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, Abstract—Background: The effectiveness of chest com-
pressions for cardiopulmonary resuscitation (CPR) is affec-
ted by the rescuer’s position with respect to the patient. In
hospitals, chest compressions are typically performed while
standing beside the patient, who is placed on a bed. Study
Objectives: To compare the effectiveness of chest compres-
sions, performed on a bed during 2 min of CPR, among
three different rescuer positions: standing, on a footstool,
or kneeling on the bed. Methods: We performed a crossover
randomized simulation trial. Participants were recruited
from among students in the Department of Paramedics
from July to August 2011. Thirty-eight participants were
enrolled, and they performed chest compressions on a
mannequin for 2 min in each of the three different positions,
with a 1-week interval between each position. Results: The
number of adequate compressions (depth > 50 mm) and
the mean compression depth were significantly greater in
the kneeling and footstool positions than in the standing po-
sition, but there was no significant difference between the
kneeling and footstool positions. There were no significant
differences in the compression rate, the percentage of

correctly released compressions, and the percentage of com-
pressions performed using the correct hand position among
the three rescuer positions. Conclusion: The mean compres-
sion depth and the number of adequate compressions were
greater for both the kneeling and footstool positions than
for the standing position during 2 min of CPR. We recom-
mend kneeling on a bed or standing on a footstool as the
rescuer positions during hospital CPR on a bed. � 2014
Elsevier Inc.
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INTRODUCTION

Effective chest compressions are essential for providing
blood flow during cardiopulmonary resuscitation
(CPR). For this reason, the 2010 guidelines of the Amer-
ican Heart Association (AHA) for CPR and emergency
cardiovascular care emphasize the ‘‘push hard and push
fast’’ technique, which requires compressions of at least
5 cm in depth at a rate of at least 100 compressions per
minute (1). During CPR, it is common for the quality of
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chest compressions to decline over time due to rescuer fa-
tigue (2). Onset of rescuer fatigue can vary by rescuer
characteristics such as gender, age, and body mass index
(3,4). However, nonrescuer factors can also significantly
influence onset of rescuer fatigue. Difference of CPR
method (30:2 CPR vs. compression-only CPR) or rescuer
position at the site of arrest can affect the level of rescuer
fatigue and the quality of chest compressions (3,5–7).

Cardiac arrest patients in out-of-hospital situations
almost always undergo CPR while lying on a floor, but
in the case of in-hospital cardiac arrest (IHCA), chest
compressions are typically performed with the patient
lying on a bed (1). However, the depth of chest compres-
sions when performed on a bed has been found to be
significantly shallower than that in CPR performed on
the floor (6,7). Even though the standing position is
the fundamental position for CPR in cases of IHCA,
footstools and kneeling positions are also available in
hospital settings. Numerous reports have highlighted
the inefficiency of the standing position compared to
the kneeling or footstool position (8–10). However, in
previous reports, rescuers performed CPR according to
the 2005 AHA guidelines, which recommended a depth
of 38–50 mm. The guidance for chest compression
depth changed in the 2010 CPR guidelines, and it is not
clear which position is most effective for maximizing
chest compression force for cardiac arrest patients who
are placed on a bed in the IHCA setting under the 2010
CPR guidelines.

We performed a randomized, controlled, crossover
trial to determine the ideal rescuer position when the pa-
tient is lying on a bed, according to the 2010 AHA CPR
guidelines. We tested the hypothesis that there are differ-
ences in the total number of adequate chest compressions
completed during 2 minutes of CPR in 3 different posi-
tions, and also precisely evaluated any time-dependent
deterioration in compression depth among the three posi-
tions during 2 min of uninterrupted compressions.

MATERIALS AND METHODS

We conducted a randomized, controlled, crossover study
to compare the performance of three different rescuer po-
sitions: standing beside the bed, standing on a footstool,
and kneeling on the bed. This study was approved by
the Institutional Review Board (IRB) at our hospital.
Written informed consent was obtained from each partic-
ipant, and this study conformed to the principles outlined
in the Declaration of Helsinki (IRB No. 2011-SCMC-
067-01).

As the number of adequate chest compressions per-
formed was the primary end point of the study, it was
problematic to determine the minimum number of partic-
ipants required to test our hypothesis prior to study initi-

ation. Therefore, before participants were recruited, we
conducted a pilot test with 10 students to calculate the
sample size required. These students were excluded
from participating in the subsequent study. We hypothe-
sized that there is a difference in the total number of
adequate chest compressions performed during 2 min of
CPR in the three positions; a difference was defined as
a difference > 10 adequate chest compressions. In the pi-
lot study, the standard deviation of the differences in the
adequate number of compressions among the three posi-
tions was 53.76. With an a level of 0.05 and a power of
80%, a sample size of 38 participants was determined
to be sufficient for evaluating the hypothesis. Given an
anticipated dropout rate of 10%, we enrolled 42 partici-
pants on a first-come, first-served basis. Participants
were recruited through announcements at the Department
of Paramedics and Nursing at Masan University, Repub-
lic of Korea from July 15 to August 30, 2011. Eligible
participants were either nursing or paramedic students
who were Basic Life Support providers certified by the
Korean Association of CPRwithin the past 2 years. Those
who had a previous cardiac or respiratory disease and
were unable to perform chest compressions for 2 min
were excluded.

After being given a description of the study methods,
the participants were allowed to practice chest compres-
sions on a mannequin (Resusci Anne� SkillReporter�;
Laerdal Medical Corporation, Stavanger, Norway) in
each of the three different positions. While performing
chest compressions, the participants received feedback
via a laptop running the Laerdal PC Skill Reporting Sys-
tem software (Laerdal Medical Corporation) regarding
the depth of the compressions and the positioning and
releasing of their hands. After the practice session, the
procedure was performed three times, once for each test
position, with 1-week intervals between each position
to minimize any carry-over effect. We used shuffling
cards to randomize the order of the three positions. To
establish the order that the three positions were tested
in for each participant, the six different possible test se-
quences were marked on the backs of cards. On the
back of each card was a description of the order, desig-
nated using letters from A to F, with each letter represent-
ing one of the three possible test positions. At the first
session after the practice session, participants pulled their
card from an envelope. Participants could see the symbols
(A to F), whereas the researcher could only see the
matched code representing the sequences. Because the
participants were blinded to the sequence they were as-
signed, for every session except for the last, the partici-
pants were unaware of their chest compression position
until the sequence began. The participants performed un-
interrupted chest compressions on the same manne-
quin with an advanced airway inserted for 2 min, thus
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