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Background: Current guidelines recommended that chest compression depths during car-
diopulmonary resuscitation (CPR) should be at least one-fifth of the external chest ante-
riorposterior (AP) diameter. The chest AP diameter increases because of dorsal kyphosis,
senile emphysema, and poor lung compliance associated with aging. This study aimed
to compare the proportion of the heart compressed by chest compression (based on the
ejection fraction [EF]) in geriatric and nongeriatric patients. Methods: We performed a
retrospective analysis of the chest computed tomography findings obtained between Janu-
ary 2010 and August 2016 and measured the chest anatomical parameters such as the
perpendicular external and internal chest AP diameters with the heart AP diameter. Based
on values of these parameters, EFs with 50- and 60-mm depths were obtained. In addi-
tion, we investigated and compared the proportion of 50- and 60-mm depths and heart
AP to external chest AP diameter between the 2 groups. Results: We randomly selected
and analyzed 100 of 1,921 geriatric and 100 of 22,090 nongeriatric populations from a
database. The meanststandard deviations of EFs with 50- and 60-mm depths for geriat-
ric and nongeriatric people were 37.1%+12.1% vs. 43.2%+13.8% and 47.5%+12.8% vs.
54.6%+14.8%, respectively (all p<0.001). The proportion of 50- and 60-mm depths and
heart AP to external chest AP diameter were significantly different between the 2 groups
(all p<0.05). Conclusion: Chest compression depths based on current guidelines are not
sufficient for geriatric patients during CPR; hence, deeper chest compressions would be
considered. (Ann Geriatr Med Res 2018;22:130-136)
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INTRODUCTION

The mean age of patients who experience out-of-hospital
cardiac arrests vary from 49.7 to 71.7 years in 7 countries
in Asia, while the average age of patients who experience
cardiac arrest in Korea is 63.5+19.0 years.” Patients aged
65 years or older accounted for more than 50% of the
total number of patients who experienced cardiac arrest
in 2013 in Korea.” The proportion of older patients who
experience cardiac arrest may gradually increase. How-
ever, various studies on the survival rate of patients who
experience cardiac arrest have demonstrated that as the
age of a patient who experiences cardiac arrest increases,
the likelihood that he or she will survive after cardiopul-
monary resuscitation (CPR) decreases.”™
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The “Chain of Survival” as an essential component of a
series of actions designed to reduce mortality associated
with cardiac arrest and includes early arrest recognition
and emergency activation, early CPR, early defibrillation,
expert advanced life support, and integrated postresus-
citation care.”” Survival rates and favorable neurologic
outcomes of patients who experience cardiac arrest are
closely related to the quality of chest compressions during
CPR.>'" Chest compression depth is an important factor
of high-quality chest compression and should be about 5
cm, but not exceed 6 cm in adult patients who experience
cardiac arrest based on current guidelines.”'” This depth of
chest compression corresponds to one-fifth of the external
chest depth and approximately 25%-30% of the normal
cardiac output."”
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However, dorsal kyphosis may develop in geriatric
patients due to muscle weakness and degenerative disc
diseases.”” Changes in the structure of the lungs are also
mainly attributed to increases in the size of the alveolar
space without any inflammation or alveolar wall destruc-
tion, so-called “senile emphysema,” resulting in the loss
of the supporting structure of the lung parenchyma. Addi-
tionally, the elastic recoil capacity of the lungs is reduced
with aging."” Accordingly, the anteriorposterior (AP) di-
ameter of the chest is increased in geriatric patients.'*"®
Therefore, the compressions performed in geriatric patients
should be deeper than that performed in nongeriatric pa-
tients to deliver high-quality chest compressions and thus
achieve sufficient cardiac output.

However, there is no mention of geriatrics as a specific
subgroup potentially requiring adjustments in the chest
compression technique in the current guidelines. To our
knowledge, this is the first study to assess whether the
chest compression depth according to the guidelines is
sufficient for geriatric patients during CPR. We hypoth-
esized that the chest AP diameter in geriatric patients is
longer than that in younger patients and that the propor-
tion of the heart compressed by chest compression with a
5- to 6-cm depth is insufficient in geriatric patients. We
aimed to verify and compare the proportion of the heart
compressed by chest compression between geriatric and
non-geriatric patients based on the ejection fraction (EF)
using mathematical methods and chest computed tomog-
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raphy (CT).

MATERIALS AND METHODS
Study Design

We performed a retrospective study to evaluate the differ-
ences in the proportion of the heart compressed by chest
compression according to the international guidelines be-
tween geriatric and nongeriatric patients using chest CT.
This study was performed at Hanyang University Hospital
(Seoul, Korea) from March to June 2018 and was approved
by the Institutional Review Board of Hanyang University
Medical Centre (approval number: HYUH 2018-02-015).

Study Participants

We extracted the medical records of 24,011 healthy in-
dividuals who underwent chest CT for health screening
examination between January 2010 and August 2016. The
inclusion criteria were age >18 years and no remarkable
findings on chest CT. Patients with anatomical abnormali-
ties such as pectus carinatum and excavatum in the chest,
trauma-related deformities, or heart/pulmonary structural
deformities were excluded. We divided the selected indi-
viduals into the geriatric (age>65 years) group and non-
geriatric (age<65 years) group. Furthermore, we randomly
included 100 individuals in the geriatric group and 100
individuals in the nongeriatric group using a Random
Integer Set Generator (www.random.org). This program

Geriatric in dividuals
I

(n=1,921)
Geriatric group
(n=100)

l

Nongeriatric individuals
(n=22,090)

l

Nongeriatric group
(n=100)
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Fig. 1. Flowchart of the selection
process.



132 Kyung Hun Yoo, et al.

allows the extraction of as many random numbers as de-
sired upon entering the number of variables.

We calculated that a minimum sample size of 200 indi-
viduals was required to observe a difference in the propor-
tion of the heart compressed by chest compression with a
50-mm depth (i.e., [50 mm—(internal chest AP diameter—
heart AP diameter)]/heart AP diameterx100) between the
2 groups. We performed a pilot study with 100 individuals
who were not included in this study using the soft pack-
age G-power 3.1.9 program (Heine Heinrich University,
Diisseldorf, Germany) with an o error of 0.05 and power
of 0.95 considering a drop rate of 20% (mean+tstandard
deviation [SD]: 37.8%+12.4% in the geriatric group and
45.0%4+12.9% in the nongeriatric group; effect size, 0.57)
(Fig. 1).

Equipment and Materials

The 2 types of CT equipment used in this study were the
Somatom Definition Flash (Siemens Healthcare, Forch-
heim, Germany) and Brilliance 64 multi-detector CT scan-
ner (Philips Healthcare, Best, the Netherlands). The settings
were as follows: 120 kVp, 50-80 mAs, 1.15-mm/sec table
feed, 0.5-sec rotation time, 5-mm slice thickness, and
5-mm intervals. All CT images were stored in the picture
archiving and communication system (PACS, Centricity,
GE Healthcare, Milwaukee, WI, USA).

Data Collection

We collected patients’ basic characteristics, such as age,
sex, height, weight, and body mass index (BMI). All CT
images for each patient were reconstructed and shown as
axial and midsagittal views using the PACS. Each image
was simultaneously cross-linked to the images acquired
with other setting. Two emergency physicians conducted
the reconstruction of all the images of each patient. They
measured the following parameters using a 3-dimensional
image solution program (Rapidia, Version 2.8, Infinite,
Seoul, Korea) with consensus (Fig. 2)."”

We estimated several parameters on the axial view that
showed the midpoint of the lower half of the sternum in
two groups: (1) external chest AP diameter (mm), from
the skin on the sternum vertically to the skin on the back;
(2) internal chest AP diameter (mm), from under the sur-
face of the sternum vertically to the anterior longitudinal
ligament on the body of the vertebra; and (3) heart AP
diameter (mm), anterior to posterior diameter of the heart
in line with the external and internal AP diameter. Finally,
we hypothesized EF with a cardiac compression model to
generate blood flow during chest compression. Variables
in decompression state are defined as follows: x, chest
compression depth; h, heart AP diameter; and d, noncar-
diac thoracic tissue which was subtracted heart AP diam-
eter from internal chest AP diameter.'®'” We assumed that
noncardiac thoracic tissue absorbed the compression force
and was entirely compressed during the chest compres-
sion. As a result, the rest of the compression force (x-d)

would be delivered to the heart and EF could be calculated
as follows:

EF (%)= d x100

Primary and Secondary Outcomes

The primary outcome was the EF with a 50-mm depth,
which was the proportion of the heart compressed by chest
compressions with a 50-mm depth:
[50 mm—(internal chest AP diameter—heart AP diameter)]/
heart AP diameterx100

In addition, the EF with a 60-mm depth was the propor-
tion of the heart compressed by chest compressions with a
60-mm depth (i.e., [60 mm—(internal chest AP diameter—
heart AP diameter)]/heart AP diameterx100). The propor-
tion of 50- and 60-mm depths and heart AP diameter to
external chest AP diameter were investigated as secondary
outcomes.

Statistics

Data were entered into an Excel spreadsheet (Excel 2016;
Microsoft, Redmond, WA, USA) and analyzed using IBM
SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA). The
categorical data are shown as the frequency and percent-
age, and the continuous data as the median and inter-
quartile range because they were not normally distributed.
Kolmogorov-Smirnov tests were performed for all datasets
with normal distribution. The Student t-test or Mann-
Whitney U-test was used for comparisons of continuous
variables, and the chi-square test or Fisher exact test was
used to analyze categorical variables. Analysis of covari-
ance (ANCOVA) was performed to adjust the influencing
factors and investigate the main factor influencing the
outcomes. A value of p<0.05 was considered significant.
The partial eta squared (nz) values were 0.01 (small), 0.06
(medium), and 0.14 (large).

Fig. 2. Chest anatomy measurements on the axial view on the
middle point level of the lower half of the sternum using chest
computed tomography. (1) External AP diameter (mm), from the
skin on the sternum vertically to the skin on the back. (2) Internal
AP diameter (mm), from under the surface of the sternum
vertically to the anterior longitudinal ligament on the body of the
vertebra. (3) Heart AP diameter (mm), AP diameter of heart in line
with the external and internal AP diameter. AP, anteriorposterior.
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RESULTS

We included 100 records of 1,921 geriatric and 100 of
22,090 nongeriatric people for this study; among these,
none of the people was excluded because of chest abnor-
malities/pathologies (Fig. 1). The baseline characteristics of
the individuals are summarized in Table 1. No significant
differences in sex and BMI were observed between the 2
groups. However, mean+SD values of height and weight in
the nongeriatric group were higher than those in the other
group (p<0.001 and p=0.003, respectively).

The values of the chest anatomical parameters measured
using CT are summarized in Table 2. There were signifi-
cant differences in external chest, internal chest, and heart
AP diameters between the two groups. The mean+SD val-
ues of EFs with 50-mm depth in the geriatric group and
nongeriatric group were 37.1%=%+12.1% and 43.2%x+13.8%,
respectively (p<0.001) (Table 3). EFs with 60-mm depth
were 47.5%+12.8% (geriatric group) and 54.6%x+14.8%
(nongeriatric group) (p<0.001) (Table 3). The propor-
tion of 50- (21.7%+2.5% vs. 23.1%+3.2%) and 60-mm
(26.6%+2.9% vs. 28.2%+3.8%) depths and heart AP to

Table 1. Baseline characteristics of individuals in the geriatric
(age>65 years) and nongeriatric (age<65 years) groups

Geriatric Nongeriatric
Variable group group p-value
(n=100) (n=100)
Age (y1) 74.1+6.1 40.5+15.2 <0.001*
Male sex 51 (51.0) 51 (51.0) 1.00
Height (cm) 160.1+9.1 168.4+10.7 <0.001*
Weight (kg) 61.3+12.0 67.2+15.6 0.003*
Body mass index 24.0+4.1 23.6+4.7 0.62
(kg/m’)

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.
*p<0.05, statistical significance.

Table 2. Comparison of chest anatomy parameters based on
computed tomography measurement between the geriatric
(age>65 years) and nongeriatric (age<65 years) groups

Geriatric Nongeriatric
Variable group group p-value
(n=100) (n=100)
External chest AP 228.4+25.5 216.6+29.4 0.03*
diameter (mm)
Internal chest AP 111.7+£17.3 102.1+18.5 <0.001*
diameter (mm)
Heart AP diameter 96.9+12.8 89.8+13.6 <0.001*

(mm)

Values are presented as mean+standard deviation.

AP, anteriorposterior.

Categorical variables were tested using chi-square test or Fisher
exact test, and continuous variables were calculated using an
independent t-test.

*p<0.05, statistical significance.
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external chest AP diameter (42.5%+3.3% vs. 41.5%4+2.9%)
were significantly different between the 2 groups (p=0.001,
p=0.001, and p=0.03, respectively).

We adjusted for the influencing factors that could affect
the results of the chest anatomy parameters and outcomes
using ANCOVA. Significant differences were observed in
all chest anatomy parameters and outcomes between the
two groups (p<0.001), except in the proportion of heart
to external chest AP diameter (p=0.07) after adjusting for
sex, height, and BMI (Table 4).

DISCUSSION

Chest compressions generate a small, but critical amount
of blood flow to the brain and myocardium and increase
the likelihood of a successful defibrillation by increas-
ing intrathoracic pressure and directly compressing the
heart.””" We measured the chest parameter and outcomes
based on the theory of direct heart compression using
chest CT. A chest compression depth of one-third of the
chest AP diameter for both pediatric and infant CPR has
been suggested, but it was not adopted for adult CPR dur-
ing the preparation of the European Resuscitation Council
guidelines."*”” A chest compression depth of 4-5 cm in
adults equates to approximately one-fifth of the AP di-
ameter of the adult chest,'” and Nestaas et al.”” reported
that compressing the recommended 5 cm corresponded to
20%-23% of the external chest diameter. We also found
that a chest compression depth of 50 mm comprised about
one-fifth of the external chest AP diameter in geriatric and
nongeriatric patients, while a chest compression depth of

Table 3. Comparison of EF by chest compression and the
proportion of 50- and 60-mm depths and heart AP to external
AP diameter based on computed tomography measurement
between the geriatric (age>65 years) and nongeriatric (age<65
years) groups

Geriatric  Nongeriatric
Variable group group p-value
(n=100) (n=100)
EF with 50-mm depth (%) 37.1+12.1 43.2+13.8 0.001*
EF with 60-mm depth (%)  47.5+12.8 54.6+14.8 <0.001*
The proportion of 50 mm  21.7+2.5 23.1£3.2 0.001*
to external chest AP
diameter (0%o)
The proportion of 60 mm  26.6+2.9 28.2+3.8 0.001*
to external chest AP
diameter (o)
The proportion of heart 42.5+3.3 41.5+2.9 0.03*

AP to external chest AP
diameter (%o)

Values are presented as mean+standard deviation.

EF, ejection fraction, which is the proportion of the heart
compressed by chest compression; AP, anteriorposterior.
Categorical variables were tested using chi-square test or Fisher
exact test, and continuous variables were calculated using an
independent t-test.

*p<0.05, statistical significance.
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Table 4. Adjustment for influencing factors of chest anatomy
parameters and outcomes

; el Partial eta
Variable (ANCOVA) squazred
M)
Chest anatomy parameters
External AP diameter <0.001* 0.15
Internal AP diameter <0.001* 0.10
Heart AP diameter <0.001* 0.13
Outcomes
EF with 50-mm depth <0.001* 0.06
EF with 60-mm depth <0.001* 0.08
The proportion of 50 mm to external ~ <0.001* 0.17
chest AP diameter (%)
The proportion of 60 mm to external ~ <0.001* 0.17

chest AP diameter (%%o)
The proportion of heart AP to 0.07 0.02
external chest AP diameter (%)

ANCOVA, analysis of covariance; AP, anteriorposterior; EF,
ejection fraction: the proportion of the heart compressed by chest
compression.

ANCOVA was performed to adjust for influencing factors (sex,
height, and body mass index) and the main factor (geriatrics)
influencing the outcomes Partial eta squared (n’) is a measure of
effect size for use in ANCOVA. nz values were 0.01 (small), 0.06
(medium), and 0.14 (large).

*p<0.05, statistical significance.

60 mm comprised about one-fourth of it in both groups. A
chest compression depth corresponding to one-third of the
chest AP diameter might not be suitable for both groups.
In the mathematical model based on neonatal chest CT,
Meyer et al.'” assumed that an estimated EF <50% indi-
cates undercompression. In this study, the mean EFs with
a 50-mm depth were 37.1%=+12.1% (geriatric group) and
43.2%2+13.8% (nongeriatric group), which reflected under-
compression. The mean EFs with a 60-mm depth increased
in both groups but did not reach 50% in the geriatric
group. The EF with a 60-mm depth in the geriatric group
(47.5%+12.8%) was not significantly different from the EF
with a 50-mm depth in the nongeriatric group after ad-
justing for sex, height, and BMI (p=0.08). A 5-mm increase
in the chest compression depth was found to be associated
with a 2-fold increase in shock success in in-hospital and
out-of-hospital resuscitations.”” The number of people
today aged 60 years or older has doubled since 1980, and
the number of people aged 80 years or older almost qua-
drupled to 395 million between now and 2050.” The aged
population in Korean purportedly accounted for 14.3% of
the total population in 2018 and is forecasted to upsurge
to 20.0% in 2025, by which time the country will consist
of a super-aged society.”” Chest compressions performed
in geriatric patients who experience cardiac arrests should
be deeper than that performed in other patients to deliver
sufficient high-quality chest compressions. However, the
increasing rate of complications such as sternum and rib
fractures, hematomas associated with rib fractures, pneu-
mothorax, hemothorax, etc. secondary to deeper chest

compressions remains a concern. Common complications
such spontaneously healing rib fractures or hematomas
only have a minor impact on patients who experienced
cardiac arrest.”*””

The differences between sex and body size, including
height, weight, and BMI, were not included in the current
guidelines. Lee et al.” noted that the internal and external
chest depth increased with increase in BMI. However, the
mean age of the patients was 46.1+9.2 years, not includ-
ing elderly patients. Sex and age were significant explana-
tory factors for external chest AP depth, whereas only sex
was significant for the inner diameters of the intrathoracic
blood-filled structures and the ratio of their inner diam-
eters to the external chest AP depth.”” We found that
external chest AP and heart AP diameters regarded as the
intrathoracic blood-filled structures were different between
the 2 groups after adjustment for influencing factors (sex,
height, and BMI), whereas the proportion of heart AP to
external chest AP diameter was not significantly different
between them. Other parameters and the outcomes were
still different between the 2 groups after adjusting for
influencing factors (sex, height, and BMI). Wang et al.””
reported that patients who experienced in-hospital cardiac
arrest with greater BMI and showed external chest depth
had worse survival and neurologic outcomes. Hence, we
believe that aging, in addition to sex and BMI, could also
influence the performance of high-quality chest compres-
sions and thus affect the survival and neurologic out-
comes.

This study have several limitations. First, the CT scans
were performed in people who had normal anatomical
structure of the thorax. We could not address the ana-
tomic variations of patients who had a higher risk of
cardiac arrest, such as those with hypertension, diabetes,
and hyperlipidemia. Second, the CT scans were obtained
while patients were holding their breath deeply during
the scanning. The different respiratory phases may affect
the precise measurement of the length and the conforma-
tional changes in intrathoracic structures. Third, we did
not account the changes in intrathoracic pressure during
chest compression. There are 2 theories to explain the
mechanism of blood flow during CPR: the “Cardiac Pump”
theory and the “Thoracic Pump” theory. We designed our
EF calculation formula based only on the “Cardiac Pump”
theory. However, we were not able to determine how the
thoracic cage and pulmonary changes, which happen as
the person ages, influence the EF during chest compres-
sion. Finally, the CT images were not obtained during real
CPR situations. We could not count the possibility that the
thoracic structures might relocate during CPR. Hence, fur-
ther research is required to determine if spontaneous car-
diopulmonary circulation recovery rates and survival rates
are effective with deeper chest compressions in geriatric
individuals in actual cardiac arrest situations.

In this study, we observed that the external and inter-
nal chest and heart AP diameters in geriatric patients are
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longer than those in nongeriatric patients. The chest com-
pression depth in current guidelines is not sufficient in ge-
riatric patients during CPR, and deeper chest compressions
would be considered.
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