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1213 ABSTRACT

It was intended to present a training method so that high-quality
cardiopulmonary resuscitation (CPR) can be performed by analyzing chest
compression according to differing support surfaces. 33 participants did
150 chest compressions based on the adult CPR in the conditions of hard
floor, bed, bed with backboard, ambulance stretcher, and ambulance
stretcher with backboard by using manikin. 165 manikin assessed scores
were collected and compression depth, compression rate, incorrect pressure
point, incomplete recoil, and chest compression correctness were analyzed
by using one-way ANOVA. The compression depth in all participants was a
statistically significant difference (p<.001), and the difference between the
hard floor and the other surfaces was confirmed. The compression rate in
all participants was a statistically significant difference (p<.001), and the
difference between the hard floor and the bed & bed with backboard was
confirmed. The compression correctness in all participants was a
statistically significant difference (p<.001), and there was the hard floor
(93.2%), bed (67.8%), bed with backboard (66.8%), ambulance stretcher
(9.0%), and ambulance stretcher with backboard (7.8%). To perform
correct depth, correct pressure point, and complete recoil accordance with
the American Heart Association (AHA) guidelines, chest compression on the
floor must be performed.

Keywords: High-Quality, Cardiopulmonary Resuscitation (CPR), Hard
Floor, Bed, Ambulance Stretcher
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1. INTRODUCTION

Basic cardiopulmonary resuscitation (CPR) is a technique that lay rescuers as well as
health care providers (HCPs) should be trained, and a treatment provided to cardiac arrest
patient. Since high- quality CPR can improve the survival among cardiac arrest patient, the
American Heart Association (AHA) has proposed adult cardiopulmonary resuscitation
guidelines to minimize compression interruption and to maintain chest compression depth
and rate (Panchal et al., 2020). The Resuscitation Education Guidelines also emphasizes
that effective education contributes to improving cardiac arrest survival outcomes and can
improve training performance by presenting realistic situations (Cheng et al., 2020).

As mentioned above, there were studies that analyzed height and hardness of support
surfaces (Uhm et al., 2010), or studies that analyzed body weight and height of providers,
however there were no studies that analyzed support surfaces and providers together. In
this study, the efficiency of chest compression using a manikin according to differing
support surfaces and providers was analyzed to propose a chest compression training
method so that high-quality CPR can be conducted in the field and clinical.

1. LITERATURE REVIEW

Since standard CPR training is generally applied to manikin placed on a hard floor, it may
not be familiar to provide CPR to cardiac arrest patient lying on a bed or ambulation
stretcher (Perkins et al., 2006; Cheng et al., 2018; Ho et al., 2021). It is not easy to achieve
an optimal compression depth in case of the higher compression point and the softer
mattress (Chi et al., 2008; Boe & Babb, 1999; Tweed et al., 2001; Perkins et al., 2003).
Cardiac arrest is occurring more frequently in places such as home and residential area as
well as hospital, so providers should be trained to provide high-quality CPR at any
condition (Kim & Uhm, 2014).

2. RESEARCH METHODOLOGY

The participants of this study were paramedic students in the 3rd and 4th grades of 00
University who participated in prerequisite training for clinical internship on June 23, 2022.
The researchers obtained consent from the students for this study and examined personal
data. Thirty-five students were able to withdraw their consent at any time during and after
the training, and there was no disadvantage. Excluding two who withdrew their consent
among the students, 33 participants practiced HCP adult CPR for 20 minutes using Resusci
Anne Skill Reporter (Laerdal Medical, Stavanger, Norway) on a hard floor based on the
2020 AHA Guidelines: Adult Cardiovascular Life Support (Panchal et al., 2020).

2.1. Data Collection

This research was conducted with randomized controlled cross-over manikin study. Just
after training, the participants did standard, bedside, and ambulance stretcher-side chest
compression in the conditions of hard floor, bed (61cm-high, Sungsim, Seoul, Korea), bed
with backboard (Laerdal Medical, Stavanger, Norway), ambulance stretcher (105cm-high,
Stryker Cot EZ-Pro R3, Michigan, USA), and ambulance stretcher with backboard by
using Resusci Anne manikin. This skill assessment of 150 chest compressions in five
surface conditions was carried out randomly to remove bias due to order effects, and 165
manikin assessed scores were collected from the participants.

2.2. Data Analysis

The collected data was analyzed by using SPSS 22.0 for Windows (IBM Inc, New York,
USA) at the a=.05 (two-tailed) level. To compare hard floor and the other conditions at
compression depth, compression rate, incorrect pressure point, incomplete recoil, and chest
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compression correctness (correct depth + correct pressure point + complete recoil)
number/compression number) was analyzed by using one-way ANOVA. Also, hard floor
and the other conditions by the providers’ body weight, height, and sex was analyzed by
using one-way ANOVA. The body weight and height were divided into two groups based
on the medians respectively.

3. RESULT AND DISCUSSION

The average age of 33 participants was 21.6 years, with 25 female students and 28 third
graders. The average body weight was 60.1kg, and the lighter body weight was 51.7kg,
and the heavier body weight was 69.0kg based on the median 58.0kg. The average height
was 164.8cm, and the shorter height was 159.2cm, and the taller height was 170.8cm based
on the median 163.0cm. The detail of 33 participants is summarized in Table 1.

Table 1: Participants’ characteristics

Participants M(SD)
Age(year) 21.6(1.5)
Body weight(kg) | 60.1(10.1)
Median 58.0
Lighter 51.7(3.3)
Heavier 69.0(6.1)
Height(cm) 164.8(7.6)
Median 163.0
Shorter 159.2(2.4)
Taller 170.8(6.5)
Gender
female 25
male 8
Grade
3rd 28
4th 5

M: mean, SD: standard deviation

The compression depth in all participants was a statistically significant difference (p<.001),
and the difference between the hard floor and the other surfaces was confirmed. The
compression depth at the hard floor (57.9 mm), bed (53.5 mm), and bed with backboard
(52.4 mm) was comply with the guidelines. The compression rate in all participants was a
statistically significant difference (p<.001), and the difference between the hard floor and
the bed & bed with backboard was confirmed. The compression rate at the bed (117.8/min),
bed with backboard (118.0/min), and ambulance stretcher (119.5/min) was complied with
the guidelines. The compression correctness in all participants was a statistically
significant difference (p<.001), and the difference between the hard floor and the other
surfaces was confirmed. The compression correctness was the hard floor (93.2%), bed
(67.8%), bed with backboard (66.8%), ambulance stretcher (9.0%), and ambulance
stretcher with backboard (7.8%). The manikin-assessed scores between differing surfaces
are summarized in Table 2.

Table 2: Comparison of manikin assessed skills between differing surfaces
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Manikin @Hard ®Bed ©Bed+ |[dAmbulance @Zgr:tt;ﬁglce
assessed skills|  floor backboard| stretcher P
backboard
Compression | 57.9(1.7) | 53.5(5.3) | 52.4(6.1) | 25.2(12.0) 25.1(11.4)
depth (50- - - - N - |<.001"
G%mfn) GHODE"| @DE" | @DE@" | @BO @B©
Compression | 123.3(4.5) |117.8(6.5)| 118.0(5.7) | 119.5(8.9) 122.1(8.8)
rate (100- i - - <.001"
120/min) | ®© @ @ - -
Incorrect
pressure point | 6.5(17.3) |11.0(20.9)| 7.8(29.2) 8.7(21.7) 11.2(24.3) | .901
#)
Incomplete *
recoil (#) 0.1(0.4) |7.2(19.7)| 0.5(1.4) 0.2(1.1) 1.4(7.5) 161
Compression 93.2 67.8 66.8 9.0 7.8 <001
correctness(%) OO @DE™ | @dE@®™ | @BO™ @O |
Data are presented as mean (standard deviation).
“Welch

**Games-Howell

The compression depth in lighter body weight was a statistically significant difference
(p<.001), and the difference between the hard floor and the other surfaces was confirmed.
The compression depth at the hard floor (57.2mm) and bed (52.7mm) was comply with the
guidelines. The compression depth in heavier body weight was a statistically significant
difference (p<.001), and the difference between the hard floor and bed & ambulance
stretcher & ambulance stretcher with backboard was confirmed. The compression depth at
the hard floor (58.8mm), bed (54.3mm), and bed with backboard (56.4mm) was comply
with the guidelines, and the compression depth was deeper than lighter body weight group.
The compression rate in lighter body weight was a statistically significant difference
(p=.002), and the difference between the hard floor and bed & bed with backboard was
confirmed. The compression rate at the bed (117.4/min), bed with backboard (117.9/min)
was comply with the guidelines. The compression correctness in lighter body weight was a
statistically significant difference (p<.001), and the difference between the hard floor and
the other surfaces was confirmed. The compression correctness was the hard floor (98.2%),
bed (66.1%), bed with backboard (55.8%), ambulance stretcher (5.3%), and ambulance
stretcher with backboard (1.2%). The compression correctness in heavier body weight was
a statistically significant difference (p<.001), and the difference between the hard floor and
the ambulance stretcher & ambulance stretcher with backboard was confirmed. The
compression correctness was the hard floor (87.9%), bed with backboard (78.5%), bed
(69.6%), ambulance stretcher with backboard (14.8%), and ambulance stretcher (12.9%).
The manikin-assessed scores between differing surfaces by body weight are summarized in
Table 3.

Table 3: Comparison of manikin assessed skills between differing surfaces by body
weight
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Manikin | Body | @Hard | @o . | ©Bed+ \@Ambulance ©$E#;izce
assessed skills | weight | floor backboard| stretcher backboard P

572(19) | 527(53) | 485(36) | 18806) | 187(32)

compresion | W e e @aer| @00° | @HE” | @BO” |

ggm ( | 588(08) | 543(4) | 564(6) | 3L9(107) | 319(129 )

MM | Heavier - -~ — 2 2 <001
53e" |@ae"| @e° | @bo" | @Be

Compression | ey | 12463) [117402)] 17967 | 1185019 | 122403 [ .

rte(100- 0o | @ | @ : :
120/min) [ Heavier| 1220(44) [1183(5.9)| 1181(60)| 1201(3) | 1218(86) | 217

Incomect | Lighter| 02(08) |92(202)| 03(12) | 17(44) 64(140) | 120°

ressure point
P (#)po Heavier| 13.1(234) |129(22.2)| 15.7(41.1) | 16.2(29.5) 164(315) | .99%

Incomplete | Lighter | 00(00) | 75(213) | 02(08) | 0.0(00) 00(0.0) -
recoil #)  |Heavier| 03(06) |68(185)| 07(19) | 05(L5) 28(107) | 468"
982 66.1 558 53 12

Lighter —— — — — —<001"
Compression g @dE"| @dEe” | @O @b©
correctness (%) _ 879 69.6 785 129 148

Heavier <001

de™ | de™ | @™ | @C™ | @bCO™
Data are presented as mean (standard deviation)
“Welch

“*Games-Howell

kK

Tukey

The compression depth in shorter height was a statistically significant difference (p<.001),
and the difference between the hard floor and the other surfaces was confirmed. The
compression depth at the hard floor (57.7mm) and bed (53.2mm) was comply with the
guidelines. The compression depth in taller height was a statistically significant difference
(p<.001), and the difference between the hard floor and bed & ambulance stretcher &
ambulance stretcher with backboard was confirmed. The compression depth at the hard
floor (58.3mm), bed (53.7mm), and bed with backboard (55.8mm) was comply with the
guidelines. The compression rate in shorter height was a statistically significant difference
(p<.010), and the difference between the hard floor and bed with backboard was confirmed.
The compression rate at the bed (117.8/min), bed with backboard (117.3/min), and
ambulance stretcher (119.4/min) was complied with the guidelines. The compression
correctness in taller height was a statistically significant difference (p<.001), and the
difference between the hard floor and ambulance stretcher & ambulance stretcher with
backboard was confirmed. The compression correctness was the hard floor (90.6%), bed
with backboard (89.6%), bed (66.8%), ambulance stretcher (18.5%), and ambulance
stretcher with backboard (12.6%). The manikin-assessed scores between differing surfaces
by height are summarized in Table 4.
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Table 4: Comparison of manikin assessed skills between differing surfaces by height

L @©Ambulance
Manikin . @Hard ©Bed+ |@Ambulance
. | Height ®Bed stretcher+ | p
assessed skills floor backboard| stretcher backboard
o 577(18) | 532(52) | 491(61) | 189(54) 202(4.3) oo
ng"pﬁ?(f” bodE" @de”| @de” | @bo” | @bO”
gomm) | Ty 583(L5) | 537(56) | 558(39) | 318(135) | 303(14.1) oot
er - " - - - <
bdE” |(@de”| dE© @b© @bO©
; 1238(4.8) [117.8(7.2)| 117.3(5. 1194(11.5 122299
Compression | gy yter i ) (72 Ej) 19 ©9) 010"
rate(100- © - @ - -
120/min) [ Talier | 1220(42) [1178(59)| 118869) | 1196(51) | 1219079 | 086
Incorrect | Shorter| 4.1(145) |10.7(220)| 144(401) | 104(27.7) 25(74) | 414
pressure point .
@ Taller | 91(200) [114(205)| 07(28) | 70(134) | 205(319) | .014
Incomplete | Shorter| 006(02). | 7.7(212) | 02(08) | 00(00) 00(00) -
recoill # | Taller | 02(05) |6.6(185)| 07(19) | 05(L5) 28(107) | 414
Shorter 95.7 68.8 454 00 32 -
Compression
90.6 66.8 89.6 185 126
correctness (%) | Taller — — — — —1{<001"
@@ @b© @b©
Data are presented as mean (standard deviation).
“Welch
“Games-Howell

The compression depth in the female was a statistically significant difference (p<.001), and
the difference between the hard floor and the other surfaces was turned out. The
compression depth at the hard floor (57.6mm), bed (53.8mm), and bed with backboard
(50.5mm) was comply with the guidelines. The compression depth in the male was a
statistically significant difference (p<.001), and the difference between the hard floor and
ambulance stretcher & ambulance stretcher with backboard was turned out. The
compression depth at the hard floor (59.0mm), bed (52.4mm), and bed with backboard
(58.1mm) was comply with the guidelines. The compression rate in the female was a
statistically significant difference (p<.001), and the difference between the hard floor and
bed & bed with backboard was turned out. The compression rate at the bed (117.3/min),
bed with backboard (117.1/min), ambulance stretcher (119.4/min) was complied with the
guidelines. The compression correctness in the female was a statistically significant
difference (p<.001), and the difference between the hard floor and the other surfaces was
turned out. The compression correctness was the hard floor (96.9%), bed (71.4%), bed
with backboard (59.4%), ambulance stretcher (18.0%), ambulance stretcher with
backboard (2.2%). The compression correctness in the male was a statistically significant
difference(p<.001), and the difference between the hard floor and ambulance stretcher &
ambulance stretcher with backboard was confirmed. The compression correctness was the
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bed with backboard (89.9%), hard floor (81.8%), bed (56.5%), ambulance stretcher
(25.8%), ambulance stretcher with backboard (25.3%). The manikin-assessed scores
between differing surfaces by sex are summarized in Table 5.

Table 5: Comparison of manikin assessed skills between differing surfaces by gender
- Ambulance
Manikin @Hard (©Bed+ @Ambulance©
assessedskills | O “goor | OB o dnard|  stretcher | STetchert | p
backboard
ol 576(18) | 538(50) | 505(69) | 204(84) 195(38) oot
. male - — — - -~ .
Cg?pﬂ:??&’” bOdE"|@de"| @dE©” | @BO @b©
60mm) Vil 590(08) | 524(64) | 581(1.1) | 400(9.0) 425(9.1) oot
e " ~ " ” " .
d© G) @b© @©
1232(47) [1173(70)| 1171(6.1) | 1194(97) | 1206(9.1) X
Compression Female DOR @ @ i _ 001
e (100 1238(3.7) [119.4(4.8)| 120.8(36) | 119.6(6.2 126.6(6.3
120/min) Male 8(3.7) .EH.) 8(3.6) 6(6.2) .i*.) 029
- @© - - ®
Incorrect | Female| 2:8(120) | 82(185) | 98(334) | 7.7(232) 70(169) | 192
int
pressng PO | Male | 181(259) |199067)| 1439) | 120072) | 246@81) | 41
Incomplete | Female| 004(02) | 78(212) | 02(06) | 02(12) 0.0(00) -
recoil #) | Male | 04(07) |53(148)| 13(26) | 03(0.7) 56(151) | 622"
9.9 714 504 36 22 .
Female — — — — — <001
Compression @dE"| @de” | @O @b©
correctness (%) 818 565 899 258 253
Male — — — — <001
d© - @©
Data are presented as mean (standard deviation)
“Welch
“Games-Howell
“Tukey

There was a difference between the hard floor and the other surfaces in the compression
depth in all participants, and much lower than the guidelines in the ambulance stretcher &
ambulance stretcher with backboard. This result is consistent with the height impact in the
studies designed with 78cm-high(2-min compression) and 63.5cm-high (5-cycle CPR)
(Lee et al., 2012; Edelson et al., 2012), the compression depth result within the guideline
range at 61cm-high bed (150 compressions) of this study suggests that compression within
the guideline range is possible for a while under the bed condition. The compression rate in
all participants show the results within or above the guideline range, which shows that it is
more difficult to comply with compression depth than compression rate under the
conditions of higher compression point. The need for a backboard is a controversy among
researchers (Perkins et al., 2006; Andersen et al., 2007; Nishisaki et al., 2012; Cuvelier et
al., 2022), however it is inferred that a backboard was unnecessary due to harder mattress
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in this study. In other words, it is necessary to determine whether to apply a backboard
according to the softness of mattress, so it is necessary to further check the correlation
between the softness of mattress and compression depth. There was a difference between
the hard floor and the other surfaces in the compression correctness in all participants, and
it showed superior performance in the hard floor. This means that chest compression
should be performed on a hard floor for correct depth, correct pressure point, and complete
recoil, and that standing, kneeling, and footstool CPR should be trained to facilitate chest
compression on a bed and ambulance stretcher (Hong et al., 2014).

There was a difference between the hard floor and the other surfaces in the compression
depth by body weight, and much lower than the guidelines in the ambulance stretcher &
ambulation stretcher with backboard. The fact that the results were like compression depth
in all participants means that there was no effect due to the relative weight difference of
the participants in this study. In this experimental condition, 51.7kg of the lighter body
weight group did not affect the compression depth, so it is inferred that it will affect
negatively below this (Uhm et al., 2010), the need for training focusing on compression
depth by body weight is raised. There was a difference between the hard floor and the
other surfaces in the compression correctness by body weight, and the performance was
superior in the hard floor. This means that chest compression should be applied on a hard
floor for correct depth, correct pressure point, and complete recoil, and that chest
compression should be trained to perform perfectly on a bed and ambulation stretcher.

There was a difference between the hard floor and the other surfaces in compression depth
by height, and much lower than the guidelines in the ambulance stretcher & ambulation
stretcher with backboard. The fact that the results were like the compression depth in all
participants means that there was no effect due to the relative height difference of the
participants in this study. 159.2cm of the shorter height group did not affect the
compression depth, so it is inferred that it will affect negatively below this (Uhm et al.,
2010), the need for training focusing on compression depth by height is raised. There was a
difference between the hard floor & bed & bed with backboard and the other surfaces in
the compression correctness in taller height, and the performance was superior in the hard
floor & bed with backboard. This means that chest compression should be applied on a
hard floor & bed for correct depth, correct pressure point, and complete recoil, also means
that for shorter height CPR training should be conducted on an ambulance stretcher &
ambulation stretcher with backboard.

There was a difference between the hard floor and the other surfaces in the compression
depth in the female, and much lower than the guidelines in the ambulance stretcher &
ambulance stretcher with backboard. There was a difference between the hard floor and
ambulance stretcher & ambulance stretcher with backboard in the compression depth in the
male. The compression depth in the female & male complies with the guidelines in the
hard floor, bed, and bed with backboard. It was extremely low in the ambulance stretch &
ambulance stretcher with backboard in the compression correctness in the female,
especially meaning that female should be skilled to facilitate chest compression on the
ambulance stretcher & ambulance stretcher with backboard.

4. CONCLUSION

For correct depth, correct pressure point, and complete recoil, chest compression should be
performed on a hard floor, and standing, knelling, and footstool CPR training should be
carried out to correctly perform chest compression on a bed and ambulation stretcher.
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