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INTRODUCTION

It is crucial for the survival of patients with cardiac arrest that 
healthcare providers perform correct chest compressions (CC). 
However, the optimal CC depth and rate remain unclear.1,2 Un-

like other parameters for high-quality CCs (e.g., compression 
rate, chest recoil, and hand position), CC depth is linearly re-
lated to the perfusion of vital organs. It has been shown that a 
5 mm increment in CC depth is associated with a 2-fold in-
crease in success of defibrillation during in-hospital and out-
of-hospital cardiopulmonary resuscitation (CPR).3,4

American Heart Association (AHA) and European Resusci-
tation Council (ERC) guidelines (2010) recommended that CC 
depth should be at least 5 cm (with or not exceed 6 cm) for 
high-quality CCs during CPR.5,6 Reports have indicated that the 
quality of several CPR parameters often does not meet with 
the published guideline recommendations during both out-of- 
and in-hospital cardiac arrest situations.7,8 CC depth is influ-
enced by the surface on which the patient is placed, especially 
during CPR performed in a hospital.9-11 To compensate for dif-
ferences in surfaces, it has been suggested that the patient 
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should be placed on a rigid surface, that a backboard should 
be used to decrease mattress compression (MC), or that a feed-
back device reflecting MC depth using a dual accelerometer 
or magnetic sensor should be used.12-16 However, the use of a 
backboard has yielded varying results regarding its effective-
ness for high-quality CCs. New techniques that could com-
pensate for MC depth have been introduced and used.14-19 Con-
sidering an MC depth of approximately 1–1.5 cm,13-21 performing 
CCs to a depth of approximately 6–7 cm depth could also com-
pensate for MC during in-hospital CPR and effectively com-
press the actual chest depth at least 5 cm. To accurately apply 
this method, healthcare providers who are trained according 
to the 2010 guidelines need to compress the chest to a depth 
of at least 6.5 cm feedback if they could use a feedback device 
with an accelerometer or a pressure sensor during CPR in the 
hospital. Alternatively, healthcare providers working in the 
hospital could be trained according to the new training pro-
gram that requires a CC depth of at least 6.5 cm. 

No study on the effectiveness of training healthcare provid-
ers to use a CC depth of 6–7 cm has been conducted yet, be-
cause current manufactured manikins have a chest depth of 
≤6.5 cm. In this study, we used a manikin with a chest depth of 
8 cm for CPR training purposes. We hypothesized that train-

ing healthcare providers to use a CC depth of 6–7 cm (instead of 
5–6 cm) on a manikin placed on a bed during CPR in the hos-
pital setting might improve their CC depth and the proportion 
of CCs with accurate compression depth. 

MATERIALS AND METHODS

Study design and setting
This prospective, randomised controlled trial was conducted 
at one tertiary medical center (Seoul, Korea) from 20th Febru-
ary to 20th April 2013. Written informed consent was obtained 
from all study participants under ‘Ethic, consent and permis-
sion’ and ‘to publish’ before enrolment. Study design was ap-
proved by the local ethic committee at our medical center (ap-
proval date: January 2013, ref. no. 2013-01-003) and the protocol 
was registered in Clinical trials before study initiation (Clini-
calTrials.gov: NCT01936402).

Study participants
Sixty-six premedical students participated voluntarily in this 
study. Students who had been previously trained in CPR and 
those with heart, wrist, or lower back disease were excluded. 

Fig. 1. Configuration of experimental setting. BT-CPEA® manikin system could measure a CC depth from 0.0 to 80.0 mm. CC, chest compression.
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We determined that a minimum sample size of 60 participants 
was needed to detect a difference in CC depth of 5 mm be-
tween two groups, through a pilot study with 10 participants 
who were not included in this study using the software package 
(G-power 3.1.2®, Heine Heinrich University, Düsseldorf, Ger-
many) with an α error of 0.05, β power of 0.8, and considering a 
drop rate of 10%.

Materials
A standard hospital bed frame (Transport stretcher®, 760×2110 
mm, 228 kg; Stryker Co., Kalamazoo, MI, USA), foam mattress 
(660×1920×80 mm, soft foam with polyurethane coverage; 
Stryker Co.), and BT-CPEA® manikin (17 kg; BT Inc., Wonju, 
Korea) that could measure a CC depth from 0.0 to 80.0 mm 
were used in this study (Fig. 1). We added weight to the mani-
kin to achieve a total weight of approximately 40 kg, thus sim-
ulating the upper body weight of an adult human when the 
manikin was placed in a bed.17 We decided not to place a 
backboard between the manikin and the mattress as we con-
sidered the plate of the manikin’s back sufficiently stiff.

Data collection
The participants were divided into 2 groups by randomly 
drawing lots in concealed envelop. Students drawing odd and 
even numbers were allocated to the control and experimental 
groups, respectively. The control group was trained to use a 

CC depth of 5–6 cm (G 5–6), whereas the experimental group 
was trained to use a CC depth of 6–7 cm (G 6–7). Other CPR pa-
rameters (e.g., CC posture, compression rate, complete chest 
recoil, hand position, etc.) were equally taught to both groups 
according to the 2010 AHA guidelines. An AHA basic life sup-
port faculty member trained each participant who did not 
know his/her allocated group during a standard 30 min lec-
ture and hands-on practice for only continuous CCs with a 
kneeling posture and an audio-visual feedback beside a mani-
kin on the floor.21 All participants passed a confirmation test 
with the manikin placed on the floor immediately after train-
ing. After the students passed this test, they performed CCs on 
a manikin placed on the bed 1 hour and again 4 weeks after 
the training to assess for the long-term effect of the training 
(Fig. 2). When the study participants performed CCs on the 
bed, the height of the manikin’s back was adjusted to the 
height of the provider’s upper border of the patella using the 
bed and step stools for height adjustment.12,22,23 CCs were con-
tinuously performed for 2 min without an audio-visual feed-
back system of a manikin. 

Primary outcomes
We measured CC depth, CC rate (the number of compressions 
per minute), the proportion of CCs with accurate compression 
depth (%ACD, % of number of CCs with an accurate compres-
sions depth of ≥5 cm/total number of CCs).23 Graphs and data 

For 30 mins 
Training with feedback 
Test without feedback

1 hour after training without 
feedback

4 weeks after training without 
feedback

66 junior premedical students eligible

Exclusion criteria
Experience of CPR education: 0
Heart disease: 0
Wrist disease: 0
Low back disease: 0

66 participants enrolled

G 5–6 (n=33) allocated G 6–7 (n=33) allocated

G 5–6 (n=32) analyzed G 6–7 (n=30) analyzed

CC test (2 mins, on bed) CC test (2 mins, on bed)

CC test (2 mins, on bed) CC test (2 mins, on bed)

Training to use CC depth of 5–6 cm depth
and test on the floor

Training to use CC depth of 6–7 cm depth
and test on the floor

Lost to follow up (1) Lost to follow up (1)

Randomisation

Fig. 2. Flow chart of study design. CC, chest compression; G 5–6, group trained to use a CC depth of 5–6 cm; G 6–7, group trained to use a CC depth of 
6–7 cm; CPR, cardiopulmonary resuscitation.

Recording error (2)
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were produced and analysed using the BT-CPEA system (BT 
Inc., Wonju, Korea). For subgroup analysis, the participants of 
each group were stratified by gender and body mass index 
[BMI; low body weight (LBW), BMI <18.5 vs. no low body 
weight (N-LBW), BMI ≥18.5], and CC parameters were com-
pared between the subgroups.

Statistical analysis
All data were compiled using a standard spread sheet applica-
tion (Excel, Microsoft, Redmond, WA, USA) and analysed us-
ing the Statistical Package for the Social Sciences (SPSS) 18.0 
KO for Windows (SPSS Inc., Chicago, IL, USA). We generated 
descriptive statistics, and present them as frequencies and 
percentages for categorical data, either medians and inter-
quartile ranges (IQR) (non-normal distribution), or means 
and standard deviation (SD) (normal distribution) for contin-
uous data. Participant characteristics and CC parameters were 
compared using either the Mann-Whitney U test (non-normal 
distribution) or an independent t-test (normal distribution) 
for continuous measures, and the χ2 test for categorical mea-
sures. p<0.05 was considered statistically significant. 

RESULTS

Participant characteristics
Sixty-six students were enrolled in our study. One participant 
from each group did not show up at the 4-week follow-up test, 
and data of 2 additional participants of the G 6–7 group were 
excluded because of recording errors. Thus, data of 62 stu-
dents were analysed (Table 1).

Comparison of chest compression depths
During the first test (1 hour after the training), median CC 
depths (IQR) were 47.0 mm (43.0–50.0 mm) among students of 
the G 5–6 group and 57.0 mm (50.0–61.0 mm) for those of the 
G 6–7 group (p<0.001). After 4 weeks, median CC depths were 
48.0 mm (43.0–53.0 mm) and 59.0 mm (52.0–64.0 mm) among 
students of the G 5–6 and G 6–7 groups, respectively (p<0.001) 
(Fig. 3).

Comparison of chest compression rates
We found mean CC (SD) rates of 118.0 times/min (8.1) and 
120.0 times/min (10.8) in the G 5–6 and G 6–7 groups, respec-
tively, when the manikin was placed on the bed 1 hour after 

Fig. 3. Comparison of chest compression quality parameters (manikin placed on bed). A p-value of <0.05 was considered statistically significant. CC, 
chest compression; CCD, CC depth; CCR, CC rate; G 5–6, group trained to use a CC depth of 5–6 cm; G 6–7, group trained to use a CC depth of 6–7 cm.
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Table 1. Participant Characteristics and CC Parameters (First Test, Conducted Immediately on the Floor after the Training)

Characteristics
Number of participants (n=62)

p value
G 5–6 (n=32) G 6–7 (n=30)

Age, mean (SD); in yrs 19.3 (1.2) 19.8 (1.2) 0.08
Sex, n (%) 0.46

Male 26 (81.3) 22 (73.3)
Female 6 (18.8) 8 (26.7)

Height, mean (SD); in cm 171.4 (6.9) 179.9 (8.2) 0.78
Weight, median (IQR); in kg 63.0 (55.5–70.0) 62.5 (53.0–76.5) 0.75
BMI, median (IQR); in kg/m2 21.0 (19.8–22.7) 21.3 (19.7–24.5) 0.48
Low body weight (BMI<18.5), n (%) 3 (9.4) 3 (10.0) 0.93

CC, chest compression; G 5–6, group trained to use a CC depth of 5–6 cm; G 6–7, group trained to use a CC depth of 6–7 cm; IQR, interquartile range; SD, stan-
dard deviation; BMI, body mass index.
A p-value of <0.05 was considered statistically significant.
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training (p=0.40). During the second test (4 weeks after the 
training), mean CC rates were 104.3 (18.1) times/min and 
102.0 (13.2) times/min, respectively (p=0.57) (Fig. 3).

Comparison of the proportion of chest compression 
with accurate compression depth 
%ACD was 29.0% in participants of the G 5–6 group and 78.8% 
in those of the G 6–7 group 1 hour after the training. Four weeks 
after the training, the proportion was 43.2% in the G 5–6 and 
83.4% in the G 6–7 group (p<0.001) (Fig. 3).

Subgroup analysis with participants stratified by sex 
and body mass index
Both men and women of the G 6–7 group performed deeper 
CCs and a higher performed CPR with a higher %ACD than 
those of the G 5–6 group during both tests (p<0.001) (Fig. 4). 
Both LBW and N-LBW of the G 6–7 group compressed deeper 
than students of the G 5–6 during both tests (p<0.001) (Fig. 5). 
%ACD was higher in the G 6–7 than the G 5–6 group during 

both tests (p<0.001) (Fig. 5). We found no difference in the CC 
rates between the two groups, irrespective of gender and BMI 
(p>0.05) (Table 2).

DISCUSSION

Healthcare providers who work in critical places within a hos-
pital (e.g., emergency departments, intensive care units, or ge-
riatric wards where cardiac arrests frequently occur) might not 
correctly perform CCs because of MC.13-18 In the current study, 
the participants of the G 6–7 group compressed the chest deep-
er than the participants of the G 5–6 group when the manikin 
was placed on a bed. Moreover, the proportion of CCs with ac-
curate compression depth was higher in the G 6–7 than the G 
5–6 group. This effect was still seen 4 weeks after the training. 
Training of healthcare providers working in a hospital setting 
to perform a CC of 6–7 depth cm could therefore be an alter-
native method to compensate for MC and an appropriate so-

Fig. 4. Subgroup analysis (stratified by sex) for the comparison of the quality of CC parameters. A p-value of <0.05 was considered statistically signifi-
cant. F, female; M, male; G 5–6, group trained to use a CC depth of 5–6 cm; G 6–7, group trained to use a CC depth of 6–7 cm; CC, chest compression.
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lution. If healthcare providers use an audio-visual feedback 
device with a pressure sensor or an accelerometer during CPR 
in the hospital, a CC with a real-time, 6–7 cm depth feedback 
might have the same effect as the training to use a CC depth of 
a 6–7 cm.

CCs can result in complications such as rib fractures, ster-
nal fractures, hemothorax, and pneumothorax.24 CCs with a 
depth of >6 cm carry an increased risk of complications; how-
ever, it is crucial not to a cause fatal complication.25 Complica-
tions of CPR are also influenced by other factors such as expe-
rience of the performer, hand position, and patient characteri-
stics.24,25 We believe that performing high-quality CCs outwei-
ghs the risk of complications during CPR.

The ERC guidelines and a study by Stiell, et al.2 recommend 
that the CC rate should be ≤120/minute, because CC depth 
might decrease as the CC rate increases.6 We found that the 
CC rate among participants in the G 6–7 group was not differ-
ent from that of participants in the G 5–6 group. 

Female CPR providers with LBW should be especially care-
ful to ensure that CCs are performed according to the 2010 ERC 
guidelines.26 In our study, participants with LBW were able to 
perform deeper CCs when they were in the G 6–7 as opposed 
to the G 5–6 group. Both women and men of the G 6–7 group 
did CC depth and %ACD better than those in the G 5–6 group. 
Training healthcare providers to use a CC depth of 6–7 cm ed-
ucation is not to decrease the MC, but to compress the chest 
deeply. If MC does not reduce, healthcare providers with LBW 
may be unable to perform CCs sufficiently, even when being 
trained to use a CC depth of 6–7 cm. Moreover, CPR providers 
with LBW might get easily tired when using a CC depth of 6–7 
cm and might not therefore correctly perform high-quality 
CPR. However, if a sufficient number of CPR providers are on 
site, this problem may be solved by a frequent and short rota-
tion of providers, resulting in minimised time of hands-off.

Our study has several limitations. Despite our adjustment 
of the manikin’s weight, the manikin used in our study dif-
fered from actual human patients in weight, height, and back 
rigidity. We did not know the effect on perfusion, cardiac out-
put, and clinical outcomes of deeper compressions for patient 

on mattresses. Moreover, current commercial manikins that 
are used for CPR training have a chest depth of <6.5 cm. To suc-
cessfully apply our novel training method, the manikin’s chest 
depth must be adjusted to 7–8 cm. We investigated CC depth 
using a manikin that was placed on one type of bed frame and 
foam mattress without a backboard. Therefore, we could not 
analyse if CC depth would have differed between the 2 groups 
if a different surface or a backboard were used. We believe that 
the use of a backboard would not have changed our results, as 
the manikin’s back was considered sufficiently stiff. Our study 
participants were young premedical students. A previous study 
showed that lay elderly first responders could perform CCs to 
a depth of 4–5 cm.27 Thus, CPR providers of other (especially 
older) ages might not be able to compress the chest deeper than 
6 cm. Further studies are required to assess the ability of older 
healthcare providers to perform CCs of 6–7 cm. In our study, 
we did not assess the difference between performing CCs with 
a depth of 6–7 cm education method and performing CC using 
the push hard method. However, we believe that this unquali-
fied technique might cause CPR providers to lose the rhythm 
of high-quality CPR and experience fatigue faster than when 
using CCs with a depth of 6–7 cm. Finally, we assessed only 
the parameters of CCs 1 hour and 4 weeks after the training. It 
is possible that the effect of the training decreased within a few 
months, and that CC parameters would not have been differ-
ent between the 2 groups at this time. The long-term effect of 
the training method described herein requires further studies.

In conclusion, young healthy healthcare providers who were 
trained to perform CPR with a CC depth of 6–7 cm could com-
press the manikin’s chest deeply and accurately when it was 
placed on a mattress as it would be in a hospital CPR setting. 
Our data, therefore, suggest that training healthcare providers 
working in a hospital setting to perform a CC of 6–7 cm depth 
might compensate for MC and improve CC depth when per-
forming CPR in hospitals.
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