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Introduction: Resuscitation methods are commonly used to restore return of spontaneous circulation (ROSC) in patients
with arrest. However, during these resuscitation practices, complications are inevitable.

Aim: The aim of this study was to compare complications due to cardiopulmonary resuscitation (CPR) performed in an
adult emergency department (ED) as well as the diagnostic tools used to evaluate these complications.

Methods: This prospective study was conducted in the ED of Ankara Training and Research Hospital between
01.06.2012 and 30.05.2013. Participants consisted of all patients over the age of 18 with non-traumatic cardiac arrest who
were brought to the hospital by ambulance, relatives, friends, or acquaintances. Those who arrested and received CPR
during ED follow-up were also included.

Results: A total of 136 patients, comprised of 59 women (43.4%) and 77 men (56.6%), who presented with
cardiopulmonary arrest were included in the study. Return of spontaneous circulation was observed in 62 patients (45.6%),
while 74 patients (54.4%) were declared exitus following CPR. Rib fractures were detected in 36.7%, of patients, sternum
fractures in 33.8%, pneumothorax in 2.9%, and liver injury in 0.7% of the patients. Although only 30.9% of rib fractures were
diagnosed by chest X-ray, chest X-ray was found to be superior to ultrasonography (US) in the detection of rib fractures (p <
0.005). The diagnosis of rib fractures was achieved with combined chest X-ray and US in 19.8%.

Conclusion: The most common complications of CPR were found to be rib and sternal fractures. The results further
suggest that evaluation of CPR-related complications using chest X-ray and US in combination can efficiency higher
diagnostic accuracy.
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Pestome

OLIEHKA OCJNOXXHEHUHN, CBA3AHHbIX C CEPAEYHO-NIEFOYHOM
PEAHUMALIMEN B OTAENEHUUN HEOTNOXXHOU MEAULIUHDI

Xanpan Yndprunt, Acemun Ubinmas AngbiHz, AUnuH dpkeks,
Cesunamn Bypan4, Xaupu Pamapans, ®ureH KowkyHb

! Kacpkac yHuBepcuteT, MeaMuMHCKuM (hakynbTeT, kKacheapa HeOTNOXKHOM MeanumHbl, Kape, Typuus
YHuBepcuUTeT HayK O 340pOBbe, YUeOHO-nccnenaoBaTenibCKMM rocnurans Ouiikansi Vlun,qupuM Bessurt, kacdeapa
HEOTITOKHOM MeauUMHbI, AHKapa, Typums
® Koanbckuin yHUBepcuUTeT 300POBOM Hayku, YuyebGHo-uccriegoBaTenbckas 6GonbHuua [epuHce, kadeppa
HeOTnO)KHOVI meavuuHbl, Kompkaanu, Typuus
I/IosraT YHuepcuteT Bo3ok, MeanumMHcknn chakynbTeT, kacdheapa HEOTNOXHOM MeAULIMHbI, Moarar, Typumsa
® Yye6Ho- nccneaoBaTenbCKUIM rocnutanb, AHKapa, Kadegpa HeOTNoXHOW MeauLuMHbI, AHkapa, Typuums
YHMBepcuTeT vM. dunionsA, [loky3, meauumHckui chbakynbTeT, kadheapa HEOTIIOXKHOM MeauLMHbI, U3mup Typuus

BBepeHue: meTodbl peaHMMaumu OObIYHO WCMOMb3YKTCA A1 BOCCTAHOBMEHUSI CMOHTAHHOMO KpoBOOOpalleHus y
MaLMEHTOB C OCTAHOBKOM CEepAeYHON aesTenbHocTh. OfHaKo, BO BPEMS 3TUX peaHUMAaLMOHHBIX MEPONpUATUI, HEU30EXHbI
OCIOXHEHNS.

Llenb: oueHKa OCMOXHEHUIA, BbI3BaHHBIX CepAeqHo-neroyHoi peaHumaten (CJ1IP) B oToeneHu HeOTNOXHON NOMOLLM
LNs B3POCTbIX, @ TAKKE AMArHOCTUYECKUX MHCTPYMEHTOB, UCTIONb3YeMbIX AMs OLEHKM STUX OCTIOXHEHWIA.

MeTogbl: NpOCNEKTMBHOE WCCMEAOBaHWE NPOBOAMIOCH B OTAENEHUM HEOTNOXHOA  MeauunHbl  YyebHo-
uccnegosatenbckoro rocnutans r.AHkapbl B nepuog ¢ 01.06.2012 no 30.05.2013. YyacTHWKM ucCneaoBaHus - NaUmeHTb
cTaplue 18 neT ¢ HeTpaBMaTUYECKOA OCTAHOBKOW Cepfua, KoTopble Bbiny JocTaBneHbl B GOMbHMLY Ha MalUMHE CKOPOW
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MOMOLLY, POACTBEHHWKAaMU, APY3bSMIA I 3HAKOMbIMU. Takke B MCCMEA0BaHNE BKIIOYEHbI NaLMEHTbI, Y KOTOPbIX BO3HMKIIA
OCTaHOBKa CepALa BO BPEMS NEYeHMs B OTAENEHUMN.

PesynbTtatbl: B nccregoeanue 6binn BiodeHbl 136 naupeHToB, B ToM uucrne 59 xeHwmH (43,4%) u 77 Myx4uH
(56,6%), y KkoTopbix Obina OCTaHOBKa cepaua. BoccTaHOBMEHWe CMOHTaHHOrO kposoobpalleHus Habnioganock y 62
nauueHToB (45,6%), B TO Bpems kak y 74 naumeHToB (54,4%) Obin mpusHaHbl ymepmmu. lNepenomel pebep Gbinm
obHapyxeHbl y 36,7% naumeHToB, nepenombl rpyanHel y 33,8%, nHeBmoTopakc y 2,9% 1 nospexaeHue neyenmn y 0,7%
nauueHToB. HecMoTps Ha To, 4To Tonbko 30,9% nepenomos pebep Oblnn AMarHOCTMPOBaHbI C MOMOLLbHO PEHTreHorpadun
[PYOHOW KNeTKW, YCTaHOBMNEHO, YTO PEHTreHorpadus rpyaHON KneTku NpeBocXOAMT No 3QGeKTUBHOCTU YNbTPa3BYKOBOE
nccneposanue (p<0,005). OuarHo3 nepenomoB pebep Obin JOCTUTHYT NPKU KOMBUMHMPOBAHHOW PeHTreHorpacun rpyaHoON
kneTku 1 Y34 B 19,8%.

BbiBoa: YcTaHoBneHo, 4to Haubonee uyacTbimu ocrnoxHennsamu CJIP sBnsoTca nepenombl pebep n rpyauHbl.
PesynbTaThl Takke CBMOETENbCTBYIOT O TOM, YTO OLEHKA OCMOXHEHWA, cBA3aHHbIXx ¢ CIIP, ¢ ucnonb3oBaHnem
peHTreHorpachum rpyaHom knetku u Y3W B coueTaHMM MOXET NOBbLICUTb TOYHOCTb AUArHOCTHKM.

Knrouesble croga: cepdeyHo-ne2oyHas peaHuMayus, 0CIOKHEHUS], nepenom pebpa, nepesom epyduHs!.

Tyningeme

W¥rbiJy1 MEQULMHA BONIMUWECIHAOE XXYPEK-OKNE
PEAHUMALIMACBLIMEH BAUNAHbICTbI ACKbIHYJIAPAbI BAFAJIAY

XanpaH Yndprunt, Acemun Ubinmas Angbinz, Aunun Epkexs3,
CeBunau Bypan4, Xanppu Pamasan’, ®ureH KowkyHS

! Kadkac yHuBepcuTeTi, MeguumHa dakynbTeTi, XKegen meauumHanbik kemek kacdegpacsl, Kapc, Typkus;
2 HeHcaynblK cakray Fbinbimpapbl yHusepcuteTi, Digkap Yildirim Beyazit oKy xxeHe FbinbiMu aypyxaHachl,
Xepen meguumHanbik Kemek kadeapachbl, AHkapa, Typkus;
® Koxaenu AeHcaynblK fbiNbiMbl yHUBepcuTeTi, [ePUHIK OKYy KOHE FbINbIMM aypyxaHackl, eaen
Me,quuuﬂanbm Kemek kadeapacsol, Koxaenu, Typkus;
VlosraT Bo3ok yHuBepcuTeTi, MeaMUMHa thakynbTeTi, )xeaen meauLMHanbIK KOMeK Kadeapachl, Moarar, Typkus;
° AHKapa OKy-3epTTey aypyxaHachl, Xefen MeauLMHanbIK KoMek kadeapachkl, AHKapa, Typkus;
[oky3 dunyn yHuBepcuTeTi, MeaMumnHa dakynbTeTi, WyFbin MeaMunHanbIk kemek kadeapachl, Usmup, Typkus.

Kipicne: PeaHumaums apictepi oaeTTe Xypek Kbl3MeTi ToKTaraH emaenyLinepae e34iriHeH kaH anHanbIMbliH KannbiHa
KenTipy YLWiH KongaHeinagel. Anainaa, ocbl peaHnMaumsnbIK ic-Luapanap KesiHage ackbliHynap Cescis.

Makcartbl: Epecektepre apHanfaH LWyFbin keMek DeniMLeciHae Kypek-ekne peaHuMaumsicbiHaH (KOP) TybiHaaraH
ackbIHynapabl, COHAali-aK 0Cbl ackbiHynapabl 6aranay yLiH KongaHbinaTbiH AMarHOCTUKanNbIK Kypangapabl 6aranay.

Ogictepi: byn npocnektusanblk 3eptTey 2012 xbingbiH, 1 MaycbiMbiHaH 2013 xbingbiH 30 MamblpbiHa JeiiH AHkapa
KanacblHblH, OKy-3epTTey rocnuTaniHib, Wyfbin MeguumHa GenimiHge xyprisingi. 3epTTeyre KaTbiCylbinap-aypyxaHara
XeOen Xapaem keniriMeH, TybiCTapbiMeH, JOCTapbIMEH HEMECE TaHbICTAPbIMEH XETKI3INreH XYPEKTIH, KapakaTTblK eMec
TokTaybl Bap 18 xacTaH ackaH maumeHTtTep. CoHpgan-ak, 3epTTeyre Genimwene emaey KesiHae Xypek TOKTaybl naiga
BonFaH nauMeHTTep EHrisinreH..

Hotuxenep: 3eptreyre 136 naumeHT eHri3ingi, oHbiH, iwiHge 59 aien (43,4%) xaHe 77 ep apam (56,6%) xypek
ToKTaFaH. CnoHTaHAbl KaH aiHanbIMbIHbIH KanmnbiHa kenyi 62 nauneHTTe (45,6%) bankangbl, an 74 nauueHtTe (54,4%)
KaiTbic Gonabl Aen TaHbingbl. KabbipranapabiH CbiHybl naumeHTTepdi, 36,7% - Aa, Tec cbiHybl 33,8% - Oa, NHEBMOTOPaKC
2,9% - pa xoHe baybipabiH, 3akbiMaaHysl 0,7% - fa aHbiktangbl. Kabeipranap cbiHbiKTapbiHbiH Tek 30,9% - bl FaHa keyge
KYbICbIHbIH,  PEHTreHOrpadmsAckl  apKbiibl  aHblKTanfFaHbiHAa  KapamacTaH, Keyge KybICbiHbIH — PEHTreHorpadusichl
ynbTpapblbbicThlk  3epTTeyaeH (p<0,005) ackin Tycepi. KabbipFa cCbliHYy AMarHo3bl Keyae KybICbiHbIH, - apanac
peHTreHorpadmscbiHaa xaHe Y13 19,8% - fa Kon xeTkisinreH.

KopbITbIHABI: YXOP-HbIH €H, XUi ackbiHybl KabblpFa MeH TOCTIH, CbiHybl 60MbIN TabbinaTbiHbl aHblKTangbl. Hatmkenep
coHpam-ak, keyne peHTreHorpadusicbiH xaHe Y3 ywractbipa oTbipbin, XXOP-meH BannaHbICTbl acksiHynapabl 6aranay
AMarHoCTUKaHbIH ASNAirH apTThipa anafbl.

TyliH ce30ep: Xypek-eKkne peaHuUMayusicbl, ackbIHynap, KabbipFa CbIHybl,MOCMIH CbIHYbI.
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Introduction

Cardiopulmonary resuscitation (CPR) has taken a long
journey to arrive at the set of best practices recommended
today. Contemporary resuscitation techniques were first
introduced in 1957 when an Austrian anesthesiologist, Dr.
Peter Safar, described a novel method for opening patient
airways using oral mouth breathing [1].

This method was soon combined with Kouwenhoven
et al. [2] 1960 proposal for the use of external cardiac
massage during cardiac arrest. Over two decades later,
the American Heart Association (AHA) hosted the first
International Liaison Committee on Resuscitation (ILCOR)
conference in 1999, where resuscitation methods then in
use were evaluated and a set of professional practices
was agreed upon, thus creating the firstever AHA
guidelines. In February 2010 and again in 2015, ILCOR
gathered to share the latest empirical data related to CPR,
reach consensus regarding some of the more
controversial issues associated with the practice, and
further revise the AHA guidelines [3, 4].

Today, ILCOR-recommended resuscitation methods
(e.g., external cardiac massage, external defibrillation,
endotracheal intubation, peripheral or central vascular
catheterisation) are commonly used across the globe to
restore return of spontaneous circulation (ROSC) in patients
with cardiac arrest [5]. However, unwanted and unexpected
results (i.e., complications) can often occur with these
practices.

The most frequently reported complications of CPR
are skeletal system injuries, especially rib and sternal
fractures. Sternum fractures have been reported in
approximately one-fifth of adult patients who underwent
traditional CPR, while as many as one-third reported
sustaining rib fractures and other sternal injuries [6].

Such ruptures and perforations can occur when force
applied during CPR is transferred from the non-stabilised
thorax to the internal organs. Thus laceration, hemorrhage
and contusion have been reported in the lung. Similarly,
hemothorax, pneumothorax, and pneumomediastinum
have also been reported in thorax. Abdominal upper
quadrant organs, particularly the liver, spleen, and
stomach, can also be damaged during resuscitation due to
their anatomical location. Misplaced airway, dental and lip
injuries, larynx and tracheal injury, may occur during
intubation, furthermore misplaced intubation can lead to
esophageal rupture. Haemoperitoneum may be
encountered on account of laceration of small vessels.
Major cardiovascular or vascular injury are less common
complications [7].

Accordingly, the present study sought to compare
complications associated with CPR in an adult emergency
department (ED) as well as the diagnostic modalities used
to identify such complications.

Materials and methods

This prospective study was conducted in a third-degree
hospital ED after obtaining approval from the facility’s Board
of Education Planning and Coordination Ethics Committee
(3878/465, 16/05/2012).

Patient selection.

All non-traumatic arrest cases in patients over the age
of 18 brought to the ED by ambulance, relatives, friends, or

acquaintances between 01.06.2012 and 30.05.2013 were
included in the study. Patients over the age of 18 who
arrested and underwent CPR during ED follow-up were also
included. Patients under 18 years of age; who presented
with drowning-, hypothermia-, pregnancy-, or trauma-
related arrests; and whose next of kin did not give consent
or were not available to give consent for their loved one’s
participation in the study were excluded.

Study protocol and data collection

All patients presenting with cardiac arrest brought to the
ED by ambulance ambulance, relatives, friends, or
acquaintances as well as patients who arrested during ED
follow-up, were promptly taken to the resuscitation room
and all up-to-date and essential CPR applications were
initiated without delay.

During the study, information about the patients and
their cardiac events was gathered from ambulance crew
members and the patients’ relatives by an independent
observer who did not participate in the CPR process and
one of the author of this study.

Each step of the resuscitation process was also
recorded using the relevant study form by the same
observer. For the purposes of this study, ROSC will be
defined as restoration of sustained spontaneous pulse and
maintenance of this rhythm for one hour following cardiac
arrest, while exitus will be defined as failure to achieve
ROSC despite the provision of all essential interventions.

All patients were examined and evaluated via chest X-
ray and bedside ultrasonography (US) to assess for
complications associated with ROSC. Prior to transfer from
the ED, rib and sternal fractures, haemothorax,
pneumothorax, pulmonary contusion, and upper airway
injury were diagnosed using a portable X-ray device at the
patient's bedside with the patient in an anteroposterior (AP)
position. Bedside US was performed using 7L4A model
linear, abdominal, and cardiac transducers from a Mindray
DC-3 US device.

After termination of CPR (exitus or ROSC), liver and
spleen injury, haemothorax, pneumothorax, and rib and
sternal fractures were investigated using extended focused
assesment with sonography for trauma (e-FAST).
Radiography and US evaluation was performed by authors
of the study.

Statistical analysis

The SPSS 18.0 package program was used for all
statistical analysis. Descriptive statistics (percentage, mean,
median), a Chi-square test for percentage comparisons,
and a Fisher’s exact test were implemented. Results with a
type-l error rate of less than 0.05 were interpreted as
statistically significant.

Results

A total of 162 patients initially participated in the study;
of these, 26 were excluded due to missing data or failure to
meet the inclusion criteria. A total of 136 patients were thus
included in data analysis. Participants were between the
ages of 19 and 99 (Mn = 65.7), with 59 identifying as female
(43.4%) and 77 as male (56.6%). All demographic data for
participants are given in Table 1.

100



Hayxka u 3apaBooxpanenne, 2020, 3 (T.22)

Opnmna.m,noe HCCJICI0BAHHUE

Table 1. Demographic data of study participants.

As shown in Table 2, a number of

Gender n (%) complications related to CPR were
Female 59 (43.4%) identified.
Male 77 (56.6%) As shown in Table 3, at least one
Median (IQR% 25-75) 67 (54, 25-67) complication related to CPR was found in
Comorbidities n (%) 52.2% of the overall sample. Further, the
Hypertension 47 (34.6%) cc?mplica?ion rate was found to inpreas_e
Diabetes mellitus 30 (22.1%) with patient age and CER duration in
Coronary artery disease 25 (18.4%) excess qf 21. mlnutgs, ywth thg rate of
Chronic obstructive pulmonary disease 14 (10.3%) compllcatlon§ increasing in relation to the
Admission to emergency department (ED) n (%) number of minutes.
Ambulance 108 (79.4%) Table 2. Distribution of complications
Ambulation 28 (20.6%) related to cardiopulmonary
In-hospital arrest 31(22.8%) resuscitation.
Procedures applied in the ED n (%) Complication n (%)
Monitorisation 136 (100%) Chest wall haematoma 1 (0.7%)
Oxygen support 136 (100%) Liver injury 1(0.7%)
Cardiopulmonary resuscitation (CPR) 131(96.3%) Pneumotorax 4(2.9%)
Intravenous adrenaline administration 131(96.3%) Gastric aspiration 5 (3.7%)
Peripheric venous catheterisation 134 (98.5%) Rib fracture 50 (36.7%)
Finger-stick glucose monitoring 136 (100%) Sternum fracture 46 (33.8%)
Endotracheal intubation 124 (91.1%) As shown in Table 4, complications
Electrocardiography 106 (77.9%) were initially evaluated via physical
Defibrilation 54 (39.7%) examination, followed by the use of
Intravenous drug administration 45 (33.1%) diagnotic tools (chest X-ray and US).
Capnometric monitoring 38 (27.9%) As seen in Table 5, rib fractures were
Central venous catheterisation 30 (22.1%) detected in 50 patients (36.7%). The
CPR duration in ED n (%) diagnosis of rib fractures was achieved with
<15 min 46 (33.8%) chest X-ray only in 11% of patients, US only
16-20 min 15 (11.0%) in 5.8%, and combined chest X-ray and US
21-30 min 26 (19.1%) in 19:8%. Chest .X—ray was found to pe
31-40 min 18 (13.2%) superior to US in the diagnosis of rib
> 40 min 31(228%) |  ractures (p<0.005) .
Return of spontaneous circulation (ROSC) n (%) .Compl|cat|ons were dgtected in- 47
p 0
Ves 62 (45.6%) pat!ens (% 66.2) in t.he eX|£us group (74
No 74 (54.4%) patients), and 24 patients (%33.8) in the
S— — ROSC  group. Thus the rate of
Presence of complication(s) n (%) complications was significantly higher in the
Yes 71 (52.2%) exitus group than in the ROCS group (p
No 65 (47.8%) =0.04, X2= 8.318).
Table 3.
Complication rates by age and cardiopulmonary resuscitation duration.
Presence of complication(s)
Age Yes No Total X2 p
N % N % N %
<44 7 41.2 10 58.8 17 100
45-64 17 45.9 20 541 37 100
65-74 20 52.6 18 47.4 38 100 2.892 0.409
>74 27 61.4 17 38.6 44 100
Duration Yes No Total
N % N % N %
<15 min 20 43.5 26 56.5 46 100
16-20min 5 33.3 10 66.7 15 100
21-30min | 14 53.8 12 46.2 26 100 7.144 0.128
31-40min | 11 61.1 7 38.9 18 100
> 40 min 21 67.7 10 32.3 31 100
Total 71 52.2 65 47.8 136 100

101



Original article

Science & Healthcare, 2020. (Vol. 22) 3

Table 4.
Evaluation of complications via chest X-ray and ultrasonography.
Evaluation method Complication N %
Chest wall haematoma 1 0.7
Physical examination
Gastric aspiration 5 3.7
Rib fracture 42 30.9
Chest X-ray only
Pneumotorax 4 2.9
Sternum fracture 46 33.8
Ult hy (US) onl Rib fracture 35 257
rasonogra on
graphy y Pneumotorax 4 2.9
Liver injury 1 0.7
Rib fracture 27 19.8
Chest X-ray and US
Pneumotorax 4 29
Table 5.
Comparison of chest X-ray and ultrasonography in rib fracture diagnosis.
Ultrasonography
Yes No Total X2 p
n % n % N % 47.251 < 0.005
Chest X-Ray = Yes 27 64.3 15 37.5 42 30.9
No 8 8.5 86 915 94 69.1
Total 35 25.7 101 74.3 136 100
Discussion However, despite its many benefits, CPR performed
The present study investigated complications  with the aim of ROSC can cause significant complications,

associated with CPR performed on patients with cardiac
arrest as well as the imaging modalities used to diagnose
them. Rib and sternal fractures were found to be the most
common  complications related to  resuscitation
procedures. Comparison of the accuracy of diagnosis
using US and chest X-ray individually or in combination
will enable clinicians to diagnose such complications with
greater accuracy.

CPR has been a standard clinical practice for the
achievement of ROSC in patients with cardiac and/or
respiratory arrest for more than 50 years. However, since
Kouwenhoven et al. [2] first reported on the use of
external chest compression with 14 cardiac arrest
survivors in 1960, many advancements have been made.
According to the 2010 AHA guidelines [8], early
identification of sudden cardiac arrest, early activation of
the emergency response system, early initiation of high-
quality CPR, early defibrillation (when needed), and early
access to emergency medical care are the most important
steps in reestablishing spontaneous circulation. Published
in 2015, the most recent guidelines have further sought to
enhance the quality of CPR performed on patients during
in-hospital arrests, highlighting the importance of
developing a highly coordinated interdisciplinary team
consisting of physicians, nurses, respiratory therapists,
and other relevant healthcare professionals [9].

even when applied by qualified professionals using the
appropriate techniques. Indeed, the literature calculates
the incidence of resuscitation-related complications to be
anywhere between 21% and 65% [10]. Bone fractures,
soft tissue damage, cardiac contusion and laceration, liver
and spleen laceration, haemothorax, and lung laceration
can all develop due to external chest compression. Errors
in intubation and/or ventilation application can lead to
additional complications, such as lip injury, laryngeal and
tracheal injury, gastric dilatation, gastric rupture,
pneumothorax, haemothorax, and interstitial emphysema
[5, 7, 10].

Although rib and sternum fractures are the most
commonly reported complication of CPR performed on
adult patients, there are contradictory findings regarding
their precise incidence [11].

Black et al. [12], Hashimoto et al. [10], and Baubin et
al. [13] reported the incidence of rib and sternum fractures
as 29% and 14%, 52% and 39%, and 55% and 30%,
respectively. The present study detected rib fractures in
36.7% of patients, sternum fractures in 33.8%, and co-
occurring rib and sternum fractures in 20.6%. The rates
for rib and sternum fractures were thus significantly lower
than those reported by Hashimoto et al. [10] and Baubin et
al. [13], yet somewhat higher than those reported by Black
etal[12].
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It is known that rib fractures can sometimes lead to
secondary damage, particularly in patients who have
sustained multiple and unattached rib fractures.
Complications due to rib and sternum fractures include
cardiac and pulmonary injury, both of which can
potentially lead to haemothorax, pneumothorax, and, in
rare cases, cardiac rupture and liver injury [7, 14, 15]. In
this study, pneumothorax was detected in 2.9% of cases,
which is consistent with the literature. Liver injury
associated with rib and sternum fracture was only found in
one patient.

Research has also shown that patients with age-
related degenerative skeletal changes are more likely to
develop fractures from chest compressions during CPR [7,
16]. The present study did find that the risk of
complications related to CPR increased with age, with rib
and sternum fractures among patients 74 years old and
older being particularly common. However, the correlation
between complications and age did not reach statistical
significance.

Another potential mediating factor affecting the rate of
complications is the duration of CPR. Previous studies
have found that as the duration of CPR increases, the
focus or attention of the rescuer as well as the quality of
chest compressions decreases and the rate of
complications increases [7, 14, 17]. However, the present
study did not find a statistically significant correlation
between the duraton of CPR and the rate of
complications.

Interestingly, this study did find that the rate of
complications was significantly higher among out-of
hospital arrest patients for whom CPR was initiated in an
ambulance. Conversely, the rate of complications
associated with CPR performed in-hospital was
significantly lower. This may be because clincial settings
represent a stable environment where members of the
interdisciplinary healthcare team can be easily accessed.

These findings are particularly important given that the
existing literature has  predominantly — assessed
complications related to CPR via autopsy or chest X-ray
alone, an approach that is not without its limitations. For
example, Leeder et al. [11] found rib fractures in 39% of
patients and sternum fractures in 26% using AP projection
chest X-rays, but the rates jumped to 89% and 47%,
respectively, when diagnosed via autopsy. In the present
study, chest X-ray and US used separately calculated the
rate of rib fractures at 11% and 5.8%, respectively, while
the use of both modalities in combination recorded the
rate at 19.8%, yielding an overall rate of 36.7%.

The rate of sternum fracture detected was 33.8%.
However, it should be noted that while sternal fractures
are generally only visible when radiographic imaging is
performed from a lateral view, only US was used for
sternal evaluation in the current study due to difficulties in
safely positioning arrest patients. Further, all patients
enrolled in the study were evaluated in the ED by
emergency specialists alone; thus, autopsy evaluation
was not conducted.

Limitations
Duration of the study was 12 months and the number
of patients recruited for participation in the study was

limited to this period. Further, while the study sought to
compare the accuracy of chest X-ray and bedside US in
the diagnosis of CPR-related complications, the quality of
diagnosis obtained via chest X-ray may have been limited
by the radiographic techniques employed. The standard
AP chest X-ray provides the best results for assessing the
thorax when the patient is upright during deep inspirium
[11], but the present study obtained posteroanterior chest
X-rays with the patient in a supine position. Performing
chest X-rays under these conditions might have made it
more difficult to detect skeletal and respiratory
pathologies, including non-displaced or displaced rib
fractures, sternum fracture, pneumothorax, and
haemothorax.

Conclusion

As the duration of resuscitation efforts increases,
complications associated with CPR become inevitable.
Such diverse factors as the location at which the patient
arrested, age and sex of the patient, presence of
comorbidities, onset and duration of resuscitation, and
rescuer skill and experience all play a role in the
development or prevention of complications. The most
common complications related to CPR recorded in both
the existing literature and the present work are rib and
sternal fractures, while the incidence of life-threatening
complications, such as internal organ injury, were found to
be relatively low.

To avoid complications, CPR should be performed
according to up-to-date scientific criteria and without
interruption. To this end, Basic Life Support (BLS) training
should be regularly delivered to healthcare professionals,
emergency responders, and even members of the general
public interested in acting as rescuers. Further, as the
results of the current study indicate, chest X-ray and US
should be used in combination to assess for complications
related to CPR in patients following cardiac arrest and
ROSC. This practice can improve not only professional
follow-up of arrest patients, but can also guide the
planning and provision of ongoing management
interventions.
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