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Effect of level D personal protective equipment on chest
compression for pre-hospital arrest patients with suspected or

confirmed COVID-19 : A randomized crossover simulation trial
Seok-Hwan Hong' * Yeun Soo Yang® - Sang-Kyun Han®
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Graduate School of Public Health, Yonsei University
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=Abstract =

Purpose: The purpose of this study was to determine how the use of level D personal protective

equipment (PPE) and cardiopulmonary resuscitaion (CPR) feedback equipment affects chest
compression (CC). Furthermore, this study provides basic data for developing Korean CPR guidelines
that can be applied to patients with suspected or confirmed COVID-19.

Methods: This randomized, single-blinded, crossover simulation trial included 26 student paramedics
who performed 2-minute chest compressions using three different methods: Method A involved
performing traditional CC for two minutes without donning level D PPE, Method B involved
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performing CC while donning level D PPE, and Method C involved performing CC with a CPR

feedback device while donning level D PPE.

Results: The use of a CPR feedback device during the 2-minute CC increased the exercise intensity of

the subjects, but donning level D PPE didn't affect the quality of CC and the exercise intensity. The

results of methods A and B showed changes in the quality of compression 80 seconds after the start of

CC. No significant changes occurred in 2-minute CC when using the CPR feedback device.

Conclusion: Using a CPR feedback device could prevent deterioration in the quality of CC while

donning level D PPE.

Keywords: Chest compression, Cardiopulmonary resuscitation(CPR), Quality, COVID-19, CPR feedback device
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Table 1. Demographic characteristics (N=26)
Men(n=8) Women(n=18)
Age(yr) 22.13+£2.03 21.39+0.92
Body mass index(BMI) 22.45+1.79 20.76 +4.65
Resting heart rate 71.25+9.21 78.83+8.61
Maximum heart rate 197.61£2.03 198.61+0.92
Values are Mean+SD.
Table 2-1. Exercise intensity by chest compression methods
Methods Osec.” 20sec. 40sec. 60sec. 80sec. 100sec. 120sec.
M+SD M+SD M=SD M+SD M+SD M+SD M+SD

(A) Manual CC"
without PPET

12.75+10.96 39.40+11.20 46.58+11.96 50.56+13.43 53.98 +12.72

55.65+14.34 56.86+14.82

(B) Manual CC"
with PPET

15.67+9.64 43.24+15.85 51.04+£18.60 54.70£16.80 56.73+17.69 59.52+17.57 60.94+16.22

(C) Manual CC*
with CPRT
feedback device
and PPET

16.51+8.72 41.09+13.75 50.87+£14.56 58.24+15.10

61.27+14.01 64.08+£14.95

67.30+15.25

"CC: Chest compression, 'PPE: Level D personal protective equipment

TCPR: Cardiopulmonary resuscitation

™0 sec. means the first recorded number at SkillReporting system.

200

= 7.4237x + 21956
R? = 08281

= 61816x + 24554
R2 = 07230

= 61261x + 21005
R? = 0.7369

60.0
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Fig- 1. Mean values of exercise intensity measured every 20 seconds for each chest compression

method.
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Table 2-2. Comparison of changes in exercise intensity between each method
] Chest compression technique
Time(sec.) p
Method A Method C
40 47.68%(IQR 38.44-51.85) 50.19%(IQR 40.45-60.14) .048
60 50.83%(IQR 41.12-62.05) 56.75%(IQR 48.21-65.79) .009
80 55.45%(IQR 45.96-62.74) 60.24%(IQR 51.51-72.04) .005
100 57.25%(IQR 41.37-68.09) 63.48%(IQR 51.90-74.55) .001
120 57.67%(IQR 43.29-66.52) 67.05%(IQR 56.11-76.26) .001
Time(sec.) Method B Method C D
80 54.81%(IQR 41.88-71.83) 60.24%(IQR 51.51-72.04) 024
100 57.05%(IQR 47.98-71.83) 63.48%(IQR 51.90-74.55) .039
120 58.59%(IQR 49.89-71.83) 67.05%(IQR 56.11-76.26) .009
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Table 3-1. Comparison of changes in chest compression depth and incomplete chest recoiled
depth at 20 second intervals in method A

Chest compression depth of method A

Time(sec.) - - D
Start point 20 sec. intervals
20 57.50mm(IQR 54.75-59.25) .002
40 55.00mm(IQR 53.00-59.25) 186
60 53.00mm(IQR 51.75-57.00) .600
54.00mm(IQR 52.00-56.25)
80 53.00mm(IQR 50.50-55.00) .080
100 52.50mm(IQR 50.00-55.00) .028
120 52.00mm(IQR 50.75-54.25) 011
Time(sec.) Incomplete chest recoiled depth of method A p
20 4.00mm(IQR 2.75-5.00) .015
40 3.00mm(IQR 3.00-4.25) .022
60 4.00mm(IQR 3.00-5.00) .053
4mm(IQR 3.00-6.25)
80 3.50mm(IQR 2.00-5.25) .048
100 3.50mm(IQR 2.00-5.00) .005
120 4.00mm(IQR 3.00-5.25) .058

TStart point © outcomes from the first attermpt of chest compression

Table 3-2. Comparison of changes in chest compression depth and incomplete chest recoiled
depth at 20 second intervals in method B

Chest compression depth of method B

Time(sec.) D
Start point 20 sec. intervals
20 56.50mm(IQR 55.00-60.25) 131
40 55.00mm(IQR 52.75-57.00) 544
60 55.50mm(IQR 49.75-59.00) 352
56.00mm(IQR 51.75-60.00)
80 52.00mm(IQR 48.00-58.00) 033
100 53.00mm(IQR 48.00-56.25) 022
120 50.00mm(IQR 47.00-56.25) 002

TStart point : outcomes from the first attempt of chest compression
3.00-5.00) vs. 2.00mm(IQR  1.00-3.25), at T o]t A= Fon]gt Wyt e AL
p=.000)& & & AKTable 3-3). %710l A as =HYYd ZAE ARSI A4l

ZhEstet oo A7t vt WaksiAY AR tedute] =S v =3 2E st

The Korean Journal of Emergency Medical Services Vol. 25(1)



30

Table 3-3. Comparison of changes in chest compression depth and incomplete chest recoiled

depth at 20 second intervals in method C

Chest compression depth of method C

Time(sec.) - - D
Start point ' 20 sec. intervals
20 59.50mm(IQR 55.75-61.00) .039
40 59.00mm(IQR 57.75-60.00) 047
60 58.00mm(IQR 56.00-60.00) 247
56.50mm(IQR 51.75-61.00)
80 56.00mm(IQR 54.00-58.25) 925
100 53.50mm(IQR 51.00-57.00) .169
120 54.50mm(IQR 51.75-58.50) 191
Time(sec.) Incomplete chest recoiled depth of method C D
20 2.00mm(IQR 1.00-3.25) .000
40 3.00mm(IQR 1.75-4.00) .000
60 2.00mm(IQR 1.00-4.00) .000
4mm(IQR 3.00-5.00)
80 2.00mm(IQR 1.00-3.25) .000
100 2.00mm(IQR 1.00-4.00) .000
120 2.50mm(IQR 1.00-4.00) .000
TStart point © outcomes from the first attempt of chest compression
et Hslolt t Z2A -ﬁ—X] '}‘}i th. o]= (Fig. 202 FAA
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Table 4-1. Comparison of changes in chest compression depth between each method
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Time(sec.) Method A Method C p
0 54.50mm(IQR 52.00-56.25) 56.50mm(IQR 51.75-61.00) 345
20 57.50mm(IQR 54.75-59.25) 59.50mm(IQR 55.75-61.00) .165
40 55.00mm(IQR 53.00-59.25) 59.00mm(IQR 57.75-60.00) .006
60 53.00mmIQR 51.75-57.00) 58.00mm(IQR 56.00-60.00) .005
80 53.00mmIQR 50.50-55.00) 56.00mmIQR 54.00-58.25) .002
100 52.50mm(IQR 50.00-55.00) 53.50mm(IQR 51.00-57.00) .205
120 52.00mm(IQR 50.75-54.25) 54.50mm(IQR 51.75-58.50) 135

Time(sec.) Method B Method C p
0 56.00mmIQR 51.75-60.00) 56.50mmIQR 51.75-61.00) 843
20 56.50mmIQR 55.00-60.25) 59.50mm(IQR 55.75-61.00) 77
40 55.00mm(IQR 52.75-57.00) 59.00mmIQR 57.75-60.00) .000
60 55.50mm(IQR 49.75-59.00) 58.00mm(IQR 56.00-60.00) .018
80 52.00mm(IQR 48.00-58.00) 56.00mm(IQR 54.00-58.25) .001
100 53.00mmIQR 48.00-56.25) 53.50mm(IQR 51.00-57.00) .069
120 50.00mm(IQR 47.00-56.25) 54.50mm(IQR 51.75-58.50) .013

Table 4-2. Result of repeated measure two-way ANOVA of chest compression depth by methods

Source DF Type I SS Mean square F D
TIMES(A) 6 1569.791 261.632 13.26 <.0001
Method(B) 2 623.586 311.793 15.80 <.0001
Compression depth AXB 12 163.901 13.658 0.69 .760
Error 525 10359.962 19.733
Total 545 127117.240
07 f% F=9 Aozt molw, gk W olA R0l RS B 47 Yok 2
A 2% HE B A8 W Cd 9 WEse RE wmdd o ol
=7 W BEO =ojxlE A& & & AT, U AIZE el wWE e £29 2ol
B A WY B, = ¥ A9 ¥ B olfEAHEM o7 ol Az, W
A AE BRE FRA fog Aole Fa7H(main  effect) FHo] ) 3H tKTable
UATKTable 5-1). Al &ex3 W A3t 5-2).
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y = -0.5536x + 58511

R ——Method A

=Method B
Method C

y = -0.6154x + 56638

RZ = 06331

y = -09107x + 57511
R2 = 0.8155

0 20 40 60

Fig. 2. Changes in chest compression depth by compression method and trend lines.

20 100 120

Table 5-1. Comparison of changes in mean compression rate at 20 second intervals between

method B and method C

Time(sec.) Method B Method C D
0 110.00(IQR 110.00-110.00) 110.00(IQR 110.00-110.00) 1.000
20 110.50(IQR 106.50-117.00) 107.00(IQR 103.00-112.25) .055
40 112.50(IQR 106.00-117.50) 109.00(IQR 104.00-114.25) .016
60 113.00(IQR 107.00-118.25) 109.00(IQR 103.50-115.25) .079
80 113.00(IQR 107.00-115.25) 108.00(IQR 101.00-114.25) .047
100 113.00(IQR 108.50-117.00) 107.50(IQR 102.00-113.75) .027
120 113.50(IQR 108.25-119.25) 107.50(IQR 98.50-115.25) .025

Table 5-2. Result of repeated measure two-way ANOVA of chest compression rate by methods

Source DF Type I SS Mean square F D
TIMES(A) 6 59.678 9.946 0.15 .988
Method(B) 2 1067.385 533.692 8.27 .000
Compression rate AXB 12 257.180 21.432 0.33 983
Error 525 33869.692 64.514
Total 545 35253.934
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Table 6-1. Comparison of changes in incomplete chest recoiled depth at 20 second intervals

between each method

Time(sec.) Method A Method C D
0 4.00mm(IQR 3.00-6.25) 4.00mm(IQR 3.00-5.00) .612
20 4.00mm(IQR 2.75-5.00) 2.00mm(IQR 1.00-3.25) .005
40 3.00mm(IQR 38.00-4.25) 3.00mm(IQR 1.75-4.00) .006
60 4.00mm(IQR 3.75-5.00) 2.00mm(IQR 1.00-4.00) .001
80 3.50mm(IQR 2.00-5.25) 2.00mm(IQR 1.00-3.25) .001
100 3.50mm(IQR 2.00-5.00) 2.00mm(IQR 1.00-4.00) .003
120 4.00mm(IQR 3.00-5.25) 2.25mm(IQR 1.00-4.00) .002
Time(sec.) Method B Method C p
0 4.00mm(IQR 3.00-6.00) 4.00mm(IQR 3.00-5.00) .556
20 4.00mm(IQR 2.75-5.25) 2.00mm(IQR 1.00-3.25) .003
40 4.00mm(IQR 2.00-6.00) 3.00mm(IQR 1.75-4.00) .004
60 4.00mm(IQR 2.00-5.00) 2.00mm(IQR 1.00-4.00) .002
80 5.00mm(IQR 2.75-6.00) 2.00mm(IQR 1.00-3.25) .001
100 4.00mm(IQR 2.00-5.25) 2.00mm(IQR 1.00-4.00) .001
120 4.00mm(IQR 2.00-5.25) 2.25mm(IQR 1.00-4.00) .006

Table 6-2. Result of repeated measure two-way ANOVA of incomplete chest recoiled depth by

methods
Source DF Type I SS Mean square F D
TIMES(A) 6 69.484 11.581 2.99 .007
Method(B) 2 179.300 89.650 23.15 <.0001
Incomplete chest AXB 12 42187 3516 0.91 539
recoiled depth
Error 525 2033.308 3.873
Total 545 35253.934
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