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Comparison of injuries from chest compressions between
mechanical versus manual chest compressions in cardiopulmonary
resuscitation patients with forensic autopsy
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Abstract

Mechanical chest compressions are widely used, however, injuries associated with mechanical
chest compressions are currently controversial. The objective of this research was to show the
comparison of injury rates between mechanical versus manual chest compressions in patients who
underwent cardiopulmonary resuscitation and performed forensic autopsies at the Department of
Forensic Medicine, Phetchabun hospital. According to the retrospective study of data from forensic
autopsy records and in-hospital records for evidence of injury related to chest compression, there were
47 cases of patients who died after unsuccessful resuscitation by mechanical chest compression
machines, and another 35 cases of patients who died after manual chest compressions, totaling of 82
cases. Data were collected from forensic autopsy records, and hospital treatment records to find
evidence of injuries related to chest compressions in patients receiving resuscitation between July 2020
and September 2023. Data were analyzed using frequency, percentage, mean, standard deviation,
independent t-test, chi-square test, Fisher's exact test, and multiple logistic regression.

It was found that the group who received the mechanical chest compression machines detected
a greater effect on injury than the group who used the manual chest compression (adj. OR=180.4, 95%
Cl=8.94-3638.50, p<0.001). In addition, the increasing age had a greater effect on injury detection (adj.
OR=1.1, 95%Cl= 1.03-1.18, p<0.007). Skin and muscle injuries, sternum fractures, and rib fractures were
more significant incidences (p>0.05). The injury incidence was laceration of organs and large blood vessels
that was detected in the group receiving the mechanical chest compression machine; however, this
incident was not significantly different between mechanical and manual chest compressions (p>0.05).
In summary, this research provided a preliminary map to consider chest compression-related injuries in
the Thai population. Therefore, research should be conducted in a larger population and more detail
on the relationship between injuries and patient outcomes, in terms of pain and recovery to provide
more information on the safety of using mechanical chest compression machines in patients undergoing

cardiopulmonary resuscitation.
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All CPR patients
2020-2023
N = 1,380

Unsuccessful CPR

n=1,124

Forensic autopsies

n = 100

Study cohort
n =382

Mechanical CPR group
n =47

Successful CPR: n = 256

No forensic autopsies: n = 1,024

Exclusion cases
Chest, Abdomen trauma: n = 9
Other nationalities: n = 8

Another device: n =1

Manual CPR group
n =35
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1. nausoesemiiindugasawmaddnemeans
v 82 110 I8 FumsUiTRmseiuAuEneedes
nemtianSmlusA $1uaw 47 918 (57.3%) uazaaeitufu
Tndemsnaviinondeile 35 18 (42.79) ergRaust 9
§1 86 3 TaenquuivRmsdaeil ududndaeni o
WteNgmluglf (mechanical CPR) fieng 19 §19 81 U uay
nauUfU MY uAuind1en1sld T enaniien
(manual CPR) #8718 9 §11 86 T U uinenennnan e
VIJIT1UIU 63 Uae 19 Tesud1du lngmekaya1gves
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i idugs dwiin faiiname ssexnailumsdie
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Auni1snantinanaleiia (n=82)

Mechanical CPR

(n=47)
Age mean + SD 50.0 £ 15.3
Gender M: F (male%) 35: 12 (55.6)
Height (cm)  mean + SD 164 £ 9.0
Weight (Kg) mean + SD 69.5 + 16.8
BMI mean + SD 256 +54
*p<0.05

Manual CPR t p-value (95% Cl)
(n=35)
49.6 + 19.2 0.109 0.914
28: 7 (44.4) 0.214 0.557
162 + 10.7 0.715 0.476
61.7 + 17.8 2.021 0.047*
(0.120-15.445)
232 +54 2.010 0.048*

(0.024-4.839)
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funisnavtnanaleiia (n=82) (sia)

Mechanical CPR  Manual CPR t p-value
(n=47) (n=35) (95% Cl)
CPR duration mean + SD 33.7 + 13.7 283 + 6.6 2.170 0.033
(min) min-max 14 - 90 9-47 (0.450-10.441)
Place of death  In-hospital 46 (97.9) 13 (32.1) - < 0.001°
[n (%)] Out-hospital 1(2.1) 22(62.9)
ETT insertion  ETT 47 (100.0) 12 (34.3) - < 0.001°
n (%)] non-ETT 0 (0) 23 (65.7)
Underlying Hypertension 4 (8.5) 4(11.4) - 0.718°
disease [n (%) Diabetes Miletus 2(4.3) 2(5.7) - 1.000°
Dyslipidemia 3 (6.4) 2(5.7) - 1.000°
Cardiovascular disease 5(10.6) 2(5.7) - 0.430°
Gout 1(2.1) 0(0) - 1.000°
Human Immunodeficiency 0(0) 1(2.9) - 0.427°
Virus
Osteonecrosis 1(2.1) 0 (0) - 1.000°
Osteoporosis 5(10.6) 2(5.7) - 0.693°
Cirrhosis 0 (0) 1(2.9) - 0.427°
Major Depressive Disorder 1(2.1) 0 (0) - 1.000°
Cancer 0 (0) 1(2.9) - 0.427°
Alcohol dependence 0 (0) 1(2.9) - 0.427°
Old Tuberculosis 1(2.1) 1(2.9) - 1.000°
Parkinson's disease 1(2.1) 0 (0) - 1.000°

@ Chi-square test, b Fisher’s exact test

2. @ MsidedInseninangal Mechanical CPR
fiu Manual CPR d@ulvgjuanansiuseelidded gy
N19add (p>0.05) anmgnisaefinulfuniiande
Isavaenidoniiala $1uau 19 518 1Wungu Mechanical
CPR 11AnI1g 4 Manual CPR 14 Uag 5 518 (29.8%,
14.3%, p=0.100) s0%a9nAe TsAnd i etalamne
Mechanical CPR 12 518 wag Manual CPR 5 518
(25.5%, 14.3% p=0.214) 1ummz1’7iamqmsmaﬁﬁuﬁ
awfe nMauaduiifsurUseneudienisdedinen
uausanszauiui Asue 3 319 (3.7%) waznsla$u

aduaninguislifiauifsee 4 910 (0.8%) deuus
szt euAun wuih Tunga Manual CPR
feanwmnmadeTinanmsuiduiise 6 $18) snni
n&au Mechanical CPR (1 519) ag19iludAynead@
(17.1%, 2.1%, p=0.016) ém%’ummqﬂmﬁa%?aﬁm
loun nmzidensantuaus (ICH) saduuds (Cirrhosis)
nsAnd slunszuaden (sepsis) Msideidonunnain
Al ureseizuenuiloanenuazies Saau
unngi i ueg 9 ldTedAynsanf (0>0.05) Aduans
Tumsnauaznni 2
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BNUNANUNISNAVTINBNAI83ID (N=82)

anvsNIsEedIn

Cause of death
[n (%)]

Coronary artery disease: CAD
Myocardial Infraction: Ml
Intracranial Hemorrhage: ICH
Sepsis

Pulmonary Embolism: PE
Pneumonia

Chronic Obstructive Pulmonary

Disease: COPD
Cancer
Cirrhosis
Intoxication
Electrocution
Choking
Hanging
Drowning
Head Injury
Exsanguination

@ Chi-Square test, b Fisher’s exact test

3. MSVIAD USRI NeA WS Buiieu
5593 19n15NANL 1006 281A3 Benant 1end aluTh
(mechanical CPR) Aumsnanttenaeiie (manual CPR)
WU7 1 mechanical CPR #S33NUA1SUIALS ULINNTIN
mechanical CPR aeisiilsdAeynvadf (95.6%, 28.6%,
p<0.001) Ingl mechanical CPR sinazaswunLHanasn
ﬂﬂUizﬁU%%@i@ﬂWm};ﬂmﬂq el wuud afumiten
W U8 (skin injury) A539WUAY 44 518 (93.6%) wazdl
nduilausnnmionuasdlasmndogiauediu a4
WU (93.6%) S9wFranuannnI manual CPR Fiwu
e 2 518 (5.7%, p<0.001) wag 6 518 (17.1%, p<0.001)
U Fauandlunnd 3 (A) wez (B)

nszqnduenidunszgnii wun1sWn (stemal
fracture) lungs mechanical CPR asyanudnuu 14 518
(29.8%) 3nnnIngs manual CPR finuiiies 1 11 (29%)
(p=0.002) n3znAlASHIN (b fracture) WumMsuAFUT
wulsusuReiunsegndueniin ﬂﬁz@ﬂe‘?ﬂmqéﬁuﬁ
wumsinldUes Aensvgndlaseduil 4 uas 5 veuia

Mechanical CPR  Manual CPR p-value
(n=47) (n=35)
14 (29.8) 5(14.3) 0.100?
12 (25.5) 5(14.3) 0.2142
4 (8.50) 2 (5.7) 1.000P
1(2.1) 3 (8.6) 0.308°
1(2.1) 0 (0) 1.000°
2 (4.3) 1(2.9) 1.000P°
0 (0) 1(2.9) 0.427°
1(2.1) 2 (5.7) 0.573P
1(2.1) 4(11.49) 0.158°
1(2.1) 0 (0) 1.000°
2(4.3) 1(2.9) 1.000°
0 (0) 1(2.9) 0.427°
2 (4.3) 2 (5.7) 1.000°
1(2.1) 2(5.7) 0.573°
1(2.1) 6(17.1) 0.016°
4 (8.5) 0(0) 0.132°

#0909 (Fuuge/an 4t 23/20, 51 20/20) waznsin
UBINTL ﬂ"gliﬂNWUIUﬂqlm mechanical CPR (n=23,
84.4%) 111NNI1NQ 4 manual CPR (n=5, 15.6%) a8 144
Teddaymneada (0<0.001) Tngamdi 3 (©) uansamnis
WnuesnsEaNdusnLanIye n@lAse wazn g 3 (D), (E),
(F) WanIn UL VTR 9F31le NMSENUINURIRU way
\donoantug WKty

msumduneeivazmelu loun Wl vaonden
guntugy Uan Ay 1y wazle wuldanizlungy
mechanical CPR & 3n15u1aL§ ufiUen (n=9, 19.1%) lay
10 (n=1, 2.1%) L‘i‘]uﬂ'ﬁmmﬁuﬁhqum WANSUNALEUT
#ila viaendenuualng fU wavdy Wunmsuinduia
msdnuaveaieideoseianulunga mechanical CPR
F1uau 7 718 (15.6%) Tietesieviaendonuunalyia/an
Ppeestion 1 sl uasnudenseniidly Tesen g
viuila Uinauseus fiu sha uagla fiinnmsuiaidu
vaanszanvEeeitEluUnAnaT wilungy manual
CPR leinumsundumeni (p>0.05)
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AT 2 AMMIATIINUNMTUINKRVINATNAUTINBNAINNTSTUGATAN (A) UInuKanaannaUszTiuTIfinaIn
\A3RINAnaNdnludA LUCUS™2 (B) seswndwitladuanuaznszanduaniin (C) seevnyuag

nszgn@lasein (D) milwiasiala Atrial 2nun (E) dulnuauaziifensen (F) idensantugeiaiinle

A151971 3 WTBULIBUAMNLANANNYBINIIATIINUNISUIRRUSEIINgNnauInuthandaesasnautiten
anludiifunisnantiendaeile (n=82)

Heart injury 3 (6.4) 0(0) 0.257°
Great vessel injury 2 (4.3) 0 (0) 0.505°
Lung contusion 9(19.1) 0 (0) 0.0067
Liver injury 5(10.6) 0 (0) 0.046°
No injury 2(4.3) 25(71.4)
Skin injury 44 (93.6) 2 (5.7) < 0.001°
Muscle contusion 44 (93.6) 6(17.1) < 0.001°
Sternal fracture 14 (29.8) 1(2.9) 0.0022
Rib Fracture 23 (84.4) 5(15.6) < 0.0012
mean + SD 34+36 0.31 £ 09
maximum 11 4
Heart injury 3(6.4) 0 (0) 0.257°
Great vessel injury 2(4.3) 0 (0) 0.505°
Lung contusion 9(19.1) 0(0) 0.0062
Liver injury 5(10.6) 0(0) 0.046°
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A151971 3 WIBUHIBUANMALANAT9YBINIINTIINUNITUIARUITERINNgunauIaviinandeesasnaniiten

aNlUNANUNISNAVTINBNAI83 (n=82) (sid)

Spleen injury

Kidney Injury

Organ or Great vessel Laceration
Hemothorax

Hemopericardium

Peri-hepatic hemorrhage
Peri-splenic hemorrhage
Peri-renal hemorrhage

@ Chi-Square test, b Fisher’s exact test

4. nsfnwndadedifendes senisuiaduain
MsnauIATenseA3 asnavt NS AluTR wazmsna
wiendaeile wuireny it ud uil e savesiy
MsATITNUNMSTUIAE UTAT Y 1.1 wi%ﬁammﬁusﬁu
19 (adj. OR=1.1, 95%Cl, 1.03-1.18, p=0.007) LAZINUIN

1(2.1)
1(2.1)
7 (15.6)
3 (6.4)
5(10.6)
4 (8.5)
1(2.1)
1(2.1)

0 (0) 1.000°
0 (0) 1.000°
0 (0) 0.182
0(0) 0.257°
0 (0) 0.046°
0 (0) 0.132°
0 (0) 1.000°®
0(0) 1.000°

\w3eanantiensplusiasianuiendamsunduetis
110 (adj. OR=180.37, 95%Cl, 8.94-3,638.5, p<0.00l)Iﬂ‘EJ
fdadeun eunszoznaiid@in anuil msldvievas
ynela TsaUszdnda uazanivmmseme deniAedesiy
g lififtuddameadn (0>0.05) Fauandumaned 4

A15199 4 JadeiinNeddastun1snsranun1suInlundunusaunIsyenuAudw

Adjusted odds ratio (adj. OR) 95% Cl p-value
Age 1.10 1.03.180 0.007
CPR duration 1.01 0.92-1.10 0.877
Place of death 0.00 0.00 1.000
ETT insertion 0.00 0.00 1.000
Pneumonia 0.00 0.00 0.999
Coronary Artery Disease: CAD 2.19 0.24-19.65 0.484
Sepsis 29.6 0.80-1072.80 0.066
Electrocution 0.00 0.000 0.999
Choking 0.00 0.000 1.000
Head injury 0.37 0.03-5.39 0.468
Exsanguination 0.00 0.000 0.999
Cancer 8.84 0.01-19892.29 0.580
U/D Human Immunodeficiency Virus: HIV 0.00 0.000 1.000
U/D Cancer 0.00 0.000 1.000
U/D Myocardial Infraction: Ml 5.24 0.000 1.000
Mechanical CPR 180.37 8.94-3638.5 <0.001

AUATIERIIBEDR binary logistic regression, U/D underlying disease, *p<0.05
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MsenUsena

i oanavthendalusalagmiunldlunsufoa
msiTAnegunsvene ilesmnvilinsgdimilsesng
serlouazarinaue ogslsinalumsfnuninuingem
msumdumsnevienseseied esneven Sl
f9nIMIVIUZINIIMIVIAG UIINMINAVT BN e
HoogrslltdudAymeaa WuReIRuMIAnEINOUAT
84 Krischer JP, et al. [12] Tneieseanamiinon LUCUS™2
wvdustluidruasesnszgndusnigudeaiunsn
wiironsedo usiiilesainussnavesind ssnaviinen
galulA dunnindehbiiemsuiaduldunnnii [13]
nMsuIaLd Ui Avdanuldannlung s mechanical CPR
93.6% lagannIai AuIALKANAUTETU JUNNAY 1130
duvil wenanay i esndudnuazianziiinan
usanaH UMt A g AgUNaNTiN9eY UT R snang
WienveaaIesnaiinen LUCUS™2 [10, 14] G'Tfmﬂmm
yamsgmsuiinsaduiRsntaietuldves
wilpgaluudiudumsuiaduiisussden Weio
Fumsuindus ug Wuieatunsingvesnd e
wiheniinuiinga mechanical CPR Hnsmsuimiu
WNNIINGN manual CPR (93.6%,: 17.1%) nsggnduen
s ushumisiinumsuadulsilungy mechanical
CPR(29.8%) uaznay manual CPR (2.9%) lngdumus
AuN13Ane Systematic review and meta-analysis finy
ninedesnaviinen LUCUSTM shlvinseqnduoniinlél
wnnninsltilens TuvaedieS osnemiinen AutoPulse
LnuAUUANA19Y8INT T NYBINTEA NFUBNBE 14
tlodndny [3] dumainvesnszgndlasadumsuaidui
wulduouiu dsmuldvislungy mechanical CPR
mswinmeanszgndlasennnings manual CPR 84.4%
15.6% mudniy dstussumATeineninuineses
LUCUSTM ¥iliAnnszgnd laseinldunnndanisna
nirensieie [15-17] Inelunga mechanical CPR wu
mnvesnszandlasannnd 8 sumistuly geia 10
18 Fsmsuinduienadswadomssnuuayiludives
A U3en1seuNulunsg kand 1N Uaglasunisna

winend 83 afle LUCUSTM2 §9ma5d n1sfnw
avaeUfiufusely

N3UIA UYeIUDn WUIINGY mechanical CPR
Aeeaning 19.19% lununswnewestenlungs
manual CPR 3 auansingannn1s@nuve Lardi C et al
[14] ﬁWUﬂ’liWﬂ%ﬂﬂJ@&U@ﬂﬂgﬂﬁmﬂfim Tensuinsufi
Anduliflruuansneiu (p>0.05) waglsinumsiaug
veuiiad adenlunsinuni msuinduremeoniden
sunlngiuaznisuindureniladununsiaduly
IuuteeLies 4.3% uae 6.4% lungy mechanical CPR
wihndumsuaduiilemanaduldtes wimnin
MMSUIALE URRERaYAnnSIE sl anun wavtin
hemopericardium T& 19 Wi g unnsA nwan a1l
[15-16, 18] wenaniidamumsunduvesiulaenums
nvemenieidosulundy mechanical CPR 3 10.6%
warnsUnRUTRseEane liiadensenlutasen
geviuvinla uardesviedls Jsuandliiiudsnnudiiug
yeemsldie s LUCUS™2 fumsunmduwmanil egnadl
HedAgy [14, 15, 17] mimmﬁuﬁgumq NUATANVIA
Yosoizkarnsanunvesdud onvusivey Tungu
mechanical CPR 917w 7 578 wildnunfianuusnsng
ag el dudAyiungu manual CPR LL@'V?ﬂﬁfqﬂmﬂi
1/1NﬂwsLLW‘wsfm5Lﬁummszﬁmzﬁ’ﬂumi@ warjUae
WNTNS CPR fees asnantnenselud® Taenis
mwﬁuﬁwumﬂhﬂdu mechanical CPR 919ifaTua7n
mswdouvesdiuduiasswinsmsldanu vlwdusang
U sdniiunzuwemsenware oz urenios was
ANNEINITOIUNITNANT 19N LA LT E NN IN1TNA
wiirendaefieoradutadef vlifAansuiasuls
NP [3, 19]

nnmsAnwtadsifinadenisuind uiifiuty
wuInduiusfumsliiatesnanthensnluid uazenei
iy lnsongfifisdud walsimnudanguuazana
wwsweaiadeReniulundmile LLazﬂsz@ﬂéauﬁﬁ
i Sanszgndlasiuaznszg nduenanas ilviAn
mMsuInuanmsnavhenldannty [20-21]



msAnuiidgauda :nmsAnudeyaainnisii
o aa -
Fugnsen nadanymans Geieilu gold standard Tu
MINTIRMNITUVIATUIINNSNALIANTL 10N [10] 47U

o w

To1inlun133de eswinngudiegnnludideding

a a

WBeTAnRnsIINYIR Nan1sITeeiatdaiunsatily

v a

9198lagnseiuna U deTInausIsuyAle way

fAeTAnilaumsufiRmsdeiiufuin o19llévin
MIRITUgATAMMNATANY uaztIsIaRiinsAny
Wies 3 U vilviuseannsmegnedivsunndiin
NN3ANWILUY Prospective study 13 9A15A AW
Multicenter study luuszmelve uwazn1s@nwniuda
Renfunansynuresmsuinidu semssendinvesiie
nMsdamsiuaiulIn LLasmﬁ\lyué\”mm;:Iﬂw WU

TeninsadWeyaluussendldlunsud dalanniu

ayUuasdolauaue

AW IANATIINL A LIBANEAS bUUTLIINT
JFedTn 71dodTandsannvih CPR numsuimLiui
durtusfunsdaeiuiudn lunguiléied osnanten
SalusTh Iiesminnguiinaviitondeile engiiiusnn
Fudiiusilemanumsuaduiiiamu anransise
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