Editorials
Hands-Only Cardiopulmonary Resuscitation: Is It Really Dangerous?
In this issue of RESPIRATORY CARE, Lurie and colleagues
report a laboratory investigation in which they compared
ventilation rates of 10 breaths/min and 2 breaths/min during cardiopulmonary resuscitation (CPR) of swine.1 This
is an important hypothesis-generating study regarding cardiopulmonary interactions during CPR. In their model,
their data establish that carotid-artery blood flow and brain
tissue oxygen tension were lower with the 2-breaths/min
strategy than with the 10-breaths/min strategy. However,
they make an unsupportable claim based on that physiological observation, that “it is clear that low or no ventilation during CPR can be dangerous and should not be
recommended except in circumstances where untrained
CPR providers are not willing to perform mouth-to-mouth.”
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Lurie and colleagues speculate that the worse cerebral
hemodynamic and tissue oxygenation effects with 2 breaths/
min were due to greater atelectasis, resulting in increased
pulmonary vascular resistance and decreased transpulmonary flow.1 These speculations are plausible, but they did
not measure lung volumes or pulmonary vascular resistance, so their proposed mechanism for these findings could
not be confirmed. Nevertheless, the lower mixed venous
oxygen saturation values in the 2-breaths/min group support their contention that cardiac output may have been
lower in that group, and that decreased blood flow through
the lungs may have resulted in decreased cardiac output
and cerebral blood flow. However, the right atrial compression pressures (“systolic” pressures) were substantially
lower in the 2-breaths/min groups than in the 10-breaths/
min groups (eg, 35.8 ⫾ 12.9 mm Hg vs 54.6 ⫾ 18.9 mm Hg,
respectively, in the groups in which they did not use the
impedance threshold device [p ⫽ 0.007]), which suggests
that the force of compressions was substantially lower in
these 2-breaths/min groups. If the force of compressions
was indeed lower, the decreased cardiac output and decreased carotid-artery blood flow would be expected without any need to invoke the other cardiopulmonary interactions postulated by Lurie et al.
Although we applaud Lurie et al for this excellent hypothesis-generating physiological investigation, we are uncomfortable with their assertion that, “When combined
with recent data that showed the harmful, if not deadly,
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effects of hyperventilation during CPR, these results support the conclusion that there is an ideal range of ventilation rate during CPR, and both too many and too few
breaths per minute are dangerous. Markedly higher and
lower rates result in physiologically detrimental cardiopulmonary and thoraco-cerebral interactions that substantially
reduce the effectiveness of CPR.” Even if the different
blood flows in the 2-breaths/min groups were due to the
mechanism postulated by Lurie et al, rather than inadvertent decreases in the force of compressions, differences in
physiology do not necessarily indicate that any harm has
occurred. Clearly, there is no blood flow to the brain during the “no-flow” state of untreated cardiac arrest, yet
patients with many minutes of untreated cardiac arrest can
be successfully resuscitated without demonstrable untoward effects. Moreover, though many elegant physiological studies in animals and humans in the 1980s and 1990s
demonstrated that high-dose epinephrine (compared to standard-dose epinephrine) improved blood flow during
CPR,2-6 numerous outcome studies established that standard-dose epinephrine was at least as effective as highdose epinephrine.7-11 In fact, 2 human studies found better
outcomes with standard-dose epinephrine than with highdose epinephrine.12,13 Interventions that cause adverse
physiologic differences during CPR do not consistently
result in harmful effects or differences in outcomes. The
swine CPR investigation by Lurie and colleagues1 provides interesting physiological data, but no outcome data.
What do we know about the lowest CPR ventilation
rate, which is no assisted ventilation (also known as “chestcompression-only CPR” and “hands-only CPR”)? For more
than 2 decades there has been great interest in chest-compression-only CPR, based on exciting animal investigations and limited human experience.14,15 Physiologic animal data indicated that hands-only CPR resulted in lower
arterial oxygen saturation and higher myocardial blood
flow than standard CPR, and the resultant mean myocardial oxygen delivery was very similar with either technique.16,17 However, those animal data assumed that a single rescuer could provide 2 rescue breaths over 4 seconds,
as recommended by the American Heart Association at
that time. Manikin studies showed that chest compressions
are typically interrupted for 14 –16 seconds while a lay
rescuer or medical student moves from the chest to the
head, repositions the head, provides 2 rescue breaths, and
returns to the chest to provide compressions.18,19 Animal
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models that incorporated this more realistic time interval
of interrupted chest compressions for rescue breaths have
established that the physiological and outcome data are
substantially better with single-rescuer hands-only CPR
for ventricular fibrillation, than with either the 15:2 compression:ventilation standard CPR or the newer 2005 guidelines 30:2 compression:ventilation ratio.20-22 More importantly, recent additional human outcome data persuaded
the American Heart Association’s Basic Life Support committee to recommend hands-only bystander CPR.23-27
Hallstrom and colleagues found, in a randomized controlled trial, that hands-only CPR was at least as effective
as standard chest compressions with rescue breathing in
patients with sudden cardiac arrest.24 When people without CPR training called 911 regarding an apparent cardiac
arrest, the telephone dispatcher taught either hands-only
CPR or chest compressions plus rescue breathing. Survival
to hospital discharge was attained in 35 of 240 (15%)
treated with hands-only CPR, versus 29 of 278 (10%)
treated with standard CPR. Based on those data and the
difficulty of teaching rescue breathing via telephone, the
National Academies of Emergency Dispatch and the American Heart Association recommend hands-only CPR rather
than standard CPR as the treatment of choice for telephone-directed CPR.15,28
Over the last year, 3 large observational human studies
showed that patients who received hands-only bystander
CPR were at least as likely to survive an out-of-hospital
cardiac arrest as were patients who received standard bystander CPR with chest compressions and rescue breathing. Among 4,068 patients with witnessed out-of-hospital
cardiac arrests in the SOS-KANTO (Survey of Survivors
after out-of-hospital cardiac arrest in the Kanto area) study
from Tokyo, 439 (11%) received hands-only bystander
CPR, 712 (18%) received conventional CPR with chest
compressions and rescue breathing, and 2,917 (72%) received no bystander CPR.25 The etiology of the arrest was
presumed cardiac in 70%, but was not cardiac in 30%.
Favorable neurological status at 30 days post-arrest was
much more common with any bystander CPR technique
than with no bystander CPR (5.0% vs 2.2%, p ⬍ 0.001),
and tended to be more common after hands-only bystander
CPR than after conventional CPR (6% vs 4%, unadjusted
odds ratio 1.5, 95% confidence interval 0.9 –2.5). The adjusted odds ratios among patients with known resuscitation-related time intervals indicated that 30-day favorable
neurological outcomes were more common after handsonly bystander CPR than after conventional CPR (odds
ratio 2.22, 95% confidence interval 1.17– 4.21). Importantly, the group with the greatest opportunity to survive
with good outcomes (patients with ventricular fibrillation
or ventricular tachycardia as the initial cardiac rhythm)
were much more likely to have 30-day favorable neurological outcomes after hands-only CPR than after conven-
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tional CPR (19% vs 11%, adjusted odds ratio 8.00, 95%
confidence interval 3.48 –18.41). Interestingly, only 38%
of the bystanders who provided hands-only CPR had previous CPR training, whereas 67% of the bystanders who
provided conventional CPR had previous CPR training (ie,
less-trained bystanders providing hands-only CPR were
more likely to save a life than better-trained bystanders
providing conventional CPR).
Two other large series were published in December 2007,
which showed comparable outcomes with either handsonly bystander CPR or conventional bystander CPR.
Among 4,902 witnessed out-of-hospital cardiac arrests of
presumed cardiac etiology in Osaka, Japan, 1-year favorable neurological outcomes were attained in 2.1% with no
bystander CPR, 3.5% with hands-only bystander CPR, and
3.6% with conventional bystander CPR.26 Similarly, among
9,354 patients treated with either hands-only bystander
CPR (n ⫽ 1,145) or conventional bystander CPR
(n ⫽ 8,209) for their out-of-hospital cardiac arrests in the
Swedish Cardiac Arrest Registry, the 1-month survival
rate was 7% in each group. The patients in the Swedish
registry included all cardiac arrests; 70% were presumably
due to cardiac etiologies and 30% not cardiac.27
Despite the strong statements by Lurie et al1 about the
dangers of CPR with a ventilation rate of 2 breaths/min,
there are presently no human or animal outcome data to
support that concern. In contrast, there is abundant information that most bystanders do not provide any CPR.
Furthermore, the published human outcome data indicate
that hands-only bystander CPR and conventional bystander
CPR have similar effectiveness in saving lives with favorable neurological outcomes. The American Heart Association now recommends that: (1) untrained bystanders
should provide hands-only CPR, (2) trained bystanders
who are confident in their ability to provide CPR should
provide either conventional CPR or hands-only CPR, and
(3) trained bystanders who are not confident in their ability
to provide conventional CPR should provide hands-only
CPR.23
Robert A Berg MD
Karl B Kern MD
Sarver Heart Center
University of Arizona College of Medicine
Tucson, Arizona

REFERENCES
1. Lurie KG, Yannopoulos D, McKnite SH, Herman ML, Idris AH,
Nadkarni VM, et al. Comparison of a 10-breaths-per-minute versus
a 2-breaths-per-minute strategy during cardiopulmonary resuscitation in a porcine model of cardiac arrest. Respir Care 2008;53(7):
862-870.
2. Brown CB, Werman HA, Davis EA, Hobson J, Hamlin RL. The
effects of graded doses of epinephrine on regional myocardial blood

RESPIRATORY CARE • JULY 2008 VOL 53 NO 7

HANDS-ONLY CARDIOPULMONARY RESUSCITATION: IS IT REALLY DANGEROUS?

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

flow during cardiopulmonary resuscitation in swine. Circulation 1987;
75(2):491-497.
Brown CG, Werman HA, Davis EA, Hamlin R, Hobson J, Ashton
JA, et al. Comparative effect of graded doses of epinephrine on
regional brain blood flow during CPR in a swine model. Ann Emerg
Med 1986;15(10):1138-1144.
Chase PB, Kern KB, Sanders AB, Otto CW, Ewy GA. Effects of
graded doses of epinephrine on both noninvasive and invasive measures of myocardial perfusion and blood flow during cardiopulmonary resuscitation. Crit Care Med 1993;21(3):413-419.
Gonzalez ER, Ornato JP, Garnett AR, Levine RL, Young DS, Racht
EM. Dose-dependent vasopressor response to epinephrine during
CPR in human beings. Ann Emerg Med 1989;18(9):920-926.
Paradis NA, Martin FB, Rosenberg J, Rivers EP, Goetting MG,
Appleton IS, et al. The effects of standard- and high-dose epinephrine on coronary perfusion pressure during prolonged cardiopulmonary resuscitation. JAMA 1991;265(9):1139-1144.
Berg RA, Otto CW, Kern KB, Hilwig RW, Sanders AB, Henry CP,
Ewy GA. A randomized, blinded trial of high-dose epinephrine versus standard-dose epinephrine in a swine model of pediatric asphyxial cardiac arrest. Crit Care Med 1996;24(10):1695-1700.
Berg RA, Otto CW, Kern KB, Sanders AB, Hilwig RW, Hansen KK,
Ewy GA. High-dose epinephrine results in greater early mortality
after resuscitation from prolonged cardiac arrest in pigs: a prospective, randomized study. Crit Care Med 1994;22(2):282-290.
Brown CG, Martin DR, Pepe PE, Stueven H, Cummins RO, Gonzalez E, Jastremski M. A comparison of standard-dose and high-dose
epinephrine in cardiac arrest outside the hospital. The Multicenter
High-Dose Epinephrine Study Group. N Engl J Med 1992;327(15):
1051-1055.
Stiell IG, Hebert PC, Weitzman BN, Wells GA, Raman S, Stark RM,
et al. High-dose epinephrine in adult cardiac arrest. N Engl J Med
1992;327(15):1045-1050.
Callaham M, Madsen CD, Barton CW, Saunders CE, Pointer J. A
randomized clinical trial of high-dose epinephrine and norepinephrine vs standard-dose epinephrine in prehospital cardiac arrest. JAMA
1992;268(19):2667-2672.
Perondi MB, Reis AG, Paiva EF, Nadkarni VM, Berg RA. A comparison of high-dose and standard-dose epinephrine in children with
cardiac arrest. N Engl J Med 2004;350(17):1722-1730.
Behringer W, Kittler H, Sterz F, Domanovits H, Schoerkhuber W,
Holzer M, et al. Cumulative epinephrine dose during cardiopulmonary resuscitation and neurologic outcome. Ann Intern Med 1998;
129(6):450-456.
Becker LB, Berg RA, Pepe PE, Idris AH, Aufderheide TP, Barnes
TA, et al. A reappraisal of mouth-to-mouth ventilation during bystander-initiated cardiopulmonary resuscitation. A statement for
healthcare professionals from the Ventilation Working Group of the
Basic Life Support and Pediatric Life Support Subcommittees, American Heart Association. Circulation 1997;96(6):2102-2112.
2005 American Heart Association Guidelines for Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care. Circulation 2005;
112(Suppl 24):IV1-IV203.
Berg RA, Kern KB, Hilwig RW, Ewy GA. Assisted ventilation
during “bystander” CPR in a swine acute myocardial infarction model
does not improve outcome. Circulation 1997;96(12):4364-4371.

RESPIRATORY CARE • JULY 2008 VOL 53 NO 7

17. Berg RA, Kern KB, Hilwig RW, Berg MD, Sanders AB, Otto CW,
Ewy GA. Assisted ventilation does not improve outcome in a porcine
model of single-rescuer bystander cardiopulmonary resuscitation. Circulation 1997;95(6):1635-1641.
18. 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.
19. Heidenreich JW, Higdon TA, Kern KB, Sanders AB, Berg RA,
Niebler R, et al. Single-rescuer cardiopulmonary resuscitation: ‘two
quick breaths’-an oxymoron. Resuscitation 2004;62(3):283-289.
20. 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 2002;105(5):645-649.
21. Sanders AB, Kern KB, Berg RA, Hilwig RW, Heidenreich 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.
22. Ewy GA, Zuercher M, Hilwig RW, Sanders AB, Berg AB, Otto CW,
et al. 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.
23. Sayre MR, Berg RA, Cave DM, Page RL, Potts J, White RD. Handsonly (compression-only) cardiopulmonary resuscitation: 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(16):2162-2167.
24. 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.
25. SOS-KANTO Study Group. Cardiopulmonary resuscitation by bystanders with chest compression only (SOS-KANTO): an observational study. Lancet 2007;369(9565):920-926.
26. Iwami T, Kawamura T, Hiraide A, Berg RA, Hayashi Y, Nishiuchi
T, et al. Effectiveness of bystander-initiated cardiac-only resuscitation for patients with out-of-hospital cardiac arrest. Circulation 2007;
116(25):2900-2907.
27. Bohm K, Rosenqvist 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.
28. Roppolo LP, Pepe PE, Cimon N, Gay M, Patterson B, Yancey A,
Clawson JJ. Modified cardiopulmonary resuscitation (CPR) instruction protocols for emergency medical dispatchers: rationale and recommendations. Resuscitation 2005;65(2):203-210.

Dr Berg is a co-author of the American Heart Association statement on
bystander hands-only CPR. The authors report no other conflicts of interest in the content of this editorial.
Correspondence: Robert A Berg MD, Sarver Heart Center, Steele Children’s Research Center, University of Arizona College of Medicine, PO
Box 245017, Tucson AZ 85724-5017. E-mail: rberg@peds.arizona.edu.

857

