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ardiac arrest is described as the

sudden cessation of effective car-

diac pumping function due to
either ventricular fibrillation or pulseless
ventricular tachycardia or ventricular asys-
tole (electrical or mechanical).! A study
by Zheng et al, in United States residents
aged =35 years, showed that sudden car-
diac death represented 63% of all cardiac
deaths, causing 300,000 to 400,000 deaths
annually.?

Cardiopulmonary resuscitation (CPR)
is an important element in the “chain of
survival” for the treatment of patients with
cardiac arrest. Modern CPR was devel-
oped in the late 1950s and early 1960s. In
early 1960 Drs. Kouwenhoven, Knicker-
bocker and Jude discovered the benefit
of chest compression to achieve a small
amount of artificial circulation. Later in
1960, mouth-to-mouth and chest compres-
sion were combined to form CPR, similar
to the way it is practiced today.? Since
then the guidelines for CPR have evolved
through six national conferences with the
most recent held in 2005.

The aim of CPR is to deliver oxygen
to vital organs until a spontaneous circu-
lation can be achieved. The earlier that
CPR is started, the better the outcome.*!!
Early CPR and defibrillation increase the

likelihood of survival to discharge from
the hospital.!*!* Delay in time to defibril-
lation for more than 10 min renders CPR
ineffective.!®> Delay in provision of CPR
and defibrillation may increase the likeli-
hood of death by 1.1 times per minute of
delay.'

Bystander CPR is also a strong predic-
tor of long term survival.!”?* Nonethe-
less, reports have shown that bystander
CPR was attempted in less than a third of
patients who collapsed.??® Surveys have
identified the reluctance of bystanders to
undertake mouth-to-mouth ventilation as
a substantial barrier to CPR attempts.”¥
When asked anonymously, most individu-
als confide they would prefer not to do
mouth-to-mouth breathing for a strang-
er.3!"3 Another barrier to bystanders at-
tempting CPR is the complexity of the tech-
nique as presently taught.>**> Handley et
al found that, by decreasing the number
of sequential steps asked of laypersons in
responding to an unconscious victim, the
remaining steps were better remembered
and performed.*

These observations prompted the need
for simpler CPR techniques that would be
easy to learn, retain and be correctly per-
formed by lay rescuers. One of the most
important and simultaneously intriguing
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steps towards this direction was the exclusion of mouth-
to-mouth ventilation from the CPR equation. This
article provides a brief review of the latest CPR guide-
lines and comments on the current literature concern-
ing the use of cardiac-only resuscitation.

Pathophysiology

Weisfeldt and Becker proposed a 3-phase time-sen-
sitive model of cardiac arrest.’”” These phases are the
electrical, circulatory, and metabolic. During the elec-
trical phase of cardiac arrest, defibrillation is the most
effective treatment, whereas in the circulatory phase,
good quality CPR gains increasing importance, along
with defibrillation. In the third and final metabolic
phase, global ischemic injury occurs and therapeutic
strategies that focus on metabolic derangements are
critical. Early defibrillation is re-emphasized as an es-
sential therapy for the electrical phase of cardiac ar-
rest. Patients who received defibrillation within 3 min
of collapse had a 75% hospital discharge rate.! How-
ever, the majority of pre-hospital cardiac arrests are
treated in the circulatory phase, during which there is
a need for immediate compressions to generate blood
flow and partially replenish the membrane’s energy
required for generation of an organized rhythm.

Current CPR guidelines

Compressions-decompressions

The latest guidelines published by both the Euro-
pean Resuscitation Council (ERC) and the American
Heart Association (AHA) include substantial changes
to the algorithms for basic life support and advanced
cardiovascular life support.'*?° The new guidelines
focus on more compressions and fewer ventilations.
This change was prompted by observations that res-
cue breaths caused unacceptably long interruptions
during chest compressions, with patients receiving
only 39 to 49 compressions per minute.*®* The com-
pression to ventilation ratio was increased from 15:2
to 30:2 in order to provide fewer interruptions of
compressions for ventilation. Recognizing the impor-
tance of compressions during CPR, current guide-
lines recommend pushing ‘hard and fast’. A depth of
1.5-2 in. (5 cm) is considered adequate, while a rate
of 100 compressions/min is preferable, as lower rates
decrease forward blood flow. The generation of blood
flow during compression results from an increase in
intrathoracic pressure (thoracic pump theory), the
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mechanical effect of compressing the heart between
the sternum and the spine (cardiac pump theory), and
the cardiac valvular system, which allows mainly uni-
directional flow. However, even in the best of circum-
stances, the generated cardiac output is 20% of nor-
mal. Moreover, every time compressions are stopped,
it takes a significant amount of time to re-establish
adequate aortic and coronary perfusion pressures.*
Hence, interruptions should be kept to a minimum
because they can be extremely detrimental: no com-
pressions means no perfusion. Towards this notion,
pulse checks should not last more than 10 s.

Newly emphasized is the importance of the de-
compression phase. The negative intrathoracic pres-
sure generated by the elastic recoil properties of the
thorax promotes venous return to the heart, conse-
quently increasing preload for the next compression
cycle. Incomplete decompression is a common mis-
take that decreases blood flow to the heart and brain
during CPR. Hyperventilation, fatigue and ineffective
technique, such as inappropriate hand positioning,
can result in incomplete chest wall recoil.

Ventilations

As mentioned above, the guidelines stress the impor-
tance of reducing the frequency of ventilation during
CPR. It is currently proposed that only two breaths
should be given after 30 continuous compressions,
with a rate of no more than 8-10 breaths/min. An-
other issue of significant importance is that each time
the intrathoracic pressure is increased with a positive
pressure ventilation, venous return to the heart is
inhibited and intracranial pressure is increased.*!
In order to minimize this phenomenon, each breath
should be delivered with a tidal volume of only 500 cc
and over a period of only 1 s.

Defibrillation

Defibrillation interrupts fibrillatory electrical activ-
ity in the heart and allows the normal pacemakers
to produce an effective rhythm to ensure systemic
perfusion.*? It is the treatment of choice for pulseless
ventricular tachycardia or ventricular fibrillation, but
it is not recommended for ventricular asystole (elec-
trical or mechanical).

Immediate defibrillation is the best first response
for cardiac arrest victims. Nonetheless, the AHA
guidelines distinguish between witnessed and un-
witnessed cardiac arrest (in which the duration is



Chest compression-only CPR

unknown). In the latter situation it is recommended
that 2 min of CPR should be provided prior to defi-
brillation.

Another issue of great interest was the changes
in the sequence of defibrillation. The 2000 guidelines
had recommended the use of 3 stacked shocks, with
the pulse being checked after each shock. However,
published data have shown that this algorithm causes
inappropriate delay in CPR.**** Considering the
pivotal role of the latter in the resuscitation sequel,
current guidelines recommend resumption of im-
mediate CPR after the first shock.!®1%%> At the end
of each shock/CPR cycle the pulse is checked. In case
of shockable rhythm, CPR is continued while the
defibrillator is charging. The second shock is given
only after 5 cycles of CPR, which should take ap-
proximately 2 minutes.

With regard to the electrical waveforms used, it
appears that biphasic shocks have higher success rates
with the first shock than do monophasic.**® Further-
more, organized rhythms may last longer when defi-
brillation is performed through a device that uses the
biphasic waveform.** As far as the appropriate energy
level is concerned the current guidelines recommend
360 J when monophasic waveform defibrillators are
used,*’ 120 J for biphasic rectilinear waveform, and
150-200 J for biphasic truncated exponential wave-
form devices. Subsequent shocks may be given at the
same or higher energy levels.

Research data on cardiac-only resuscitation

Animal studies

Animal investigations have provided us with results in
favor of the use of chest-compression only CPR (CO-
CPR); nevertheless, published data to date remain
inconclusive.*®>* In favor of the use of CO-CPR, a
study by Noc and Weil found that positive pressure
ventilation was not necessary for successful resuscita-
tion or 48-hour survival from ventricular fibrillation
cardiac arrest.>® Similar results were found by the
University of Arizona Resuscitation Research Group,
in a series of experiments exploring the possibility
of bystander CO-CPR.***-! In one of their reports
they highlight the adverse hemodynamic effects of
interrupting chest compressions for rescue breathing
during CPR for ventricular fibrillation.*’ Accord-
ing to their study, the median left ventricular myo-
cardial blood flow was markedly lower during early
conventional CPR than CO-CPR. The same research

group, using a 30:2 compression:ventilation ratio with
16-second pauses in compressions to provide 2 res-
cue breaths, recently demonstrated that the admin-
istration of continuous chest compressions without
assisted ventilations resulted in significantly better
24-hour post-resuscitation, neurologically normal
survival than did the use of conventional bystander
CPR.”" In contrast to the above, studies on porcine
asphyxial cardiac arrest models have shown that the
use of chest compressions with rescue breathings are
superior to the use of chest compression alone in
terms of clinical outcome.’®>

Human studies

In accordance with the previously described animal
studies, several clinical trials have shown that CO-
CPR is at least as effective as conventional CPR,!%2+¢0
Hallstrom et al showed that the outcome after CPR
with chest compressions alone is similar to that after
chest compressions with mouth-to-mouth ventila-
tion.>* Similarly, a recent study of out-of-hospital
cardiac arrest victims in Singapore demonstrated that
there was no significant difference in survival to dis-
charge between patients who received CO-CPR and
those given standard CPR.®! Furthermore, accord-
ing to the SOS-KANTO study group, cardiac-only
resuscitation is not only equivalent but superior to
conventional bystander CPR in terms of neurological
benefit.®? In agreement with the above, Iwami and
colleagues, in a prospective observational study, found
similar outcomes in cardiac-only and conventional
CPR groups, at least for those with arrest intervals
<15 min.*® For very-long-duration arrests (>15 min),
neurologically favorable 1-year survival was greater in
the conventional CPR group, though there were few
survivors in this subgroup, regardless of the type of
bystander CPR. In contrast, Bohm et al found no dif-
ference in 1-month survival between groups, regard-
less of whether the ambulance response time was less
than or greater than 8 minutes.** Although the above
findings appear to be rather promising, it should be
emphasized that only the study by Hallstrom was ran-
domized. Two large prospective, randomized trials
comparing cardiac-only and conventional CPR for
subjects with out-of-hospital cardiac arrest are cur-
rently recruiting participants.®

Physiologic mechanisms
Several mechanisms might account for the efficacy of
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cardiac-only resuscitation. Many studies have suggest-
ed that ventilation is not essential during the initial 12
min of resuscitation with untreated arrest intervals of
less than 6 min.>>* According to Chandra et al, there
is generally sufficient oxygen within the blood before
cardiac arrest so that, with the limited circulation
(the most that even the best chest compressions can
provide), reasonable oxygen saturation persists for
at least 10 min and maybe even longer.®” Measured
minute ventilation and arterial oxygenation decrease
after 4-10 min of resuscitation, irrespective of at-
tempts at ventilation.’®® Furthermore, ventilation
may occur during CO-CPR through active and pas-
sive mechanisms. After a non-hypoxic cardiac arrest,
patients usually continue to breath actively for some
short period, before the respiratory centre in the brain
ceases to function because of hypoxia. The breathing
pattern is abnormal and manifests as gasping. Gasp-
ing respirations have been observed in animal and
human studies. In animal studies, significant tidal
volumes have been documented and are associated
with an increased chance of successful resuscitation.’®
In pigs, agonal respiration occurs during the first 2
min following induction of ventricular fibrillation.
This declines over time, to 42% at 3 min and 17% at 7
min. Human studies have also documented that ago-
nal ventilation is common in the early stage of cardiac
arrest, occurring in as many as 40% patients suffering
an out-of-hospital arrest.®” Furthermore, in a recent
study by Bobrow et al gasping was associated with in-
creased survival.”” According to Deakin et al, passive
tidal volumes were significantly less than the patient’s
estimated deadspace, while CO, minute volume, an
estimate of actual gas exchange, was approximately
10% of the normal range.”! A mechanism of venti-
lation similar to those described in high frequency
ventilation may be occurring due to the relatively high
respiratory frequency. These mechanisms include
direct bulk flow, longitudinal dispersion, asymmetric
velocity profiles, and molecular diffusion.”” Mechani-
cal agitation from external chest compression may
also affect mixing of respiratory gases.

Another reason for the efficacy of cardiac-only
resuscitation could be that mouth-to-mouth ventila-
tion (MTMYV) has several potential disadvantages.
These disadvantages include gastric insufflations and,
importantly, less cycle time spent on effective com-
pressions. 819387 According to previous animal stud-
ies, MTMYV can lead to substantial decreases in the
aortic diastolic and coronary perfusion pressures.**-°
Furthermore, in the study by Kern et al, it took from

58 e HJC (Hellenic Journal of Cardiology)

3 up to 7 compressions to restore the same pressure
achieved just prior to giving the intermittent rescue
breaths.’> According to the authors, in the group that
received conventional CPR, the longer pause between
compressions may have resulted in greater “runoff”
of blood from the aorta, thereby decreasing the aortic
volume and pressure. Another problem associated
with MTMYV is the composition of the air exhaled by
the rescuers. Wenzel et al showed that the rescuers
exhaled a mean CO, concentration of 3.5% to 4.1%
and a mean O, concentration of 16.6% to 17.8%."*
The same research group in a different study showed
that animals ventilated with 95% O, and 5% CO,, a
mixture with a higher O, and an equal CO, concen-
tration to the one mentioned above, fared as poorly
as animals given no ventilation during CPR.”

International consensus on cardiac-only resuscitation

Although evidence continues to mount from many
sources, supporting the use of CO-CPR, to date the
scientific data are not powerful enough to warranty
any substantial change in the current guidelines. The
ERC, according to its online announcement in March
2008, does not intend to change or supplement the
current resuscitation guidelines. It emphasizes that
only those lay rescuers who are unwilling or unable
to give mouth-to-mouth ventilation should provide
CPR solely by uninterrupted chest compressions un-
til professional help arrives. In contrast, the AHA,
despite agreeing with the ERC statements on the
strength of the current evidence regarding CO-CPR,
in an effort to increase the unacceptably low rate
of bystander CPR in the USA published a science
advisory® promoting a call to action for bystanders
who are not trained or insufficiently trained in CPR
and witness an adult out-of-hospital sudden collapse
that is probably of cardiac origin. These bystanders
should provide chest compression without ventilation.
Bystanders who have been trained and are thus con-
fident with CPR should decide between conventional
CPR (chest compression plus ventilation at a ratio of
30:2) and chest compression alone. Nonetheless, it
must be noted that, this “call to action” for bystanders
does not apply to some patient groups, such as those
with long untreated arrest intervals, pediatric victims,
and primary respiratory events (drowning, trauma,
airway obstruction and acute respiratory diseases).
The distinction between cardiac and respiratory arrest
has raised some concerns about the possibility that
bystanders may be further confused and discouraged
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from attempting any type of resuscitation. Neverthe-
less, no hard evidence for this has been seen so far.’®

Conclusions

It is clear that any bystander resuscitation is better
than no resuscitation at all and that unnecessary chest
compression interruptions should be minimized. Af-
ter taking into account the American committee’s ap-
praisal and the results of the current published trials,
we believe that CO-CPR may be applicable in those
cases where a cardiac etiology is likely, especially if
it could increase the rate of bystander resuscitation.
In Greece, considering the low prevalence of current
training and the lack of knowledge of basic aspects
of CPR practice, the introduction of a widespread
simplified CPR training program could prove quite
helpful.”” However, in view of the lack of definitive
evidence from clinical trials, no firm suggestions can
be made concerning the use of CO-CPR, while the
effect of this simplified method on bystander CPR
rates remains to be proven. Future adequately pow-
ered randomized clinical trials will help to further
elucidate these issues.

References

1. Chandra-Strobos N, Weisfeldt ML. Cardiopulmonary resus-
citation and the subsequent management of the patient. In:
Fuster V, Alexander RW, O’Rourke RA, Roberts R, King
SB, Nash IS, et al., eds. Hurst’s The Heart. 11th ed. New
York: McGraw-Hill; 2004: p.1030.

2. Zheng ZJ, Croft JB, Giles WH, Mensah GA. Sudden cardiac
death in the United States, 1989 to 1998. Circulation. 2001;
104: 2158-2163.

3. Kouwenhoven WB, Jude JR, Knickerbocker GG. Closed-
chest cardiac massage. JAMA. 1960; 173: 1064-1067.

4. Becker LB, Ostrander MP, Barrett J, Kondos GT. Outcome
of CPR in a large metropolitan area—where are the survivors?
Ann Emerg Med. 1991; 20: 355-361.

5. Beng A, Biber B, Isaksson L, Lindqvist J, Herlitz J. Evalu-
ation of dispatcher-assisted cardiopulmonary resuscitation.
Eur J Emerg Med. 1999; 6: 175-183.

6. Eisenberg MS, Hallstrom AP, Carter WB, Cummins RO,
Bergner L, Pierce J. Emergency CPR instruction via tele-
phone. Am J Public Health. 1985; 75: 47-50.

7. Rea TD, Eisenberg MS, Culley LL, Becker L. Dispatcher-
assisted cardiopulmonary resuscitation and survival in cardiac
arrest. Circulation. 2001; 104: 2513-2516.

8. Sekimoto M, Noguchi Y, Rahman M, et al. Estimating the
effect of bystander-initiated cardiopulmonary resuscitation in
Japan. Resuscitation. 2001; 50: 153-160.

9. Swor RA, Jackson RE, Cynar M, et al. Bystander CPR, ven-
tricular fibrillation, and survival in witnessed, unmonitored
out-of-hospital cardiac arrest. Ann Emerg Med. 1995; 25:
780-784.

10. Van Hoeyweghen RJ, Bossaert LL, Mullie A, et al. Quality
and efficiency of bystander CPR. Belgian Cerebral Resuscita-
tion Study Group. Resuscitation. 1993; 26: 47-52.

11. Eftychiou C, Georgiou M, Andreou A, et al. Nicosia General
Hospital cardiac arrest team: first year’s practice and out-
comes of in-hospital resuscitation. Hellenic J Cardiol. 2009;
50: 264-268.

12. Stiell IG, Wells GA, DeMaio VJ, et al. Modifiable factors
associated with improved cardiac arrest survival in a multi-
center basic life support/defibrillation system: OPALS Study
Phase I results. Ontario Prehospital Advanced Life Support.
Ann Emerg Med. 1999; 33: 44-50.

13. Auble TE, Menegazzi JJ, Paris PM. Effect of out-of-hospital
defibrillation by basic life support providers on cardiac ar-
rest mortality: a metaanalysis. Ann Emerg Med. 1995; 25:
642-648.

14. Peberdy MA, Kaye W, Ornato JP, et al. Cardiopulmonary
resuscitation of adults in the hospital: a report of 14720 car-
diac arrests from the National Registry of Cardiopulmonary
Resuscitation. Resuscitation. 2003; 58: 297-308.

15. Valenzuela TD, Roe DJ, Cretin S, Spaite DW, Larsen MP.
Estimating effectiveness of cardiac arrest interventions: a lo-
gistic regression survival model. Circulation. 1997; 96: 3308-
3313.

16. Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP.
Predicting survival from out-of-hospital cardiac arrest: a
graphic model. Ann Emerg Med. 1993; 22: 1652-1658.

17. Cummins RO, Chamberlain DA, Abramson NS, et al. Rec-
ommended guidelines for uniform reporting of data from
out-of-hospital cardiac arrest: the Utstein Style. A statement
for health professionals from a task force of the American
Heart Association, the European Resuscitation Council, the
Heart and Stroke Foundation of Canada, and the Australian
Resuscitation Council. Circulation. 1991; 84: 960-975.

18. American Heart Association in collaboration with Interna-
tional Liaison Committee on Resuscitation. Guidelines 2000
for cardiopulmonary resuscitation and emergency cardiovas-
cular care: international consensus on science. Circulation
2000; 102 (suppl I): 11-384.

19. International Liaison Committee on Resuscitation. 2005 in-
ternational consensus on cardiopulmonary resuscitation and
emergency cardiovascular care science with treatment recom-
mendations. Circulation 2005; 112: 1-136.

20. American Heart Association. 2005 American Heart Associa-
tion guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Circulation 2005; 102: IV1-205.

21. Herlitz J, Ekstrom L, Wennerblom B, Axelsson A, Bang A,
Holmberg S. Effect of bystander initiated cardiopulmonary
resuscitation on ventricular fibrillation and survival after
witnessed cardiac arrest outside hospital. Br Heart J. 1994;
72: 408-412.

22. Gallagher EJ, Lombardi G, Gennis P. Effectiveness of by-
stander cardiopulmonary resuscitation and survival following
out-of-hospital cardiac arrest. JAMA. 1995; 274: 1922-1925.

23. Holmberg M, Holmberg S, Herlitz J. Factors modifying the
effect of bystander cardiopulmonary resuscitation on sur-
vival in out-of-hospital cardiac arrest patients in Sweden. Eur
Heart J. 2001; 22: 511-519.

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

25. Weaver WD, Lorch GS, Alvarez HA, Cobb LA. Angiograph-

(Hellenic Journal of Cardiology) HJC @ 59



A. Papadima et al

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

ic findings and prognostic indicators in patients resuscitated
from sudden cardiac death. Circulation. 1976; 54: 895-900.
Ong MEH, Ornato JP, Edwards DP, et al. Use of an automated,
load-distributing band chest compression device for out-of-hos-
pital cardiac arrest resuscitation. JAMA. 2006; 295: 2629-2637.
Cobb LA, Fahrenbruch CE, Olsufka M, Copass MK. Chang-
ing incidence of out-of-hospital ventricular fibrillation, 1980-
2000. JAMA. 2002; 288: 3008-3013.

Bayés de Luna A, Coumel P, Leclercq JF. Ambulatory sudden
cardiac death: mechanisms of production of fatal arrhythmia on
the basis of data from 157 cases. Am Heart J. 1989; 117: 151-159.
Huikuri HV, Castellanos A, Myerburg RJ. Sudden death due
to cardiac arrhythmias. N Engl J Med. 2001; 345: 1473-1482.
Cummins RO. CPR and ventricular fibrillation: lasts longer,
ends better. Ann Emerg Med. 1995; 25: 833-836.

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

Brenner BE, Kauffman J. Reluctance of internists and medi-
cal nurses to perform mouth-to-mouth resuscitation. Arch
Intern Med. 1993; 153: 1763-1769.

Locke CJ, Berg RA, Sanders AB, et al. Bystander cardio-
pulmonary resuscitation: Concerns about mouth-to-mouth
contact. Arch Intern Med 1995; 155: 938-943.

Holmberg M, Holmberg S, Herlitz J, Gardelov B. Survival
after cardiac arrest outside hospital in Sweden. Swedish Car-
diac Arrest Registry. Resuscitation. 1998; 36: 29-36.

Morgan CL, Donnelly PD, Lester CA, Assar DH. Effective-
ness of the BBC’s 999 training roadshows on cardiopulmo-
nary resuscitation: Video performance of cohort of unfore-
warned participants at home six months afterwards. BMJ.
1996; 313: 912-916.

Handley JA, Handley AJ. Four-step CPR-improving skill
retention. Resuscitation. 1998; 36: 3-8.

Weisfeldt ML, Becker LB. Resuscitation after cardiac arrest:
a 3-phase time sensitive model. JAMA. 2002; 288: 3035-3038.
Assar D, Chamberlain D, Colquhoun M, et al. Randomized
controlled trials of staged teaching for basic life support, 1:
Skill acquisition at bronze stage. Resuscitation 2000; 45: 7-15.
Heidenreich JW, Higdon TA, Kern KB, et al. Single-rescuer
cardiopulmonary resuscitation: ‘two quick breaths’—an oxy-
moron. Resuscitation. 2004; 62: 283-289.

Berg RA, Sanders AB, Kern KB, et al. Adverse hemodynamic
effects of interrupting chest compressions for rescue breath-
ing during cardiopulmonary resuscitation for ventricular
fibrillation cardiac arrest. Circulation. 2001; 104: 2465-2470.
Yannopoulos D, McKnite S, Aufderheide TP, et al. Effects
of incomplete chest wall decompression during cardiopul-
monary resuscitation on coronary and cerebral perfusion
pressures in a porcine model of cardiac arrest. Resuscitation.
2005; 64: 363-372.

American Heart Association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care, part 4: adult
basic life support. Circulation. 2005; 112 (Suppl): IV-19-34.
Carpenter J, Rea TD, Murray JA, Kudenchuk PJ, Eisenberg
MS. Defibrillation waveform and post-shock rhythm in out-
of-hospital ventricular fibrillation cardiac arrest. Resuscita-
tion. 2003; 59: 189-196.

Berg MD, Clark LL, Valenzuela TD, Kern KB, Berg RA.
Post-shock chest compression delays with automated external
defibrillator use. Resuscitation. 2005; 64: 287-291.

Schwarz B, Bowdle TA, Jett GK, et al. Biphasic shocks com-

60 ® HJC (Hellenic Journal of Cardiology)

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

pared with monophasic damped sine wave shocks for direct
ventricular defibrillation during open heart surgery. Anesthe-
siology. 2003; 98: 1063-1069.

Morrison LJ, Dorian P, Long J, et al. Out-of-hospital cardiac
arrest rectilinear biphasic to monophasic damped sine defi-
brillation waveforms with advanced life support intervention
trial (ORBIT). Resuscitation. 2005; 66: 149-157.

American Heart Association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care, part 5:
electrical therapies: automatic external defibrillators, defi-
brillation, cardioversion and pacing. Circulation. 2005; 112
(Suppl): IV-35-46.

Berg RA, Kern KB, Sanders AB, Otto CW, Hilwig RW, Ewy
GA. Bystander cardiopulmonary resuscitation. Is ventilation
necessary? Circulation. 1993; 88: 1907-1915.

Berg RA, Wilcoxson D, Hilwig RW, et al. The need for ven-
tilatory support during bystander CPR. Ann Emerg Med.
1995; 26: 342-350.

Engoren M, Plewa MC, Buderer NF, Hymel G, Brookfield
L. Effects of simulated mouth-to-mouth ventilation during
external cardiac compression or active compression-decom-
pression in a swine model of witnessed cardiac arrest. Ann
Emerg Med. 1997; 29: 607-615.

Berg RA, Kern KB, Hilwig RW, Ewy GA. Assisted ventila-
tion during ‘bystander’ CPR in a swine acute myocardial in-
farction model does not improve outcome. Circulation. 1997,
96: 4364-4371.

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: 179-188.

Chrissos DN, Antonatos PG, Mytas DZ, et al. The effect of
open-chest cardiac resuscitation on mitral regurgitant flow:
an on-line transesophageal echocardiographic study in dogs.
Hellenic J Cardiol. 2009; 50: 472-475.

Hallstrom A, Cobb L, Johnson E, Copass M. Cardiopulmo-
nary resuscitation by chest compression alone or with mouth-
to-mouth ventilation. N Engl J Med. 2000; 342: 1546-1553.
Noc M, Weil MH, Tang W, Turner T, Fukui M. Mechanical
ventilation may not be essential for initial cardiopulmonary
resuscitation. Chest. 1995; 108: 821-827.

Kern KB, Hilwig RW, Berg RA, Sanders AB, Ewy GA. Im-
portance of continuous chest compressions during cardiopul-
monary resuscitation: improved outcome during a simulated
single lay-rescuer scenario. Circulation. 2002; 105: 645-649.
Ewy GA, Zuercher M, Hilwig RW, Sanders AB, Berg RA,
Otto CW, Hayes MM, Kern KB. Improved neurological out-
come with continuous chest compressions compared with
30:2 compressions-to-ventilations cardiopulmonary resuscita-
tion in a realistic swine model of out-of-hospital cardiac ar-
rest. Circulation. 2007; 116: 2525-2530.

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

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

Olasveengen TM, Wik L, Steen PA. Standard basic life sup-
port vs. continuous chest compressions only in out-of-hospital
cardiac arrest. Acta Anaesthesiol Scand. 2008; 52: 914-919.
Ong MEH, Ng FSP, Anushia P, et al. Comparison of chest
compression only and standard cardiopulmonary resuscita-



Chest compression-only CPR

62.

63.

64.

65.

66.

67.

68.

69.

tion for out-of-hospital cardiac arrest in Singapore. Resusci-
tation. 2008; 78: 119-126.

Cardiopulmonary resuscitation by bystanders with chest com-
pression only (SOS-KANTO): an observational study. Lan-
cet. 2007; 369: 920-926.

Iwami T, Kawamura T, Hiraide A, et al. Effectiveness of
bystander-initiated cardiac-only resuscitation for patients
with out-of-hospital cardiac arrest. Circulation. 2007; 116:
2900-2907.

Bohm K, Rosenqvist M, Herlitz J, Hollenberg J, Svensson L:
Survival is similar after standard treatment and chest com-
pression only in out-of-hospital bystander cardiopulmonary
resuscitation. Circulation. 2007; 116: 2908-2912.
Dispatcher-Assisted Resuscitation Trial (DART) [Internet].
Available from:

http://clinicaltrials.gov/ct2/show/NCT 00219687

Becker LB, Berg RA, Pepe PE, et al. A reappraisal of mouth-
to-mouth ventilation during bystander-initiated cardiopulmo-
nary resuscitation. A statement for healthcare professionals
from the Ventilation Working Group of the Basic Life Sup-
port and Pediatric Life Support Subcommittees, American
Heart Association. Circulation. 1997; 96: 2102-2112.
Chandra NC, Gruben KG, Tsitlik JE, et al. Observations of
ventilation during resuscitation in a canine model. Circula-
tion. 1994; 90: 3070-3075.

Menegazzi JJ, Check BD. Spontaneous agonal respiration in
a swine model of out-of-hospital cardiac arrest. Acad Emerg
Med. 1995; 2: 1053-1056.

Clark JJ, Larsen MP, Culley LL, Graves JR, Eisenberg MS.

70.

71.

72.

73.

74.

75.

76.

77.

Incidence of agonal respirations in sudden cardiac arrest.
Ann Emerg Med. 1992; 21: 1464-1467.

Bobrow BJ, Zuercher M, Ewy GA, et al. Gasping during
cardiac arrest in humans is frequent and associated with im-
proved survival. Circulation. 2008; 118: 2550-2554.

Deakin CD, O’Neill JF, Tabor T. Does compression-only car-
diopulmonary resuscitation generate adequate passive venti-
lation during cardiac arrest? Resuscitation. 2007; 75: 53-59.
Krishnan JA, Brower RG. High-frequency ventilation for
acute lung injury and ARDS. Chest. 2000; 118: 795-807.
Sanders AB, Ewy GA. Cardiopulmonary resuscitation in the
real world: when will the guidelines get the message? JAMA.
2005; 293: 363-365.

Wenzel V, Idris AH, Banner MJ, Fuerst RS, Tucker KJ. The
composition of gas given by mouth-to-mouth ventilation dur-
ing CPR. Chest. 1994; 106: 1806-1810.

Idris AH, Wenzel V, Becker LB, Banner MJ, Orban DJ.
Does hypoxia or hypercarbia independently affect resuscita-
tion from cardiac arrest? Chest. 1995; 108: 522-528.

Sayre MR, Berg RA, Cave DM, Page RL, Potts J, White RD.
Hands-only (compression-only) cardiopulmonary resuscita-
tion: a call to action for bystander response to adults who
experience out-of-hospital sudden cardiac arrest: a science
advisory for the public from the American Heart Association
Emergency Cardiovascular Care Committee. Circulation.
2008; 117: 2162-2167.

Hatzakis KD, Konstandinos HD, Kritsotakis EI, et al. Com-
munity cardiopulmonary resuscitation training in Greece.
Res Nurs Health. 2008; 31: 165-171.

(Hellenic Journal of Cardiology) HJC e 61



