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ABSTRACT
Objective: To investigate the relationship between the prevalence of cardiopulmonary resuscitation (CPR) related thoracic
injury and patients’ thoracic volume and dimensions.
Study Design: Observational study.
Place and Duration of Study: Kartal Dr. Lütfi Kırdar City Hospital, İstanbul, Turkey, from August 2015 to August 2019.
Methodology: Patients, who were in hospital due to a non-traumatic cause, had experienced cardiac arrest and subsequently
had a post-CPR thorax tomography, were included in the study. Thorax dimensions were measured on sagittal, transverse, and
longitudinal axes, while thorax volumes were calculated using a 3D computer programme. This data was later compared to
trauma findings.
Results: A total of 246 patients were included in the study. The sagittal measurements ranged from 130 – 302 mm, with an
average of 228.42 ± 25.61 mm; the transverse measurements ranged from 160-293 mm, average 238.60 ± 22.25 mm, and
longitudinal measurements ranged from 99-259 mm, average 187.94 ± 29.76 mm; while thorax volumes were between 4670 –
21512 cc, with an average of 10118.19 ± 2438.01 cc. Trauma was present in 34.1% of patients.  Sagittal, longitudinal dimen-
sions, and thorax volume were lower for the group positive for trauma compared to the non-trauma group (p=0.019, p=0.023
and p=0.002). Thorax volume and longitudinal dimensions were found to be lower in patients who experienced rib fractures
(p=0.021, p<0.05). Sagittal dimensions were also found to be significantly lower in the group with pneumothorax (p<0.05).
Conclusion: Lower thorax volume and sagittal dimensions were associated with an increased prevalence of traumatic findings.
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INTRODUCTION
Despite being in use for around 60 years, the details of the closed-
chest cardiac massage CPR method are still disputed.1-3 Neverthe-
less, the primary component of CPR remains chest pressure applied
to patients experiencing cardiac arrest.3,4 Applying this technique,
allows CPR to provide cardiac output to the body. Contemporary
CPR guidelines advise chest compressions of a specific number and
depth.3,4 According to the European Resuscitation Council (ERC)
CPR 2015 and 2020 manual, the recommended chest compression
depth is 5 – 6 cm, with a range of between 100 – 120 compressions
per minute.3,4 Iatrogenic injuries may result due to the pressure
applied to the thorax.5-7 While myriad complications may develop
as a result of CPR, the most common injuries include those such as
rib fracture or sternal fracture.8,9

Correspondence  to:  Dr.  Nihat  Mujdat  Hokenek,  Kartal  Dr.
Lütfi  Kırdar  City  Hospital,  34890  Kartal,  İstanbul,  Turkey
E-mail:  nihathokenek@gmail.com
.....................................................
Received: November 28, 2020;  Revised: February 09, 2021;
Accepted:  February  12,  2021
DOI:  https://doi.org/10.29271/jcpsp.2021.03.267

While  CPR  related  injuries  pose  a  threat  to  hemodynamic
stability, progressive traumatic findings have been found to
decrease  the  chance  of  circulation  normalising.9  As  such,
minimising risk of trauma during CPR is likely to ease return of
spontaneous circulation (ROSC). If variations in thoracic dimen-
sions and volume can be associated with trauma from the appli-
cation of chest compressions with a depth of 5 – 6 cm, a case can
be made for the necessity of personalised CPR.

In particular, we were unable to identify any study in the litera-
ture that analysed post-CPR patients’ thoracic dimensions and
volume, using a 3D computer programme; and subsequently,
investigated the relationship between these parameters and
presence of trauma.

The primary aim of this study was to evaluate whether patients’
variations in thoracic volume and dimensions were associated
with any difference in trauma outcomes after application of
CPR with standard compression depth and to evaluate the rela-
tionship between specific injury types and measurements, as
well as various other variables such as CPR duration, gender,
and age.
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METHODOLOGY

This study was designed retrospectively with approval from the
Ethics Committee of Kartal Dr. Lutfi Kirdar City Hospital (No.
2019/514/162/1). This retrospective observational cohort anal-
ysis  used  data  from  adult  patients,  who  were  successfully
resuscitated in hospital following cardiac arrest without a trau-
matic cause.
 

Figure 1: Sagittal diameter (1) in sagittal axis, longitudinal diameter (2)
measured in coronal axis and transverdiamaer (3) by axial axis.

Figure 2; The image produced by the Xelis 3D programme used to
measure thorax volume. The highlighgted tissues’ total volume is
automatically displayed in the centre of the left edge of the screen.

Figure 3: Flowchart of the study.
Table I: Descriptive characteristics’ distributions.

  n (%)

Age (years)
Min-Max
(Median) 19-103 (75)

Average ± SD 72.98 ± 15.97

Gender
Female 100 (40.7)

Male 146 (59.3)

CPR duration
Min-Max
(Median) 1-90 (15)

Average ± SD 22.95 ± 19.57

Sagittal
Min-Max
(Median) 130-302 (229)

Average ± SD 228.42 ± 25.61

Transverse
Min-Max
(Median) 160-293 (240)

Average ± SD 238.60 ± 22.25

Longitudinal
Min-Max
(Median) 99-259 (189)

Average ± SD 187.94 ± 29.76

Thoracic volume
Min-Max
(Median)

4670-21512
(9706.5)

Average ± SD 10118.19 ± 2438.02
Trauma
Rib fracture

 84 (34.1)
 48 (19.5)

Sternum fracture
Scalpula fracture

 12 (4.9)
 5 (2.0)

Pulmonary contusion  10 (4.1)
Pneumothorax  15 (6.1)
Cardiac tamponade  1 (0.4)
Subcutaneous emphysema  11 (4.5)
Myocardial
hematoma/rupture  1 (0.4)

Vertebral fracture  1 (0.4)

The study was conducted on patients admitted to Kartal Dr. Lütfi
Kirdar City hospital between August 2015 and August 2019, with
a total duration of 4 years. Patients admitted for non-traumatic
causes, which underwent CPR for cardiac arrest and had a CT
scan, were included in the study.

The hospital database was scanned retrospectively for patients
who underwent CPR and had ROSC with subsequent CT scans.
Patients whose cause of cardiac arrest was traumatic, had incom-
plete medical records, did not have a CT scan, were under 18, or
whose  CT  scan  was  of  insufficient  quality  to  make  accurate
measurements,  were  excluded  from  the  study.  All  patients
included were intubated, in the supine position, and supported
by a transport ventilator. No mechanical compressors were used
in the study.

Patients were evaluated for age, gender, trauma type (rib frac-
ture, sternum fracture, clavicula fracture, scapula fracture, flail
chest, costochondral joint pain, pulmonary contusion, pneumoth-
orax, hemothorax, cardiac tamponade, subcutaneous emphy-
sema, myocardial hematoma/rupture, and vertebral fracture),
and CPR duration.

Table II: The relationship of descriptive features and tomography measurements with the presence / absence of trauma.
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 Trauma (-) (n=162) Trauma (+) (n=84) p

Age (years)
25th-75th percentiles (Median) 64.0-75.0 (75) 65.3-86.8 (75.5) b0.944Average±SD 73.15 ± 15.39 72.65 ± 17.14

Gender n (%)
Female 59 (36.4) 41 (48.8) c0.061Male 103 (63.6) 43 (51.2)

CPR
25th-75th percentiles (Median) 5.0-35.0 (15) 5.0-42.3 (20) b0.478Average±SD 22.53 ± 20.14 23.76 ± 18.52

Sagittal
25th-75th percentiles (Median) 214.0-246.0 (231) 202.5-244.0 (222.5) a0.019*Average±SD 231.17 ± 24.15 223.13 ± 27.60

Transverse
25th-75th percentiles (Median) 227.3-255.0 (240.5) 215.5-257.5(236) a0.128Average±SD 240.28 ± 20.21 235.37 ± 25.54

Longitudinal
25th-75th percentiles (Median) 172.5-210.3 (194) 159.3-201.8 (182) b0.023Average±SD 190.53 ± 30.14 182.95 ± 28.51

Thorax volume
25th-75th percentiles (Median) 8830.5-11671.3 (9874) 7359.0-11179.8 (9307.5) b0.002*Average±SD 10475.97 ± 2433.54 9428.18 ± 2307.83

aStudent t Test; bMannWhitney U Test; cPearsonChi-Square Test; *p<0.05

Table III: Distribution of other analysis.

 
Pulmonary
contusion +

n=10

Pulmonary
contusion –

n=236

Pnuemothorax 
+

n=15

Pneumothorax
–

n=231

Rib fracture
+

n=48

Rib fracture
–

n=198
p

Sagittal
25th-75th
percentiles
(Median)

212.3-245.0
(230)

198.8-221.3
(212)     b0.040

 Average ± SD 228.98 ±
25.61

215.30
±23.03      

 
25th-75th
percentiles
(Median)

  191-224 (202) 213-245 (230)   a0.004

 Average ± SD   210.07±23.68 229.61±25.32    

Longitudinal
25th-75th
percentiles
(Median)

    159-200.5 (173.5) 169-210.3 (191) b0.013

 Average ± SD     179.38±26.36 190.02±30.22  

Thorax vol
25th-75th
percentiles
(Median)

    7219.8-11385 cc
(9062)

8756.3-11477.8 cc
(9759)

b0.021

 Average ± SD     9353.04±2487.91 10303.68±2395.46  
aIndependent sample t-test,  bMann-Whitney U-test.

Thorax  dimensions  were  measured  using  a  computer
programme. These measurements took the midsternum as a
reference  point  and  included  skin-to-skin  distance  on  the
sagittal  axis  and  midthoracic  transverse  distance.  Sagittal
diameter was defined as the anteroposterior distance from the
skin on the anterior chest wall to the skin on the back in the
transverse section on the midsagittal line. Tranverse distance
was measured from the inner surface of the rib to the inner
surface of the opposite rib. Additionally, patients’ longitudinal
diameter  was  defined  as  the  distance  from  the  incisurajugu-
laris to the end of the xiphoid process, as measured from the
midthorax on the longitudinal axis (Figure 1). Finally, patients’
thoracic  volumes  were  measured  using  a  3D  computer
programme (Xelis 3D). This programme can accurately identify
the volume and dimensions of the even smallest nodule of any
organ.10,11

Tomography  scans  were  evaluated  by  a  radiologist.  Each
patient was analysed with the 16-channel Siemens Emotion 16
CT  scanner.  The  infinitt  picture  archiving  and  communication
systems (PACS) software was used to evaluate the tomog-
raphy scans. Thoracic volumes were calculated using the post-

process  programme  in  Xelis  3D  Imaging  Software  (Infinitt
Healthcare, Korea). Thorax volume was measured using two
methods within this software. To assess the density of tissues,
the threshold was initially set as minus 1024, which ensured
that all tissue components were included. Subsequently, the
inferior border of the thorax was defined as the upper border
of the diaphragm, while ensuring that the lateral costas were
included. Furthermore, the superior border was defined as the
C7 – C8 intervertebral space. Accordingly, the upper margin
was  drawn  in  a  circular  manner  following  the  first  costa  in
order  to  include  the  whole  cavity  (Figure  2).

The borders were manually selected when measuring thorax
volumes.  Though  likely  trivial,  this  did  introduce  a  certain
amount  of  subjectivity  and  thus  potential  margin  of  error.
Sample size was determined according to the number of cases
within 4 years, while taking similar papers’ populations as a
base.12

The included patients were separated into two groups: trau-
matic and non-traumatic patients. Thoracic measurements
of each group were evaluated to identify any potential differ-
ences.  After  this,  patients  were  divided  into  individual
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subgroups, according to the specific type of traumatic injury,
with these subgroups again being analysed in terms of rela-
tionship to thoracic measurements.

Statistical  analysis  was  performed  using  the  Statistical
Package for  the  Social  Sciences  (SPSS)  software,  version
20.0. Descriptive statistical methods were used, while evalu-
ating research data (average, standard deviation, median,
frequency, ratio, 25th percentile, 75th percentile). Quantita-
tive data was evaluated for fit to a normal distribution using
the Shapiro-Wilk test, and subsequently evaluated graphi-
cally.  Normally  distributed  data  was  evaluated  using  the
Student’s  t-test,  when  comparing  two  groups;  while  the
Mann-Whitney U-test was used in comparisons of two groups
of  non-normally  distributed  data.  Qualitative  data  was
compared  using  the  Pearson’s  Chi-squared  test.  A  signifi-
cance  threshold  of  p<0.05  was  used.

RESULTS

The hospital  database was scanned for patients admitted
between August 2015 and August 2019 who underwent CPR
and had a thorax CT available. These patients were subse-
quently contacted. One hundred and thirty-seven patients,
whose  medical  records  did  not  fit  the  inclusion  criteria  as
well as patients who had incomplete records or a tomog-
raphy  of  insufficient  quality  for  measurement,  were
excluded. The study was carried out on the remaining 246
patients.  A  flowchart  of  the  patients’  inclusion/exclusion
process  is  displayed  in  Figure  3.

The study was carried out on 246 patients admitted to Kartal
Dr.  Lutfi  Kirdar  City  Hospital  Emergency  Department
between  2016  and  2019,  of  which  40.7% (n=100)  were
women,  while  59.3% were  men (n=146).  While  patients’
ages ranged from 19 to 103, the average age was 72.98 ±
15.97 years. The detailed data is displayed in Table I.

CPR durations ranged from between 1 and 90 minutes, with
an average of  22.95 ± 19.57 minutes.  Sagittal  measure-
ments  varied  between 130 mm and 302 mm, averaging
228.42  ±  25.61  mm.  Tranverse  measurements  were
between 160 mm and 293 mm, with an average of 238.60 ±
22.25 mm. Longitudinal measurements ranged from 99 mm
to 259 mm, with an average of 187.94 ± 29.76 mm. Thorax
volumes ranged from 4670 cc to 21512 cc, with an average
of 10118.19 ± 2438.02 cc.

Trauma was present in 34.1% (n=84) of cases. When tomog-
raphy  results  were  analysed  according  to  traumatic
pathology, rib fractures (19.5%, n=48),  sternum fractures
(4.9%,  n=12),  scapula  fractures  (2.0%,  n=5),  pulmonary
contusions  (4.1%,  n=10),  pneumothorax  (6.1%,  n=15),
cardiac tamponade (0.4%, n=1), subcutaneous emphysema
(4.5%, n=11), myocardial  hematoma/rupture (0.4%, n=1),
and vertebral fractures (0.4%, n=1) were identified.

No  statistically  significant  differences  were  found  between

the trauma and non-trauma groups in terms of average age,
gender, CPR duration, or transverse measurements (p>0.05,
Table II).

Sagittal,  longitudinal  dimensions and thorax volume were
found  to  be  significantly  lower  in  the  trauma  group
compared to the non-trauma group (p=0.019, p=0.023, and
p=0.002, respectively).

In this study, the primary purpose was to evaluate the differ-
ence between trauma outcomes in the two groups. Secon-
darily,  when group variables  were  analysed according to
type of trauma, some other results were found. For example,
when patients were split into groups according to rib frac-
ture (n=48) or no-rib fracture (n=198), longitudinal measure-
ments were found to be significantly lower in the group that
experienced  rib  fractures  (p=0.013).  Likewise,  thorax
volumes were found to be significantly lower in the rib frac-
ture group (p=0.021). When split into two groups according
to presence of pneumothorax, sagittal measurements were
found  to  be  significantly  lower  in  the  pneumothorax  group
(p=0.004). Similarly,  when grouped according to develop-
ment of pulmonary contusions, sagittal measurements were
yet again found to be lower in the pneumothorax positive
group  (p=0.040).  The  significant  results  are  summarised  in
Table  III.  Other  analyses  resulted  in  no  statistically  signifi-
cant results.

DISCUSSION

This study is the first in the literature to analyse the relation-
ship between CPR related iatrogenic injuries in in-hospital
cardiac arrest patients with thoracic volume and dimension
measurements.

CPR can be resulted in life-threatining serious injuries.13-15

Evaluation of these injuries by using computer tomography
has benefits to true diagnose.12,16

According to these results, CPR-related trauma was found to
be significantly higher in patients with lower thorax volumes
and sagittal  measurements  (p=0.002,  p<0.05).  Increased
depth of cardiac pressure may be related to the develop-
ment of injuries. The 2015 and 2020 ESC guidelines defined
a range of depth of 5 – 6 cm for chest compressions to
address this issue.2,3 The limitation to a maximum of 6 cm,
while potentially reducing the incidence of thoracic injuries,
may still cause serious thoracic injury in patients with low
thoracic diameters and volumes.

A  previously  conducted  study  showed that  50  –  60  mm
depth of chest compressions was associated with a higher
rate of traumatic injuries when compared to earlier guide-
lines.17 Another study showed that 40.3 – 55 mm depth was
the optimal range in order to minimize injury in patients.5 It
is proposed that variations in patients’ anatomy and propor-
tions  should  be  taken  into  account  when  debating  the
optimal range. The results of the present study suggest that
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use of individualized compression depths may decrease the
risk of traumatic injury.

In a separate CPR study conducted on 274 patients with an
average age of 62.7±15.1 years, increasing age and CPR
duration was found to be significantly correlated with risk of
skeletal chest injuries.18 The present results found that there
was  no  significant  difference  in  injuries  according  to  CPR
duration or  age (p>0.05).  The authors  attribute this  finding
to  the  fact  that  the  population  consisted  of  in-hospital
patients of advanced age (72.98±15.97 years).

This study results point to CPR related trauma being signifi-
cantly more common in patients with lower thorax volumes
and  sagittal  measurements  (p=0.002,  p<0.05).  Use  of
compressions  of  a  lower  depth  in  patients  with  smaller
thorax dimensions and volume may decrease CPR-related
injury and subsequently mortality from thorax trauma. If a
system is developed to produce individualised CPR routines
that  provide  optimum  cardiac  output  with  compression
depths that present minimal risk of trauma, improvements in
ROSC and normalisation of hemodynamics will likely improve
survival in patients.

The use of lower depth chest compressions has been shown
to  be  effective  in  children,  a  patient  group  with  similarly
smaller  thorax dimensions and volume.19,20  Accordingly,  it
could be assumed that lower depth CPR could be effective in
adult patients with smaller thorax dimensions and volumes.
Furthermore, a fear of injuring patients with deep compres-
sions may cause incompliance with recommendations and
use of inappropriately shallow compressions. Ideal compres-
sion  depth  should  be  determined according  to  individual
patients and, while it should provide sufficient circulation to
support  ROSC,  it  should not  be a cause for  increases in
patient mortality.

This study found that patients experiencing pneumothorax
and  pulmonary  contusion  had  significantly  lower  sagittal
dimensions (p<0.05).  This  data suggests  that  a standard
compression  depth  increases  intrathoracic  trauma  in
patients  with  smaller  sagittal  dimensions.

When  the  relationship  between  rib  fracture  and  thoracic
measurements was analysed, thoracic volumes and longitud-
inal  dimensions  were  found  to  be  significantly  lower  in  the
group with rib fractures (p<0.05). This again suggests that
standard compression depths increase rib fracture incidence
as thorax dimensions and volume decrease. This similarly
supports the idea that low volume and dimensions correlate
with increased thoracic trauma.

This study has a number of limitations. Firstly, the study was
designed retrospectively. Furthermore, the patients included
in the study were generally of advanced age, which may
limit  the  applicability  of  this  findings.  Additionally,  cardiac
tamponade,  myocardial  hematoma/rupture,  and  vertebral

fracture  cases  were  severely  limited  (one  case  each),
preventing specific conclusions about these types of trauma.
The  compression  depth  used  during  CPR  was  also  not
measured in our study.  Despite this,  all  CPR applications
carried out in the hospital were performed by experienced
professional  healthcare  providers  educated  according  to
current guidelines.  Measurement of  compression depth in
future  studies  may  allow  more  objective  data  collection.
Finally, the borders were manually defined when measuring
thorax  volumes.  Though  minimal,  this  does  introduce  a
certain amount of error and subjectivity.

Future studies conducted prospectively on a larger popula-
tion with more cases may provide more benefit to the litera-
ture.

CONCLUSION

CPR-related thoracic injury incidence is higher in patients
with low thoracic volume and dimensions when compression
depth  and  frequency  are  standardised.  According  to  the
results of this study, patients with lower thorax volumes and
sagittal  dimensions are  at  increased risk  of  CPR-  related
injury. The discussion of individualised compression depths
may provide benefit to the continued development of resusci-
tation techniques.
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