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ABSTRACT

Objective. This study evaluated whether
chest compression in a standardized in-
hospital cardiopulmonary resuscitation
(CPR) set-up can be performed as effec-
tively as when the rescuer is kneeling be-
side the patient lying on the floor. Specifi-
cally, the in-hospital test was standardized
according to the rescuers average knee
height.

Methods. Experimental intervention (test
1) was a standardized, in-hospital CPR
set-up: first, the bed height was fixed at 70
cm. Second, the height difference between
the bed and a step stool was set to the aver-
age knee height of the CPR team members
(45 cm). Control intervention (test 2) was
kneeling on floor. Thirty-eight medical
doctors on the CPR team each performed
2 minutes of chest compressions in test 1
and 2 in random order (cross-over trial). A
Little Anne was used as a simulated patient
who had experienced cardiac arrest. Chest
compression parameters, such as average
depth and rate, were measured using an ac-
celerometer device.

Results. In all tests, the average depths were
those recommended in the most recent
CPR guidelines (50-60 mm); there were no
significant differences between Tests 1 and
2(53.1 £4.3 mmvs. 52.6 + 4.8 mm, respec-
tively; p = 0.398). The average rate in Test
2 (119.1 £ 12.4 numbers/min) was slightly
faster than that in Test 1 (116.4 + 10.2 num-
bers/min; p = 0.028). No differences were
observed in any other parameters.
Conclusions. Chest compression quality in
our standardized in-hospital CPR set-up
was similar with that performed in a kneel-
ing position on the floor.

Trial Registration: Clinical Research Infor-
mation Service: KCT0001599

Key words: beds, cardiopulmonary resuscita-
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INTRODUCTION

High-quality cardiopulmonary resuscita-
tion (CPR), especially high-quality chest
compression, is a key factor in patient
survival after cardiac arrest. (1) The 2015
guidelines recommend performing chest
compression while kneeling by the vic-
tim’s side. (2) The kneeling position is easy
to assume when the victim is lying on the
floor. However, most in-hospital CPR is
performed with the patient lying in bed. In
such cases, the height of the rescuer rela-
tive to the patient’s position may influence
the quality of CPR. (3)

Several studies have evaluated the effects of
the rescuer’s height on the quality of CPR.
(4-7) They have found that kneeling be-
side a patient lying on the floor is the best
position in which to perform high-quality
chest compression, and that adjusting the
bed height to the rescuer’s knee level en-
hances the quality of chest compression
when the patient is lying in bed.
Considering these results, two solutions
for high-quality in-hospital chest com-
pression have been suggested: (1) kneeling
on the bed when performing CPR, and (2)
adjusting the bed to the height of the res-
cuer’s knee during in-hospital CPR. (3,8)
Although these solutions have been shown
to be effective, (9,10) they are difficult to
apply in practice, because most hospital
beds are not wide enough for a rescuer to
kneel beside the patient, and adjusting the
bed height each time the rescuer is changed
due to fatigue may increase hands-off time.
Another solution is to use a step stool.
However, this results in an 18% increase in
incomplete recoil, despite increasing com-
pression depth by 4 mm. (11)

If it were possible to standardize the height
of the rescuer in relation to the patient’s
position, clinicians could provide high-
quality chest compression during in-hos-
pital CPR, regardless of individual rescuer

characteristics. Indeed, one examination
of published studies revealed no signifi-
cant difference in the average chest com-
pression depth when the bed height was
within 10 cm of the rescuer’s knee height.
(5) We measured the total heights and
knee heights of the 20 CPR team members
in our hospital. Although their heights
ranged from 157 to 182 cm (difference: 25
cm), their knee heights only ranged from
39 to 52 cm (difference: 13 cm). Therefore,
if the in-hospital CPR set-up were stand-
ardized with reference to the CPR team
members’ average knee height, the bed
height could be placed within 10 cm of the
individual rescuers’ knee heights (figure
1A). We hypothesized that chest compres-
sion in this standardized in-hospital CPR
set-up would be as effective as when kneel-
ing beside a patient lying on the floor.

METHODS
Study Design

This was a prospective, cross-over, ran-
domised, simulation trial (figure 2). Two
different experiments (Tests 1 and 2) were
conducted randomly. The participants
were randomized into Groups A and B us-
ing randomization lists that were created
by assigning random number sequences
to six permuted blocks (AABB, ABAB,
ABBA, BBAA, BABA, and BAAB) in a
web-based program. (12) The randomiza-
tion lists were created on 17 August 2015.
Thirty-minute rest periods were permitted
between the tests. The study was approved
by our hospital’s Institutional Review
Board (IRB) and registered to the clinical
trial registry platform. Informed consent
was confirmed by the IRB.
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Study Design and Population

This study was conducted in the emergen-
cy department of an academic hospital be-
tween September 2015 and January 2016.
The standardized in-hospital CPR set-up
comprised a 70-cm-high bed, a simulated
patient who had experienced cardiac ar-
rest, and a 25-cm-high step stool. The
height of the bed was set to 70 cm (the av-
erage mid-thigh height of the rescuers) for
the following reasons. First, a survey indi-
cated that the doctors in our hospital feel
more comfortable during airway-related
procedures (e.g. endotracheal intubation
or bag mask ventilation) with the patient
lying at mid-thigh height than with the
patient at knee-height. (13) Second, the
average mid-thigh height of the 33 medi-
cal doctors in our hospital was 71.2 + 4.0
cm. (13)

We measured the knee heights of the 20
sample rescuers on our hospital's CPR
team who had not participated in the pre-
sent study to determine the average knee
height of the rescuers. We defined knee
height as the distance from the floor to the
tibial tuberosity in an erect position. (10)
Thirteen men and seven women were se-
lected. The average height of the sample
rescuers was 170.4 + 7.3 cm (range: 25 cm),
and their average knee height was 45.7 +
3.0 cm (range: 13 cm). For convenience, we
assumed an average knee height of 45 cm
to manufacture the step stool. Therefore,
the height of the step stool was 25 cm (i.e.
25 =70 - 45 [the height of the bed minus
the average knee height]).

A Little Anne (Laerdal Medical, Stavanger,
Norway) was used as a simulated adult
patient who had experienced cardiac ar-
rest. Chest compression data were meas-
ured using a CPRmeter (Laerdal Medical),
and the Q-CPR review program (ver. 3.1;
Laerdal Medical). In such cases, it is possi-
ble to overestimate the compression depth,
because the CPRmeter measures this value
using an accelerometer. (14) For this rea-
son, our set-up did not include any mat-
tress. In addition, the bed was made from
a plywood sheet (50 cm wide x 60 cm long
x 70 cm high) to prevent bed frame deflec-
tion during chest compression. (15)
Medical doctors who met the inclu-
sion criteria participated in the study af-
ter providing written informed consent.
The inclusion criteria were as follows: (1)
membership of our hospital's CPR team;
and (2) certification as a basic life support
(BLS) instructor, or completion of all BLS
courses for healthcare providers within
the 2 years prior to the study. Our hospi-
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Figure 1. Study design: Standardized
in-hospital cardiopulmonary resuscitation
(CPR) set-up (A) versus Kneeling on the
floor (B).
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Figure 2. Study flow diagram

CCC, continuous chest compression; CPR,
cardiopulmonary resuscitation.
*Standardized In-hospital CPR set-up:
standardized in-hospital cardiopulmonary
resuscitation set-up with reference to the
rescuers’ average knee height (45 cm)

tal CPR team includes attending, resident,
and intern physicians from the following
departments: internal medicine, surgery,
neurosurgery, emergency medicine, anaes-
thesiology, and pediatrics. The exclusion
criteria were: (1) inability to perform CPR
because of a recent injury, and (2) refusal
to participate in the study or provide in-
formed consent.

The sample size was calculated on the ba-
sis of a primary outcome variable of chest
compression depth. We set the two-sided
significance level to 0.05, and the power
of the test to 80%. The average compres-
sion depth was determined to be 53.9 + 5.8
mm, based on data from a previous study.
(10) Because no reference data on the av-
erage depth in a standardized in-hospital
CPR set-up were available, we arbitrar-
ily set the allowable difference in average
depth between Tests 1 and 2 to 5% of this
previous average depth (2.695 mm). Using

a web program, we determined that the
minimum number of participants in each
group was 19 (sample size calculator: two
crossover-sample means; hypothesis: two-
sided equality). (16)

Study Protocol

In Test 1, the participants performed con-
tinuous chest compression for 2 minutes
using the standardized in-hospital CPR
set-up (figure 1A). In Test 2, participants
performed continuous chest compression
for 2 minutes while kneeling on the floor
beside the Little Anne with a CPRmeter
(figure 1B). No ventilation was performed
in either test.

The participants assigned to Group A per-
formed Test 1 first, whereas those assigned
to Group B performed Test 2 first (figure
2). A 30-min rest period was permitted
between the tests. In addition, we allowed
the participants 1-minute practice time to
familiarize themselves with the CPRmeter
before the tests.

Outcome Variables

The average depth (mm) measured by the
CPRmeter was used as the primary out-
come variable. In addition, we selected the
number of compressions, average compres-
sion rate (n/min), percentage of complete
release, adequate depth achievement, and
flow time as secondary outcome variables.

Statistical Analysis

All statistical analyses were performed us-
ing SPSS for Windows (ver. 20; IBM, Ar-
monk, NY, USA). Continuous variables
are presented as means * standard devia-
tions, and categorical data are expressed
as percentages and frequencies. Data were
analyzed using the Shapiro-Wilk test to
verify the normality of distribution. For
normally distributed data, a paired t-test
was used; otherwise, the Wilcoxon signed-
rank test was used. The outcome variables
were compared between Tests 1 and 2, and
p-values < 0.05 were considered statistically
significant.

RESULTS

Participants’ Characteristics

Thirty-eight medical doctors from the CPR
team were recruited. None of the eligible

doctors had experienced any injury recent-
ly, and all agreed to participate in the study.



Table 1. Demographic characteristics of participants

Characteristic Data
Gender

Men 35(92)
Women 3(8)

Age (years) 282+35
BLS certification

BLS Instructor 1(3)

BLS Provider 37 (97)
Position

Attending physician 1(3)
Resident physician 17 (45)
Intern physician 20 (52)
Height (cm) 175.0+ 6.3
Weight (kg) 76.2+11.6
Body Mass Index (kg/m2) 248 +3.2
Knee height (cm) 459 +3.3

Data are expressed as n (%) unless otherwise indicated.

BLS, basic life support.

Table 2. Comparison of chest compression: Test 1 (standing in a standardized in-hospital CPR set-up) vs. Test 2 (kneeling on the floor)

Parameters Test 1 (n=38) Test2 (n=38) Paired Differences t df p-Value
Mean SD

Number of 237.6 £20.8 2422 +252 -4.6 14.9 -1.914 37 0.063*

compressions

(numbers)

Average depth  53.1 +4.3 52,6 +4.8 0.5 3.6 0.854 37 0.398*

(mm)

Average rate 116.4 +10.2 119.1+12.4 -2.7 7.3 -2.284 37 0.028*

(numbers/min)

Percentages of ~ 81.2 +28.1 73.4£34.5 N/A N/A N/A N/A 0.252F

complete release

(%)

Percentages of  68.8 £ 26.2 65.2+29.2 N/A N/A N/A N/A 0.473+

adequate depth

achievement (%)

Flow time (%) 984+ 1.1 98.6 £0.7 N/A N/A N/A N/A 0.392F

*Statistical significances were tested using two-sided paired t-tests.
tStatistical significances were tested using Wilcoxon signed rank tests.

CI, confidence interval; N/A, not applicable.
p-values < 0.05 are presented in bold.

Thus, none of the recruited team members
were excluded. The demographic data of
the participants are shown in table 1.

Comparison of Chest Compression:
Standing in a Standardized In-hospital
CPR Set-up vs. Kneeling on the Floor

The outcome variables measured in all
tests are shown in table 2. In all tests, the
average depth of compression met the

depth recommendations of recent CPR
guidelines (50-60 mm). (2) No significant
difference between Tests 1 and 2 was ob-
served (53.1 + 4.3 mm vs. 52.6 + 4.8 mm,
respectively; t = 0.854, df = 37, p = 0.398).
However, the average compression rate in
Test 2 (119.1 + 12.4 numbers/min) was
slightly faster than the recommended rate
(100-120 compressions/min) and differed
significantly from that of Test 1 (116.4 +
10.2 numbers/min; t = -2.284, df = 37, p

= 0.028). No differences were observed in
any other outcome variable.

DISCUSSION

Even though CPR is provided by expe-
rienced rescuers in hospitals, the chest
compression performed may not meet the
recommendations in CPR guidelines. (17)
The main difference between in-hospital
and out-of-hospital CPR is the height of
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the rescuer relative to the patient, because
most in-hospital CPR is performed with
the patient lying in bed. (3)

Handley wrote that two obstacles decrease
the quality of in-hospital CPR, especially
chest compression depth: (1) the use of a
mattress, and (2) the height gap between
the rescuer and patient. (3) Although
many studies have attempted to solve those
problems, no solution has been ideal.

In the current study, we focused on the
standard CPR position (kneeling beside
the patient) because only this position is
described in the guidelines. (2) Assum-
ing that the standard position is the best
posture for chest compression, we tried to
maintain, as much as possible, the same
posture during in-hospital CPR, where the
rescuer is standing. The results of several
studies support this approach. (5-7)

We discovered that the range of the rescu-
ers’ knee heights was not large compared to
the range of their total heights, suggesting
that we could standardize the height gap
between the bed and a step stool with ref-
erence to the rescuers’ average knee height.
Our results confirmed that our hospital
CPR team members were able to provide
high-quality chest compression in both
set-ups. In other words, the quality of chest
compression when using the standardized
in-hospital CPR set-up, which was estab-
lished with reference to the rescuers’ aver-
age knee height, was similar to the qual-
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