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Proper chest compression depth for cardiopulmonary resuscitation in
patients with amyotrophic lateral sclerosis: a retrospective study

Daiyoung Kwon, Jaehoon Oh, Heekyung Lee, Hyunggoo Kang,

Tae Ho Lim, Byuk Sung Ko, Yongil Cho, Hongjung Kim

Department of Emergency Medicine, Hanyang University College of Medicine, Seoul, Korea

Objective: The chest compression depth recommended in the current guidelines for average adult cardiopulmonary
resuscitation is approximately 1/4-1/5 depth of the external chest anteroposterior (AP) diameter and at least 50 mm but
less than 60 mm. The purpose of this study was to determine the proper compression depth in patients with amyotrophic

lateral sclerosis (ALS).

Methods: A retrospective analysis of the chest computed tomography scans obtained between January 2014 and
December 2018 was performed, and the chest anatomical parameters, such as external, internal chest, and heart AP
diameters, were measured. The primary outcomes were a 1/4 and 1/5 depth of an external chest AP diameter. Based on
the values of these parameters, the heart compression fractures (HCF) and over compression depth (OCD) from 40 to 60
mm depths with every 5 mm interval were calculated. All outcomes in the two groups were compared.
Results: Ninety three of 108 ALS and 93 of 17,150 healthy individuals were selected randomly from a database and ana-
lyzed. The mean = standard deviations of 1/4 and 1/5 depth of the external chest AP diameter in ALS were significantly
lower than in healthy individuals (48.57 £4.60 mm vs. 53.434.93 mm, 38.86+3.68 mm vs. 42.75+3.94 mm, respec-
tively, all P<0.001). The HCF values were similar in the two groups. The number of OCD with 55 and 60 mm in the ALS
group were increased (all P<0.05, univariate analysis)
Conclusion: An approximately 50 mm depth of chest compression could be appropriate, but an excessive depth greater
than 55 mm is more likely to cause complications for ALS patients.

Keywords: Cardiopulmonary resuscitation; Basic life support; Resuscitation; Chest compression; Amyotrophic lateral sclerosis
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Capsule Summary

What is already known in the previous study
The chest compression depth is an important factor of
high-quality chest compression. Chest compression depth
recommended in the current guidelines for an average
adult cardiopulmonary resuscitation is approximately
1/4-1/5 depth of external chest anteroposterior diameter
and at least 50 mm less than 60 mm.

What is new in the current study

In this study, using chest computed tomography analysis,
an approximately 50 mm depth of chest compression
could be appropriate, but an excessive depth greater
than 55 mm is more likely to cause complications for
definite amyotrophic lateral sclerosis patients.
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AZEE F=9] okl 1/2 F-9lolA &3 A9
&2 Axg FAt7| Asto] AF75H FH dAkst
29 Al (computed tomography, CT)Z o] &3}o] 33
Z‘] 31}-7]— Oﬂ:rLi 2] Sﬂo]_Oﬂr;]_ B Oﬂ—?—‘* ALS §]—X]— 1% Al
E7F Qlom, Suidel Azt ¢ 40,0009 9] gA47} WA st
= A7 3AF g YeA 20199 525E 20199 6¢
7HA] A EQTE AT Al F el B2 A AL
€3] (Institutional Review Board, IRB) ¢ A 45913}
FTYA AAE WA THHYUH-2019-05-066).
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£ AT o4 := Somatom Definition Flash (Siemens
Healthcare, Forchheim, Germany) % Brilliance 64
multi—detector CT scanner (Philips Healthcare, Best,
The Netherlands) &] + & CT &217} AH&-= St AL
Alel 7171 A& 120 kVp, 50—80 mA, 1.15 mm/sec
table feed, 0.5—sec rotation time, 5 mm slice thick—
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ness, 5 mm intervals® 73t} At T CT ter, mm) — & U§ FH A dol& ST g2 A
FAE-E digital imaging and communication in medicine el A ] Aol A Ao,
e 2 picture archiving and communication system 12 A3 2 FH CT Ao A oF S8 15 4
(PACS, Centricity, GE Healthcare, Milwaukee, WI, 019 1/4, 1/5& AAtste] F i3} EE2HAE 3190} 2
USA) ol A7 3t 2t A& 40-60 mm HA oA 5 mm S vkt 7h5oket
=] A, dol, 7], F5A, AAZFAFE 71 S AFEE W Aol w8l % (heart compression
EXo R FHER T, ALS $HAL9] A9 &4 Ix Ul FH fraction, HCF) &} Z} =& 7} <tul o] (over compres—
CT &9 9AE 2712 $438t9 k. PACSY AAE 53 sion depth, OCD)¢! A$E AAtstdtt. HCFE= [pro-—
CT 9NE2 7IEF (axial), A (sagittal) &= 244 posed depth— (internal chest AP diameter—Heart AP

sto], ZF GArEo & 9 A= AF wa A diameter)]/heart AP diameter X 100*"Z A A5l S

(cross—linked) o] ¥ 2% stqtt. Z7te] GAtELS T+ o u OCDY A2+ internal AP diameter®} proposed
o] S lgrt Al AzpFol AR om A EFM = depth®] x}o]7}t 20 mm "R AE 7FYEa A5E
2 79 (Rapidia ver. 2.8, Infinitt, Seoul, Korea) & A}-& Z4sSlthe § e WHEES ALS 373 dukelT
0]'04 AnES ST ARE SAT W= 7 339 o F AFeR L}T(ﬂ 7}z vl g oFqiTh

T 1/2 ol F QoA AFo] 71 F Hol= 1o gAF
= Agsiglon, 3 2 Axss ST (D 3. 84 &4

5 FH A3 7ol (external chest anteroposterior [AP]
diameter, mm) —§= ¢ IFoXFE 5 2 3H7t 2E HolEE Excel 2AZ#HE A E (Excel 2016,
28] A4, (2) W 5 A5 4ol (internal chest AP Microsoft, Redmond, WA, USA) | ]88t o,
diameter, mm) —&=2 o}AAFE HFo] HupFI9 SPSS Statistics ver. 21.0 KO (IBM Corp., Armonk,
7R 9] =AM, (3) A AF 4do] (heart AP diame— NY, USA)E AF&ste] 438t 458 A5+

31,838 Underwent chest CT in emergency room and
health checkup center and 40 < age<80
2014.1.1-2018.12.31, Eligible

[ ]
[ Allocation ]

|

v h 4

17,150 Normal individuals in
health checkup center

108 ALS individuals in emergency room

15 Excluded
P T 14,619 Excluded
Belision alenas 14,619 Any kind of abnormal

10 Large atelectasis L
2 Trauma-induced deformities ficling Si:cest StcHherex

2 Tuberculosis
h 4

93 ALS group, enrolled 93 Normal group, enrolled

0 Loss of data

r

186 Analyzed
93 ALS group
93 Normal group

Fig. 1. Flowchart of individuals' enrolment in the study. CT, computed tomography; ALS, amyotrophic lateral sclerosis.
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Kolmogorov—Smirnov ¥ %3 A4 #AAE s}
A&Y 2w+ 7 H2F o ¥

2, W15y A5 WX (frequency) & +& (percentage)
E 7|8tk 7 7 2 vl A AEE AEE AR
E T 717 (Student’s t—test) 2, HFE A5 E o] A

& 774 (chi—square test) & 94 4
[e)

=
[e) =
< =

exact test) & Abg-3te] #4183l A7) F e T
T T8 HEFE AR Y8t 3HE#ES BYste v
AHEA (analysis of covariance, ANCOVA) ¥ o5 Z4
2B

El 3] &4 (multivariable logistic regression
analysis) < AFE3FATE P3ke] 0.05 vukel F 95 &7
Aoz Fogt Ao T3l

Table 1. Baseline characteristics

2 1

20149 19€%¥ 2018 12€7H4 54 9 AR3AA
AE e A F5 CT Y-S Aldst 404 o]/ 804 m|%te]
AFRE F 31,838 0l9lth o] F $FACAM F5 CTE
#YJst ALS b= 108%, AAARAE A ALt
ALS #8471 obd dnt #44= 17,1508 010t o] = &
2] B -84 oS THAAY A AAE wigA &
T 9= W S A7 Eel dldehe $Ake 2H2E ALS $

QI 14,6199 0]t 939 ] ALS
, GRS 2531 oA F3h
S A5 tH(Fig. 1). $A59] dukA

ALS group (n=93) Normal group (n=93) P-value
Age (yr) 63.09£9.09 64.25+9.94 0.41
Male sex 54 (58.1) 51 (54.8) 0.77
Height (cm) 164.43£8.06 163.16+£9.97 0.34
Weight (kg) 51.15+8.84 58.31+9.95 <0.001*
BMI (kg/m?) 18.94+3.15 21.80+2.49 <0.001*
Timeto CT check-up from diagnosis, day 980.10£710.10 - -

Values are presented as mean = standard deviation or number (%).

Categorical variables were tested using chi-square test, and continuous variables were calculated using an independent t-test.
ALS, amyotrophic lateral sclerosis; BMI, body mass index; CT, computed tomography.

* P<0.05, statistical significance.

Table 2. Comparison of chest anatomy parameters using chest CT and heart compression fraction with proposed depth of

chest compression between ALS and normal group

ALSgroup (n=93) Normal group (n=93) P-value  Adjusted P-value?
External AP diameter (mm) 194.31£18.41 213.741+19.70 <0.001* < 0.001*
External chest AP diameter/3 64.77+6.13 71.24+6.56 <0.001* <0.001*
External chest AP diameter/4 48.5714.60 53.43+4.93 <0.001* <0.001*
External chest AP diameter/5 38.861+3.68 42.75+3.94 <0.001* <0.001*
Internal AP diameter, mm 93.90+14.17 103.06+14.42 <0.001* 0.03*
Heart AP diameter, mm 76.66+11.61 89.801£9.99 <0.001* <0.001*
Heart compression fraction (%)
With 40 mm depth 30.48+11.93 30.30f£11.61 0.92 -
With 45 mm depth 37.16£12.48 35.93£11.90 0.50 -
With 50 mm depth 43841311 415711223 0.23 -
With 55 mm depth 50.52+£13.78 47211257 0.09 0.74
With 60 mm depth 57.20+14.51 52.851£12.94 0.03* 0.52

Values are presented as number (%) or mean = standard deviation.
Continuous variables were calculated using an independent t-test.

Heart compression fraction is compressed portion of heart by simulated chest compression with propose depth.
CT, computed tomography; ALS, amyotrophic lateral sclerosis; AP, anteroposterior.

* P<0.05 is significant.

3 ANCOVA was performed to adjust for influencing factors (body mass index) and the main factor (ALS) influencing the

outcomes (18).
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Q1 54 Table 1] @okx]of gl 7 o 7hel] vo], A
W, Al fog Apol= HEEA okopth. AN Lt
AFS ALS Aol A 51.15+8.84 kg, Uukeld-olA
58.31+9.95 kg & ALS SxbtolA o WA yehte
™ (P<0.001), ALZFAFE F2lst 2ko] & Hola It
(18.94£3.15 kg/m” vs. 21.80+2 49 kg/m? P<0.001).

FTHCT I 34E 59 &4 diygdd Axee
Table 20| Q9F¥ o] Qlt}. 97 FH AS$ o] ALS &
Aol A 194.31+18.41 mm, YukIFolA 213.74+
19.70 mmE -] gk 2to] 7k A (P<0.001), <4 &+
A% ol 1/4 (48.57+4.60 mm vs. 53.43+4.93
mm), 1/5 (38.86 mm=*3.6 8mm vs. 42.75 mm=3.94

mm) AolE #93% 2}o]E ®olx JYUTHP<0.001). W
5 FH A% o] Bl N A% Zdo]x ALS FATeA

g A S35 AT (P<0.001). F A body mass
index BMDE FHHo g Yo FEAENS A 4
I, B e Axe o8 Aol & BitH(P<0.05).
HCF+ 60 mm 98} Alellgt &+ 7+ 7+e] {2t Aol & |
o1 ALY (57.20£14.51% vs. 52.85£12.94%,
P=0.03), BMIZ FE:HEA S AldsHols o fofs A

o] & Ko]z] 3kt (adjusted P=0.52).

OCD9] 7143 Table 39| Q.°F=of itk 40, 45, 50
mm=z 7ESEHE e 7 7 Y Fo Aol E Kol
I YA o 55 mm o] o R gEtgS o= ALS
gApTto] dukelTtef vl OCDS AS7F o Bokth(6 vs.
0 in 55 mm, P=0.01; 16 vs. 5 in 60 mm, P=0.009).
A% BMI W45 F718 v ALY 3774 S Al
RS wW S ApolE Kol ¢ith(55 mmelA
P=0.99, 60 mmel4 P=0.33).
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Table 3. The number of over-compression which is residual space (internal chest AP diameter-heart AP diameter) of <20 mm

by simulated chest compression with proposed depth

No. of residual space<20 mm (%)

Proposed depth (mm) P-value Adjusted P-value?
ALS (n=93) Normal (n=93)

40 1(11 0 0.50 -

45 1(11 0 0.50 -

50 4(4.3) 0 0.06 0.99

55 6 (6.5) 0 0.01* 0.99

60 16 (17.2) 5(16) 0.009* 0.33

Values are presented as number (%).

Categorical variables were tested using the chi-sgquare test or Fisher exact test.

AP, anteroposterior; ALS, amyotrophic lateral sclerosis.
* P<0.05 is significant.

3 Multivariable logistic analysis was performed to adjust for influencing factors (body mass index) and the main factor (ALS)

influencing the outcomes (18).
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