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The changes of symptom, EKG and hemodynamic in healty firefighters
after delivering multiple cycles of cardiopulmonary resuscitation
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Abstract The CPR guidelines emphasize the delivery of effective chest compressions but do not address the effects
of chest compressions on CPR providers. This study determined the effects of chest compressions on healthy adult
firefighters' symptoms, hemodynamics, and electrocardiography after performing multiple cycles of CPR. Healthy adult
firefighters were trained in CPR and performed CPR on mannequins. The provider vital signs, electrocardiography,
and fatigue scores were determined immediately before CPR, after Scycles of CPR, and after 10 cycles of CPR. In
addition, the presence of clinical symptoms among the providers was determined after CPR; 39 firefighters
participated in the study. Their mean age was 35.54+10.26 years. Many providers developed fatigue, shortness of
breath, and dizziness. Significant changes in heart rate (??=0.000), respiratory rate (??=0.010), end-tidal
C02(??=0.000), O2 saturation(??=0.000), and pulse pressure (??=0.000) were observed after both 5 and 10 cycles of
CPR. One participant developed sinus dysrhythmia and premature ventricular contractions after 10 cycles of CPR. The
delivery of chest compression results in fatigue and hemodynamic alterations in many young healthy adults after
performing 5 or 10 cycles of CPR. The CPR guidelines and education should take into consideration the effects of
chest compressions on CPR providers.
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1. Introduction

Immediate delivery of cardiopulmonary resuscitation
(CPR) by bystanders significantly reduces mortality in
patients with sudden cardiac arrest [1-6], since severe
brain damage occurs as early as 4-6min after cardiac
arrest[7-8]. As a result, CPR training has targeted the
general population without any medical background
[9-11], depending on a few studies that evaluating the
optimal methods for achieving this goal[12.13].

Several studies have demonstrated an association
between provider exhaustion and poor quality of CPR
and there is evidence that switching roles during the
delivery of CPR can reduce fatigue [14-18]. CPR
providers can easily become exhausted, especially
when only one rescuer is available [19] or when
rescuers are female or relatively thin [20]. Moreover, in
2011, The Korean Association of CPR published a
study demonstrating fatigue in middle-aged women
providers resulting in a low quality of chest
compressions [21] despite following appropriate CPR
recommendations. However, few if any studies have
paid particular attention to fatigability and the medical
safety of CPR providers while delivering CPR.

According to a survey conducted by The Seoul
National University in Korea, most cardiac arrest occur
at home and are witnessed by a family member, and it
that it took on average 8.6min for paramedic to arrive
[22]. Unlike in public places, where many people can
get involved in the rescue, 8.6 min is too long a time
for a single person to perform chest compressions,
which requires considerable physical strength [23]. In
addition, recent studies on the new CPR guidelines
have found that emphasis on chest compressions has
resulted in low quality performance due to fatigability
among CPR providers [16, 24-26]. Therefore, the
current study was designed to evaluate the impact of
performing multiple cycles of CPR on provider

symptoms, fatigue, and hemodynamics.
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2. Methods

2.1 Study design

We performed a prospective, observational study to
determine the effects of performing chest compressions
on CPR providers. In order to measure the degree of
rescuer's fatigue, physical as well as mental are
considered. while those factors include, but not limited
to, ammonia, cortisol catecholamine, visual pain scale,
pulse, oxygen consumption, and electromyography,
for

this

there is no standard objective, fatigue

measurement[27-29]. In study, biochemical
changes which can be observed in rescuers, such as
visual pain scale, pulse, blood pressure, pulse pressure,
end-tidal CO, partial pressure, oxygen saturation, and

electrocardiogram were analyzed.

2.2 Study subjects
The study enrolled healthy adult firefighters with or
CPR

Participants were fully informed about the purpose and

without  prior training and/or experience.
method of this study and decided to participate

voluntarily.

2.3 Study intervention [Figure 1]

Participants were asked to fill out a pre-test survey
and then they viewed a 2 min CPR education video
clip produced by The Korean Association of CPR.
Participants were connected to a device that monitored
vital signs and 3-lead electrocardiogram (Lifepack® 15
Monitor/Defibrillator, USA). The

subjective level of fatigue was measured on a verbal

Physio-Control,

numeric scale from 0 (no fatigue) to 10 (most fatigue
imaginable). taken
immediately prior to CPR (T)), after 5 cycles of CPR
(T2), and after 10cycles of CPR (T3). After performing

5 cycles of CPR on a mannequin, the subjects were

Measurements  were at rest

instructed to take a break, long enough for them to
return to their resting state, prior to beginning another
10 cycles of CPR. A board-certified emergency
throughout  the

medicine physician was present
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experiment in case of any medical emergency among

the participants.

‘ Sign consent, complete survey ‘

¥

‘ View a two-minute CPR video ‘

¥

‘ Height, weight, BMI measurement ‘

¥

Resting state

(v/s, ECG)

l

After 5 cycles

(V/5, ECG)

*V{S=58P/DEP, HR, RR, SPO;, ETCO:

*ECG=3 leads electrocardiography v
After 10 cycles

*Fatigue scale from 0 to 10
(V/s, ECG, fatigue score, symptom
survey)

Fig. 1. Flow chart for research

2.4 Data analysis

Binary data were summarized as numbers and
percentage frequency of occurrence. Continuous data
were summarized as means and standard deviations
(SD) or medians and interquartile ranges (IQR). The
paired t-test and ANOVA were used to compare
hemodynamic changes by number of CPR cycles and
BML. The X test was used to compare the occurrence
of any ECG changes by number of CPR cycles and
BMI. Pearson’s correlation was used to analyze the
correlation between alternation of pulse pressure and
ETCO,. A pvalue less than 0.05 was considered
statistically significant. SPSS for Windows version 21.0

was used for all statistical analyses.

3. Results

3.1 General subject characteristics [Table 1]
The total number of subjects participating in the
study was 39. All of the subjects were currently

employed firefighters. Of all participants, 38 subjects
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had taken a CPR course at least once in the past. The
mean age of the participants was 35.54+10.26 years
and 84.6% of the subjects were male. The mean height
and weight of the study subjects were 171.21£6.74 cm
and 69.1848.34 kg respectively. Based on BMI
calculations, 18 of the subjects were overweight (25.0
-29.9 kg/mz) and 7 were obese (30.0—39.9kg/m2).0ne

subject had a previous medical history of hypertension.

Table 1. Characteristics of the study subjects (N=39)

First responder

Age (years) 35.54+10.26
Sex

Males, No. (%) 33 (84.6%)

Females, No. (%) 6 (15.4%)
Height (cm) 171.21+ 6.74
Weight (kg) 69.18+ 8.34
BMI™ (kg/m’) 23.57+ 2.23

Normal, No. (%) 14 (35.9%)

Overweight, No. (%) 18 (46.2%)

Obese, No. (%) 7 (18.0%)

CPR' Training
Prior CPR training experience, No.
(0)
Less than 6 months
training, No. (%)

38 (97.4%)

since last

17 (43.6%)

"BMI: Body Mass Index, " CPR: Cardio pulmonary resuscitation

3.2 Clinical symptoms and fatigue after
10 cycles of CPR [Table 2]

Of all subjects, 13 participants (33.3%) experienced

shortness of breath, 12 participants (30.8%) complained

of hand pain, and 4 participants (10.3%) reported

dizziness. The mean fatigue score was 6.84+1.81.

Table 2. Clinical manifestations and fatigue scores (N=39)

N (%) Mean+SD
Clinical manifestation
Shortness of  breath? 13 (33.3)
Dizziness 4 (10.3)
Back hand problems 12 (30.8)
Other 2 (51
None 8 (20.5)
Mean fatigue score 6.84+ 1.81

3.3 Hemodynamic and electrocardiographic
change [Table 3, Table 4, Figure 2]
There were no statistically significant changes in

blood pressure after both 5 cycles (T2) and 10 cycles



A& 8] =2 A Al18d Aex, 2017

Table 3. Hemodynamic changes by compression by compression-ventilation cycle (N=39)

Restl(nfl)sfate After (iz)cycles After 10 cycles (Ty) ’

Systolic BPY 135.51£11.29 140.87£13.05 136.87£14.73 163
Diastolic BP' 90.23+10.40 88.92+10.91 88.67+11.02 340
Peak heart rate 74.08+11.40" 103.79+12.80" 106.46+16.04 <001
Peak respiration rate 18.64+ 4.73" 21.03+ 4.08 21.92+ 5.55° 010
ETCO, * 41.05+ 4.41° 45.92+ 3.86" 4433+ 4.40° <001
Sp0, ! 98.28+ 1.39" 97.03+ 122" 96.87+ 1.64" <001
Pulse pressure (mean) 4528+ 693" 51.95+10.26" 53.21+ 9.61" <.001
Pulse pressure (median) 46 (29-66) 53 ( 21-73) 54 (38-76)

ECG'

Dysrhythmia, No.(%) 0 ( 0.0%) 0 ( 0.0%) 1 ( 2.6%) 1.000

Normal, No.(%) 39 (100.0%)

39 (100.0%) 38 (97.4%)

! post-hoc test
¥ BP: Blood pressure, SETCO, : End-tidal carbon dioxide,
HSpOz : Saturation by pulse oximetry, 'ECG: Electrocardiogram

of CPR (T3). However, there were significant changes
in heart rate (p=0.001), respiratory rate (p=0.010),
end-tidal CO, (ETCO») (p<0.001), O, saturation(SpO.)
(770.000), and pulse pressure (p<0.001). There were
also significant changes in pulse pressure between T
and T,. Between T and Ts, significant changes were
observed in both respiratory rate and pulse pressure.
Between T, T», and T3, there were significant changes
in heart rate, SPO,, and ETCO,. The largest change
and T;
(increased by 32.4/min). Median (IQR) pulse pressure
was 46.0 (29-66) mmHg at T, 53.0 (21-73) mmHg at
Ty, and 54.0 (38-76) mmHg at Ts. Pulse pressure
and SpO,

decreased by 1.4% on average. There was a positive

was observed in heart rate between T

increased by 7.9 mmHg on average,

correlation between pulse pressure and ETCO, after
10cycles of CPR (#=0.327,p=0.042). One participant
developed sinus dysrhythmia and premature ventricular
contractions (PVCS) after 10 cycles of CPR.

Significant differences were observed in SpO,
(p=0.009) and respiratory rate (p=0.044) among the
three BMI classes [Table 3]. In particular, SpO,
dropped more between T1 and T3 in the normal BMI
group (-2.36+1.95) compared to the over weight group

(0.57+£2.76) or the obese group (-1.44+1.54).

Table 4. Hemodynamic changes by BMI (N=39)

Nomal Overweight Obese

N=14)  (NE18) o~ !
Systolic BP 2.29+10.86 4.89+10.52 7.14+ 821 .575
Diastolic BP® -4.00+ 7.83 -3.11+ 6.74 -3.86+ 3.80 .927

Peak heart rate 35.93+11.89 32.33£16.42 25.43+ 9.58 .278

Peak respiration rate  6.21+ 6.67 1.89+ 4.43 1.00+ 4.08 .044
ETCO, ' 221+ 4.64 444+ 3.68 243+ 391 271
SpO2 * -2.36+ 1.94 -1.44+ 1.54 0.57+ 2.76  .009
Pulse pressure 6.29+10.76  8.00+ 8.54 11.00+ 9.00 .539
ECG'

Dysrhythmia, No. (%) 0 ( 0.0%) 1 ( 5.6%) 0 ( 0.0%) .550

Normal, No. (%) 14 (100.0%) 17 (94.4%) 7 (100.0%)

Fig. 2. Dysrhythmias detected in a subject after performing
10 cycles of CPR

4. Discussion

Recent CPR guidelines issued by the American
(AHA)
delivery of chest compressions by bystanders so called
“Hands-only CPR” (CPR without ventilation) [30]. In
2010, the AHA

recommendations on the depth and rate of compression

Heart Association emphasize immediate

addition, in changed its
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from 38-51 mm to 50-60 mm and from 100/min to
100-120/min respectively [31]. However, emphasis on
chest compressions demands physical strength and may
cause provider fatigue [32]. Therefore, the current
study was specifically designed to Sassess the medical
safety of the CPR provider, by studying the effects of
chest compression on provider fatigue and symptoms,
alternation of hemodynamics and ECG after performing
multiple rounds of CPR.

We found statistically significant changes in heart
rate, respiratory rate, ETCO,, SpO. ,and pulse pressure
after 5 or 10 cycles of CPR. Recent studies have also
demonstrated significant changes in vital signs after
performing CPR, such as heart rate, ETCO,, and SpO,
[19] or blood pressure and heart rate [21]. However, in
contrast to previous studies, the current study found
significant increases in pulse pressure after multiple
cycles of CPR. This potentially is a clinically important
finding since multiple studies have found that an
elevated pulse pressure is  associated  with
cardiovascular disease and increased mortality [33-36].

Increases in respiratory rate and ETCO, combined
with decreases in SpO, are also of clinical relevance
based on the fact that 33.3% of the participants
reported difficulty in breathing after 10 cycles of CPR.
Thier bach and colleagues asked subjects to perform
CPR only by ventilation and claimed that artificial
ventilation can adversely affect the CPR providers’
health due to hyperventilation [37]. However, Kim et al
in ETCO; CPR

including both chest compressions and ventilation [16],

demonstrated an increase after
which is similar to our observations. This physiological
phenomenon, which is potentially dangerous for the
CPR provider, can be explained by excessive muscle
use during chest compression, which causes a reduction
in oxygen diffusion capacity and inadequate perfusion.

Recent studies recommended switching roles in CPR
every two minutes in order to prevent one rescuer from
performing chest compressions for more than 5 cycles
[15,18].  The this

recommendation by finding that there were significant

current  study  supports
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changes in vital signs after 5 cycles of CPR.

In the current study one male participant (height:
163 cm, weight: 69kg, age: 50), with a prior history of
hypertension, developed sinus dysrhythmia and
premature ventricular contractions (PVCs) after 10
cycles of CPR [Figure 2].

complained of difficulty breathing. In addition, his

This participant also

pulse pressure was slightly above normal prior to CPR
and rose to 61 mmHg after 5 cycles of CPR. As noted
earlier, increased pulse pressure has been shown to be
associated with cardiovascular disease and increased
mortality [33-36], and in 1982 Memon and colleagues
reported a case of fatal myocardial infarction following
CPR training raising medical safety concerns in CPR
providers [38]. The case reported here once again
raises the potential danger of performing CPR.
Although
between physical characteristics of CPR providers and
fatigability during CPR [16, 24-26], the current study
found that the BMI of the CPR provider can adversely
rate and SpO,.This
since  33.3%
reported difficulty in breathing after 10 cycles of CPR.

recent studies found no association

affect respiratory finding is

clinically significant of participants

The following limitations should be considered
when interpreting the results of the current study. First,
the study was conducted using a mannequin and was
not a live clinical scenario. Consequently, participants
did not experience as much urgency, stress, or fatigue
as they would in an actual emergency condition.
Second, subjects were healthy firefighters who may not
be representative of the general bystander population.
Third, the device used to monitor vital signs was not
able to detect continuous hemodynamic changes
throughout CPR performance. Future studies should
include a wider variety of study subjects and record
vital signs and ECG continuously while performing

CPR.
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Significant fatigue,

5. Conclusions

symptoms, and changes in

hemodynamic parameters were noted among healthy

adult firefighters after delivery of 5 and 10 cycles of

hands only CPR on a mannequin. CPR guidelines and

education should take into consideration fatigue and

changes in hemodynamic parameters that may occur

among CPR providers.
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