening and rescue breathing.

- All bystanders, trained or untrained, should provide chest compressions to the victim
of cardiac arrest.

- The need for high-quality CPR is once again emphasized. The rescuer should give chest
compressions to a depth of at least 5cm and at a rate of at least 100 times per minute,
allow for complete chest recoil after each compression, and minimize interruptions of
chest compressions.

- It 1s recommended that the trained rescuer provide CPR with compression to

ventilation ratio of 30:2.

m2 BLS algorithm

1. Checking Response and Calling EMS [Box 1]

The following are the procedures for responding in a situation where laypeople see
someone collapse or who has collapsed (priority between EMS activation and CPR
initiation).

- Check the safety of the surroundings.

- Speak loudly to the person patting lightly on the shoulder. If there is no response or no
purposeful movement, the person should be determined "unresponsive".

—If the person is unresponsive, call for help loudly to bring attention from the
surroundings.

- Ask people around to activate the EMS (call 119) and bring an AED (Gf available
nearby).

The EMS operator is supposed to immediately dispatch an ambulance upon suspicion

of cardiac arrest while talking with the caller.

- The caller is offered CPR instruction by the dispatcher.
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1 Unresponsive

Shout for help
Call 119
Get AED

2

Open airway
Check breathing —————¥ Wait for backups
Breathing | consider recovery position

No breathing* *suspect cardiac arrest
if agonal breathing

CPR

- Begin chest compressions immediately
* Push hard (adult, at least 5cm: Child, ~1/3 of depth of chest
* Push fast (at a rate at least 100/min)
* Minimize interruption in chest compressions

- Give rescue breaths at 30:2
- Compression-only CPR if unable/unwilling to give rescue breaths

:

5 Attach AED

|

Analyze ECG
Shock indicated?

yes no
7 8
Shock
Resume CPR

with compressions
immediately**

Resume CPR
with compressions
immediately**

** Push hard, push fast without interruption

Continue CPR until victim starts to move or breath normally

Fig 1 BLS algorithm for lay rescuers

1) Recognition of cardiac arrest [Box 2, 3]

Rescuers should begin CPR if the victim is unresponsive and not breathing (ignoring
occasional gasps).

The lay rescuer is not required to keep the victim’s airway open while



checking for a respiration, and should check carefully if the victim has absent or
abnormal breathing (ie, only gasping). The rescuer should take no more than 10
seconds to check for breathing. Gasping is not a normal breathing, but a sign of
cardiac arrest. Typically it shows an irregular pattern of respiration and could be
observed with an adult suddenly collapsed. Health care providers should open
the airway while checking respiration.

Neither lay rescuers nor inexperienced (non-expert) healthcare providers
should check for a pulse. It is reasonable for experienced healthcare providers to
check for a pulse simultaneously with checking for breathing.

When not confident with feeling a pulse, resucuers should concentrate on
checking for breathing. Once recognizing no breathing, perform CPR immediately.
Delays in starting CPR because of checking for pulse should be avoided.

If the victim is breathing normally, keep the airway open and wait for help and the
EMS personnel. In the meantime, continue observing the victim's breathing. If the
victim has stopped breathing, begin CPR immediately. If the rescuer needs to go ask for
help and leave the victim then when no other option exists, the victim should be placed
in the recovery position.

There may be rare occasions where the victim has no breathing but has a pulse. The
trained rescuer should open the airway and provide rescue breathing, while checking for

the pulse frequently so as not to delay beginning chest compressions.

2. Starting CPR and chest compressions [Box 4]

All rescuers, trained or not, should provide chest compressions to victims of cardiac
arrest. A strong emphasis on delivering high quality chest compressions remains
essential: rescuers should push hard to a depth of at least 2 inches (or 5 cm) for adult,
at least one-third of the anterior-posterior dimension of the chest for infants and
children, compress at a rate of at least 100 compressions per minute, and minimize

interruptions of chest compressions.

1) Initial sequence of CPR

Rescuers begin CPR with chest compressions rather than opening the airway and

giving rescue breathings.

2. Starting CPR and chest compressions [Box 4]

All rescuers, trained or not, should provide chest compressions to victims of cardiac
arrest. A strong emphasis on delivering high quality chest compressions remains

essential: rescuers should push hard to a depth of at least 2 inches (or 5 cm) for adult,
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at least one-third of the anterior-posterior dimension of the chest for infants and
children, compress at a rate of at least 100 compressions per minute, and minimize

Interruptions of chest compressions.

8) Pulse check during CPR

For lay rescuers, interrupting chest compressions to perform a pulse check is not
recommended, unless there is obvious sign (normal breathing or purposeful movement)
that clearly shows ROSC. Healthcare professionals should continue CPR without
checking a pulse if there is no monitor available. It is reasonable to check a pulse if an

organized rhythm is visible on the ECG monitor.

9) Changing rescuers

It may be reasonable for another rescuer to take over after a period of no longer than
1 to 2 minutes, to prevent deterioration of the quality of compressions. Rescuer should
be aware that quality of chest compression may deteriorate faster during compression-
only CPR (Class IIb). Switching should be done with the minimal interruptions of the

compressions.

3. Airway and Ventilation [Box 4]

If rescue breathing is possible, rescuers use a compression to ventilation ratio of 30:2.

The victim's airway needs to be kept open during rescue breathings.

1) Opening the Airway

For unresponsive adults and children, open the airway using the head tilt-chin lift
maneuver when assessing breathing or giving ventilations. The trained rescuer should
use the jaw thrust maneuver if necessary. Use a head tilt—chin lift maneuver if the jaw
thrust does not open the airway. As the jaw lift maneuver (a jaw thrust performed with
the thumb put into the oral cavity) can be harmful, it requires careful attention to
adaptive decision making and practice.

Use manual spinal motion restriction rather than immobilization devices for victims

with suspected spinal injury.

2) Tidal Volume and Ventilation Rate

For all victims, give each breath to achieve visible chest rise. Avoid hyperventilation
during CPR. For mouth-to-mouth ventilation for adult victims using exhaled air or bag-

mask ventilation with room air or oxygen, give each breath over about 1 second to



achieve chest rise. In infants and children, a reduction in minute ventilation to less than
baseline for age is reasonable to provide sufficient ventilation to maintain adequate
ventilation-to-perfusion ratio during CPR while avoiding the harmful effects of

hyperventilation.

3) Barrier Devices

The risk of disease transmission in out-of-hospital is very low and initiating rescue
breathing without a barrier device is reasonable. If available, rescuers may consider
using a barrier device. However, safety precautions should be taken both in the in-
hospital and out-of-hospital situations if the victim is known to have a serious infection
(eg, human immunodeficiency virus (HIV) infection, tuberculosis, hepatitis B virus
infection, or severe acute respiratory syndrome (SARS) ). Healthcare providers on duty

must always follow standard precautions when performing CPR.

(1) Bag-valve-mask
When two or more experienced rescuers are present, ventilation using a bag-valve-
mask is reasonable. Holding the mask to the victim's face with both hands can ensure a

better mask seal.

4. Chest compressions and ventilation during CPR

1) Compression-ventilation ratio

A compression-ventilation ratio of 30:2 is reasonable for adults, children and infants
under cardiac arrest whose airway is not secured. For experienced healthcare providers
performing 2-rescuer CPR in children and infants, a compression-to-ventilation ratio of
15:2 is reasonable.

When advanced airway such as a tracheal tube is in place, compressions should not be

interrupted for ventilations.

2) Interruptions of chest compression

Interruptions to chest compressions during CPR must be minimized. Legitimate reasons
for the interruption of CPR include: the need to ventilate, the need to assess the rhythm
or to assess ROSC, and the need to defibrillate. During these procedure interruptions of

chest compressions must be minimized.

3) Compression-only CPR
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Chest compressions alone are recommended for untrained laypersons responding to
cardiac arrest victims. Performing chest compressions alone is reasonable for trained
lay-persons if they are unable or unwilling to give rescue breathings. CPR with rescue
breathings is preferred for patients with cardiac arrest caused by choking, drowning or
airway obstruction, for infants and children, for adults whose cardiac arrest is not

witnessed, and for patients under extended period of resuscitation attempt.

5. AED [Box 5]

When the AED arrives during CPR, connect it to the victim immediately. Some AEDs
automatically turn on when the lid is opened, and others need to be turned on manually.

In the case of the latter type of device, push the power button first.

1) Placement and size of paddles/pads

It is reasonable to place paddles or pads on the exposed chest in an anterior-lateral
position. Acceptable alternative positions are the anterior-posterior (for paddles and
pads) and apex- posterior (for pads). In large-breasted individuals it is reasonable to
place the left electrode pad (or paddle) lateral to or underneath the left breast, avoiding
breast tissue. Consideration should be given to the rapid removal of excessive chest
hair prior to the application of pads/paddles but delays in shock delivery must be
minimized. Pediatric pads should be applied for preschool-age children. Adult pads can
be substituted if pediatric pads are unavailable and no other choice is left. Pediatric

pads must not be used for an adult.

2) Shock and resumption of chest compression [Box 7]

When the AED starts analyzing, keep off the victims. Following the audio
instructions from the AED, push the shock button to deliver the electric shock.
Immediately after the shock is delivered, resume chest compressions rather than

checking the pulse or analyzing the rhythm.

3) Implantable cardioverter-defibrillator or pacemaker

In the case of victims with implantable cardioverter-defibrillators or pacemakers,
avoid placing the pads directly over the implanted device, and deliver the shock
promptly. Although some reports suggest that the ideal pad position should be at least

8cm away from the device, such pad placement should not delay electrical shock.

(1) Precordial Thump



The precordial thump may be considered for patients with monitored, unstable ventricular
tachycardia if a defibrillator is not immediately available. It should not be used for

unwitnessed out-of-hospital cardiac arrest.

6. Continuing BLS

Rescuers should continue CPR until sufficient circulation is restored in the victim, or
EMS providers or other responders who are able to provide advanced life support take
over the care of the victim. If an AED is present, follow its instructions, and analyze the
ECG and deliver the electric shock if needed. Immediately after the shock delivery,

resume CPR by giving chest compressions.

7. Foreign body airway obstruction

In responsive adults and children >1 year of age with FBAO, rescuers should activate
emergency response system and perform back blows, abdominal thrusts, and/or chest
thrusts for obstruction relief. These techniques should be applied repeatedly in rapid
sequence until the obstruction is relieved. If the choking infants are still responsive but
can not make effective, strong cough, rescuers should hold the infants with their head
down and perform back blows and chest thrusts.

If the victim with FBAO becomes unresponsive, the rescuer should immediately begin
CPR. Citizen rescuers can begin CPR starting with chest compressions like usual CPR.
The experienced healthcare providers start CPR with rescue breathing.

For unresponsive victims of FBAO, finger sweep may be applied when solid material

1s visible in the oral cavity.

‘l3 Science behind recommendations

1. Checking Response and Calling EMS

1) Dispatcher recognition of cardiac arrest and telephone instruction in CPR.

One before-after trial demonstrated significant increase from 15% to 50% in cardiac
arrest recognition after the implementation of a protocol requiring that EMS
dispatchers assess absence of consciousness and quality of breathing (normal/not
normal) (LOE D3 3) . Many descriptive studies (LOE D4412 13) using a similar protocol
to identify cardiac arrest report a sensitivity in the order of 70%, ranging from 38% 9 to
97% 13 and a high specificity from 95% 8 to 99% 10,
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One case-control trial (LOE D34), one before-and-after trial (LOE D3!%), and four
observational studies (LOE D41619) describe agonal gasps or abnormal breathing as a
significant barrier to cardiac arrest recognition by emergency medical dispatchers. Two
before-and-after trials (LOE D32 21) improved the recognition of abnormal breathing
using education or counting of breaths. Information spontaneously provided by the
caller about the quality of breathing and other information such as facial color or
describing the victim as “dead” can aid in identifying cardiac arrest cases (LOE D314 20,

21,

One descriptive study (LOE D422) suggests that in cases where the victim’s problem is
“unknown” to the EMS dispatcher, inquiring about the victim’s level of activity
(standing, sitting, moving, or talking) helps to identify cases who are not in cardiac
arrest. Two descriptive studies (LOE D419 23) suggest that confirming the absence of a
past medical history of seizure may increase the likelihood of recognizing cardiac arrest
among victims presenting with seizure activity. A case-control study (LOE D324
suggests that asking about regularity of breathing may help to recognize cardiac arrest

among callers reporting seizure activity.

EMS dispatchers should inquire about a victim’s absence of consciousness and quality of
breathing (normal/not normal) when attempting to identify cardiac arrest victims. If the
victim 1s unresponsive, it is reasonable to assume that the victim is in cardiac arrest
when callers report that breathing is not normal. Dispatchers should be specifically
educated about identification of abnormal breathing in order to improve cardiac arrest
recognition. The correct identification of cardiac arrest may be increased by careful
attention to the caller's spontaneous comments and by focused questions about seizures.
Three studies (LOE 212 14 25) provide evidence that dispatcher telephone CPR
instructions may improve survival from sudden cardiac arrest (SCA). In one randomized
trial (LOE 126 compression-only dispatcher telephone CPR instruction produced
survival to discharge at least equivalent to compression plus ventilation dispatcher
telephone CPR instruction. Five additional simulation studies (LOE 52731) demonstrated
simplified chest compression-only telephone instructions in CPR reduces barriers to

achieving reasonable quality bystander CPR.

Using video instruction via cell phone enhanced performance of dispatcher in
instructing CPR?32 to the callers. It is reported that real-time instruction via cell phone
video caused some delay in the initiation of chest compressions, it improved depth and
rate of compressions3?, Meanwhile, another study reported that it took a much longer
time before airway opening and initial rescue breathing even though improvements
were seen in both of these procedures. In addition, despite the increased accuracy of
hand position and compression rates, there was no definitive improvement in
compression depth and tidal volume between the cases with and without video

instructions.

10



Dispatchers should assertively provide compression-only CPR instructions to
untrained rescuers for adults with suspected SCA without any delay (Class 1) . If
dispatchers
suspect asphyxial arrest, it is reasonable to provide instructions on rescue breathing
followed by chest compressions to trained rescuers (Class IIa) . When performing
quality improvement efforts, it is reasonable to assess the accuracy and timeliness of
dispatcher recognition of cardiac arrest and the delivery of CPR instructions (Class
Ma) .

2) Recognition of Cardiac Arrest

(1) Opening Airway at the Initial Assessment

Observe movements of the victim's chest and abdomen when assessing breathing.
Traditionally, rescuers first opened the airway using the head tilt-chin lift maneuver,
and then leaned down and placed the ear close to the victim's mouth and nose, and
performed “Look, Listen, Feel", checking the chest movements for breathing. However, a
simplified breathing asessment can lead to a quicker start of CPR and improved rate of
CPR carried out by laypeople. Therefore this guideline suggests that the initial
assessment for breathing by laypeople exclude head tilt-chin lift, and be simplified into
observation of chest and abdominal movements.

For a victim who is unconscious but has normal breathing, airway opening is crucial.
Hence, even in training using simplified chest compression-only CPR, teaching airway
opening assuming a victim with normal breathing is reasonable.

The recovery position is used for unresponsive adult victims who have normal
breathing. Although healthy volunteers report compression of vessels and nerves in the
dependent limb when the lower arm is placed in front36. 37, the ease of turning the victim
into this position may outweigh the risk. If rescuers are obliged to temporarily leave the

scene to call for backups, it is reasonable to place the victim in the recovery position
(Class IIb) .

(2) Assessment of Breathing

Early recognition is a key step in the initiating early treatment of cardiac arrest and
relies on using the most accurate method of determining cardiac arrest.
There is a high incidence of agonal gasps after cardiac arrest (LOE 41517.40) and lay
rescuers tend to consider this to be "breathing" and fail to recognize cardiac arrest.
Several studies have shown that lay rescuers do not easily master the techniques of
breathing assessment and they are often unable to recognize agonal gasp. It is necessary
for lay rescuers to always consider the possibility of cardiac arrest unless the victim is
"breathing normally".

(3) Pulse check

11
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Recognition of cardiac arrest by determining the presence or absence of a pulse is
unreliable. Pulse checking by lay rescuers during CPR has been de-emphasized in the
2005 guidelines for CPR and ECC by Japan, AHA, and ERC. Its importance has
decreased in cases performed by healthcare providers as well. It should not take more

than 10 seconds even for a healthcare provider to check a pulse.

There are no studies assessing the accuracy of checking the pulse to detect human
cardiac arrest. There have been nine LOE D5 studies demonstrating that both lay

rescuers and healthcare p]rovidersﬂ32 have difficulty mastering the pulse check and

remembering how to perform it (LOE 54142 4551)  Three LOE D5 studies support the
ability of healthcare providers to perform the pulse check; two evaluated the direct ear to
chest method in infants, and the third supported an alternative technique for the carotid
pulse check when tested by dental students on healthy volunteers (LOE 55253) . In one
study the technique of simultaneous pulse check and breathing check by professional
rescuers increased the diagnostic accuracy (LOE 554) .

Two RCT studies (LOE 551 5) conducted in infants and children with non-pulsatile
circulation during extracorporeal membrane oxygenation (ECMO) demonstrated that
doctors and nurses in a pediatric tertiary care institution, who were blinded to whether
the child was receiving ECMO support or not, commonly assessed pulse status
inaccurately and often took longer than 10 seconds. In these pediatric studies,
healthcare professionals were able to accurately detect a pulse by palpation only 80% of
the time. They mistakenly perceived a pulse when it was non-existent 14-24% of the
time, and failed to detect a pulse when present in 21-36% of the assessments. Although
some of the children in this study were pulseless, all children had circulation (ie, none
were in cardiac arrest) so other signs typically associated with pulseless arrest (delayed

capillary refill, poor color) were absent in this population.

(4) Signs of Circulation
In the past, students were taught to recognize cardiac arrest by looking for the absence
of signs of circulation, such as movement. No studies were found which measured the
sensitivity and specificity of that approach for diagnosing cardiac arrest. A study (LOE
44) showed that CPR guidance by EMS dispatchers was impeded by callers mentioning
“signs of life.” Mere recognition of a pulse by itself is not a credible way to determine
whether or not the victim is in cardiac arrest. Agonal gasps, which are often seen after

cardiac arrest, should not be considered normal breathing.

(5) Etiology of Cardiac Arrest
For lay rescuers there is insufficient evidence to recommend any diagnostically reliable
method to differentiate sudden cardiac arrest of cardiac origin from one of non-cardiac

origin. Except for obvious external causes of cardiac arrest (e.g. gunshot wound,

12



drowning), professional rescuers should rely on rhythm analysis from cardiac monitors

or AEDs and other diagnostic tests to determine the cause of cardiac arrest.

In one registry study (LOE 256) | cardiac arrest was more likely to be due to a cardiac
cause in victims above the age of 35 years and due to a non-cardiac cause up to the age
of 35 years. Two other registry studies (LOE 357.38) do not demonstrate diagnostically
useful cut-off ages. An additional registry study (LOE 25°) demonstrated that 83% of
cardiac arrests under the age of 19 are of non-cardiac origin. One prospective study

(LOE 26°) and one retrospective study (LOE 36!) showed that identification of the
cause of cardiac arrest by healthcare providers can be inaccurate, leading to an
underestimation of non-cardiac etiology cardiac arrest, in particular, failure to diagnose

exsanguination.

A Knowledge Gaps

+ How accurately do rescuers identify cardiac arrest outside of the hospital by using a
useful advanced technology to assist with diagnosing cardiac arrest?
+ Which specific factors improve diagnostic accuracy?
+ What is the accuracy of the pulse check performed by health professionals in cardiac
arrest patients?
+ Is there an association between the time required to successfully detect a suspected
cardiac arrest victim’s pulse and resuscitation outcome?
How does opening the airway in the process of breathing assessment for cardiac

arrest recognition influence recognition of respiratory arrest?

2. Starting CPR

1) Sequence of CPR initiation

In the basic life support sequence for the lone rescuer, the choice is between starting
with airway and breathing or starting with chest compressions. Because of the
importance of initiating chest compressions as soon as possible, the need for initial
breaths is questioned. The AHA and Japanese CPR guidelines 2005 recommended
starting CPR with opening airway and giving 2 breaths rather than with compressions.

On the other hand, the FEuropean Resuscitation Council Guidelines 2005
recommended starting CPR with 30 compressions rather than with 2 breaths. These
guidelines were based on a consensus of experts rather than clear evidence.

Evidence from one observational, adult manikin LOE 5 study shows that starting
with 30 compressions rather than 2 ventilations leads to a shorter delay to first

compression. There is no published human or animal evidence to determine if starting

13
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CPR in adults or children with 30 compressions rather than 2 breaths leads to improved
outcomes.

Bystander rescuers are likely to hesitate to perform mouth-to-mouth ventilation for a
variety of reasons. The common reasons for unwillingness are fear of disease
transmission, anxiety and panic, and lack of knowledge of performing CPR (LOE 560
61) The complex procedure of ventilation might reduce the rate of performing bystander
CPR. To avoid any delay or hesitation by rescuers before starting CPR, it is reasonable
to start CPR with chest compressions (Class Ila). If rescuers are not capable of adding
rescue breaths, they may continue chest compressions alone (Class 1Ib). (LOE 560 62)
During the first few minutes after non-asphyxial cardiac arrest, the blood oxygen
content remains high, and myocardial and cerebral oxygen delivery is limited more by
the diminished cardiac output than by a lack of oxygen in the lungs. Ventilation is,
therefore, initially less important than chest compressions. (LOE 560. 63, 64)

All rescuers may start CPR with chest compressions rather than with ventilations for
treatment of adult victims of cardiac arrest (Class Ila) . It is reasonable for skilful
rescuers with barrier devices including BVM to start CPR with ventilation for pediatric
patients and when suspected cause of cardiac arrest is asphyxiation, drowning, or
airway obstruction (ClassIla).

2) Chest compressions

Cardiac arrest victims should be placed supine, with the rescuer kneeling beside the
victim’s thorax.
CPR should be performed on a firm surface when possible. Air filled mattresses should
be routinely deflated during CPR. There is insufficient evidence for or against the use of
backboards during CPR. If a backboard is used, rescuers should minimize delay in
Initiation of chest compressions, minimize interruption of chest compressions, and take

care to avoid dislodging of catheters and tubes during backboard placement. One case

91-94

series (LOE 490) and four manikin studies (LOE 5~ ) demonstrated that chest

compressions performed on a bed are often too shallow. No studies have examined the

risks or benefits of moving the patient from a bed to the floor to perform CPR.

3) Locating hand position for chest compressions

No randomized controlled human trials support use of an alternative to the hand
position recommended in 2005 (“The rescuer should compress the lower half of the
victim’s sternum”) when performing external chest compressions for adults or children
in cardiac arrest. During transesophageal echocardiography of humans receiving chest

compressions with placement of the hands on the lower half of the sternum, the area of

14



maximal compression was most often over the base of the left ventricular and the aortic
root, a location that potentially impedes forward flow of blood (LOE 4). Hand position for

chest compression to achieve optimal hemodynamics is unclear.

One of the instructions for locating the recommended hand position for chest
compression is "place hands in the center of the chest". One adult manikin study using
this recommended hand position instruction showed a reduction in hands-off time (time
spent not doing chest compressions) but also a loss of hand-placement accuracy. In four
other LOE 5 adult manikin studies,%6 however, locating the recommended hand
position for chest compression using the instruction “place hands in center of the chest”
resulted in a significant reduction in hands-off time and no significant reduction in

accuracy compared with locating the rib margins and xiphisternum.

Some studies claim that the inter-nipple line is an unreliable landmark for hand
placement. In one study of CT scans, the inter-nipple line was 3 cm superior to the lower
third of the sternum (LOE 5%°). One LOE 5 study’ of adult surgical patients
demonstrated that if the rescuer’s hands are placed on the inter-nipple line, hand
deviation to or beyond the xiphisternum occurs in nearly half the cases, sometimes into
the epigastrium.

One study that compared the length from the inter-nipple line to the xiphisternum in
30 infants with the finger position achieved by 30 adults demonstrated that the
recommended method of locating finger position for chest compression in infant cardiac

arrest can cause pressure on the xiphisternum or abdomen(LOE 5™).

For adults receiving chest compressions, it is reasonable for rescuers to place their hands
on the lower half of the sternum (Class ITa) . No reliable study suggests any specific
method for locating this position quickly and with accuracy. Nor was there any study
directly comparing hand position in the center of the chest with the inter-nipple line in
terms of accuracy and required time. It is reasonable to teach this location in a
simplified way, such as, “place the heel of your hand in the center of the chest with the
other hand on top.” This instruction should be accompanied by a demonstration of
placing the hands on the lower half of the sternum (Class ITa) .

4) Chest compression depth

Three adult human LOE 4 studies™ 7 show that the measured compression depth
during adult human resuscitation is often less than the recommended lower limit of 4
cm (1.5 inches). One adult human LOE 4 case series, > two adult human studies with
retrospective control groups (LOE 37 7), and one LOE 5 study’® suggest that
compressions of 5 cm (2 inches) or more may improve the success of defibrillation and

15
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ROSC. These findings are supported by three swine studies (LOE 579%1) showing
improved survival with deeper compression depths, and one adult human study (LOE
4%2) showing that improved force on the chest produced a linear increase in systolic blood
pressure. However, one swine study (LOE 5%) reported no improvement of myocardial
blood flow with increased compression depth from 4 cm to 5 ecm although coronary
perfusion pressure (CPP) improved from 7 to 14 mm Hg. No human studies directly
compared the effectiveness of compression depth of 4-5 cm (1.5-2 inches) with
alternative compression depths.

It is reasonable to compress the sternum at least 2 inches/5¢m for all adult cardiac arrest
victims. There is insufficient evidence to recommend a specific upper limit for chest

compression depth.

Evidence from anthropometric measurements in three LOE 5 case series®* %6 showed that
in children the chest can be compressed to 1/3 of the A/P chest diameter without causing
damage to intrathoracic organs. One LOE 5 mathematical model based

on neonatal chest CTs®” suggests that 1/3 AP chest compression depth is more effective
than . compression depth and safer than 1/2 AP compression depth.

A good quality LOE 5™ adult study found that chest compressions are often inadequate
and a good quality LOE 4 pediatric study®> showed that during resuscitation of patients
>8 years of age, compressions are often too shallow, especially following rescuer
changeover.

Rescuers should push hard to a depth of at least 2 inches (or 5 cm) for adult.

In infants and children, rescuers should be taught to compress the chest by at least 1/3
the A-P dimension(Class 1l a).

5) Chest Compressions in Children

There are no outcome studies comparing 1- versus 2-hand chest compressions for
children in cardiac arrest. Evidence from 1 LOE 5 randomized crossover child manikin
study (LOE 5%8) showed that higher chest-compression pressures are generated by
healthcare professionals using the 2-hand technique. Two LOE 5 studies®® % reported no
increase in rescuer fatigue comparing 1-hand with 2-hand chest compressions delivered
by healthcare providers to a child-sized manikin. Either a 1- or 2-hand technique can be
used for performing chest compressions in children (Class II a).

Although 2005 CoSTR recommended adding circumferential squeeze of the chest
when performing chest compression in infants with the 2-thumb technique, recent
review of literature failed to find convincing evidence for or against the need for a
circumferential squeeze of the chest when performing the 2-thumb technique of external
chest compression for infants. There are insufficient data showing that chest
compression technique with circumferential squeeze is more effective than other

techniques in infants.
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6) Chest decompression

There are no human studies specifically evaluating ROSC or survival to hospital
discharge with or without complete chest wall recoil during CPR. One LOE 4 out-of-
hospital case series?! documented a 46% incidence of incomplete chest recoil by
professional rescuers using the CPR technique recommended in 2000, and two in-
hospital pediatric case series demonstrated a 23% incidence of incomplete recoil that
was more common just following switching providers of chest compressions (LOE 485 92),
Another LOE 4 study® electronically recorded chest recoil during in-hospital pediatric
cardiac arrests and found that leaning on the chest occurred in half of chest

compressions.

Animal studies (LOE 5) demonstrate significant reductions in mean arterial pressure,
coronary perfusion pressure, cardiac output, and myocardial blood flow with only small
amounts of incomplete chest recoil®* %, Some adult and pediatric studies conducted in
and out of hospitals showed that 23-50 % of chest compressions contained incomplete
chest recoil (LOE 48 9193 Chest recoil can be increased significantly with simple
techniques; for example, lifting the heel of the hand slightly but completely off the chest
during CPR improved chest recoil in a manikin model. However, these alternative
techniques may also reduce compression depth (LOE 491, LOE 59%),

While allowing complete recoil of the chest after each compression may improve
circulation, there is insufficient evidence to determine the optimal method to achieve the
goal without compromising other aspects of chest compression technique. Rescuers
should allow complete chest wall recoil after each compression (Class IIb) with careful

attention to depth of compression (Class III).

7) Chest compression rate

It is reported that chest compressions of at least 100 times per minute to a
recommended depth achieves optimum blood flow (LOE 597). The number of chest
compressions during a certain period (e.g. 1 minute) given to cardiac arrest patients
depends on two factors: the time interval between compressions (ie the compression
rate) and the duration of any interruptions in compressions. One LOE 4 study of in-
hospital cardiac arrest patients® showed that chest compression rates >80/min were
associated with ROSC. Some animal studies and one clinical study showed that
interruption of chest compressions during CPR decreased ROSC rates and survival rates.
An observational study of 506 patients with out-of-hospital cardiac arrest showed
improved survival to hospital discharge when at least 60 chest compressions were

delivered in each minute with compression rates between 100 and 127 per minute, but
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there was not an association between compression rate and survival (LOE 4) 9. This
study suggests that it is important to maximize the number of chest compressions

delivered in a minutes.

It is reasonable for lay rescuers and healthcare providers to perform chest compressions
for adults at a rate of at least 100 compressions per minute(Class Il a). There is
insufficient evidence to recommend a specific upper limit for compression rate. Pauses

should be minimized to maximize the number of compressions delivered per minute
(Class 1) .

8) Duty cycle

The term duty cycle refers to the time spent compressing the chest as a proportion of the
time between the start of one cycle of compression and the start of the next. Duty cycle
is one of the factors that determine coronary blood flow. (A 50% or greater duty cycle
decreases blood flow.)(J-LOE 51%) In cardiac arrest animals, there was no significant
difference in neurological outcomes 24 hours later between duty cycles of 20& and 50%
(J-LOE 591, A mathematical model of mechanical CPR showed significant
improvements in pulmonary, coronary, and carotid flow with a 50% duty cycle when
compared with compression-relaxation cycles in which compressions constitute a greater
percentage of the cycle (J-LOE 5102). At duty cycles ranging between 20% and 50%,
coronary and cerebral perfusion in animal models increased with chest compression
rates of up to 130 to 150 compressions per minute (J-LOE 597.103,104) Tn a manikin study,
duty cycle was independent of the compression rate when rescuers increased the rate
progressively from 40 to 100 compressions per minute (J-LOE 51%) . A duty cycle of 50%
1s mechanically easier to achieve with practice than cycles in which compressions
constitute a smaller percentage of cycle time (J-LOE 519).

It is reasonable to use a duty cycle (ie, ratio between compression and release) of 50%.

9) Feedback for chest compression quality

Chest compression frequency, rate and depth provided by lay responders (LOE 4107),
hospital teams (LOE 472, and EMS personnel (LOE 47 198) were insufficient when
compared with recommended methods. Ventilation rates higher than recommended
during CPR will impede venous return (LOE 5) 109,

Two studies in adults (LOE 2) 110.111and one study in children (LOE 2) 112 showed

improved end-tidal CO, measurements and consistent chest compression rates when

feedback was provided from audio prompts (metronomes or sirens). Studies where
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devices measuring chest compression depth and rate provided real-time feedback during
CPR (LOE 376.93, 113,114 L,OE 477 115) showed these devices were effective in improving

CPR quality in terms of chest compression depth, rate, and chest decompression.

Two manikin studies (LOE 5) 116 117 demonstrated the potential for overestimating
compression depth when using an accelerometer chest compression feedback device if
compressions are performed (with or without a backboard) on a soft surface. No studies
to date have demonstrated a significant improvement in long term survival related to

the use of CPR feedback/prompt devices during actual cardiac arrest events (LOE 3) 6.

If more than one rescuer are present, it is reasonable for providers and EMS agencies
to monitor and improve the CPR quality, ensuring adherence to recommended
compression and ventilation rates and depths (Class IIa) . Real-time chest
compression-sensing and feedback/prompt technology (i.e. visual and auditory prompting
devices) may be useful adjuncts during resuscitation efforts (Class I b) .

10) Pulse Check during CPR

A study in manikins (LOE 5%8) confirmed a low ability (<50%) of EMS providers to
correctly identify the presence of a carotid pulse as an indication to stop further chest
compressions. A palpable pulse is usually absent immediately after defibrillation during
out-of-hospital cardiac arrest (LOE 5135.136) = AED algorithms that recommend that
rescuers check for a pulse immediately after a shock delivery are not useful and will
lead to delay in resumption of chest compressions following shock delivery (LOE 5135
137) | Three studies show that measurement of thoracic impedance through the AED

electrode pads may be an indicator of return of circulation (LOE 5138140) |

Two studies in adults(LOE 5%.46) and two RCT studies in children with non-pulsatile
circulation(LOE 55 55)  showed that even health care providers commonly made
Inaccurate assessments of the presence or absence of a pulse and often took

unacceptable long time.

For lay rescuers, interrupting chest compressions to perform a pulse check is not
recommended (Class II), unless there is obvious reaction (normal breathing or
purposeful movement) that clearly shows ROSC. Healthcare professionals should
continue CPR without checking a pulse if there is no monitor available. (Class 1) .Itis
reasonable to check a pulse if an organized rhythm is visible on the monitor.

11) Changing rescuers

19



H1E —kBmlLE (BLS)

Quality of chest compressions including the rate and depth may potentially
deteriorate with fatigue of rescuers. Two studies involving health care provider (LOE
5124127) and lay person (LOE 5128) demonstrated that rescuers were not able to perform
chest compressions with adequate depth after 1 min conventional CPR of 15:2 ratio. In
many cases, rescuers were not aware of the fatigue-related deterioration of the CPR
quality.. One study!2® demonstrated that CPR of 30:2 ratio by lay person resulted in no
deterioration in the quality of chest compressions during CPR.

One LOE 5 manikin study!?® demonstrated that skillful paramedics were able to
continue chest compressions for 10 minutes while maintaining the quality recommended
in the guidelines. However, one LOE 4 47 human study on in-hospital cardiac arrest,
continuous chest compressions for 3 min by healthcare professionals, with feedback on
performance to the rescuers, demonstrated that the mean depth of compression
deteriorated after 90 to 180 sec. In additions, many other LOE 5 studies confirmed a
time-related deterioration in depth of compressions by health care providers. These
reports suggest that it is reasonable for rescuers to switch chest compressions every 1 to
2 minutes in order to avoid deterioration of the quality of chest compressions (especially
the depth) due to fatigue. Animal(LOE 563 130133) studies and a human study (LOE 5134)
demonstrated that interruption of chest compressions during CPR were associated with
lower rate of ROSC and survival.

During chest compression-only CPR, quality of compressions were reported to
deteriorate earlier, within 60-90 seconds after starting compressions!ss 136137 than
during CPR with 15:2 (LOE 5135) or 30:2 (LOE 4137, LOE 5136) of compression to
ventilation ratio. When performed by paramedics, quality of compressions did not
deteriorate during >10 minutes of CPR with compression to ventilation ratio of 15:2 or
30:2, or with chest compressions alone!??.

In most of the above studies, the earlier deterioration in quality of chest compressions
during compression-only CPR is considered to be related to the failure to “rest” during
rescue breathings. It is considered that fatigue of rescuers and the consequent
deterioration in quality of CPR are more prominent in compression-only CPR than CPR
with compression to ventilation ratio of 30:2, and lest prominent in CPR with
compression to ventilation ratio of 15:2.

When performing chest compressions, it may be reasonable for another rescuer to
take over after a period of no longer than 1 to 2 minutes, to avoid deterioration in the
quality of compressions (Class IIb). Rescuer should be aware that quality of chest
compressions may deteriorate earlier during compression-only CPR than during CPR
with compressions and ventilations (Class I1Ib). Switching the provider of chest

compressions should be done with minimal interruptions of compressions. (Class 1)

12) Alternative compression techniques

(1) “Cough” CPR
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A few case reports (LOE 4) 138145 documented limited benefit of cough CPR during initial
seconds to minutes of cardiac arrest in patients who remained conscious in a controlled,
monitored setting of electrophysiology testing with patient instruction prior to the onset
of anticipated cardiac arrest.

Use of cough CPR may be considered only for patients maintaining consciousness during
the initial seconds to minutes of VF or pulseless VT cardiac arrest in a witnessed,
monitored, hospital setting (such as a cardiac catheterization laboratory) (Class IIb).
Even in these cases, however, prior instruction on the cough CPR procedure to the

patient is required.
(2) CPR in prone position

Six case series that included 22 intubated hospitalized patients documented survival to
discharge in 10 patients who received CPR in a prone position(LOE 5146-151)

CPR with the patient in a prone position is a reasonable alternative for intubated
hospitalized patients who cannot be placed in the supine position (ClassII a).

A Knowledge gaps

o What is the optimal hand position for maximizing cardiac output?

o How effective is the simple method of teaching hand placement in terms of skill
retention?

e Does a chest compression rate of more than100/min increase long term survival from
cardiac arrest?

e  What is the minimal number or count of chest compressions to be delivered each
minute to enhance survival?

e  What is the relationship between chest compression rate and depth?

e Does a chest compression depth greater than 5 cm improve survival?

e What is the chest compression depth beyond which complications increase?

e What is the optimal technique to facilitate complete chest recoil and maximize
survival?

e Does any adjunctive methods to enhance chest decompression improve survival?

e Does a use of CPR feedback/prompt devices improve survival?

3. Airwayv and Ventilation

1) Opening the Airway
Evidence from a case series of drowning victims (LOE 4152) and prospective clinical
studies in patients under anesthesia evaluating clinical (LOE 5 [Cheng, 2008, 573]
[Guildner, 1976, 588] [Safar, 1959, 760] ) or radiologic (LOE 5 [Greene, 1961, 570]
[Morikawa, 1961, 265] [Ruben, 1961, 271] ) measures of airway patency reported
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the head tilt-chin lift maneuver as feasible, safe and effective. Prospective clinical
studies evaluating clinical (LOE 5172) or radiologic (LOE 5153, 154) measures supported the
chin lift maneuver in children under anesthesia, while other prospective clinical studies
failed to prove the effect compared to neutral position (LOE 5155157), In five studies of
the effectiveness of the jaw thrust maneuver to open the airway of patients who received
general anesthesia, three were supportive (LOE 5155.158,159) one was neutral (LOE 5157)
and one opposing (LOE 5160),

A LOE 561 study in anesthetized children recommended the jaw lift with the thumb in
the mouth. However, other studies reported harm to the victim (LOE 5181 182) or rescuer
(LOE 4'%2) from inserting digits into the mouth in attempts to clear the airway.

Maintaining a patent airway and providing adequate ventilation is a priority in CPR
(Class I). For unresponsive adults and children, it is reasonable to open the airway using
the head tilt-chin lift maneuver when assessing breathing or giving ventilations. If a
healthcare provider suspects a cervical spine injury, trained rescuers may open the
airway using a jaw thrust without head extension (Class IIb). Use a head tilt-chin lift
maneuver if the jaw thrust does not open the airway. As the jaw lift maneuver can be
harmful, careful attention to adaptive decision making and practice is required.

Use manual spinal motion restriction rather than immobilization devices for victims

with suspected spinal injury (Class IIb).

2) Tidal Volumes and Ventilation Rates

Evidence from 4 LOE 572 74, 109,162 gdult studies showed that hyperventilation was
common during resuscitation from cardiac arrest. In an animal study hyperventilation
during resuscitation from cardiac arrest decreased cerebral perfusion pressure, ROSC,
and survival compared with lower ventilation rates. One LOE 563 animal study found
that increasing respiratory rate during conditions of reduced cardiac output improved
alveolar ventilation but not oxygenation, and reduced coronary perfusion pressure.

In human studies (LOE 5164166) tidal volumes of 600 mL using room air were
sufficient to maintain oxygenation and normocarbia in apneic patients. When tidal
volumes less than 500 mL were used, supplementary oxygen was needed to achieve
satisfactory oxygenation. These studies, however, concern not in cardiac arrest victims
but anesthetized patients, and therefore the results are not directly applicable to
patients with cardiac arrest. As the difference in oxygenation shown in these studies is
small, the clinical significance of the 100mL difference in tidal volume remains unclear
from the view point of oxygen delivery. What should be taken into consideration is not
the uniform tidal volume of 600mL but the difference in body size between the Japanese
and the Westerners who were the subjects of the studies. On the other hand, in a human
study with 8 subjects (LOE 416¢7), expired air resuscitation led to hypoxia and
hypercarbia. Although it is reasonable to avoid hyperventilation, no sufficient data that
suggest the optimal value of tidal volume have been provided from any report. There are
no data to identify the optimal minute ventilation (tidal volume or respiratory rate) for

infants or children with an advanced airway during CPR. One LOE 568 animal study

22



showed that reducing tidal volume by 50% during CPR resulted in less hyperventilation
without affecting ROSC.

The 2005 CoSTR recommended giving each breath over an approximately 1-second
inspiratory time. Studies of mechanical models (LOE 5169171) found no clinically
important difference in tidal volumes when a 1- or 2-second inspiratory time was used.
Considering the interruption in chest compressions during ventilation, the inspiratory
time should be shorter.

Thus, for mouth-to-mouth ventilation for all victims using exhaled air or bag-mask
ventilation with room air or oxygen, it is reasonable to give each breath over about a 1-
second inspiratory time to achieve chest rise (Class ITa) . It is reasonable to avoid
hyperventilation in patients regardless of the cause of the cardiac arrest (Class 1) .

3) Barrier Devices

No human studies have addressed the safety, effectiveness, or feasibility of using
barrier devices to prevent patient contact during rescue breathing. There are only a very
small number of cases reported (LOE 5) 172176177182 where performing CPR has been
implicated as a cause of disease transmission. One systematic review found that in the
absence of high-risk activities, such as intravenous cannulation, there were no reports of
transmission of hepatitis B, hepatitis C, human deficiency virus or cytomegalovirus
during either training or actual CPR.

The recommendations and guidelines by the Centers for Disease Control and
Prevention propose or advocate the use of barrier devices to protect the rescuer from
transmitted disease. Three LOE 5 studies showed!8318 that barrier devices can decrease
transmission of bacteria in controlled laboratory settings.

The risk of disease transmission is very low and initiating rescue breathing without a
barrier device is reasonable. If available, rescuers may consider using a barrier device.
Safety precautions should be taken if the victim is known to have a serious infection (eg,
human immunodeficiency virus (HIV), tuberculosis, hepatitis B virus, or severe acute
respiratory syndrome (SARS).

In addition, healthcare providers on duty must always follow standard precautions

when performing CPR.

(1) BVM

It is recommended to use a BVM for ventilation when two or more experienced
rescuers perform CPR (Class 11a). Holding the mask to the victim's face with both
hands can ensure a better mask seal (LOE 5 186) |

A Knowledge gaps

- What is the effectiveness of airway maneuvers by bystanders during standard and
chest compression—only CPR?
- What is the optimal tidal volume of ventilation in cardiac arrest patients?
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4. Chest compression and ventilation during CPR

1) compression-ventilation ratio

Any recommendation for a specific CPR compression-ventilation ratio represents a
compromise between the need to generate blood flow, and the need to supply oxygen to
the lungs and remove CO:z from the blood. At the same time any such ratio must be
taught to would-be rescuers, so effect of the compression-ventilation on skills acquisition
and retention must be considered.

In adults cardiac arrest (out-of-hospital and in-hospital), 30:2 compression to
ventilation ratio without an advanced airway was recommended in 2005 CoSTR.
However it was recommended on indirect evidence only. The actual number of chest
compressions per minute is determined by the compression to ventilation ratio. To
increase the number of actual compressions, reduce interruptions of chest compressions
and simplify instruction for teaching and improving skill retention, optimal compression
ventilation ratio was examined in many studies.

Evidence from several human studies (LOE 318719 LOE 4%, LOE 5'91) in adults and
23 additional studies (LOE 5: animal, manikin, and computer models) provide
conflicting information about the optimal compression-ventilation ratio to maximize
ROSC and survival to hospital discharge when CPR is administered by lay rescuers or
by professional rescuers to patients with cardiac arrest in any setting.

In 2005, a single compression-ventilation ratio of 30:2 for the lone rescuer of an infant,
child, or adult victim was recommended!92, After implementation of this new guidelines,
two studies (LOE 3214 216) demonstrated improvement of survival compared to survival
with use of the previous 15:2 C:V ratio. However, other studies (LOE 3187.189,193) fajled
to show any beneficial effect of the new guidelines on survival.

Animal studies (LOE 51941%) showed improved survival with a C:V ratio above 30:2.
However, a C:V ratio of more than 100:2 was associated with low ROSC rate and
reduced arterial partial pressure of oxygen. 19 The mathematical studies (LOE 5)
suggested that the optimal C:V ratio was around 30:2 for healthcare professionals and
near 60:2 for lay rescuer and was a function of body weight in children (LOE 5197 19),
Other theoretical studies have recommended ratios of 15:2 or 50:51%%r around 20:1. 200

There is insufficient evidence that any specific compression ventilation ratio is
associated with improved outcome in patients with cardiac arrest. A compression -
ventilation ratio of 30:2 is still recommended until additional high level of evidence
emerges.

There are insufficient data to identify an optimal compression-to-ventilation ratio for
CPR in infants and children similarly as for adults. In five animal studies (LOE 5) 63
130, 201203 chest compressions without ventilations were sufficient to resuscitate animals
with VF-induced cardiac arrest. Conversely, in two animal studies (LOE 5) 196 204
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decreasing the frequency of ventilation was detrimental in the first 5-10 minutes of
resuscitation of VF-induced cardiac arrest.

Two studies of asphyxial arrest in pigs (LOE 5) 205206 gshowed that ventilations
added to chest compressions improved outcome compared with compressions alone.
Thus, ventilations are more important during resuscitation from asphyxia-induced
arrest than during resuscitation from VF. Most cardiopulmonary arrests in infants and
children are of respiratory origin2°7211 One prospective, population-based, observational
study (LOE 22!2) showed that in children aged 1-17 years who had cardiopulmonary
arrests of non-cardiac causes, conventional CPR produced more favorable neurological
outcome than did compression-only CPR.

Many manikin studies (all LOE 5) showed that the CPR performance, quality and
rescuer’s fatigue were not significantly different with differing C:V ratios, 128 129,195, 213, 214
while others showed mixed results among various C:V ratios from 5:1 to 60:2. 80, 143, 241-245

A compression-ventilation ratio of 30:2 is reasonable for an adult victim of cardiac
arrest whose airway is not secured. (Class 11a).A compression-to-ventilation ratio of 30:2
is reasonable for the lone rescuer performing CPR in infants and children (Class 1l a).
Because of the high incidence of non-cardiac arrest and the importance of ventilation in
infants and children, a compression-to-ventilation ratio of 15:2 is reasonable for
healthcare providers performing 2-rescuer CPR in infants and children (Class I a).
When advanced airway such as a tracheal tube is in place, compressions should not be
interrupted for ventilations (Class Il a).

2) Interruption of chest compressions

Interruption of chest compressions decreases the coronary perfusion pressure and
coronary flow. After resuming chest compressions, several compressions are necessary
before the coronary flow recovers to its previous level. (ERC Guideline2005)

Three simulation studies (LOE 565 128 215) with manikins demonstrated that
prolonged interruption of chest compression were common during CPR. In two
observational studies (LOE 472 7) and secondary analyses of two randomized trials
(LOE 5118 134)  interruptions of chest compressions were common both in and out of
hospital. No chest compressions were provided for 24% to 49% of total arrest time.
Interruption of chest compressions was associated with a decreased rate of successful
defibrillation (LOE 5!34). Five animal studies (LOE 563 130133) and one human study

(LOE 5134) confirmed that interruption of chest compressions during CPR reduced
ROSC, survival and post resuscitation myocardial function.

Interruptions of chest compressions during CPR must be minimized. Although
interruption of chest compressions is inevitable when giving synchronized ventilations,
assessing the rhythm or pulse and giving defibrillatroy shocks, effort should be made to

minimize the duration of interruption.
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3) Compression-only CPR

Any recommendation regarding the use of compression only CPR vs. standard CPR is
dependent not only on the skill level and ability of the provider (eg untrained layperson,
trained layperson, professional rescuer) but also the patient (eg age and etiology of
arrest) and the clinical settings (eg number of providers, phases of prehospital care).

There are no human studies that have compared compression-only CPR with
standard CPR using a 30:2 ratio of compressions to ventilations. Multiple mathematical
and educational studies (LOE 52527 128 197, 216219) showed some supporting evidence
favoring a high compression to ventilation ratio or compression-only CPR. Some animal
models of sudden ventricular fibrillation cardiac arrest (LOE 563 130, 203) demonstrated

benefits of compression-only CPR compared with conventional CPR. Additional animal

225-231

studies (LOE 5 ) demonstrated neutral evidence, while other animal studies (LOE

566.113) show advantages to adding ventilations to chest compressions. One animal study
(LOE 5) 220 showed that blood oxygenation deteriorated with compression-only CPR

compared with standard CPR in asphyxial arrests.
Evidence from one interventional human trial (LOE 1%") and eight observational

studies (LOE 2% ** #**'1 L,OE 3*%) documented consistent improvement in survival to

hospital discharge when compression-only CPR compared with no CPR is administered
by untrained or trained bystanders to adults with an out-of-hospital witnessed cardiac
arrest.

One clinical study (LOE 2221) suggested that CPR with continuous chest
compressions without ventilation was associated with better outcome compared to chest
compressions with ventilation. Five LOE2 107. 222225 gnd one LOES3 226 studies failed to
demonstrate a difference in survival when chest compression-only CPR was compared to
CPR with ventilation. One LOEZ2 clinical study??” suggested that continuous chest
compressions without ventilation was associated with poor outcome compared to chest
compressions with ventilation for OHCA of non-cardiac origin.

Four human studies (LOE 2268; LOE 327 271) demonstrated that provision of
continuous chest compressions by trained professional (EMS) providers led to an
improvement in survival to hospital discharge compared to standard CPR. Lower
methodological rigor limits the ability to determine whether those improvements in
survival were attributable to the provision of continuous chest compressions without
pauses for ventilation or due to other factors. Three additional studies (LOE 1228,
LOE 2220, LOE 523) failed to consistently show improvement in survival to hospital
discharge when compression-only CPR was compared with conventional CPR

administered by professionals to adult patients with an out-of-hospital cardiac arrest.
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Evidence from one LOE 2 large pediatric prospective observational investigation2!2
showed that children in cardiac arrest of non-cardiac etiology (asphyxial arrest) have a
higher 30-day survival with more favorable neurological outcome if they receive
standard bystander CPR (chest compressions with rescue breathing) compared with
chest compression-only CPR. Standard CPR and chest compression-only CPR were
similarly effective and better than no bystander CPR for pediatric cardiac arrest from
cardiac causes. Of note, the same study showed that more than 50% of children with
out-of-hospital cardiac arrest did not receive any bystander CPR. Compression-only CPR
was as ineffective as no CPR in the small number of infants and children with asphyxial
cardiac arrest.

All rescuers may start CPR with chest compressions rather than with ventilations for
treatment of adult victims of cardiac arrest (Class Il a). After 30 chest compressions, if
rescuers are unwilling or unable to give rescue breathings, continuing CPR with chest
compressions alone is reasonable for all rescuers. Providing chest compressions with
ventilations are reasonable for trained lay persons who are willing and able to give CPR
with ventilations to cardiac arrest victims, if they are able to ensure that interruptions
of chest compressions are minimized (Class II a).

Professional rescuers are recommended to perform 30:2 CPR with minimal
interruptions of chest compressions (Class I ). Performing chest compressions alone is
reasonable for trained laypersons if they are unable to deliver rescue breathings with
minimal interruptions of chest compressions (Class Il a).

All rescuers should perform chest compressions for all patients in cardiac arrest
(Class I ). Chest compressions alone are recommended for untrained laypersons
responding to cardiac arrest victims (Class I ). Performing chest compressions alone is
reasonable for trained laypersons if they are unwilling or unable to secure airway and
give rescue breathings to cardiac arrest victims (Class Il a). Chest compressions alone is
not recommended for patients with cardiac arrest caused by choking, drowning or
airway obstruction, for infants and children, for adults whose cardiac arrest is not
witnessed, and for patients under extended period of resuscitation attempt: Rescuers
should provide CPR with compressions and rescue breathings (Class 1 a).

4) Passive Ventilation

No study was identified that reported effect of compression-only CPR on outcome
when airway was secured by lay rescuers with or without passive oxygen delivery.
Furthermore, no study was identified that compared outcomes of any passive airway or
ventilation technique with no airway or ventilation technique during -chest
compression—only CPR. In a LOE 5228 prospective, randomized study on adult cardiac
arrest patients, constant-flow insufflation with oxygen did not improve outcomes (ROSC,
survival to admission, and survival to ICU discharge) compared with conventional
mechanical ventilation during CPR. In another LOE 5231 study, adults with witnessed

VF arrest had improved neurologically intact survival with passive oxygen insufflation
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compared with BMV ventilation, whereas there was no difference in survival if the VF
arrest was unwitnessed.

Two other studies (LOE 5232 233)) reported improved survival for OHCA patients
receiving minimally interrupted chest compressions by EMS personnel. These studies
evaluated nonrandomized use of passive oxygen insufflation with nonrebreathing mask
or interposed bag-mask ventilation and did not include a control group (ie, without any
airway/ventilation intervention).

Thus, for lay rescuers and trained personnel performing chest compression-only CPR,
there is insufficient evidence to recommend the use of any specific passive airway

maneuver or adjunct ventilation device.

5. AED

For details on AED, refer to Chapter 2: Advanced Life Support, [5] Electrical
Therapies.

1) Interruption of Compressions for Post-Shock Rhythm Analysis

In two case series (LOE 4118 119) 3 palpable pulse was rarely present immediately
after defibrillation. After successful defibrillation, the heart may pump ineffectively and
only 25% to 40% of victims demonstrated an organized rhythm (LOE 4234). In one
randomized study (LOE 12%) immediate resumption of chest compressions after
defibrillation was associated with earlier VF recurrence when compared to a pulse check
prior to resumption of CPR; there was no difference in cumulative incidence of VF 60
seconds after the shock.

A pulse check after a shock is not useful and delays the resumption of chest
compressions. In two adult out-of-hospital witnessed VF studies (LOE 3120.188) and
three animal studies (LOE 5131133, 236) immediate resumption of chest compressions after
defibrillatory shock was associated with better survival rates and/or survival with
favorable neurological outcome compared with immediate rhythm analysis and delayed
resumption of chest compression.

There is no evidence for or against immediate resumption of chest compressions in
adults with ventricular fibrillation of short duration.

Therefore, after a single shock for defibrillation, immediate resumption of chest
compressions is recommended (Class M a). All rescuers should minimize any

interruptions of chest compressions including pulse checks and rhythm analysis.
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2) Special Circumstances : Implantable cardioverter defibrillator

(ICD) or pacemaker

Two case series reported pacemaker or implantable cardioverter defibrillator (ICD)
malfunction after external defibrillation when the pads were placed in close proximity to
the device generator (LOE 427 27). One small study on atrial cardioversion
demonstrated that positioning the pads on the chest at least 8 cm from the device
generator did not produce significant damage to pacing sensing and capturing (LOE
4237) One case report suggested that pacemaker spikes generated by devices
programmed to unipolar pacing may confuse AED software and emergency personnel
and may prevent the detection of VF (LOE 4238),

3) Precordial Thump

In five prospective case series of out-of-hospital (LOE 4239-243) and two series (LOE 4282
283) of in-hospital VF cardiac arrest, healthcare provider administration of the precordial
thump did not result in ROSC. In three prospective case series of ventricular
tachycardia in the electrophysiology lab (LOE 4282 286, 287) administration of the
precordial thump by experienced cardiologists was of limited use (1.3% ROSC). When
events occurred outside of the electrophysiology lab, in 6 case series of in and out of the
hospital VT (LOE 4283285, 288-290) the precordial thump was followed by ROSC in 19% of
patients. Rhythm deterioration following precordial thump occurred in 3% of patients
and was observed predominantly in patients with prolonged ischemia or digitalis-
induced toxicity. Two case series (LOE 4285.291) and a case report(LOE 5292) documented
the potential for complications from use of the precordial thump including sternal
fracture, osteomyelitis, stroke, and rhythm deterioration in adults and children.

The precordial thump is relatively ineffective for ventricular fibrillation, and it should
not be used for unwitnessed out-of-hospital cardiac arrest (Class II). The precordial
thump may be considered for patients with monitored, unstable ventricular tachycardia
if a defibrillator is not immediately available (Class IIb). There is insufficient evidence
to recommend for or against the use of the precordial thump for witnessed onset of

asystole caused by AV-conduction disturbance.

A Knowledge gaps

- Should the ratio of compression to ventilation be changed according to age or etiology
of cardiac arrest?
- What impact would compression-only CPR training have on survival of all the out-of-

hospital cardiac arrest in the community, compared to standard CPR training?
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- Does compression-only CPR training increase willingness in rescuers to perform CPR,
compared to standard CPR training?

- Does CPR including airway maintenance and passive oxygen delivery along with chest
compressions improve survival outcomes, compared to high-quality CPR with a
compression to ventilation rate of 30:2?

- Is it possible to incorporate ECG rhythm analysis during chest compressions into the
CPR algorithm?

- How long is an adequate duration of CPR before another rhythm check after
defibrillation?

6. Continuation of BLS

CPR should not be discontinued until the victim regains obvious ROSC (such as
regular respiration or purposeful movement).

When the victim shows a sign indicating ROSC but is not breathing (or has
insufficient breathing), perform rescue breaths at a rate of 10 times per minute while
waiting for the ALS team to take over. If the victim fully regains both circulation and
respiration, keep the airway open and wait for the backups. If rescuers are obliged to

temporarily leave the victim, the victim can be placed in the recovery position.

7. Foreign body airway obstruction

Like CPR, relief of foreign-body airway obstruction (FBAO) is an urgent procedure
that should be taught to laypersons. Evidence for the safe, effective and simple methods
has been sought. More than one techniques may be needed for relief of FBAO; there is
insufficient evidence to determine which one should be used first. Case series and case
reports have documented successful relief of FBAO in conscious victims using back

blows (LOE 4'°"'®), abdominal thrusts (LOE 4'°"®) and chest thrusts (LOE 4'°"; LOE

5'%). According to a retrospective study of fifty cases of FBAO, only the time from
emergency call to hospital arrival was a significant factor for survival at hospital
discharge. 244

Many case reports have documented life-threatening complications associated with
the use of abdominal thrusts. A randomized trial of maneuvers to clear the airway in

cadavers (LOE 5168) and prospective studies in anesthetized volunteers (LOE 5% 169)
showed that chest thrust generated higher airway pressures than the abdominal thrust.
In a few case reports a finger sweep was effective for relieving FBAO in unconscious

adults and children aged >1 year (LOE 4010210
victims, including biting of the rescuer’s finger while performing finger sweeps(LOE 4

" and LOE 5™ % '), Liquids are the most common cause of the foreign body in
children <1 year of age. At this time, there is insufficient evidence to recommend specific
techniques for relieving FBAO in obese and/or pregnant patient.

In responsive adults and children >1 year of age with FBAO, rescuers should
activate emergency response system and try back blows, abdominal thrusts and/or chest
thrusts for obstruction relief. More than one techniques may be required to relieve the

). Case reports documented harm to the
171,
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obstruction. These techniques must be repeated quickly until the the obstruction is
relieved .

If the choking infants are still responsive but cannot make effective, strong cough,
rescuers are recommended to try back blows and chest thrusts. In these rescue
maneuvers, it is reasonable to hold the victim with the head lowered because the most
common cause of FBAO is liquid. If the choking infants are coughing strongly, rescuers
may lay them on their sides and encourage their coughing so that they can spit out the
obstructing liquids.

If the victim with FBAO becomes unresponsive, the rescuer should immediately
begin CPR (Class I). Lay rescuers may begin CPR starting with chest compressions as in
usual CPR. It is reasonable for the experienced healthcare providers to start CPR with
rescue breathing (Class IIa). For unresponsive victims of FBAO, finger sweep may be
considered only when solid material is visible in the airway.

8. Special Situations

1) Drowning

Mouth-to-mouth ventilation in water may be helpful, but it should be performed only
by a specifically trained rescuer 245247(Class IIb). Safety of rescuers should be prioritized
(Class 1). Rescuing a drowning victims and performing chest compressions are difficult
in deep water,and can potentially harm both the rescuers and the victims (Class III).

The duration of hypoxia sustained as a result of drowning is the important
determinant of outcome, so oxygenation and ventilation by rescue breathing have the
priority in CPR for the drowning (Class 11 a).

Submersion victims without obvious injury or paresis, a history of diving or waterslide
accident or alcohol intoxication are reported to have low risk of spinal injury248 249, Total
spinal immobilization is not necessarily required for all these victims2® (Class la) .

2) Accidental hypothermia

Because hypothermia exerts a protective effect on the major organs including the
brain3!4 315 hypothermic victims has a chance of survival even after a extended duration
of cardiac arrest. In cardiac arrest with hypothermia, however, it is often difficult to
determine whether the body temperature decreased after cardiac arrest or loss of body
temperature caused cardiac arrest.

Extreme drop in body temperature leads to very slow and shallow breathing and
bradycardia with arrhythmia, where it is difficult to confirm cardiac activity. Therefore,
unlike other situations, it is reasonable to carefully assess pulse and respirations for up
to 30-45 seconds before concluding there is no cardiac activity (Class 1).

Even if the victim is confirmed to be not in cardiac arrest, hypothermia induces

myocardial irritability, where rough handling of the victim can easily provoke
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ventricular fibrillation. Therefore, it 1s recommended that rescuers avoid inadvertent
jerky movement of patients, remove wet clothing and help them stay warm while
waiting for emergency personnel to arrive ( Class I a).

9. Risks to victims

Many rescuers are concerned that delivering chest compressions to a victim who is not
in cardiac arrest will lead to serious complications, and thus, they do not initiate CPR
for some victims of cardiac arrest. There are no data to suggest that the performance of
CPR by bystanders leads to more complications than CPR performed by professional
rescuers. One LOE 4 study?®® documented no difference in the incidence of injuries on
chest radiograph for cardiac arrest victims with and without bystander CPR. One LOE 5
study?5! documented a higher rate of complications among in-hospital cardiac arrest
victims treated by less-experienced (non-ICU) rescuers. Four LOE 5 reports252255
documented bystander CPR-related injuries . Only 1 of these[zref]276[zrefx] concerned a
patient who was not in cardiac arrest. Evidence from a systematic review (LOE 4256) of
the literature concerning CPR in children showed that chest compression-related rib
fracture is infrequent in children.

Two LOE 4 studies?t 257 reported that serious complications among nonarrest
patients receiving dispatch-assisted bystander CPR occurred infrequently. Of 247
nonarrest patients with complete follow-up who received chest compressions from a
bystander, 12% experienced discomfort; only 5 (2%) suffered a fracture; and no patients
suffered visceral organ injury.

In individuals with presumed cardiac arrest, bystander CPR rarely leads to serious
harm in victims who are eventually found not to be in cardiac arrest; and therefore,
bystander CPR should be assertively encouraged (ClassI) .

1. Heward A, Damiani M, Hartley—Sharpe C. Does the use of the Advanced Medical
Priority Dispatch System affect cardiac arrest detection? Zmerg Med J.
2004;21(1) :115-118.

2. Hauff SR, Rea TD, Culley LL, Kerry F, Becker L, Eisenberg MS. Factors
impeding dispatcher—-assisted telephone cardiopulmonary resuscitation. Ann
Emerg Med. 2003;42(6) :731-737.

3. Bang A, Biber B, Isaksson L, Lindqvist J, Herlitz J. Evaluation of
dispatcher—assisted cardiopulmonary resuscitation. Fur J Emerg Med.
1999;6(3) :175-183.

4, Cairns KJ, Hamilton AJ, Marshall AH, Moore M]J, Adgey AA, Kee F. The

obstacles to maximising the impact of public access defibrillation: an

32



10.

11.

12.

13.

14.

15.

16.

assessment of the dispatch mechanism for out-of-hospital cardiac arrest.
Heart. 2008394 (3) :349-353.

Castren M, Kuisma M, Serlachius J, Skrifvars M. Do health care
professionals report sudden cardiac arrest better than laymen?
Resuscitation. 2001;51(3) :265-268.

Clark JJ, Culley L, Eisenberg M, Henwood DK. Accuracy of determining
cardiac arrest by emergency medical dispatchers. Ann Emerg Med.
1994;23(5) :1022-1026.

Eisenberg MS, Hallstrom AP, Carter WB, Cummins RO, Bergner L, Pierce ]J.
Emergency CPR instruction via telephone. Am J Public Health. 1985;75(1) :47-
50.

Flynn J, Archer F, Morgans A. Sensitivity and specificity of the medical
priority dispatch system in detecting cardiac arrest emergency calls in
Melbourne. Prehosp Disaster Med. 2006;21(2):72-76.

Garza AG, Gratton MC, Chen JJ, Carlson B. The accuracy of predicting
cardiac arrest by emergency medical services dispatchers: the calling party
effect. Acad Emerg Med. 2003;10(9) :955-960.

Kuisma M, Boyd J, Vayrynen T, Repo J, Nousila-Wiik M, Holmstrom P.
Emergency call processing and survival from out-of-hospital ventricular
fibrillation. Resuscitation. 2005;67 (1) :89-93.

Ma MH, Lu TC, Ng JC, Lin CH, Chiang WC, Ko PC, Shih FY, Huang CH, Hsiung KH,
Chen SC, Chen WJ. Evaluation of emergency medical dispatch in out—of-
hospital cardiac arrest in Taipei. Resuscitation. 2007;73(2):236-245.
Berdowski J, Beekhuis F, Zwinderman AH, Tijssen JG, Koster RW. Importance
of the first 1link: description and recognition of an out—of-hospital
cardiac arrest in an emergency call. Circulation. 2009;119(15) :2096-2102.
Vaillancourt C, Verma A, Trickett J, Crete D, Beaudoin T, Nesbitt L, Wells
GA, Stiell IG. Evaluating the effectiveness of dispatch—assisted
cardiopulmonary resuscitation instructions. Acad Emerg Med.
2007514 (10) :877-883.

Bohm K, Rosenqvist M, Hollenberg J, Biber B, Engerstrom L, Svensson L.
Dispatcher—assisted telephone—guided cardiopulmonary resuscitation: an
underused lifesaving system. Zur J Emerg Med. 2007;14(5) :256-259.

Bobrow BJ, Zuercher M, Ewy GA, Clark L, Chikani V, Donahue D, Sanders AB,
Hilwig RW, Berg RA, Kern KB. Gasping during cardiac arrest in humans is
frequent and associated with improved survival. Circulation.
2008;118(24) :2550-2554.

Hallstrom AP, Cobb LA, Johnson E, Copass MK. Dispatcher assisted CPR:
implementation and potential benefit. A 12-year study. Kesuscitation
2003;57(2) :123-129.

33



%1

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

217.

28.

Bk ALE (BLS)

Nurmi J, Pettila V, Biber B, Kuisma M, Komulainen R, Castren M. Effect of
protocol compliance to cardiac arrest identification by emergency medical
dispatchers. Resuscitation. 2006;70(3) :463-469.

Roppolo LP, Westfall A, Pepe PE, Nobel LL, Cowan J, Kay JJ, Idris AH.
Dispatcher assessments for agonal breathing improve detection of cardiac
arrest. Resuscitation. 2009;80(7) :769-772.

Bohm K, Stalhandske B, Rosenqgvist M, Ulfvarson J, Hollenberg J, Svensson L.
Tuition of emergency medical dispatchers in the recognition of agonal
respiration increases the use of telephone assisted CPR. FHesuscitation.
2009;80(9) :1025-1028.

Clawson J, Olola C, Heward A, Patterson B, Scott G. Ability of the medical
priority dispatch system protocol to predict the acuity of “unknown
problem” dispatch response levels. Prehosp Emerg Care. 2008;12(3) :290-296.
Clawson J, Olola C, Heward A, Patterson B. Cardiac arrest predictability in
seizure patients based on emergency medical dispatcher identification of
previous seizure or epilepsy history. Resuscitation. 2007;75(2) :298-304.
Clawson J, Olola C, Scott G, Heward A, Patterson B. Effect of a Medical
Priority Dispatch System key question addition in the
seizure/convulsion/fitting protocol to improve recognition of ineffective
(agonal) breathing. Resuscitation. 2008;79(2) :257-264.

Rea 1D, Eisenberg MS, Culley LL, Becker L. Dispatcher—assisted
cardiopulmonary resuscitation and survival in cardiac arrest. Circulation.
20015104 (21) :2513-2516.

Hallstrom A, Cobb L, Johnson E, Copass M. Cardiopulmonary resuscitation by
chest compression alone or with mouth—to—mouth ventilation. N Engl J Med.
2000;342(21) :1546-1553

Woollard M, Smith A, Whitfield R, Chamberlain D, West R, Newcombe R,
Clawson J. To blow or not to blow: a randomised controlled trial of
compression-only and standard telephone CPR instructions in simulated
cardiac arrest. Resuscitation. 2003;59(1) :123-131.

Dorph E, Wik L, Steen PA. Dispatcher—assisted cardiopulmonary resuscitation.
An evaluation of efficacy amongst elderly. Resuscitation. 2003;56(3) :265-
273.

Williams JG, Brice JH, De Maio VJ, Jalbuena T. A simulation trial of
traditional dispatcher—assisted CPR versus compressions—only dispatcher—
assisted CPR. Prehosp Emerg Care. 2006;10(2) :247-253.

Mirza M, Brown TB, Saini D, Pepper TL, Nandigam HK, Kaza N, Cofield SS.
Instructions to “push as hard as you can” improve average chest compression

depth in dispatcher—-assisted cardiopulmonary resuscitation. Resuscitation.

2008;79(1) :97-102.

34



29.

30.

31.

32.

33.

34.

3b.

36.

37.

38.

39.

40.

41.

42,

Dias JA, Brown TB, Saini D, Shah RC, Cofield SS, Waterbor JW, Funkhouser E,
Terndrup TE. Simplified dispatch-assisted CPR instructions outperform
standard protocol. Resuscitation. 2007;72(1):108-114.

Johnsen E, Bolle SR. To see or not to see—better dispatcher—assisted CPR
with video—calls? A qualitative study based on simulated trials.
Resuscitation. 2008;78(3) :320-326.

Yang CW, Wang HC, Chiang WC, Hsu CW, Chang WT, Yen ZS, Ko PC, Ma MH, Chen
SC, Chang SC. Interactive video instruction improves the quality of
dispatcher—assisted chest compression-only cardiopulmonary resuscitation in
simulated cardiac arrests. Crit Care Med. 2009;37(2):490-495.

Yang CW, Wang HC, Chiang WC, Chang WT, Yen ZS, Chen SY, Ko PC, Ma MH, Chen
SC, Chang SC, Lin FY. Impact of adding video communication to dispatch
instructions on the quality of rescue breathing in simulated cardiac
arrests—a randomized controlled study. Resuscitation. 2008;78(3) :327-332.
Choa M, Park I, Chung HS, Yoo SK, Shim H, Kim S. The effectiveness of
cardiopulmonary resuscitation instruction: animation versus dispatcher
through a cellular phone. Resuscitation. 2008;77 (1) :87-94.

Fulstow R, Smith GB. The new recovery position, a cautionary tale
Resuscitation. 1993;26(1) :89-91.

Rathgeber J, Panzer W, Gunther U, Scholz M, Hoeft A, Bahr J, Kettler D.
Influence of different types of recovery positions on perfusion indices of
the forearm. Resuscitation. 1996;32(1) :13-17

Doxey J. Comparing 1997 Resuscitation Council (UK) recovery position with
recovery position of 1992 European Resuscitation Council guidelines: a
user’ s perspective. Resuscitation. 1998;39(3) :161-169.

Turner S, Turner I, Chapman D, Howard P, Champion P, Hatfield J, James A,
Marshall S, Barber S. A comparative study of the 1992 and 1997 recovery
positions for use in the UK. Resuscitation. 1998;39(3) :153-160.

Bang A, Herlitz J, Martinell S. Interaction between emergency medical
dispatcher and caller in suspected out—of-hospital cardiac arrest calls
with focus on agonal breathing. A review of 100 tape recordings of true
cardiac arrest cases. Resuscitation. 2003;56 (1) :25-34.

Brennan RT, Braslow A. Skill mastery in public CPR classes. Am J Emerg Med.
199816 (7) :653-657.

Chamberlain D, Smith A, Woollard M, Colquhoun M, Handley AJ, Leaves S, Kern
KB. Trials of teaching methods in basic life support (3): comparison of
simulated CPR performance after first training and at 6 months, with a note
on the value of re-training. Resuscitation. 2002;53(2) :179-187

Perkins GD, Stephenson B, Hulme J, Monsieurs KG. Birmingham assessment of
breathing study (BABS). Resuscitation. 2005;64(1):109-113.

Ruppert M, Reith MW, Widmann JH, Lackner CK, Kerkmann R, Schweiberer L,
Peter K. Checking for breathing: evaluation of the diagnostic capability of

35



=

1

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

— kK iLE (BLS)

emergency medical services personnel, physicians, medical students, and
medical laypersons. Ann Emerg Med. 1999;34(6) :720-729.

Bahr J, Klingler H, Panzer W, Rode H, Kettler D. Skills of lay people in
checking the carotid pulse. Resuscitation. 1997;35(1) :23-26.

Eberle B, Dick WF, Schneider T, Wisser G, Doetsch S, Tzanova I. Checking
the carotid pulse check: diagnostic accuracy of first responders in
patients with and without a pulse. Resuscitation. 1996;33(2) :107-116.
Lapostolle F, Le Toumelin P, Agostinucci JM, Catineau J, Adnet F. Basic
cardiac life support providers checking the carotid pulse: performance,
degree of conviction, and influencing factors. Acad  Emerg  Med.
2004;11(8) :878-880.

Liberman M, Lavoie A, Mulder D, Sampalis J. Cardiopulmonary resuscitation:
errors made by pre-hospital emergency medical personnel. HKesuscitation.
1999;42 (1) :47-55.

Moule P. Checking the carotid pulse: diagnostic accuracy in students of the
healthcare professions. Resuscitation. 2000;44(3):195-201.

Nyman J, Sihvonen M. Cardiopulmonary resuscitation skills in nurses and
nursing students. Resuscitation. 2000;47(2) :179-184.

Tibballs J, Russell P. Reliability of pulse palpation by healthcare
personnel  to diagnose paediatric cardiac  arrest. Resuscitation.
2009;80 (1) :61-64.

Inagawa G, Morimura N, Miwa T, Okuda K, Hirata M, Hiroki K. A comparison of
five techniques for detecting cardiac activity in infants. Paediatr Anaesth.
2003;13(2) : 141-146.

Sarti A, Savron F, Casotto V, Cuttini M. Heartbeat assessment in infants: a
comparison of four clinical methods. Pediatr Crit Care Med 2005;6(2):212—
215.

Albarran JW, Moule P, Gilchrist M, Soar J. Comparison of sequential and
simultaneous breathing and pulse check by healthcare professionals during
simulated scenarios. Resuscitation. 2006;68(2) :243-249.

Tibballs J, Weeranatna C. The influence of time on the accuracy of
healthcare personnel to diagnose paediatric cardiac arrest by pulse
palpation. Resuscitation. 2010;81(6) :671-675

Herlitz J, Svensson L, Engdahl J, Gelberg J, Silfverstolpe J, Wisten A,
Angquist KA, Holmberg S. Characteristics of cardiac arrest and
resuscitation by age group: an analysis from the Swedish Cardiac Arrest
Registry. Am J Emerg Med. 2007;25(9) :1025-1031.

Engdahl J, Bang A, Karlson BW, Lindqvist J, Herlitz J. Characteristics and
outcome among patients suffering from out of hospital cardiac arrest of

non—cardiac aetiology. Resuscitation. 2003;57 (1) :33-41.

36



56.

b7.

b8.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

Weston  CF, Jones SD, Wilson  RJ. Outcome of  out—-of-hospital
cardiorespiratory arrest in south Glamorgan. Resuscitation. 1997;34(3):227-
233.

Ong ME, Stiell I, Osmond MH, Nesbitt L, Gerein R, Campbell S, McLellan B.
Etiology of pediatric out—-of-hospital cardiac arrest by coroner’ s diagnosis
Resuscitation. 2006;68(3) :335-342.

Kuisma M, Alaspaa A. Out-of-hospital cardiac arrests of non—cardiac origin.
Epidemiology and outcome. Eur Heart J. 1997;18(7):1122-1128.

Kurkciyan I, Meron G, Behringer W, Sterz F, Berzlanovich A, Domanovits H,
Mullner M, Bankl HC, Laggner AN. Accuracy and impact of presumed cause in
patients with cardiac arrest. Circulation. 1998;98(8) :766-771.

Handley AJ, Koster R, Monsieurs K, Perkins GD, Davies S, Bossaert L.
European Resuscitation Council guidelines for resuscitation 2005. Section 2.
Adult basic life support and use of automated external defibrillators.
Resuscitation. 2005;67 Suppl 1:S7-23.

Brenner BE, Van DC, Cheng D, Lazar EJ. Determinants of reluctance to
perform CPR among residents and applicants: the impact of experience on
helping behavior. Resuscitation. 1997;35(3):203-211.

Nolan JP. Basic life support. Curr Opin Anaesthesiol. 2008;21(2) :194-199.
Kern KB, Hilwig RW, Berg RA, Sanders AB, Ewy GA. Importance of continuous
chest compressions during cardiopulmonary resuscitation: improved outcome
during a simulated single lay-rescuer scenario. Circulation.
20025105 (5) :645-649.

Ornato JP, Hallagan LF, McMahan SB, Peeples EH, Rostafinski AG. Attitudes
of BCLS instructors about mouth—to—mouth resuscitation during the AIDS
epidemic. Ann Emerg Med 1990;19(2):151-156.

Assar D, Chamberlain D, Colquhoun M, Donnelly P, Handley AJ, Leaves S, Kern
KB. Randomised controlled trials of staged teaching for basic life support.
1. Skill acquisition at bronze stage. Resuscitation. 2000;45(1):7-15
Chamberlain D, Smith A, Colquhoun M, Handley AJ, Kern KB, Woollard M.
Randomised controlled trials of staged teaching for basic life support: 2.
Comparison of CPR performance and skill retention using either staged
instruction or conventional training. Resuscitation. 2001:;50(1):27-37
Handley AJ. Teaching hand placement for chest compression—a simpler
technique. Resuscitation. 2002;53(1) :29-36.

Smith A, Colquhoun M, Woollard M, Handley AJ, Kern KB, Chamberlain D.
Trials of teaching methods in basic 1life support (4): comparison of
simulated CPR performance at unannounced home testing after conventional or
staged training. Resuscitation. 2004;61(1):41-47.

Shin J, Rhee JE, Kim K. Is the inter—nipple line the correct hand position
for effective chest compression in adult cardiopulmonary resuscitation?
Resuscitation. 2007;75(2) :305-310.

37



=

1

70.

71.

72.

73.

74.

75.

76.

77.

18.

79.

80.

81.

82.

— kK iLE (BLS)

Kusunoki S, Tanigawa K, Kondo T, Kawamoto M, Yuge 0. Safety of the inter-—
nipple line hand position landmark for chest compression. Resuscitation.
2009;80(10) :1175-1180.

Clements F, McGowan J. Finger position for chest compressions in cardiac
arrest in infants. Resuscitation. 2000;44 (1) :43-46.

Abella BS, Alvarado JP, Myklebust H, Edelson DP, Barry A, O Hearn N, Vanden
Hoek TL, Becker LB. Quality of cardiopulmonary resuscitation during in—
hospital cardiac arrest. JAMA. 2005;293(3) :305-310.

Olasveengen TM, Tomlinson AE, Wik L, Sunde K, Steen PA, Myklebust H,
Kramer—Johansen J. A failed attempt to improve quality of out—of-hospital
CPR through performance evaluation. Prehosp Emerg Care. 2007;11 (4):427-433.

Wik L, Kramer—Johansen J, Myklebust H, Sorebo H, Svensson L, Fellows B,
Steen PA. Quality of cardiopulmonary resuscitation during out—of—hospital
cardiac arrest. JAMA. 2005;293(3) :299-304.

Edelson DP, Abella BS, Kramer—Johansen J, Wik L, Myklebust H, Barry AM,
Merchant RM, Hoek TL, Steen PA, Becker LB. Effects of compression depth and
pre—shock pauses predict defibrillation failure during cardiac arrest.
Resuscitation. 2006;71(2) :137-145.

Kramer—Johansen J, Myklebust H, Wik L, Fellows B, Svensson L, Sorebo H,
Steen PA. Quality of out-of-hospital cardiopulmonary resuscitation with
real time automated feedback: a prospective interventional study.
Resuscitation. 2006;71(3) :283-292.

Edelson DP, Litzinger B, Arora V, Walsh D, Kim S, Lauderdale DS, Vanden
Hoek TL, Becker LB, Abella BS. Improving in—hospital cardiac arrest process
and outcomes with performance debriefing. Arch Intern Med.
20085168 (10) :1063-1069.

Babbs CF, Kemeny AE, Quan W, Freeman G. A new paradigm for human
resuscitation  research  using intelligent devices. Resuscitation.
2008;77(3) :306-315.

Li Y, Ristagno G, Bisera J, Tang W, Deng Q, Weil MH. Electrocardiogram
waveforms for monitoring effectiveness of chest compression during
cardiopulmonary resuscitation. Crit Care Med. 2008;36(1):211-215

Ristagno G, Tang W, Chang YT, Jorgenson DB, Russell JK, Huang L, Wang T,
Sun S, Weil MH. The quality of chest compressions during cardiopulmonary
resuscitation overrides importance of timing of defibrillation. Chest.
20075132 (1) :70-75.

Wu JY, Li CS, Liu ZX, Wu CJ, Zhang GC. A comparison of 2 types of chest
compressions in a porcine model of cardiac arrest. Am J [Emerg Med.
2009;27(7) :823-829.

Ornato JP, Levine RL, Young DS, Racht EM, Garnett AR, Gonzalez ER. The

effect of applied chest compression force on systemic arterial pressure and

38



83.

84.

8b.

86.

87.

88.

89.

90.

91.

92.

93.

end-tidal carbon dioxide concentration during CPR in human beings. Ann
Emerg Med. 1989;18(7) :732-737

Wik L, Naess PA, Ilebekk A, Nicolaysen G, Steen PA. Effects of various
degrees of compression and active decompression on haemodynamics, end-tidal
C02, and ventilation during cardiopulmonary resuscitation of pigs.
Resuscitation. 1996;31(1) :45-57.

Kao PC, Chiang WC, Yang CW, Chen SJ, Liu YP, Lee CC, Hsidh MJ, Ko PC, Chen
SC, Ma MH. What is the correct depth of chest compression for infants and
children? A radiological study. Pediatrics. 2009;124 (1) :49-55

Sutton RM, Maltese MR, Niles D, French B, Nishisaki A, Arbogast KB,
Donoghue A, Berg RA, Helfaer MA, Nadkarni V. Quantitative analysis of chest
compression interruptions during in-hospital resuscitation of older
children and adolescents. Resuscitation. 2009;80(11):1259-1263.

Braga MS, Dominguez TE, Pollock AN, Niles D, Meyer A, Myklebust H,
Nysaether J, Nadkarni V. Estimation of optimal CPR chest compression depth
in children by using computer tomography. Pediatrics. 2009;124(1) :e69-74.
Meyer A, Nadkarni V, Pollock A, Babbs C, Nishisaki A, Braga M, Berg RA,
Ades A. Evaluation of the Neonatal Resuscitation Program’s recommended
chest compression depth using computerized tomography imaging.
Resuscitation. 2010;81(5) :544-548.

Stevenson AG, McGowan J, Evans AL, Graham CA. CPR for children: one hand or
two? Resuscitation. 2005;64(2) :205-208.

Peska E, Kelly AM, Kerr D, Green D. One—handed versus two—handed chest
compressions in paediatric cardio—pulmonary resuscitation. HKesuscitation.
2006371 (1) :65-69.

Udassi JP, Udassi S, Theriaque DW, Shuster JJ, Zaritsky AL, Haque IU.
Effect of alternative chest compression techniques in infant and child on
rescuer performance. Pediatr Crit Care Med 2009;10(3):328-333

Aufderheide TP, Pirrallo RG, Yannopoulos D, Klein JP, von Briesen C, Sparks
CW, Deja KA, Conrad CJ, Kitscha DJ, Provo TA, Lurie KG. Incomplete chest
wall decompression: a clinical evaluation of CPR performance by EMS
personnel and assessment of alternative manual chest compression—
decompression techniques. Resuscitation. 2005;64(3) :353-362

Sutton RM, Niles D, Nysaether J, Abella BS, Arbogast KB, Nishisaki A,
Maltese MR, Donoghue A, Bishnoi R, Helfaer MA, Myklebust H, Nadkarni V
Quantitative analysis of CPR quality during in—hospital resuscitation of
older children and adolescents. Pediatrics. 2009;124(2) :494-499.

Niles D, Nysaether J, Sutton R, Nishisaki A, Abella BS, Arbogast K, Maltese
MR, Berg RA, Helfaer M, Nadkarni V. Leaning is common during in—hospital
pediatric  CPR, and decreased with automated corrective feedback.
Resuscitation. 2009;80(5) :553-557.

39



H1E —kBmlLE (BLS)

94. Yannopoulos D, McKnite S, Aufderheide TP, Sigurdsson G, Pirrallo RG,
Benditt D, Lurie KG. Effects of incomplete chest wall decompression during
cardiopulmonary resuscitation on coronary and cerebral perfusion pressures
in a porcine model of cardiac arrest. Resuscitation. 2005;64(3) :363-372.

95. Zuercher M, Hilwig RW, Ranger—-Moore J, Nysaether J, Nadkarni VM, Berg MD,
Kern KB, Sutton R, Berg RA. Leaning during chest compressions impairs
cardiac output and left ventricular myocardial blood flow in piglet cardiac
arrest. Crit Care Med. 2010;38(4):1141-1146.

96. Aufderheide TP, Pirrallo RG, Yannopoulos D, Klein JP, von Briesen C, Sparks
CW, Deja KA, Kitscha DJ, Provo TA, Lurie KG. Incomplete chest wall
decompression: a clinical evaluation of CPR performance by trained
laypersons and an assessment of alternative manual chest compression—
decompression techniques. Resuscitation. 2006;71(3) :341-351.

97. Halperin HR, Tsitlik JE, Guerci AD, Mellits ED, Levin HR, Shi AY, Chandra N,
Weisfeldt ML. Determinants of blood flow to vital organs during
cardiopulmonary resuscitation in dogs. Circulation. 1986;73(3) :539-550.

98. Abella BS, Sandbo N, Vassilatos P, Alvarado JP, O Hearn N, Wigder HN,
Hoffman P, Tynus K, Vanden Hoek TL, Becker LB. Chest compression rates
during cardiopulmonary resuscitation are suboptimal: a prospective study
during in-hospital cardiac arrest. Circulation. 2005;111(4) :428-434.

99. Christenson J, Andrusiek D, Everson-Stewart S, Kudenchuk P, Hostler D,
Powell J, Callaway CW, Bishop D, Vaillancourt C, Davis D, Aufderheide TP,
Idris A, Stouffer JA, Stiell I, Berg R. Chest compression fraction
determines  survival in patients with out—-of-hospital ventricular
fibrillation. Circulation. 2009;120(13) :1241-1247.

100. Wolfe JA, Maier GW, Newton JR, Jr., Glower DD, Tyson GS, Jr., Spratt JA,
Rankin JS, Olsen CO. Physiologic determinants of coronary blood flow during
external cardiac massage. J Thorac Cardiovasc Surg. 1988;95(3) :523-532

101. Kern KB, Carter AB, Showen RL, Voorhees WD, 3rd, Babbs CF, Tacker WA, Ewy
GA. Twenty—four hour survival in a canine model of cardiac arrest comparing
three methods of manual cardiopulmonary resuscitation. J Am Coll Cardiol.
198657 (4) :859-867.

102. Talley DB, Ornato JP, Clarke AM. Computer—aided characterization and
optimization of the Thumper compression waveform in closed—chest CPR.
Biomed Instrum Technol. 1990;24(4) :283-288.

103. Maier GW, Tyson GS, Jr., Olsen CO, Kernstein KH, Davis JW, Conn EH,
Sabiston DC, Jr., Rankin JS. The physiology of external cardiac massage:
high-impulse cardiopulmonary resuscitation. Circulation. 1984;70(1) :86-101.

104. Feneley MP, Maier GW, Kern KB, Gaynor JW, Gall SA, Jr., Sanders AB,
Raessler K, Muhlbaier LH, Rankin JS, Ewy GA. Influence of compression rate

on initial success of resuscitation and 24 hour survival after prolonged

40



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

manual cardiopulmonary resuscitation in dogs. Circulation. 1988;77(1) :240-
250.

Handley AJ, Handley JA. The relationship between rate of chest compression
and compression:relaxation ratio. Resuscitation. 1995;30(3) :237-241.

Handley AJ, Handley SA. Improving CPR performance using an audible feedback
system suitable for incorporation into an automated external defibrillator.
Resuscitation. 2003;57 (1) :57-62.

Van Hoeyweghen RJ, Bossaert LL, Mullie A, Calle P, Martens P, Buylaert WA,
Delooz H. Quality and efficiency of bystander CPR. Belgian Cerebral
Resuscitation Study Group. Resuscitation. 1993;26(1) :47-52.

Valenzuela TD, Kern KB, Clark LL, Berg RA, Berg MD, Berg DD, Hilwig RW,
Otto CW, Newburn D, Ewy GA. Interruptions of chest compressions during
emergency medical systems resuscitation. Circulation. 2005;112(9) :1259-1265.
Aufderheide TP, Sigurdsson G, Pirrallo RG, Yannopoulos D, McKnite S, von
Briesen C, Sparks CW, Conrad CJ, Provo TA, Lurie KG. Hyperventilation-—
induced hypotension during cardiopulmonary resuscitation. Crrculation.
20045109 (16) : 19601965

Chiang WC, Chen WJ, Chen SY, Ko PC, Lin CH, Tsai MS, Chang WT, Chen SC,
Tsan CY, Ma MH. Better adherence to the guidelines during cardiopulmonary
resuscitation through the provision of audio—prompts. Resuscitation

2005;64(3) :297-301.

Kern KB, Sanders AB, Raife J, Milander MM, Otto CW, Ewy GA. A study of
chest compression rates during cardiopulmonary resuscitation in humans. The
importance of rate-directed chest compressions. Arch Intern Med.

1992;152 (1) :145-149.

Berg RA, Sanders AB, Milander M, Tellez D, Liu P, Beyda D. Efficacy of
audio—prompted rate guidance 1in improving resuscitator performance of
cardiopulmonary resuscitation on children. Acad Emerg Med. 1994;1 (1) :35-40.

Abella BS, Edelson DP, Kim S, Retzer E, Myklebust H, Barry AM, 0 Hearn N,
Hoek TL, Becker LB. CPR quality improvement during in-hospital cardiac
arrest using a real-time audiovisual feedback system. Resuscitation

2007;73(1) :54-61.

Fletcher D, Galloway R, Chamberlain D, Pateman J, Bryant G, Newcombe RG.

Basics in advanced life support: a role for download audit and metronomes.

Resuscitation. 2008;78(2) :127-134.

Gruben KG, Romlein J, Halperin HR, Tsitlik JE. System for mechanical
measurements during cardiopulmonary resuscitation in humans. J[EEE Trans
Biomed Eng. 1990;37(2) :204-210

Nishisaki A, Nysaether J, Sutton R, Maltese M, Niles D, Donoghue A, Bishnoi
R, Helfaer M, Perkins GD, Berg R, Arbogast K, Nadkarni V. Effect of
mattress deflection on CPR quality assessment for older children and
adolescents. Resuscitation. 2009;80(5) :540-545.

41



H1E —kBmlLE (BLS)

117. Perkins GD, Kocierz L, Smith SC, McCulloch RA, Davies RP. Compression
feedback devices over estimate chest compression depth when performed on a
bed. Resuscitation. 2009;80(1):79-82.

118. van Alem AP, Sanou BT, Koster RW. Interruption of cardiopulmonary
resuscitation with the use of the automated external defibrillator in out-—
of-hospital cardiac arrest. Ann Emerg Med. 2003;42(4) :449-457

119. Rea TD, Shah S, Kudenchuk PJ, Copass MK, Cobb LA. Automated external
defibrillators: to what extent does the algorithm delay CPR? Ann Emerg Med.
2005;46 (2) :132-141.

120. Rea TD, Helbock M, Perry S, Garcia M, Cloyd D, Becker L, Eisenberg M.
Increasing use of cardiopulmonary resuscitation during out—of-hospital
ventricular fibrillation arrest: survival implications of guideline changes
Circulation. 2006;114(25) :2760-2765.

121. Cromie NA, Allen JD, Turner C, Anderson JM, Adgey AA. The impedance
cardiogram recorded through two electrocardiogram/defibrillator pads as a
determinant of cardiac arrest during experimental studies. Crit Care Med.
2008;36(5) : 1578-1584.

122. Risdal M, Aase SO, Kramer—Johansen J, Eftestol T. Automatic identification
of return of spontaneous circulation during cardiopulmonary resuscitation.
IEEE Trans Biomed Eng. 2008;55(1) :60-68.

123. Losert H, Risdal M, Sterz F, Nysaether J, Kohler K, Eftestol T, Wandaller C,
Myklebust H, Uray T, Aase SO, Laggner AN. Thoracic—impedance changes
measured via defibrillator pads can monitor signs of circulation.
Resuscitation. 2007;73(2) :221-228.

124. Hightower D, Thomas SH, Stone CK, Dunn K, March JA. Decay in quality of
closed—chest compressions over time. Ann Emerg Med. 1995;26(3) :300-303

125, Ochoa FJ, Ramalle—Gomara E, Lisa V, Saralegui I. The effect of rescuer
fatigue on the quality of  chest compressions. Resuscitation
1998;37(3) 1 149-152.

126. Greingor JL. Quality of cardiac massage with ratio compression—ventilation
5/1 and 15/2. Resuscitation. 2002;55(3) :263-267

127. Ashton A, McCluskey A, Gwinnutt CL, Keenan AM. Effect of rescuer fatigue on
performance of continuous external chest compressions over 3 min.
Resuscitation. 2002;55(2) :151-155.

128. Odegaard S, Saether E, Steen PA, Wik L. Quality of lay person CPR
performance with compression: ventilation ratios 15:2, 30:2 or continuous
chest compressions without ventilations on manikins. Aesuscitation.
2006;71(3) :335-340.

129. Bjorshol CA, Soreide E, Torsteinbo TH, Lexow K, Nilsen OB, Sunde K. Quality
of chest compressions during 10min of single-rescuer basic life support
with different compression: ventilation ratios in a manikin model.
Resuscitation. 2008;77(1) :95-100.

42



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Berg RA, Sanders AB, Kern KB, Hilwig RW, Heidenreich JW, Porter ME, Ewy GA.
Adverse hemodynamic effects of interrupting chest compressions for rescue
breathing during cardiopulmonary resuscitation for ventricular fibrillation
cardiac arrest. Circulation. 2001;104(20) :2465-2470.

Berg RA, Hilwig RW, Kern KB, Sanders AB, Xavier LC, Ewy GA. Automated
external defibrillation versus manual defibrillation for prolonged
ventricular fibrillation: lethal delays of chest compressions before and
after countershocks. Ann Emerg Med. 2003;42(4) :458-467.

Yu T, Weil MH, Tang W, Sun S, Klouche K, Povoas H, Bisera J. Adverse
outcomes of  interrupted precordial compression during automated
defibrillation. Circulation. 2002;106(3) :368-372.

Berg RA, Hilwig RW, Berg MD, Berg DD, Samson RA, Indik JH, Kern KB.
Immediate post—shock chest compressions improve outcome from prolonged
ventricular fibrillation. Resuscitation. 2008;78(1):71-76.

Eftestol T, Sunde K, Steen PA. Effects of interrupting precordial
compressions on the calculated probability of defibrillation success during
out—of-hospital cardiac arrest. Circulation. 2002;105(19):2270-2273
Heidenreich JW, Berg RA, Higdon TA, Ewy GA, Kern KB, Sanders AB. Rescuer
fatigue: standard versus continuous chest—compression cardiopulmonary
resuscitation. Acad Emerg Med. 2006;13(10) :1020-1026.

Nishiyama C, Iwami T, Kawamura T, Ando M, Yonemoto N, Hiraide A, Nonogi H.
Quality of chest compressions during continuous CPR; comparison between
chest  compression—-only CPR and conventional  CPR. Resuscitation
2010;81(9) :1152-1155.

Sugerman NT, Edelson DP, Leary M, Weidman EK, Herzberg DL, Vanden Hoek TL,
Becker LB, Abella BS. Rescuer fatigue during actual in-hospital
cardiopulmonary resuscitation with audiovisual feedback: a prospective
multicenter study. Resuscitation. 2009;80(9) :981-984.

Criley JM, Blaufuss AH, Kissel GL. Cough—-induced cardiac compression. Self-
administered from of cardiopulmonary resuscitation. JAMA.
19765236 (11) :1246-1250.

Girsky MJ, Criley JM. Images in cardiovascular medicine. Cough
cardiopulmonary resuscitation revisited. Circulation. 2006;114(15):e530-531.
Keeble W, Tymchak WJ. Triggering of the Bezold Jarisch Reflex by
reperfusion during primary PCI with maintenance of consciousness by cough
CPR: a case report and review of pathophysiology. J I[Invasive Cardiol.
2008520 (8) :E239-242.

Miller B, Lesnefsky E, Heyborne T, Schmidt B, Freeman K, Breckinridge S,
Kelley K, Mann D, Reiter M. Cough—cardiopulmonary resuscitation in the
cardiac catheterization laboratory: hemodynamics during an episode of
prolonged hypotensive ventricular tachycardia. Cathet Cardiovasc Diagn.
1989;18(3) : 168-171.

43



=

1

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

— kK iLE (BLS)

Petelenz T, Iwinski J, Chlebowczyk J, Czyz Z, Flak Z, Fiutowski L, Zaorski
K, Zeman S. Self-—administered cough cardiopulmonary resuscitation (c—CPR)
in patients threatened by MAS events of cardiovascular origin. Wiad Lek.
1998;51 (7-8) :326-336.

Rieser MJ. The wuse of cough-CPR in patients with acute myocardial
infarction. J Emerg Med. 1992;10(3) :291-293.

Saban J, Schneider GB, Bolt D, King D. Erythroid-specific expression of
human growth hormone affects bone morphology in transgenic mice. ZBone.
1996;18(1) :47-52.

Wei JY, Greene HL, Weisfeldt ML. Cough-facilitated conversion of
ventricular tachycardia. Am J Cardiol. 1980;45(1) :174-176.

Tobias JD, Mencio GA, Atwood R, Gurwitz GS. Intraoperative cardiopulmonary
resuscitation in the prone position. J Pediatr Surg. 1994;29(12):1537-1538.
Dequin PF, Hazouard E, Legras A, Lanotte R, Perrotin D. Cardiopulmonary
resuscitation in the prone position: Kouwenhoven revisited. [Intensive Care
Med. 1996;22(11) :1272.

Sun WZ, Huang FY, Kung KL, Fan SZ, Chen TL. Successful cardiopulmonary
resuscitation of two patients in the prone position using reversed
precordial compression. Anesthesiology. 1992;77 (1) :202-204.

Brown J, Rogers J, Soar J. Cardiac arrest during surgery and ventilation in
the prone position: a case report and systematic review. Kesuscitation.
2001;50(2) :233-238.

Loewenthal A, De Albuquerque AM, Lehmann-Meurice C, Otteni JC. [Efficacy of
external cardiac massage in a patient in the prone position]. Ann Fr Anesth
Reanim. 1993;12(6) :587-589.

Kelleher A, Mackersie A. Cardiac arrest and resuscitation of a 6-month old
achondroplastic baby wundergoing neurosurgery in the prone position.
Anaesthesia. 1995;50 (4) :348-350.

Elam JO, Ruben AM, Greene DG. Resuscitation of drowning victims. JAMA.
1960;174:13-16.

Meier S, Geiduschek J, Paganoni R, Fuehrmeyer F, Reber A. The effect of
chin lift, jaw thrust, and continuous positive airway pressure on the size
of the glottic opening and on stridor score in anesthetized, spontaneously
breathing children. Anesth Analg. 2002;94(3) :494-499; table of contents
Reber A, Wetzel SG, Schnabel K, Bongartz G, Frei FJ. Effect of combined
mouth closure and chin 1ift on upper airway dimensions during routine
magnetic resonance imaging in pediatric patients sedated with propofol.
Anesthesiology. 1999;90(6) :1617-1623.

Bruppacher H, Reber A, Keller JP, Geiduschek J, Erb TO, Frei FJ. The
effects of common airway maneuvers on airway pressure and flow in children
undergoing adenoidectomies. Anesth Analg. 2003:;97(1):29-34, table of

contents.

44



156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Reber A, Bobbia SA, Hammer J, Frei FJ. Effect of airway opening manoeuvres
on thoraco—abdominal asynchrony in anaesthetized children. ZEur Respir J.
2001;17(6) :1239-1243.

Reber A, Paganoni R, Frei FJ. Effect of common airway manoeuvres on upper
airway dimensions and clinical signs in anaesthetized, spontaneously
breathing children. Br J Anaesth. 2001;86(2):217-222.

Uzun L, Ugur MB, Altunkaya H, Ozer Y, Ozkocak I, Demirel CB. Effectiveness
of the jaw—thrust maneuver in opening the airway: a flexible fiberoptic
endoscopic study. ORL J Otorhinolaryngol Relat Spec. 2005;67 (1) :39-44.
Hammer J, Reber A, Trachsel D, Frei FJ. Effect of jaw—thrust and continuous
positive airway pressure on tidal breathing in deeply sedated infants. J
Pediatr. 2001;138(6) :826-830.

von Ungern—-Sternberg BS, Erb TO, Frei FJ. Jaw thrust can deteriorate upper
airway patency. Acta Anaesthesiol Scand. 2005;49 (4) :583-585

Roth B, Magnusson J, Johansson I, Holmberg S, Westrin P. Jaw lift—a simple
and effective method to open the airway in children. ZResuscitation.
1998;39(3) 1 171-174.

0’Neill JF, Deakin CD. Do we hyperventilate cardiac arrest patients?
Resuscitation. 2007;73(1) :82-85.

Idris AH, Becker LB, Fuerst RS, Wenzel V, Rush WJ, Melker RJ, Orban DJ.
Effect of ventilation on resuscitation in an animal model of cardiac arrest
Circulation. 1994;90(6) :3063-3069.

Wenzel V, Keller C, Idris AH, Dorges V, Lindner KH, Brimacombe JR. Effects
of smaller tidal volumes during basic life support ventilation in patients
with respiratory arrest: good ventilation, less vrisk? Resuscitation
1999;43 (1) :25-29.

Dorges V, Ocker H, Hagelberg S, Wenzel V, Idris AH, Schmucker P. Smaller
tidal volumes with room—air are not sufficient to ensure adequate
oxygenation during bag—valve—mask ventilation. Resuscitation.
2000344 (1) :37-41.

Dorges V, Ocker H, Hagelberg S, Wenzel V, Schmucker P. Optimisation of
tidal volumes given with self-inflatable bags without additional oxygen
Resuscitation. 2000;43(3) :195-199.

Pytte M, Dorph E, Sunde K, Kramer—Johansen J, Wik L, Steen PA. Arterial
blood gases during basic life support of human cardiac arrest victims.
Resuscitation. 2008;77(1) :35-38.

Winkler M, Mauritz W, Hackl W, Gilly H, Weindlmayr—Goettel M,
Steinbereithner K, Schindler I. Effects of half the tidal volume during
cardiopulmonary resuscitation on acid-base balance and haemodynamics in
pigs. Fur J Emerg Med. 1998;5(2) :201-206.

45



=

1

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.
182.

183.

184.

— kK iLE (BLS)

von Goedecke A, Bowden K, Wenzel V, Keller C, Gabrielli A. Effects of
decreasing inspiratory times during simulated bag—valve-mask ventilation.
Resuscitation. 2005;64(3):321-325.

von Goedecke A, Bowden K, Keller C, Voelckel WG, Jeske HC, Wenzel V.
[Decreased inspiratory time during ventilation of an unprotected airway.
Effect on stomach inflation and lung ventilation in a bench model]
Anaesthesist. 2005;54(2) :117-122.

von Goedecke A, Paal P, Keller C, Voelckel WG, Herff H, Lindner KH, Wenzel
V. [Ventilation of an unprotected airway: evaluation of a new peak-—
inspiratory—flow and airway—pressure-limiting bag-valve-mask]. Anaesthesist.
2006;55(6) :629-634.

Ahmad F, Senadhira DC, Charters J, Acquilla S. Transmission of Salmonella
via mouth-to-mouth resuscitation. Lancet. 1990;335(8692) :787-788.

Chalumeau M, Bidet P, Lina G, Mokhtari M, Andre MC, Gendrel D, Bingen E,
Raymond J. Transmission of  Panton—Valentine leukocidin—producing
Staphylococcus aureus to a physician during resuscitation of a child. Cl/in
Infect Dis. 2005;41(3) :e29-30.

Christian MD, Loutfy M, McDonald LC, Martinez KF, Ofner M, Wong T,
Wallington T, Gold WL, Mederski B, Green K, Low DE. Possible SARS
coronavirus transmission during cardiopulmonary resuscitation. FEmerg Infect
Dis. 2004;10(2) :287-293.

Feldman HA. Some recollections of the meningococcal diseases. The first
Harry F. Dowling lecture. JAMA. 1972;220(8):1107-1112.

Figura N. Mouth—to—mouth resuscitation and Helicobacter pylori infection.
Lancet. 1996;347(9011) : 1342.

Finkelhor RS, Lampman JH. Herpes simplex infection following
cardiopulmonary resuscitation. JAMA. 1980;243(7) :650.

Hendricks AA, Shapiro EP. Primary herpes simplex infection following mouth-—
to-mouth resuscitation. JAMA. 1980;243(3) :257-258.

Heilman KM, Muschenheim C. Primary cutaneous tuberculosis resulting from
mouth—to—mouth respiration. N Engl J Med. 1965;273(19) :1035-1036

Neiman R. Post manikin resuscitation stomatitis. J Ay Med Assoc.
1982;80(12) :813-814.

Nicklin G. Manikin tracheitis. JAMA. 1980;244 (18) :2046-2047

Todd MA, Bell JS. Shigellosis from cardiopulmonary resuscitation. JAMA.
1980;243 (4) :331.

Blenkharn JI, Buckingham SE, Zideman DA. Prevention of transmission of
infection during mouth—to—mouth resuscitation. Resuscitation.
1990;19(2) :151-157

Cydulka RK, Connor PJ, Myers TF, Pavza G, Parker M. Prevention of oral
bacterial flora transmission by using mouth—to—mask ventilation during CPR.
J Emerg Med. 1991;9(5) :317-321.

46



18b.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Lightsey DM, Shah PK, Forrester JS, Michael TA. A human immunodeficiency
virus—resistant airway for cardiopulmonary resuscitation. Am J Emerg Med.
1992;10(1) :73-77

Elling R, Politis J. An evaluation of emergency medical technicians’
ability to use manual ventilation devices. Ann Emerg Med. 1983;12(12) :765-
768.

Olasveengen TM, Vik E, Kuzovlev A, Sunde K. Effect of implementation of new
resuscitation guidelines on quality of cardiopulmonary resuscitation and
survival. Resuscitation. 2009;80(4) :407-411.

Steinmetz J, Barnung S, Nielsen SL, Risom M, Rasmussen LS. Improved
survival after an out—of-hospital cardiac arrest using new guidelines. Acta
Anaesthesiol Scand. 2008;52(7) :908-913.

Hostler D, Rittenberger JC, Roth R, Callaway CW. Increased chest
compression to ventilation ratio improves delivery of CPR. Resuscitation.
2007;74(3) :446-452.

Sayre MR, Cantrell SA, White LJ, Hiestand BC, Keseg DP, Koser S. Impact of
the 2005 American Heart Association cardiopulmonary resuscitation and
emergency cardiovascular care guidelines on out—of-hospital cardiac arrest
survival. Prehosp Emerg Care. 2009;13(4) :469-477

Garza AG, Gratton MC, Salomone JA, Lindholm D, McElroy J, Archer R.
Improved patient survival using a modified resuscitation protocol for out-—
of-hospital cardiac arrest. Circulation. 2009;119(19) :2597-2605

2005 AHA guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care part 4: Adult basic 1life support. Circulation.
2005;112:1V-19-1V-34.

Baker PW, Conway J, Cotton C, Ashby DT, Smyth J, Woodman RJ, Grantham H.
Defibrillation or cardiopulmonary resuscitation first for patients with
out—of-hospital cardiac arrests found by paramedics to be in ventricular
fibrillation? A randomised control trial. Resuscitation. 2008;79(3):424-431.
Sanders AB, Kern KB, Berg RA, Hilwig RW, Heidenrich J, Ewy GA. Survival and
neurologic outcome after cardiopulmonary resuscitation with four different
chest compression—ventilation ratios. Ann Emerg Med. 2002;40(6) :553-562.
Yannopoulos D, Aufderheide TP, Gabrielli A, Beiser DG, McKnite SH, Pirrallo
RG, Wigginton J, Becker L, Vanden Hoek T, Tang W, Nadkarni VM, Klein JP,
Idris AH, Lurie KG. Clinical and hemodynamic comparison of 15:2 and 30:2
compression—to—-ventilation ratios for cardiopulmonary resuscitation. Crit
Care Med. 2006;34(5) :1444-1449.

Kill C, Torossian A, Freisburger C, Dworok S, Massmann M, Nohl T, Henning R,
Wallot P, Gockel A, Steinfeldt T, Graf J, Eberhart L, Wulf H. Basic life
support with four different compression/ventilation ratios in a pig model:
the need for ventilation. Resuscitation. 2009;80(9) :1060—-1065.

47



=

1

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

— kK iLE (BLS)

Babbs CF, Kern KB. Optimum compression to ventilation ratios in CPR under
realistic, practical conditions: a physiological and mathematical analysis.
Resuscitation. 2002;54(2):147-157.

Babbs CF, Nadkarni V. Optimizing chest compression to rescue ventilation
ratios during one-rescuer CPR by professionals and lay persons: children
are not just little adults. Resuscitation. 2004;61(2):173-181.

Turner I, Turner S, Armstrong V. Does the compression to ventilation ratio
affect the quality of CPR: a simulation study. Resuscitation.
2002352 (1) :55-62.

Turner I, Turner S. Optimum cardiopulmonary resuscitation for basic and
advanced life support: a simulation study. Resuscitation. 2004;62(2):209-
217.

Kern KB, Hilwig RW, Berg RA, Ewy GA. Efficacy of chest compression—only BLS
CPR in the presence of an occluded airway. Resuscitation. 1998;39(3):179-
188.

Dorph E, Wik L, Stromme TA, Eriksen M, Steen PA. Oxygen delivery and return
of spontaneous circulation with ventilation:compression ratio 2:30 versus
chest compressions only CPR in pigs. Resuscitation. 2004;60(3) :309-318.

Ewy GA, Zuercher M, Hilwig RW, Sanders AB, Berg RA, Otto CW, Hayes MM, Kern
KB. Improved neurological outcome with continuous chest compressions
compared with 30:2 compressions—to-ventilations cardiopulmonary
resuscitation in a realistic swine model of out—of-hospital cardiac arrest
Circulation. 2007;116(22) :2525-2530.

Lurie KG, Yannopoulos D, McKnite SH, Herman ML, Idris AH, Nadkarni VM, Tang
W, Gabrielli A, Barnes TA, Metzger AK. Comparison of a 10-breaths—per-—
minute versus a 2-breaths—per-minute strategy during cardiopulmonary
resuscitation in a porcine model of cardiac arrest. PRespir Care.
2008;53(7) :862-870.

Berg RA, Hilwig RW, Kern KB, Babar I, Ewy GA. Simulated mouth—to—mouth
ventilation and chest compressions (bystander cardiopulmonary
resuscitation) improves outcome in a swine model of prehospital pediatric
asphyxial cardiac arrest. Crit Care Med. 1999;27(9) :1893-1899.

Berg RA, Hilwig RW, Kern KB, Ewy GA. ”Bystander” chest compressions and
assisted ventilation independently improve outcome from piglet asphyxial
pulseless “cardiac arrest”. Circulation. 2000;101(14):1743-1748.

Safranek DJ, Eisenberg MS, Larsen MP. The epidemiology of cardiac arrest in
young adults. Ann Emerg Med. 1992;21(9):1102-11086.

Hickey RW, Cohen DM, Strausbaugh S, Dietrich AM. Pediatric patients
requiring CPR in the prehospital setting. Ann Emerg Med. 1995;25(4) :495-501.
Zaritsky A, Nadkarni V, Getson P, Kuehl K. CPR in children. Ann Emerg Med.
1987;16(10) :1107-1111.

48



210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

Mogayzel C, Quan L, Graves JR, Tiedeman D, Fahrenbruch C, Herndon P. Out—
of-hospital ventricular fibrillation in children and adolescents: causes
and outcomes. Ann Emerg Med. 1995;25(4) :484-491

Herlitz J, Engdahl J, Svensson L, Young M, Angquist KA, Holmberg S.
Characteristics and outcome among children suffering from out of hospital
cardiac arrest in Sweden. Resuscitation. 2005;64 (1) :37-40.

Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Nadkarni VM, Berg RA,
Hiraide A. Conventional and chest-compression—only cardiopulmonary
resuscitation by bystanders for children who have out—of-hospital cardiac
arrests: a prospective, nationwide, population—based cohort study. Lancet
2010;375(9723) :1347-1354.

Betz AE, Callaway CW, Hostler D, Rittenberger JC. Work of CPR during two
different compression to ventilation ratios with real-time feedback.
Resuscitation. 2008;79(2) :278-282.

Haque IU, Udassi JP, Udassi S, Theriaque DW, Shuster JJ, Zaritsky AL. Chest
compression quality and rescuer fatigue with increased compression to
ventilation ratio during single rescuer pediatric CPR. Resuscitation
2008379 (1) :82-89.

Heidenreich JW, Sanders AB, Higdon TA, Kern KB, Berg RA, Ewy GA.
Uninterrupted chest compression CPR is easier to perform and remember than
standard CPR. Resuscitation. 2004;63(2):123-130.

Kelley J, Richman PB, Ewy GA, Clark L, Bulloch B, Bobrow BJ. Eighth grade
students become proficient at CPR and use of an AED following a condensed
training programme. Resuscitation. 2006;71(2):229-236.

Swor R, Compton S, Vining F, Ososky Farr L, Kokko S, Pascual R, Jackson RE.
A randomized controlled trial of chest compression only CPR for older
adults—a pilot study. Resuscitation. 2003;58(2):177-185.

Nishiyama C, Iwami T, Kawamura T, Ando M, Yonemoto N, Hiraide A, Nonogi H.
Effectiveness of simplified chest compression—only CPR training for the
general public: a randomized controlled trial. Resuscitation.
2008379 (1) :90-96.

Neset A, Birkenes TS, Myklebust H, Mykletun RJ, Odegaard S, Kramer—Johansen
J. A randomized trial of the capability of elderly lay persons to perform
chest compression only CPR versus standard 30:2 CPR. Hesuscitation.
2010;81(7) :887-892.

Iglesias JM, Lopez-Herce J, Urbano J, Solana MJ, Mencia S, Del Castillo J.
Chest compressions versus ventilation plus chest compressions 1in a
pediatric asphyxial cardiac arrest animal model. JIntensive Care Med.
2010;36(4) :712-716.

Cardiopulmonary resuscitation by bystanders with chest compression only
(SOS—KANTO) : an observational study. Lancet. 2007;369(9565) :920-926.

49



%1

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Bk ALE (BLS)

Waalewijn RA, Tijssen JG, Koster RW. Bystander initiated actions in out—of-—
hospital cardiopulmonary resuscitation: results from the Amsterdam
Resuscitation Study (ARRESUST). Resuscitation. 2001;50(3) :273-279.

Bohm K, Rosenqgvist M, Herlitz J, Hollenberg J, Svensson L. Survival is
similar after standard treatment and chest compression only in out—of-
hospital bystander cardiopulmonary resuscitation. Circulation

2007;116(25) :2908-2912.

Iwami T, Kawamura T, Hiraide A, Berg RA, Hayashi Y, Nishiuchi T, Kajino K,
Yonemoto N, Yukioka H, Sugimoto H, Kakuchi H, Sase K, Yokoyama H, Nonogi H.
Effectiveness of bystander—initiated cardiac—only resuscitation for
patients with out—of-hospital cardiac arrest. Circulation.
20075116 (25) :2900-2907

Ong ME, Ng FS, Anushia P, Tham LP, Leong BS, Ong VY, Tiah L, Lim SH,
Anantharaman V. Comparison of chest compression only and standard
cardiopulmonary resuscitation for out—of-hospital cardiac arrest 1in
Singapore. Resuscitation. 2008;78(2):119-126.

Olasveengen TM, Wik L, Steen PA. Standard basic life support vs. continuous
chest compressions only in out-of-hospital cardiac arrest. Acta
Anaesthesiol Scand. 2008;52(7):914-919

Kitamura T, Iwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A. Bystander—
initiated rescue breathing for out-of-hospital cardiac arrests of
noncardiac origin. Circulation. 2010;122(3):293-299.

Bertrand C, Hemery F, Carli P, Goldstein P, Espesson C, Ruttimann M, Macher
JM, Raffy B, Fuster P, Dolveck F, Rozenberg A, Lecarpentier E, Duvaldestin
P, Saissy JM, Boussignac G, Brochard L. Constant flow insufflation of
oxygen as the sole mode of ventilation during out-of-hospital cardiac
arrest. Intensive Care Med. 2006;32(6) :843-851.

Saissy JM, Boussignac G, Cheptel E, Rouvin B, Fontaine D, Bargues L,
Levecque JP, Michel A, Brochard L. Efficacy of continuous insufflation of
oxygen combined with active cardiac compression—decompression during out-—
of-hospital cardiorespiratory arrest. Anesthesiology. 2000;92(6) :1523-1530.

Krischer JP, Fine EG, Weisfeldt ML, Guerci AD, Nagel E, Chandra N.
Comparison of prehospital conventional and simultaneous compression—
ventilation cardiopulmonary resuscitation. Crit Care Med. 1989;17(12) :1263-
1269.

Bobrow BJ, Ewy GA, Clark L, Chikani V, Berg RA, Sanders AB, Vadeboncoeur TF,
Hilwig RW, Kern KB. Passive oxygen insufflation is superior to bag-valve—
mask ventilation for witnessed ventricular fibrillation out—of-hospital
cardiac arrest. Ann Emerg Med. 2009;54(5) :656-662 e651.

Bobrow BJ, Clark LL, Ewy GA, Chikani V, Sanders AB, Berg RA, Richman PB,
Kern KB. Minimally interrupted cardiac resuscitation by emergency medical
services for out—of-hospital cardiac arrest. JAMA. 2008;299(10) :1158-1165

50



233.

234.

235.

236.

2317.

238.

239.

240.

241.

242.

243.

244.

Kellum MJ, Kennedy KW, Barney R, Keilhauer FA, Bellino M, Zuercher M, Ewy
GA. Cardiocerebral resuscitation improves neurologically intact survival of
patients with  out—-of-hospital cardiac  arrest. Ann  Emerg  Med.
2008;52 (3) :244-252.

Carpenter J, Rea TD, Murray JA, Kudenchuk PJ, Eisenberg MS. Defibrillation
waveform and post—shock rhythm in out—-of-hospital ventricular fibrillation
cardiac arrest. Resuscitation. 2003;59(2) :189-196.

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(1) :72-78.

Walcott GP, Melnick SB, Walker RG, Banville I, Chapman FW, Killingsworth CR,
Ideker RE. Effect of timing and duration of a single chest compression
pause on short—term survival following prolonged ventricular fibrillation.
Resuscitation. 2009;80(4) :458-462.

Manegold JC, Israel CW, Ehrlich JR, Duray G, Pajitnev D, Wegener FT,
Hohnloser SH. External cardioversion of atrial fibrillation in patients
with implanted pacemaker or cardioverter—defibrillator systems: a
randomized comparison of monophasic and biphasic shock energy application.
Eur Heart J. 2007;28(14) :1731-1738.

Monsieurs KG, Conraads VM, Goethals MP, Snoeck JP, Bossaert LL. Semi-—
automatic external defibrillation and implanted cardiac pacemakers:
understanding the interactions during resuscitation. Resuscitation.
1995;30(2) :127-131.

Pellis T, Kette F, Lovisa D, Franceschino E, Magagnin L, Mercante WP, Kohl
P. Utility of pre-cordial thump for treatment of out of hospital cardiac
arrest: a prospective study. Resuscitation. 2009;80(1):17-23.

Amir O, Schliamser JE, Nemer S, Arie M. Ineffectiveness of precordial thump
for cardioversion of malignant ventricular tachyarrhythmias. Pacing Clin
Electrophysiol. 2007;30(2) :153-156.

Volkmann H, Klumbies A, Kuhnert H, Paliege R, Dannberg G, Siegert K.
[Terminating ventricular tachycardias by mechanical heart stimulation with
precordial thumps]. Z Kardiol. 1990;79(10) :717-724.

Caldwell G, Millar G, Quinn E, Vincent R, Chamberlain DA. Simple mechanical
methods for cardioversion: defence of the precordial thump and cough
version. Br Med J (Clin Res Ed). 1985;291(6496) :627-630.

Miller J, Tresch D, Horwitz L, Thompson BM, Aprahamian C, Darin JC. The
precordial thump. Ann Emerg Med., 1984;13(9 Pt 2):791-794.

FREH, K-, EIEH, FTEidd, SHSE, PO, DEHEL mg#e
SOICKTE R N OCHIIEE 50 EQEIE. mAIHWHIMEE 2009:20(9) :755-
762.

51



=

1

245,

246.

247.

248.

249.

250.

251.

252,

253.

254,

255.

256.

257,

— kK iLE (BLS)

Szpilman D, Soares M. In—water resuscitation—is it worthwhile?
Resuscitation. 2004;63(1) :25-31.

March NF, Matthews RC. New techniques in external cardiac compressions.

Aquatic cardiopulmonary resuscitation. JAMA. 1980;244(11) :1229-1232.

Perkins GD. In—water resuscitation: a pilot evaluation. RKesuscitation.

2005;65 (3) :321-324.

Hwang V, Shofer FS, Durbin DR, Baren JM. Prevalence of traumatic injuries
in drowning and near drowning in children and adolescents. Arch Pediatr
Adolesc Med. 2003;157 (1) :50-53.

Branche CM, Sniezek JE, Sattin RW, Mirkin IR. Water recreation-related
spinal injuries: risk factors in natural bodies of water. Accid Anal Prev.

1991;23(1) :13-17.

Idris AH, Berg RA, Bierens J, Bossaert L, Branche CM, Gabrielli A, Graves
SA, Handley AJ, Hoelle R, Morley PT, Papa L, Pepe PE, Quan L, Szpilman D,

Wigginton JG, Modell JH. Recommended guidelines for uniform reporting of
data from drowning: the “Utstein style”. Circulation. 2003;108(20) :2565—
2574.

Bedell SE, Fulton EJ. Unexpected findings and complications at autopsy
after cardiopulmonary resuscitation (CPR). Arch Intern  Med

1986;146(9) :1725-1728.

Reardon MJ, Gross DM, Vallone AM, Weiland AP, Walker WE. Atrial rupture in
a child from cardiac massage by his parent. Ann Thorac Surg.

1987;43(5) :557-558.

Engelstein D, Stamler B. Gastric rupture complicating mouth—to—mouth
resuscitation. 7sr J Med Sci. 1984;20(1) :68-70.

Fosse E, Lindberg H. Left ventricular rupture following external chest
compression. Acta Anaesthesiol Scand. 1996;40(4) :502-504.

Offerman SR, Holmes JF, Wisner DH. Gastric rupture and massive
pneumoperitoneum after bystander cardiopulmonary resuscitation. J Emerg Med.
2001;21(2) :137-139.

Maguire S, Mann M, John N, Ellaway B, Sibert JR, Kemp AM. Does
cardiopulmonary resuscitation cause rib fractures in children? A systematic
review. Child Abuse Negl. 2006;30(7):739-751.

White L, Rogers J, Bloomingdale M, Fahrenbruch C, Culley L, Subido C,

Eisenberg M, Rea T. Dispatcher—assisted cardiopulmonary resuscitation:

risks for patients not in cardiac arrest. Circulation. 2010;121(1):91-97

52



