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ABSTRACT 

Bystanders are the first rescuers to perform CPR for patients suffering from cardiac 

arrest. Compression-only CPR decreases the amount of interruption time between compressions 

but increases the fatigue of the rescuer. In this study, participants were certified as lay rescuers 

and performed two compression-only CPR protocols for eight minutes and 59 seconds. The two 

protocols were 30 compressions to a 10-second break and continuous compressions with as 

many 10-second breaks as needed. Body mass index and hand grip strength were collected 

before the CPR protocols. Rate of Perceived Exertion scores were taken at three, six and nine 

minutes during each protocol. There were increased fatigue levels during the continuous 

compressions protocol at all three time intervals. A relationship between hand grip strength and 

the proper depth was determined for the 30:10 protocol as well as a relationship between hand 

grip strength and the continuous compressions fatigue levels.  
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1. INTRODUCTION 

1.1. Overview of the Problem 

Cardiac arrest affects approximately 6 million people in the world each year with 295,000 

of those cases occurring in the United States.1,2 One of the medical interventions used to increase 

survivability of cardiac arrest is cardiopulmonary resuscitation (CPR) delivered by a bystander. 

Chest compressions continue blood flow to the heart and brain while assisting the heart in 

obtaining a shockable rhythm and increase the possibility of favorable neurological outcomes. 

The American Heart Association (AHA) has recently suggested lay rescuers, those individuals 

who are not allied health care providers, perform compression-only CPR, which consists of chest 

compressions without the rescue breaths. Compression-only CPR may be more effective than the 

traditional ratio of compressions to ventilations according to recent research and the AHA 

Guidelines. Continuous chest compressions allow for no interruptions and increases the benefits 

of chest compressions. The negative effect of continuous chest compressions is increased fatigue 

in the rescuer, which ultimately may decrease the effectiveness of the chest compressions.3 

Bystanders and the general public are often the first responders to a cardiac arrest event 

and must initiate CPR to increase the patients’ survival. Bystanders perform CPR for long 

periods of time waiting for more qualified personnel to arrive and take over, which increases the 

strain on the rescuer. Adding extra rest time between cycles of chest compressions may decrease 

the amount of fatigue felt by the rescuer and, in turn, increase the survival of the patients.3–5 

1.2. Statement of Purpose 

The purpose of this research study was to analyze effectiveness of continuous chest 

compressions during two different protocols: 30 compressions:10-second break (30:10) and as 

many compressions as possible with a 10-second break whenever the participant chose to take 
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the break(s). The secondary purpose was to evaluate rescuer fatigue through both subjective 

reporting and musculoskeletal strength measured with hand grip dynamometer. 

1.3. Research Questions 

Q1-What is the relationship among participant traits (Body Mass Index [BMI] and 

average hand grip strength) and performance on dependent variables (depth %, depth mm, and 

chest recoil)? 

Q2-What is the relationship between participant traits (Body Mass Index [BMI) and 

average hand grip strength) and self-reported fatigue at the nine-minute time point for the 30:10 

and continuous compressions protocols? 

Q3-What is the difference between reported fatigue levels at three, six, and nine minutes 

of CPR performance when comparing 30:10 and continuous compressions protocols? 

1.4. Definitions 

Definitions of cardiac arrest and cardiopulmonary resuscitation vary between research 

studies, which makes comparing the results difficult. In order to avoid confusion, the following 

definitions were used in this study: 

Cardiac arrest: According to the American Heart Association (AHA), cardiac arrest is 

defined as an “abrupt loss of heart function in a person who may or may not have 

diagnosed heart disease”.6 

Cardiopulmonary resuscitation: CPR, specifically the chest compressions, increases the 

blood flow to the heart and brain, assists the heart transition into a shockable rhythm, and 

increases the possibility of favorable neurological outcomes of a cardiac arrest event.3 
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Quality of CPR: Quality of CPR, for this study, was defined as proper chest compression 

depth and proper chest recoil. The measurements used to assess breaths were not used for this 

study as they are not performed during continuous chest compressions. 

Fatigue: Rescuer fatigue decreases adequate chest compression rate and depth as well as 

improper chest recoil. The signs of fatigue and ineffective chest compressions begins within the 

first one to two minutes of CPR. Prolonged chest compressions, especially continuous chest 

compressions, increases the level of fatigue experience by the rescuer.7–10 

Continuous Compressions: Continuous chest compressions minimize the interruptions 

between compressions by performing compressions without ventilations. 

1.5. Limitations 

Limitations of this study may affect the strength of the results. The first limitation was 

related to the CPR courses the participants have participated in the past. We accounted for 

variations in previous training by reviewing how to perform proper CPR followed by one minute 

of practice on the QCPR Anne Resusci Anne with feedback. An additional limitation may be 

physical activities the participants participated in before or after the testing sessions. We 

accounted for this by informing the participants of the risks of participating in other physical 

activities such as increased fatigue during testing and potentially skewing the data. 

1.6. Delimitations 

Due to the length of this study, some factors were not assessed during data collection and 

analysis. These variables include diet and experience level. These factors have been assessed in 

previous research and are outside the scope of the current study.  

Interrupting CPR decreases the chances of survival of a patient suffering from cardiac 

arrest. The AHA emphasizes minimizing interruptions as much as possible.8,11,12 The two 
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protocols were selected based on the current compressions to ventilations ratio (30:2) and 

performing continuous chest compressions until they experienced fatigue and need a 10-second 

break and then must continue performing compressions until the end of the eight minutes and 59 

seconds. 

1.7. Assumptions 

Based on the nature of the study, some assumptions were made about the participants and 

their performance. They were informed of the increase of fatigue if participated in any physical 

activity after performing CPR. Physical activity outside of the testing sessions may decrease their 

performance quality for the second day of CPR. Food and fluid intake levels in-between sessions 

were not recorded, which could affect fatigue levels for the second day of data collection. The 

final assumption was reviewing the CPR guidelines and performing the practice session would 

aid the participants in performing adequate CPR. 

1.8. Variables 

The independent variables during this study were the two protocols. The two dependent 

variables were compression depth and chest recoil. The subjectively reported dependent variable 

was rate of perceived exertion (RPE). Covariates for this methodology included gender, BMI, 

and hand grip dynamometry. 

1.9. Significance of the Current Study 

Out-of-hospital cardiac arrest events most often occur with a witness present. Bystanders, 

or the witness, are typically the first people to arrive on the scene and must perform life-saving 

CPR to the victims suffering from cardiac arrest. Evolution of the most effective and life-saving 

CPR continues to evolve as researchers explore every aspect of CPR. The most recent research 

shows continuous chest compressions to be more effective than a ratio of compressions and 
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ventilations. Research is needed to understand the most effective form of continuous chest 

compressions without exhausting the rescuers. This research study was conducted in order to 

distinguish a possible best practice to decrease fatigue in lay rescuers while increasing the 

effectiveness of the chest compressions. 
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2. LITERATURE REVIEW 

2.1. Introduction 

Cardiac arrest affects approximately 6 million people in the world each year with 295,000 

of those cases occurring in the United States.1,2 The terms sudden cardiac death and cardiac 

arrest are often used interchangeably even though the definitions are starkly different. According 

to the American Heart Association (AHA), cardiac arrest is defined as an “abrupt loss of heart 

function in a person who may or may not have diagnosed heart disease”.6 In contrast,  Chugh et 

al.13(p217) defined sudden cardiac death as “a sudden arrhythmic death” that is from a “sudden, 

unexpected pulseless condition of cardiac etiology”.13(p214) In order to be classified as sudden 

cardiac death, the event must be witnessed by another individual within an hour of the onset of 

symptoms or be observed alive within 24 hours of the death.13 Knowing the difference between 

cardiac arrest and sudden cardiac death is important as it determines if life-saving measures are 

needed for cardiac arrest. 

Providing quality cardiopulmonary resuscitation (CPR) increases the survivability for a 

patient suffering from cardiac arrest.14,15 CPR, specifically chest compressions, increases the 

blood flow to the heart and brain, assists the heart in transitioning into a shockable rhythm, and 

increases the possibility of favorable neurological outcomes of a cardiac arrest event. Although 

CPR has always included a combination of compressions and ventilations, recent research 

indicates compression-only care may be more effective for lay public to provide to victims. 

Continuous chest compressions may increase the survivability of cardiac arrest by decreasing the 

interruption time and increasing the benefits of chest compressions.3 Improving coronary 

perfusion, defined as blood flow to and within the coronary arteries of the heart, may be 
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attainable with uninterrupted chest compressions.4 As treatment time increases, the adequacy of 

continuous chest compressions decreases while the fatigue of the rescuer increases.3 

Cardiac arrest events that occur outside of the hospital are often witnessed by a 

bystander. Thus, CPR is most often performed by bystanders and members of the general public, 

also known as lay rescuers.3,16 Lay rescuers have to perform CPR for extended periods of time 

before more qualified personnel arrive on the scene. Performing CPR for an extended period of 

time increases the workload on the rescuer, which also increases the amount of fatigue of the 

rescuer. According to recent research, fatigue begins to affect the rescuer before the rescuer is 

able to detect it.4,5 When the rescuers experience fatigue, the effectiveness of chest compressions 

is compromised and ultimately effects the survival rates of patients who suffer from a cardiac 

emergency. Adequate CPR performance is vital to the survival of patients suffering from cardiac 

arrest, but when the rescuer becomes fatigued, the life-saving efforts become less effective.3 

2.2. History of CPR 

The evolution of the components of cardiopulmonary resuscitation have been 

documented since its inception over 150 years ago. The way to properly perform chest 

compressions described today is similar to the description by John Hill in 1868 when he 

observed a restoration in heart rhythm when a force was applied to the chest. External chest 

compressions were first documented by Boehm but were abandoned due to the growing 

popularity of internal chest compressions, which are performed directly to the heart when the 

chest is open. In 1957, William Kouwenhoven and his colleague Guy Knickerbocker 

rediscovered external chest compressions after noticing a pulse when defibrillator pads were 

forcefully placed on animals. As a result of this discovery, they began performing external chest 

compressions, which produced circulation in dogs suffering from cardiac arrest. Human clinical 
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trials of performing chest compressions were conducted by James Jude who collaborated with 

Kouwenhoven and Knickerbocker, and the successful results were published by Kouwenhoven 

in 1960.17,18 External chest compressions began to take precedence over internal chest 

compressions and would later lead to the benefits of rescue breaths also being discovered. 

Although the current trend in performing CPR is to concentrate on compressions, rescue 

breaths were originally part of the CPR algorithm. In addition, rescue breaths are still encouraged 

for allied health care workers providing CPR. Peter J. Safar revealed the ability to regain tidal 

volume when the airway of the patient was aligned, and air was expired from the rescuer into the 

mouth of the patient. He realized chest compressions alone could not produce enough tidal 

volume in the lungs because of the blocked airway due to jaw malalignment. Safar combined the 

airway alignment, rescue breaths, and chest compressions, which is now known as the ABC of 

CPR.17 All these components of CPR are critical pieces of the overall care cardiac arrest patients 

need in order to survive.  

2.2.1. 2000 American Heart Association CPR Guidelines 

Prior to the publication of the 2000 American Heart Association (AHA) CPR Guidelines, 

lay public and health care professionals were advised to perform five chest compressions and one 

ventilation (5:1) during two-person rescuer CPR. In order to explore the idea of changing the 

recommended compressions to ventilations ration, researchers recruited 17 paramedic students to 

test the difference between a methodology of 5:1 for two rescuer CPR and 15:2 for one rescuer 

CPR. The sequences of CPR were performed on an Ambu Mega Code Trainer, which recorded 

aspects of CPR including ventilations, chest compressions, carotid pulse, ECG simulation and 

defibrillation. Two cameras from different angles recorded the rescuers’ performance during the 

CPR sessions. Each CPR session was randomly assigned to two participants where each person 
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would alternate between rescuer one and rescuer two positions. Ten rounds of 5:1 CPR and four 

rounds of 15:2 CPR were referred to as one loop by the researchers. CPR was performed in 

cycles of 60 seconds with 15 seconds for a break to complete other tasks. The cycle was 

continued until the tasks such as ECG interpretation, intubation, IV cannulation, and 

administering necessary medications were performed. Once all these tasks were performed, the 

manikin’s rhythm switched from asystole to ventricular fibrillation. The tasks were performed by 

rescuer 1 between ventilations or during 15-second pauses between ventilations and 

compressions without interfering with the ECG analysis while rescuer 2 performed the 5:1 CPR. 

During 15:2 CPR, rescuer 1 executed all the tasks while rescuer 2 performed CPR.19  

After all the data had been collected, independent two-tailed t-test and Fisher’s exact test 

were used to assess the output. Less CPR loops were performed during the 15:2 CPR (median= 

1.75) as compared to the 5:1 CPR (median= 3). When 15:2 CPR was performed, three manikins 

were in sinus rhythm after the first loop (p= 0.229) and all manikins were in sinus rhythm after 

the second loop. However, none of the manikins were in sinus rhythm after the first loop of 5:1 

CPR and only five manikins were in sinus rhythm after the second loop. There was no 

statistically significant difference in the quality of CPR performed between the two sessions 

despite the 15:2 group having more manikins in sinus rhythm. When 15:2 CPR was performed, 

the rescuers were able to complete the tasks in a faster time than the 5:1 CPR. The recording of 

the CPR performance of both sessions portrayed more stress and demand on the rescuers 

performing 5:1 CPR. More series of 5:1 CPR went without any ventilations due to the 

completion of tasks as compared to the 15:2. The 15:2 CPR ratio allowed more time for the 

rescuers to perform other life-saving tasks and was less demanding than 5:1 CPR.19  Following 

an analysis of patient outcomes similar to the aforementioned research, the American Heart 
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Association (AHA) and the European Resuscitation Council recommended an increase in the 

number of compressions (15) and ventilations (2).19–21 

Before the 2000 AHA CPR Guidelines were published, the last step of an initial 

evaluation during a cardiac arrest event was to determine the patient’s circulation, which is 

assessed by palpating the carotid pulse and observing for any response to the rescue breaths 

administered such as coughing, movement, or normal breathing. Sixteen patients undergoing 

coronary artery bypass surgery were used in a study to determine the accuracy of lay rescuers 

identifying a pulse. These patients were selected for intraoperative examinations by four groups 

of first responders. The first responders consisted of EMT-1 (n= 107), laypersons or EMT 

students who did not have advanced training but passed the Basic Life Skills course; EMT-2 (n= 

16), EMTs who have completed the four weeks of theoretical and six weeks of practical 

instruction, PM-1 (n= 74), paramedics in training; and PM-2 (n= 9), completed the two-year 

course. Participants were exposed to two different scenarios in which they were expected to 

palpate a carotid pulse. The first scenario was spontaneous circulation as a result of mobilization 

of the internal mammary artery, which had a systolic pressure greater than or equal to 80 mmHg 

for 30 minutes. The second scenario was no pulse with the aorta cross-clamped and the arterial 

and venous pulselessness was at a mean arterial pressure between 50 and 80 mmHg. The 

rescuers were instructed to assess the patient for an absent or present pulse as soon as they could 

within five to 10 seconds according to the AHA Guidelines. The diagnosis given by the 

participant was compared to the actual pulse of the patient during the assessment.22  

Statistical analysis was conducted to determine the delay and accuracy of the pulse check 

readings. Percentiles were determined for each second of delay of the pulse check up to one 

minute. A comparison between the four groups was performed using Mann-Whitney and 
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Kruskall-Wallis. The accuracy was calculated using a percentage of the correct diagnoses among 

all assessments. The sensitivity and specificity of the carotid pulse check for pulselessness was 

computed and an independent t-test compared the blood pressure and heart rate between groups. 

A total of 206 participants performed pulse checks of which 147 assessments had a pulse and 59 

assessments were pulseless.  Pulselessness was not recognized within 60 seconds in 10% of the 

diagnoses. A diagnosis of no pulse was recorded a total of 45% of the 147 present pulses, despite 

a pulse being present at a radial arterial systolic pressure of more than 80 mmHg. The sensitivity 

for central pulselessness was almost 90% but the specificity was 55%. The sensitivity and 

specificity did rise, however, as the level of emergency medical training increased. The level of 

training had a statistically significant effect on a shorter delay in diagnosis (p< 0.005).22   

Table 1. Time delays for carotid pulse checks 

Pulse Checks Median Time Delay Delay Range 

No pulse 32 seconds 12-60 seconds 

With a pulse 22 seconds 3-55 seconds 
Total 24 seconds  

 

Table 1 displays the time delays the participants took when attempting to locate a carotid 

pulse. Only 16.5% of the participants were able to reach a diagnosis within the 10 seconds but 

three participants of the 16.5% incorrectly diagnosed a patient as pulseless instead of having a 

pulse. Only one participant was able to correctly diagnose the patient as pulseless within 10 

seconds. The results of this study indicate the difficulties of diagnosing patients with a pulse or 

without a pulse. Due to the inaccuracy of pulse checks in lay rescuers as determined in research, 

the pulse check has been eliminated from the guidelines for lay rescuers.22 

In summary, there were changes in the recommendations for the performance of CPR and 

the assessment of cardiac arrest issued by the AHA in the 2000 CPR Guidelines. Two rescuer 
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CPR changed from a ratio of 5:1 to 15:2 in order to provide more compressions and decrease 

over-ventilation. Finally, the lay public was encouraged not to waste time palpating a carotid 

pulse as the assessment was often inaccurate. Evidence-based guidelines continued to be tested 

as advancements in medical research have been published. 

2.2.2. 2005 American Heart Association CPR Guidelines 

The 2005 American Heart Association Guidelines CPR Guidelines Part 4: Adult Basic 

Life Support12 changed the compression to ventilation ratio from 15 compressions and two 

breaths (15:2) to 30 compressions and two breaths (30:2). The guidelines state, “This 30:2 ratio 

is based on a consensus of experts rather than clear evidence.”12(pIV-26) The consensus was made 

because the new ratio allowed for an increase in the number of compressions per minute, 

decreased over-ventilation of the patient, minimized interruptions, and simplified instructions for 

teaching and retention.12 The change was supported by a study comparing the two different ratios 

of chest compressions and rescue breaths with 18 basic life support-certified healthcare 

providers. Fifteen chest compressions to two breaths (15:2) and 30 chest compressions to two 

breaths (30:2) were performed for five minutes in two different sessions. No flow time, which is 

the amount of time without chest compressions, was compared during the two sessions. The 

heart rate, capillary lactate, and Rate of Perceived Exertion (RPE) were recorded before and after 

each session. During each session, feedback was given to the participants through the QCPR 

Resusci Anne manikin feedback technology. A repeated-measures ANOVA was calculated 

showing statistical significance of 30:2 CPR having more compressions per minute (p= 0.007) 

and a lower no flow time than 15:2 (p< 0.001). There was no statistical significance between the 

two different ratios when comparing depth, rate, and chest recoil.10 Lower no flow time and 
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increased number of chest compressions per minute increases the rate of survival for patients 

suffering from cardiac arrest. 

Similar to the previous study, 50 career paramedics completed three sessions of CPR for 

10 minutes. The purpose of the study was to determine if the quality of CPR decreases when the 

workload and the number of chest compressions per minute were increased. The researchers 

chose three ratios of CPR: 15:2, 30:2, and 50:2 to test the theory and randomly assigned 

participants to each session. Each session was separated by 25 minutes of rest or until the 

paramedic felt ready to complete the next session. The mean compression depth and rate, the 

number of compressions, and the no flow time were recorded. The total number of chest 

compressions after the 10 minutes increased significantly from 604 with the 15 compressions 

ratio, 770 with the 30 compressions ratio, and 862 with the 50 compressions ratio. The 

compression rate was higher in the 15:2 (118 ± 18) ratio when compared to the 30:2 (115 ± 18) 

and 50:2 (112 ± 16) ratios (p< 0.02 and p< 0.0005). There was no statistical difference, however, 

in the compression depth when compared between all three scenarios.23  

In the 2005 AHA CPR Guidelines, experts recommended an increase in chest 

compressions from 15 to 30. A study consisting of 68 participants focused on the quality of CPR 

for 15:2, 30:2, and continuous chest compressions. Each participant would randomly select an 

inverted sheet marked 15:2, 30:2, or continuous chest compressions. No instructions were given 

on how to perform CPR or any feedback given during the performance. There was no difference 

in compression depth between 15:2 and 30:2, and the compression depth stayed within the 

European Resuscitation Council guidelines which was a depth of 4-5 cm. The compression depth 

was lower in the continuous chest compressions (30 ± 8mm) than 15:2 (41 ± 11, p< 0.05) and 

30:2 (45 ± 8, p< 0.05).The compressions per minute were higher with continuous chest 



 

14 

compressions with 73 ± 24 compared to 15:2 (40 ± 9) and 30:2 (43 ± 14) but no p-value was 

reported. More ventilations were given per minute during 15:2 CPR (3.1 ± 2.4) than 30:2 (1.6 ± 

1.4) (p< 0.05). However, no flow time percentage was higher in the 15:2 group (49 ± 13%) than 

the 30:2 (38 ± 20%) (p< 0.05). The no flow time for continuous chest compressions (1± 2%) was 

less than both 15:2 (49 ± 13%, p< 0.05) and 30:2 (38 ± 20%, p< 0.05). The statistical analysis of 

the data confirms the 30:2 ratio decreases the amount of time dedicated to ventilations.24 The 

decrease in time for ventilations increases the amount of chest compressions delivered to a 

patient suffering from cardiac arrest, which likely increases the survivability. 

In addition, there was a renewed focus on the quality of compressions given to victims. It 

was still recommended to issue 100 compressions per minute at a depth of one and a half to two 

inches (1.5- 2) for an adult. The chest recoil, which allows the blood to return to the heart, was 

emphasized in these guidelines to allow for complete recoil and ensure equal compression and 

relaxation times. Finally, lay rescuers who were unwilling or unable to perform rescue breaths, 

were encouraged to perform compression-only CPR.12 

2.2.3. 2010 American Heart Association CPR Guidelines  

The 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation 

and Emergency Cardiovascular Care Part 5: Adult Basic Life Support11 reported 30 

compressions to two breaths (30:2) was still the recommended ratio to perform CPR. As 

previously stated in the 2005 AHA CPR Guidelines, this recommendation was based on a 

consensus made by experts but additional case series were published since 2005 confirming the 

change.11 Also similar to the 2005 AHA Guidelines, the 2010 AHA Guidelines emphasized 

pushing fast, hard, and without interruptions.25 There was a change in the sequence of actions 

taken following a cardiac arrest from airway-breathing-circulation (A-B-C) to circulation-
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airway-breathing (C-A-B). Experts prioritized the initiation of chest compressions before 

assessing other body systems, such as adequate breathing.11,26 Once an advanced airway was 

placed, two rescuers continued delivering chest compressions at 100 compressions per minute 

and delivering rescue breaths every six to eight seconds, or eight to 10 each minute. The ratio of 

chest compressions to ventilations (30:2) did not change from 2005 to 2010, but the sequence of 

actions changed as well as the rate of compressions.11 

Chest compression depth was altered in the 2010 AHA CPR Guidelines to allow the heart 

to be completely compressed and the blood to fully reach vital organs. The chest should be 

depressed at least two inches in the 2010 Guidelines instead of the previously recommended one 

and a half to two inches in the 2005 AHA CPR Guidelines. Researchers investigated the change 

in compression depth with 81 participants who were randomly assigned to the group performing 

the 2005 AHA CPR Guidelines depth of 38 mm to 50 mm (1.5 to 2 inches) or to the group 

performing the 2010 AHA CPR Guidelines depth of greater than 50 mm (2 inches). The quality 

of chest compressions was assessed by recording mean chest compression depth every minute, 

number of appropriate chest compressions depth and chest compressions at a depth greater than 

38 mm every minute, compression rate every minute, incomplete chest recoil, and abnormal 

hand placement. The chest compressions were performed for eight minutes total.  Fatigue levels 

were assessed through heart rate and blood lactate levels before, during, and after the 

performance of the chest compressions. Table 2 displays results of the data analysis between the 

2005 and 2010 AHA CPR Guidelines and fatigue levels.27 
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Table 2. Comparison of 2005 and 2010 CPR Guidelines after eight minutes  

CPR characteristic 2005 2010 P-value 

Number of chest compressions 
at proper compression depth 

28 ± 44 8 ± 24 < 0.05 

Number of compressions with a 
depth of greater than 38mm 

34 ± 48 60 ± 57 < 0.05 

Heart rate post CPR (beats/min) 103 ± 12 116 ± 15 < 0.01 

Lactate levels post CPR 
(mmol/L) 

2.7 ± 0.8 3.6 ± 1.0 < 0.01 

 

The recommendation to increase the depth of compression increased the rate of 

compressions (34 ± 48 compared to 60 ± 57) but also increased fatigue in the rescuer based on 

the heart rates, blood lactate levels, and RPEs. The overall compression rate increased but the 

number of compressions achieving a two-inch depth decreased. Heart rate and lactate levels were 

elevated after eight minutes of performing the 2010 CPR Guidelines. The 2010 AHA CPR 

Guidelines emphasized a chest compression depth of two inches to allow for a fully compressed 

heart and increase blood flow to the brain and lungs. The increased compression depth increases 

the physical demands of CPR on the rescuer including fatigue, heart rate, and blood lactate 

levels.27 

The 2010 CPR Guidelines emphasized minimizing any interruptions during the 

performance of CPR as well as between cycles.  Minimizing interruptions increases the survival 

of the patient because it allows for more time to administer CPR. An observational study of in-

hospital and out-of-hospital cardiac arrests was conducted between March 2002 and December 

2005. Exclusion criteria were any patients who suffered cardiac arrest in the emergency 

department or operating room or if the monitor used in the study was not applied to the patient. 

Thirteen patients were excluded from the study because there were technical difficulties or chest 
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compressions were not started before a shock was administered. A total of 60 patients were 

included in the study where an investigational monitor was used to measure the chest 

compression rate, compression depth, ventilation rate, ventilation volume and the presence of a 

pulse. The chest compressions were assessed through the chest compression pad with an 

accelerometer and force detector. Ventilations and pulses were assessed through changes in the 

chest wall impedance. Measurements were assessed and recorded every 30 seconds and any 

pauses were evaluated by two physicians. The outcomes of the patients after the cardiac arrest 

were obtained through medical records.28 

Statistical analysis of the 60 patients were obtained through a t-test, a chi-squared 

analysis, and a logistic regression analysis. Successful shocks from an AED were associated with 

shorter median pre-shock pauses (11.9 seconds versus 22.7 seconds, p= 0.002) and increased 

mean chest compression depth (39 ± 11 mm versus 29 ± 10 mm, p= 0.004). There was no 

statistical difference determined between-groups with the variables of ventilation rates, chest 

compression rates, and no flow time. If the first shock was successful, the patient was more 

likely to have return of spontaneous circulation time during the treatment (55% versus 25%, p= 

0.004) and an increased chance of survival to discharge despite no calculated statistical 

significance (9% versus 0%, p= 0.21). When pauses pre-AED shock and compressions met the 

recommended depth, both in-hospital and out-of-hospital cardiac arrest events resulted in 

favorable patient outcomes.28  

In 2010, the AHA implemented significant revisions to the CPR Guidelines to combat 

ineffective performance of CPR in out-of-hospital cardiac arrest events. These new Guidelines 

emphasized lay rescuers performing compression-only CPR instead of chest compressions with 

rescue breaths. If a lay rescuer is unable to or unwilling to perform rescue breaths, he or she 
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should at the very least perform chest compressions. A cohort study was performed examining 

out-of-hospital cardiac arrests for patients over the age of 18 from May 1, 1998 to April 30, 

2003. The type of CPR (no CPR, standard 30:2 CPR, or continuous chest compression CPR) was 

recorded by EMS at the time of the incident, and then the survivors were followed one year after 

the event to assess the neurological outcomes. A repeated measures-ANOVA and X2 test were 

computed to analyze categorical variables, a logistic regression was used to analyze the 

relationship between the types of CPR performed and the outcomes of the survivors, and an odds 

ratio and 95% confidence interval were conducted as well. A total of 13,444 cases occurred out-

of-hospital but only 4,902 of the reported OHCA events were witnessed. Of those 4,902 cases, 

783 patients (16%) received standard 30:2 CPR, 544 patients (11%) received continuous chest 

compressions, and 25 received no CPR at all. More favorable neurological outcomes were 

present in both the chest compression-only (3.5%) and standard CPR groups (3.6%) compared to 

no CPR (2.1%). There was also a higher survival rate one year after the incident in both CPR 

groups (compression only- 95% CI: 1.01- 2.95; standard CPR- 95% CI: 0.95- 2.60) compared to 

when no CPR was performed. No difference was determined between performing standard or 

compression-only CPR, which suggests compression-only CPR being as effective as standard 

CPR.14 

A longitudinal study was conducted using 1,151 patients who received a type of 

resuscitation effort following cardiac arrest.  Four hundred thirty-nine (11%) received continuous 

chest compressions, 712 (18%) received standard CPR, and 2,917 (72%) did not receive any 

CPR. Bystander resuscitation efforts, such as compression-only, standard, pulmonary-only, 

unidentified (included any changes in technique), and undocumented cases, were categorized and 

recorded by the paramedics upon arrival. Favorable neurological outcomes were assessed 30 
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days after the cardiac event according to the Glasgow-Pittsburgh cerebral performance 

categories.15 

Statistical analysis of the data consisted of an X2 test for the baseline categorical 

measurements and a Mann-Whitney U for the continuous measurements. The relationship 

between favorable neurological outcomes and the time between the attempts of CPR and first 

using an automated external defibrillator (AED) were assessed using a non-linear regression 

analysis. Continuous chest compressions had a higher number of patients with favorable 

outcomes than standard CPR when the patients had apnea (p= 0.0195), ventricular fibrillation or 

tachycardia (p= 0.041) and when CPR was started within four minutes of the cardiac arrest (p= 

0.0221). Continuous chest compressions also resulted in more favorable neurological outcomes 

than standard CPR (95% CI: 1.2–4.9; p= 0·0086). The researchers concluded continuous chest 

compressions were comparable or even more effective than standard CPR. Victims who received 

a combination of compressions and ventilations had more favorable neurological outcomes than 

no CPR, but the chest compression-only CPR showed increased favorable outcomes in certain 

subcategories.15 

It is still recommended healthcare providers provide two rescue breaths after 30 

compressions and maintain that ratio until an advanced airway has been placed. The rescue 

breaths should continue to be delivered over one second every six to eight seconds producing a 

visible chest rise. Once an advanced airway is placed, rescue breaths are given in the same 

manner with one breath every six to eight seconds without any pause in chest compressions.11 

The AHA began to discover the inaccuracy of performing rescue breaths for lay rescuers and 

made a significant change to the CPR guidelines in 2010 by taking the rescue breaths out of 

CPR.  
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2.2.4. 2015 American Heart Association Guidelines 

The 2015 AHA CPR Guidelines8 changed the chest compression rate instructions, stating 

the chest compression rate should be raised to 100-120/min instead of the 100/min as dictated in 

the 2010 AHA CPR Guidelines.  The Guidelines outlined the reasoning behind the increase 

because the more chest compressions performed per minute is associated with favorable 

neurological outcomes, an increase in the return of spontaneous circulation, and higher survival 

rates. The addition of the maximum rate is to keep rescuers from compressing too fast without 

compressing deep enough.8 

Chest compression depth allows the heart to be fully compressed during CPR, but it also 

must be permitted to replenish the heart with blood on the relaxation phase. Rescuers are to 

depress the chest a minimum of 2 inches but not exceed 2.4 inches. The limit is to avoid any 

injuries to the victim that may be sustained through the performance of CPR. The AHA still 

placed a limit on the depth of compressions to make the rescuer aware of potential risks of 

compressing too deep.8 Researchers investigated the proper chest compression depth using 

nontraumatic cardiac arrests in individuals over the age of 18. An accelerometer interface 

between the patient’s chest and the rescuer was placed using defibrillators. Chest compression 

rate, fraction and depth were calculated using the proprietary automated external defibrillator 

analytic software. During June 2007 and October 2010, 9,136 patients experienced cardiac arrest 

and were included in the study. More patients survived to hospital discharge when the depth was 

greater than 51 mm (1530 deaths, 138 survivors; p< 0.001). Those who survived cardiac arrest 

were administered chest compressions in the adequate depth range for a longer percentage of 

time (69%) than those that did not survive (61%) (p< 0.001). The proper depth of chest 

compressions increases the survivability of patients who are suffering from cardiac arrest.29  
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When CPR is performed, the chest should be allowed to be recoil and relax fully before 

compressing again. The 2015 AHA Guidelines reemphasized full chest recoil during chest 

compressions similar to the 2010 AHA Guidelines. The rescuer should avoid leaning on the 

patient as this does not allow full recoil of the chest. CPR requires a balance of compression 

depth and full chest recoil to provide life-saving measures.8 

Utilizing an AED as soon as possible adds to the favorable outcomes of resuscitation and 

increases the chance of the patient’s heart returning to a normal rhythm. Researchers randomly 

assigned 993 community units (apartment buildings, shopping malls, hotels, residential areas, 

etc.) where lay public in the areas were to perform CPR only or CPR and administering an AED 

during a cardiac arrest event. The community units were observed by the researchers during July 

2000 and September 2003. The purpose of the study was to determine which intervention 

increased the survival to hospital discharges. Each AED was inspected monthly to ensure it was 

functioning properly. The term cardiac arrest was used when more than two ventilations or more 

than five chest compressions were performed on the patient. The lay rescuers were notified of 

potential cardiac arrest events through various means such as overhead paging and notifications 

through security. Twice as many patients survived to discharge in the CPR and AED units (31) 

than the CPR only units (16) (p= 0.03, 95% CI= 1.07-3.77). When an AED is applied to a patient 

suffering from suspected cardiac arrest, the survival to hospital discharge is greater than CPR 

alone.30 There should also be little to no interruptions for the chest compressions even while 

applying the AED. It was now recommended to shock a patient as soon as possible if an 

automatic external device (AED) is readily available as opposed to initiating CPR first. Using an 

AED as soon as possible, allowing full chest recoil, and minimizing interruptions during chest 

compressions increases the effectiveness of resuscitation efforts.8 
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2.3. Rescuer Fatigue 

In 2015, the AHA CPR Guidelines changed the procedures for untrained bystanders as a 

means to increase the survival rates of cardiac arrest patients. The change instructed lay public to 

apply continuous chest compressions instead of the 30 compressions and two breaths procedures 

as dictated in the 2010 AHA CPR Guidelines. These updated Guidelines state 100 continuous 

compressions per minute for lay rescuers is the best intervention for the survival rate of a cardiac 

arrest even when the rescuer is not trained or confident in giving rescue breaths.4,8  These 100 

compressions should be performed with no breaks and should be performed fast and hard.3,16,31 

Compressions are to be performed at a minimum depth of two inches (or 5 cm) in adults.3,5 Due 

to these criteria, performing 100 compressions per minute causes rescuer fatigue faster than the 

2005 AHA guidelines of 30 compressions to two ventilations.3,16,32  

2.3.1. Compression-only CPR 

Compression-only CPR causes fatigue for rescuers than standard CPR due to the physical 

stress of continuous compressions. Shin et al.33 studied 96 medical students (n= 49) or physicians 

(n= 47) who performed CPR for eight minutes while measuring rate and number of compressions 

as well as heart rate of the participants. Two different scenarios of CPR were randomly assigned 

to each participant where the group of rescuers were either switched by a stopwatch (RC2) or 

switched by a leader (RCL). The leader was instructed to watch for signs of fatigue in rescuers 

and once they became present, the rescuers would be switched. The chest compressions were 

performed continuously due to the patients having an advanced airway placed before 

compressions started. The mean depth of compressions was decreased in RC2 than RCL (49.5 ±  

4.7 versus 52.6 ± 3.8; p= 0.002). Fewer rescuer changes and interruptions in CPR occurred in the 

RC2 group than the RCL group (3 versus 6.5 ± 1.4, p< 0.0001; 14.8 ± 1.0 versus 21.3 ± 2.6; p< 



 

23 

0.0001). The rate of chest compressions, proportion of incomplete chest recoil, or abnormal hand 

positions were not statistically different between groups. Shin et al.33 reported the rate and 

number of quality chest compressions were lower when participants performed continuous chest 

compressions of 100-120 compressions per minute versus the standard CPR practice of 30 

compressions to two breaths. No statistical difference was determined in the total number of 

chest compressions between the two groups, but there was a decrease every minute for correct 

chest compressions in the RC2 group (p= 0.001). According to the results of this study, leaders 

who have extensive experience in CPR are able to identify fatigue and switch rescuers to provide 

more effective CPR than a timed cycle. Continuous chest compressions increase the fatigue of 

rescuers, but if a leader is able to identify fatigue in rescuers, it will decrease the amount of 

fatigue in the rescuer and increase effective CPR.33 

2.3.2. Identifying Fatigue 

According to current research, rescuers do not adequately identify when they begin to 

experience the effects of fatigue and therefore diminish the quality of compressions. Ock et al.34 

conducted a study with 47 participants (25 male, 22 female) who performed CPR for five 

minutes on a manikin. The physical fitness level of each participant was assessed using maximal 

aerobic exercise capacity with VO2 max, muscle strength, muscle power, muscle endurance and 

agility. The researchers computed a one-way ANOVA for the number of compressions and mean 

percentage of correct compressions. Multiple linear regression analyses were used to assess 

relationships between sex, weight, height, physical fitness, and correct chest compressions. 

Muscle strength and power was stronger and higher in males than females (p< 0.001) however 

muscle endurance and cardiorespiratory endurance were not statistically different.34 
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Table 3. Physiological response to performing five minutes of CPR (mean ± standard deviation) 

Factors Affecting CPR  Minute 1 Minute 5 p-value 

Heart rate (beats/min) 112.3 ± 2.7 128.1 ± 2.7 < 0.001 

Percentage of estimated 
maximum heart rate (%) 

56.7 ± 1.3 64.8 ± 1.4 < 0.001 

Mean oxygen consumption 
(VO2, L/min) 

0.58 ± 0.04 0.68 ± 0.03 < 0.001 

Ratings of perceived exertion  10.8 ± 2.0 16.6 ± 2.0 < 0.001 

Mean minute ventilation 
volume (L/min) 

14.94 ± 0.9 21.41 ± 1.1 < 0.001 

 

Correct chest compressions decreased from one minute to the next when compared across 

all categories (p< 0.001). Correct compressions were defined as the proper depth of four to five 

centimeters. Table 3 shows the physiological responses to the five minutes of CPR for both 

genders. The researchers reported the participants reached 65% of the estimated maximum heart 

rate after performing CPR for five minutes. In this study, the researchers determined performing 

CPR is aerobic in nature because the volume of oxygen consumption and ratings of perceived 

exertion were in the aerobic phase of a maximal exercise test.34  Due to this increase in physical 

exertion, fatigue is a major influence on the quality of chest compressions and depth of 

compressions.5,35,36  

Conflicting research has been conducted on determining if fatigue is greater during 

continuous chest compressions than standard CPR. In contrast to Ock et al.’s research, Riera et 

al.37 did not find diminished quality of continuous chest compressions. The study consisted of 23 

volunteers who were a part of the hospital cardiac arrest team. CPR was performed according to 

the 2005 European Resuscitation Council Guidelines for two minutes with compressions given at 

100 per minute with no interruptions. The rate of compressions was measured every minute and 

any rates below 25% of the guidelines were stopped, and the two minutes were restarted after the 
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rescuer was given adequate time to rest. The researchers used heart rate, visual analog scale, and 

oxygen saturation to measure how well the participants tolerated the duration of performing 

chest compressions. The mean heart rates for baseline, after one minute, and after the two 

minutes of continuous chest compressions were 84 ± 11, 106 ± 15, 111 ± 13, respectively. The 

participants did not surpass 80% of the theoretical maximum heart rate and the mean maximum 

heart rate was 61 ± 8% (range: 49.5-75.7%). No correlation was found between values of BMI 

and heart rate at one minute and two minutes. The mean VAS score reported was 3 ± 2, which 

means the participants felt little to no discomfort.37 Despite the contrasting findings of the 

previous two studies, two minutes of CPR was performed in the study by Riera et al.37, but five 

minutes of CPR was performed in the study by Ock et al.34 The difference in duration of CPR 

performance may account for the difference in fatigue levels. An ambulance, in an urban setting, 

takes an average of eight minutes and 59 seconds to arrive on the scene of medical emergency, 

which means lay rescuers must perform CPR for extended periods of time.38,39 

2.3.3. Gender Differences in Performance  

During CPR performance, males tend to perform more effective and adequate chest 

compressions than females. Adequate compressions consist of proper depth and rate according to 

the guidelines. Researchers examined the gender differences while performing CPR using 36 

first-year EMT students (m= 18, f= 18) who participated in a basic life support course for three 

hours. The students were grouped by gender and then randomized to perform standard CPR 

(30:2) or continuous compressions for eight minutes. There was a three-hour rest in-between 

each eight-minute CPR session. An electrocardiograph was recorded, blood pressure was taken 

before and after the session, and heart rate was continuously monitored during each session for 

all the participants. Age, height, weight, and BMI of the individuals were recorded as well. The 
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rate of compressions was controlled by an electronic metronome. The researchers recorded the 

depth and rate of compressions for each session as well as the number of compressions 

performed per minute during the continuous-compressions session. Researchers also recorded 

unsuccessful chest recoil and hands-off time taken to administer two rescue breaths during 

standard CPR.40  

Statistical analyses were used to compare relationships between gender and adequate 

chest compressions. Statistical analysis was completed using a paired t-test comparing the two 

sessions of CPR to find the difference in the rate of adequate chest compressions after two 

minutes (52 ± 45 and 41 ± 43 chest compressions, p= 0.015). Even though there was a difference 

found in the first two minutes, there was no difference when all eight minutes were combined. 

Table 4 displays the results of each gender’s performance during standard and continuous CPR.40 

Table 4. Comparison of genders when performing standard and continuous CPR 

Characteristics of CPR Males (p-value) Females (p-value) 

Difference between both types 0.012 0.271 
Depth greater than 5 cm of 
compressions 

0.021 0.763 

Heart rate difference between 
both sessions 

0.015 0.021 

 

When comparing the depth of compressions across groups, no raw data was published but 

the researchers reported no difference in CPR performance (p= 0.078). Table 5 displays the total 

compressions and depths of compressions between both types of CPR after the entire eight 

minutes were performed. There was no difference between both CPR sessions in the participants’ 

blood pressure and the rate of recoil. Despite the researchers not including raw data, they 

reported a difference in heart rate was statistically significant between the two CPR sessions (p= 

0.001).40  
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Table 5. Comparison of depths and total compressions between both types of CPR after eight 
minutes 

Compression characteristics Standard 
CPR 

Continuous 
CPR 

p-value 

Total number of 
compressions 

76 ± 10 111 ± 9 0.001 

Number of compressions at 
more than 5 cm 

29 ± 34 17 ± 36 0.024 

Number of compressions at 
more than 4 cm 

50 ± 32 41 ± 49 0.236 

 

The researchers discovered male rescuers had an increased number of adequate 

compressions and a better chest compression rate when compared to female rescuers. The 

researchers also discussed males had an increased number of adequate compressions and a better 

rate than females. Males were able to continue performing adequate chest compressions per 

minute throughout the eight minutes of standard CPR but decreased steadily after two minutes of 

continuous chest compressions. Females, however, decreased in adequate chest compressions 

after one minute during both standard and continuous CPR. Males were able to perform more 

adequate compressions than females in this study but the continuous compressions were still 

significantly decreased in accuracy than the standard CPR.40 Despite the male participants 

outperforming the female participants, they were still unable to provide effective chest 

compressions throughout the continuous chest compression session. 

2.3.4. Compression Cycle Differences 

Changes to the administration of continuous compressions, such as a change in rescuers 

or adding a break, helps decrease fatigue in the rescuers, which will improve the quality of 

compressions. A study was conducted with 39 volunteer students from a senior-grade medical 

school. Demographic data were recorded of each participant, which included gender, age, 

weight, BMI, and muscle strength with a hand dynamometer. Two sessions of CPR were 
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performed, which were four cycles of one-minute CPR with a one-minute rest (1-MCG) or two 

cycles of two minutes of CPR with two minutes of rest (2-MCG). Fifteen minutes of rest were 

given between each session. Fatigue was reported after the last CPR session and ten minutes 

after the final session. The ratios of adequate chest compressions and chest compression depth 

(50-60 mm) were measured. The mean compression depth, mean adequate compressions and 

adequate compression rate per minute were all recorded for each CPR session.41  

The statistical analysis of this study was comprised of a linear mixed model, which were 

reported as means and 95% confidence intervals. The mean compression depth was deeper in the 

one-minute-cycle group (1-MCG) than the two-minute-cycle group (2-MCG) (50.67 ± 5.33 mm 

versus 49.44 ± 5.86 mm). A relationship was determined between hand grip strength and both 

mean compression depth in millimeters and mean adequate compressions ratio in percentage (p< 

0.01 for both characteristics of CPR). Table 5 displays the differences found between both cycle 

groups and performance of CPR.41 

Table 6. One-minute and two-minute cycle groups’ CPR performance after four minutes 

Comparison of characteristics of 
CPR 

1-minute group 2-minute group p-value 

Mean compression depth (mm) 
compared to session  

50.67 ± 5.33 49.44 ± 5.86 < 0.01 

Mean compression depth (mm) 
compared to strength (kg) 

50.67 ± 5.33 49.44 ± 5.86 < 0.01  

Mean adequate compressions 
ratio (%) compared to strength 
(kg) 

70.43 ± 35.85 67.56 ± 35.29 < 0.01 

Mean adequate compression 
ratio (%) compared to strength 
(kg) at 4 minutes of CPR 

63.69 ± 41.62 54.45 ± 42.71 < 0.01 

Mean adequate compression 
ratio (%) compared to session 

63.69 ± 41.62 54.45 ± 42.71 < 0.03 
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The subjective fatigue reported at the end of the cycles and the 10-minute rest was lower 

in 1-MCG (72.1 ± 12.07) than 2-MCG (80.18 ± 11.97). The researchers reported rescuer fatigue 

is reduced when the shift change occurs at one minute instead of the recommended two minutes 

as required by the AHA guidelines.41  

Instead of rescuer groups switching according to an experienced leader, a break in-

between a set amount of chest compressions may help decrease the amount of fatigue in the 

rescuer. Min et al.42 studied 63 emergency medical technician trainees who took a 120-minute 

training program according to the 2010 AHA Guidelines. Three different methods of CPR were 

performed for 10 minutes each. The first method was performing CPR continuously for the 10 

minutes without a break (CCC); the second was performing CPR 200 compressions with a 10-

second rest in between cycles (200/10); the third method was performing 100 compressions with 

a 10-second break (100/10). Each participant was scheduled for three sessions with no more than 

three days between sessions. Two researchers monitored the CPR performance; one researcher 

monitored the Resusci Anne Skill Reporter manikin, and one rescuer recorded the time, number 

of compressions and the 10-second breaks. A visual analog scale (VAS) was scored immediately 

after the completion of each CPR session.42 

Through statistical analysis of the collected data, changes in the quality of chest 

compressions and fatigue were assessed. All three scenarios declined in mean chest compression 

depth over time. The 100/10 method showed the deepest chest compressions followed by 200/10 

and finally the CCC method. A percentage of adequate chest compressions per minute was 

computed using the chest compressions with adequate depth and the total number of chest 

compressions performed. The 100/10 method displayed the highest percentage of adequate chest 

compressions, then 200/10 and CCC followed. There was no statistical difference between chest 
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compression rate or incomplete chest recoil between all three groups. The data correlating with 

these findings are displayed in Table 7.42  

Table 7. Compression rate, depth, and total number of compressions after 10 minutes of CCC 

Components of 
CPR 

CCC method 200/10 method 100/10 method p-value 

Total number of 
chest compressions 

1151.9 ± 128.2 1074.1 ± 114.2 996.0 ± 87.8 < 0.001 

Number of 
compressions at 
proper depth 

467.9 ± 444.2 589.8 ± 437.5 596.1 ± 388.5 0.183 

Compression rate 
(compressions per 
minute) 

119.0 ± 14.1 116.6 ± 20.5 119.3 ± 13.5 0.606 

Ratio of adequate 
chest compressions 
per minute 

0.3 0.49 0.51 < 0.05 

Compression depth 
(cm) 

45.24 48.69 50.4 < 0.05 

 

Fatigue was the highest for the CCC method compared to the 100/10 method (p= 0.045). 

A 10-second rest period decreased the level of fatigue and increased the effectiveness of chest 

compressions performed.42 In conclusion, adding a break between compressions or changing 

rescuers increased adequate chest compressions and decreased fatigue. 

2.3.5. Body Composition of the Rescuer 

Body composition of the rescuer is a factor for the effectiveness of CPR and the 

decreased fatigue level of the rescuer. Eighteen participants (m= 10, f= 8) were separated into a 

light or heavy group according to the Japanese average weight based on each sex. The 

researchers of the study compared a light group of nurses to a heavy group using surface EMG to 

determine if weight affected the quality of chest compressions. The light group of nurses, 

compared to the heavy group, activated the trapezius (p< 0.01), rectus abdominus (p< 0.05), 
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external obliques (p< 0.01), and rectus femoris muscles (p< 0.05) to produce the force needed to 

perform chest compressions. The force then transferred to the erector spinae once decompression 

was performed. No decrease was found in adequate depth for the heavy group, but the adequate 

depth decreased over time for the light group (p= 0.028). RPE scores were recorded every 

minute during all five minutes of CPR. Using a Mann-Whitney U test, there was a statistically 

significant difference between the two groups and the reported RPE scores (p< 0.05). Wilcoxon 

sign rank tests were used to determine a statistically significant difference between each minute 

the RPE scores were recorded for each group (light group- P< 0.05, heavy group- p< 0.05). 

Decreased body weight requires an increase in muscles activated to perform chest compressions 

compared to increased body weight. It is proposed that if a rescuer is lower than the average 

weight according to his or her sex, he or she will experience fatigue at a faster rate than a rescuer 

who is above the average weight.16  

EMT level, BMI, and fitness level were evaluated to investigate the relationship with 

quality chest compressions administered. A study with 95 EMTs who had rankings of EMT-1, 

which is EMT basic in the United States and has 40 hours of education; EMT-2, which is EMT 

intermediate in the U.S. and has 280 hours of education; and EMT-paramedic, which is EMT-P 

in the US and has 1,280 hours of education. Each participant took a pre-test consisting of two 

minutes of compression-only CPR. Each participant’s sex, age, height, weight, body mass index, 

arm length, leg length, and exercise habits were obtained before performing the study. It was also 

recorded if the participant had taken a CPR course within the last three months leading up to the 

study. CPR was performed at 100 compressions per minute at a depth of five centimeters, and 

each participant was assigned to a group according to his or her performance during the pre-

test.43 
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Statistical analysis was computed to determine the relationship of body composition, 

fitness level, and the effectiveness of CPR. A logistic regression analysis was conducted and 

resulted in the total exercise time per week associated with high-quality CPR being performed by 

the participant (odds ratio= 0.004, p= 0.044). Lin et al. developed an index to predict high-

quality CPR in a rescuer. This index is BMI x ExeTime, where BMI is the body mass index and 

ExeTime is the exercise time of the rescuer. This was computed using the area under the receiver 

operating curve of 0.718 (95% confident interval= 0.613-0.824, p< 0.001) and a cut off value of 

4,316.7 kg×min.m2 (sensitivity= 0.722, specificity= 0.678). The BMI of a rescuer and the 

exercise per week significantly increases the effectiveness of CPR which will increase the 

survivability of the patient suffering from cardiac arrest.43  

2.3.6. Overall Strength of the Rescuer 

Torque, force production, and grip strength can also be indicators of quality CPR. These 

variables were assessed using 20 healthy females who were certified in basic life support 

performed two sessions of CPR for 10 minutes. The participants were included in the study if 

they did not have prior or existing neuromuscular, musculoskeletal, or cardiopulmonary 

conditions and had a BMI between 19 and 35 kilograms per meter squared (kg/m2). A Resusci 

Anne CPR Skillreporter was used for the administration of CPR and recorded the depth and rate 

of the chest compressions and a force plate was placed underneath the manikin to measure the 

force of the chest compressions. Fatigue was determined with the force of the chest 

compressions, ratings of perceived exertion (RPE), and blood lactate levels. Surface 

electromyography was used to assess eleven different muscles, i.e. the triceps brachii, anterior 

deltoid, pectoralis major, biceps brachii, latissimus dorsi, upper trapezius, middle trapezius, 

erector spinae, external oblique, hamstring, and quadriceps. Reflective markers were applied to 
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the participants to assess the biomechanics of the joints. Continuous chest compressions and 30:2 

were the two CPR sessions the participants performed. Half of the participants were randomized 

to perform 30:2 CPR and the other half were randomized to perform continuous chest 

compressions. The participants performed CPR until their RPE, which was reported at five 

minutes and at the end of the CPR session, was 17, or they were told to stop. The compression 

rate, compression depth, video analysis and force were recorded continuously through the 10 

minutes. A second session of CPR was performed with the other type of CPR, 30:2 or continuous 

chest compressions, that was not completed in the first session and the procedure was repeated.44 

Two separate three-way mixed factorial analyses were conducted to compare the two 

sessions. Three subjects were unable to perform the full ten minutes of the continuous chest 

compressions. Table 8 displays the comparison of components between both types of CPR after 

performing CPR for ten minutes.44 
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Table 8. Comparison of the components of 30:2 CPR and continuous chest compressions after 
performing for 10 minutes 

Components of 
CPR 

30:2 CPR Continuous chest 
compressions 

p-value F η2 

Average 
compression 
rate 
(compressions 
per minute) 

98.9 ± 5.7 92 ± 3.5 < 0.001 (1,17) = 16.6 0.97 

Average 
compression 
depth (mm) 

40.3 ± 2.5 36.3 ± 3.0 < 0.004 (1,16) = 11.4 0.89 

Percentage of 
compressions at 
a depth of at 
least 38 mm (%) 

62.8 ± 16.4 46.6 ± 16.8 0.05 (1,16) = 4.5 0.52 

Compression 
forces (N) 

427.5 ± 5.9 391.1 ± 5.7 0.02 (1,14) = 7.12 0.70 

Rate of 
perceived 
exertion 

14.5 ± 0.2 15.5 ± 0.2 < 0.001 (1,18) = 19.12 0.99 

Blood lactate 
levels (mM/L) 

2.5 ± 0.5 3.0 ± 0.1    

 

Providing quality chest compressions requires the body to produce enough force to 

compress the chest to the proper depth and at the proper rate. The force production needed for 

quality chest compressions is achieved through gravity and torque from hip flexion, but when 

rescuers become fatigued, the torque begins to come from hip extension (F(1,14)= 39.88, p< 

0.001, η2= 0.999). This change in torque results in decreased force and torque in the arms. Due 

to the decrease in force and torque down the arms, there was a decrease in rigidness of shoulder 

flexion and elbow extension at the end of CPR compared to the beginning. These factors all 

contributed to the decrease in chest compression depth and compression force needed for 

adequate and effective chest compressions. 44 The proper force production and torque are needed 
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to perform adequate chest compressions at the proper depth and rate, but when the rescuer 

becomes fatigued, the force and torque decrease which decreases the effectiveness of CPR. 

Muscle strength of the rescuer can also determine the overall strength of the rescuer and 

in turn affect the performance of CPR. The number of adequate chest compressions was 

compared to the rescuers’ BMI and muscle strength. Demographics of 63 participants (m= 19, f= 

44) were recorded including height; weight; BMI; strength, which was assessed through a hand 

dynamometer; and cardiorespiratory health with a maximal voluntary cardiopulmonary exercise 

test. Cardiopulmonary fitness was measured with a maximum effort test using the Bruce Protocol 

on a treadmill ergometer while a treadmill stress electrocardiogram was placed on the subject. 

During the study, participants were to perform CPR for 20 minutes or until exhausted. Adequate 

compressions consisted of a rate of 100-120 compressions per minute, 100% of the compressions 

in the center of the chest, full chest recoil, compression depth of 50-60 mm, and equal amounts 

of compression and relaxation times. The total effect produced by muscle strength was 55% (z= 

2.396, p= 0.008). BMI and muscle strength were positively associated with a p-value of less than 

or equal to 0.001, and BMI was positively associated with more adequate chest compressions (p£  

0.001). When BMI and muscle strength were combined, they were also positively associated 

with adequate chest compressions (p£ 0.05 and p£ 0.001, respectively).45 Lopez-Gonzalez et 

al.45 found hand grip strength is correlated to effectiveness and quality of chest compressions. In 

conclusion, muscle strength increases a rescuer’s amount of adequate compressions and 

increases the amount of time a rescuer is able to perform CPR. 

2.4. Conclusion 

Modifications and changes continue to be made to CPR through conclusions made by 

researchers whose goal is to identify the best CPR practices to increase survivability. Some 
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modifications have been the compression depth from 1.5 inches to two inches, compression rate 

from 100 bpm to 120 bpm, and allowing the chest to fully recoil. The biggest changes have been 

made to the ratio of chest compressions. In 2000, CPR increased from five chest compressions 

and one rescue breath to 15 chest compressions and two breaths. In 2005, the ratio increased 

again to 30 chest compressions and two breaths. Continuous chest compressions is the latest 

significant revision to CPR and was first introduced in 2010. 

Continuous chest compressions are the latest update to the AHA CPR Guidelines and are 

emphasized for lay rescuers to perform during a cardiac arrest event. Continuous chest 

compressions remove rescue breaths, which the AHA discovered were being performed 

inaccurately by lay rescuers. Despite the benefits of continuous chest compressions and the easy 

execution, they potentially increase the fatigue experienced by rescuers. Fatigue may be 

decreased through different characteristics of the rescuer such as gender, BMI, and strength. 

Fatigue can also be decreased by changing rescuers when fatigue starts to set in or adding breaks 

in between the chest compressions. Decreasing fatigue in rescuers may increase the effectiveness 

of chest compressions which in turn will increase the survivability of cardiac arrest events. 
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3. METHODOLOGY 

3.1. Purpose of the Study 

The purpose of this research study was to analyze effectiveness of chest compressions 

during two different protocols: 30 compressions: 10-second break (30:10) and as many 

compressions as possible with a 10-second break (CC:10) when the participant chose to take the 

break(s). The secondary purpose was to evaluate rescuer fatigue through subjective reporting and 

objective measures of musculoskeletal strength measured with hand grip dynamometer. 

The research design utilized two protocols (30 and continuous) as the primary 

independent variables. Gender, BMI, and hand grip strength were dependent variables for 

research questions one and two. Finally, to analyze fatigue, the independent variables were the 

two separate protocols, and the dependent variables were the Ratings of Perceived Exertion 

(RPE). 

Q1-What is the relationship among participant traits (BMI and average hand grip 

strength) and performance on dependent variables (depth %, depth mm, and chest recoil)? 

Q2-What is the relationship between participant traits (BMI and average hand grip 

strength) and self-reported fatigue at the nine-minute time point for the 30:10 and continuous 

compressions protocols? 

Q3-What is the difference between reported fatigue levels at three, six, and nine minutes 

of CPR performance when comparing 30:10 and continuous compressions protocols? 

3.2. Participants 

Eighteen (f= 9, m= 9) individuals (21.94 ± 3.67 years) were recruited by a convenience 

sample of the local university and surrounding communities via e-mail listserv and word-of-

mouth. Participants were currently certified in CPR as a lay rescuer (AHA: Heartsaver; 
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American Red Cross: Adult CPR/AED), and individuals were not currently employed as an 

allied healthcare professional (EMR, EMT, CNA, etc.). Exclusion criteria included any 

musculoskeletal injuries to the upper extremity and back as well as cardiac issues that would 

decrease the participant’s ability to perform high-quality CPR safely and effectively.  

3.3. Documentation 

Prior to data collection, the study was approved through the Institutional Review Board at 

North Dakota State University. Informed consent forms were read and signed by each 

participant. Data collection was conducted in the Athletic Training and Exercise Science 

Laboratory at North Dakota State University. 

3.4. CPR Performance 

Four protocols were originally proposed to include a compression to a 10-second break 

ratio of: 30:10; 50:1023; 100:1042; and finally, as many compressions as possible with a 10-

second break (CC:10) when the participant chooses to take the break(s). These data for the 50:10 

and 100:10 CPR protocols were not analyzed due to inaccuracy during the data collection of the 

CPR protocols. Only data from the 30:10 and continuous chest compressions protocol with 10-

second breaks (CC:10) were used for analysis. Each protocol was performed for 8 minutes and 

59 seconds, which is the national average of an ambulance to arrive at an emergency in an urban 

environment.38,39 The original methodology proposed that two protocols would be performed in 

one day with a 15-minute break taken between each protocol. The first day of data collection was 

going to span approximately 35-45 minutes, and the second day was going to take 20-25 

minutes. Participants were originally scheduled for a two-day session with at least 24 hours and 

no more than 72 hours between the two. 
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On Day 1 of data collection, participants read and signed an informed consent form 

approved by the IRB. Demographics of each participant were recorded, which included: gender, 

age, CPR status, height, weight, and subsequent BMI were calculated. Hand grip strength was 

assessed and recorded using a hand grip dynamometer. Hand grip strength was tested three times 

and the average was taken of those three tests. Each participant was fitted with a mask for the 

metabolic cart (Parvomedics) as well as attached with the gas exchange adapter and hose. 

Following demographics, each participant was randomized into the four separate protocols. The 

original methodology included two protocols performed during day one of data collection, which 

included a smaller ratio (30:10, 50:1023) and a larger ratio (100:1042, 1 10-second break 

protocol). Day 2 originally consisted of the remaining protocols the individual had not yet 

performed. The protocols were randomized by the researchers and were not made known to the 

participants until the test was initiated. Metabolic VO2 consumption and heart rate were 

measured through the metabolic cart (Parvomedics) and were recorded every 15 seconds. Due to 

inaccuracy with the Parvo data during the CPR protocols, these data were not able to be used for 

analysis. 

The guidelines for CPR were reviewed with each participant including full chest recoil, 

1.5 to 2-inch depth, 100-120 compressions per minute, and proper hand placement. After the 

review, the participants had one minute of practice with deliberate feedback from the Resusci 

Anne® QCPR Manikin Resusci Anne® QCPR Manikin (Laerdal Medical AS, Stavanger, 

Norway). All chest compressions were performed on a Resusci Anne® QCPR Manikin Resusci 

Anne® QCPR Manikin (Laerdal Medical AS, Stavanger, Norway), which is medium-fidelity 

equipment that can record components of CPR such as: rate of compressions, depth of 

compressions, chest recoil, hand placement, etc.  
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Each session consisted of 8 minutes and 59 seconds during which participants were asked 

to indicate fatigue by pointing to or saying a number according to the Borg Scale. For this study, 

fatigue was defined as the rescuer self-determining when he or she feels severe tiredness due to 

CPR performance. Rate of perceived exertion (RPE) and VO2 consumption were measured every 

three minutes throughout the CPR session. Despite VO2 consumption being recorded, these data 

were not used for analysis. If a participant reached maximum fatigue and was unable to finish 8 

minutes and 59 seconds of CPR, this was recorded but was considered a “successful” trial. There 

were no participants who were unable to complete all the sessions of CPR. 

3.5. Statistical Analysis 

Statistical analysis for the approved research was computed using SPSS software Version 

24.0 (Armonk, NY). Data were analyzed using descriptive statistics and multiple linear 

regressions. Post hoc t-tests were completed when statistically significant results were found. 

3.6. Conclusion 

The purpose of this study was to determine the effectiveness of continuous chest 

compressions compared across two different protocols: 30 compressions with a 10-second break 

(30:10) and as many compressions as possible with a 10-second break (CC:10). The secondary 

purpose was to evaluate rescuer fatigue through participant-reported fatigue scale. As lay 

rescuers have been asked to provide CPR for cardiac arrest victims, the results of this research 

can be added to the existing evidence-based recommendations for future consideration of CPR 

protocols as determined by the AHA. Continuous chest compressions have been suggested for 

lay rescuers, but continuous chest compressions potentially creates fatigue. The results of this 

study will also help identify which protocol had the least amount of fatigue reported by the 

rescuer.  



 

41 

4. RESULTS 

4.1. Demographics 

The initial goal of this study was to recruit 24 (m= 12, f= 12) participants to measure 

subjective and objective fatigue levels during four different CPR protocols. Due to concerns of 

inaccuracy with the objective fatigue data collection, data from 18 (m= 9, f= 9) participants have 

been analyzed with the updated research questions. The demographic data of age, years certified, 

height, weight and BMI for the 18 participants is shown in Table 9. Hand grip strength was 

measured using a hand grip dynamometer and each participant was tested three times. The data 

from the hand grip strength measurements including the average of all three tests is provided in 

table 10. 

Table 9. Participant demographics (mean, standard deviation, minimum, and maximum) 

 n Age (years) Years 
Certified 

Height (m) Weight (kg) BMI (kg/m2) 

Male 9 22.44 ± 4.13 
Min: 19 
Max: 32 

3.67 ± 1.87 
Min: 1 
Max: 6 

1.78 ± 0.06 
Min: 1.71 
Max: 1.87 

76.61 ± 12.15 
Min: 55.6 
Max: 96.64 

24.06 ± 2.85 
Min: 18.62 
Max: 28.24 

Female 9 21.44 ± 3.32 
Min: 18 
Max: 29 

3.16 ± 2.06 
Min: 0.08 
Max: 6 

1.67 ± 0.03 
Min: 1.61 
Max: 1.71 

69.78 ± 13.88 
Min: 57.13 
Max: 98.34 

24.7 ± 4.51 
Min: 21.01 
Max: 34.93 

Total 18 21.94 ± 3.67 
Min: 18 
Max: 32 

3.41 ± 1.93 
Min: 0.08 
Max: 6 

1.73 ± 0.07 
Min: 1.61 
Max: 1.87 

73.20 ± 12.14 
Min: 55.6 
Max: 98.34 

24.52 ± 3.69 
Min: 18.62 
Max: 34.93 
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Table 10. Hand grip strength (measured in kilograms) 

 Grip Test 1 Grip Test 2 Grip Test 3 Grip Average 
Male 53.89 ± 10.40 

Min: 40 
Max: 70 

51.56 ± 11.45 
Min: 32 
Max: 68 

51.11 ± 11.53 
Min: 30 
Max: 67 

52.19 ± 10.99 
Min: 34 
Max: 68.33 

Female 36.56 ± 7.16 
Min: 27 
Max: 50 

34.11 ± 8.52 
Min: 23 
Max: 51 

33.89 ± 9.36 
Min: 18 
Max: 52 

34.85 ± 8.52 
Min: 22.67 
Max: 51 

Total 45.22 ± 12.43 
Min: 27 
Max: 70 

42.83 ± 13.28 
Min: 23 
Max: 68 

42.5 ± 13.50 
Min: 18 
Max: 67 

43.52 ± 12.97 
Min: 22.67 
Max: 68.33 

 

4.2. CPR Quality Compared to BMI and Hand Grip Strength 

CPR quality data were collected for all 18 participants for both the 30:10 session and the 

continuous chest compressions session. The 2015 AHA CPR Guidelines recommends rescuers 

are to depress the chest a minimum of 2 inches but not exceed 2.4 inches. The chest compression 

rate should be 100-120/min and the rescuer should allow the chest to fully recoil. Data for the 

30:10 session is displayed in Table 11 and the data for the continuous chest compressions session 

is displayed in Table 12. 

Table 11. CPR quality for 30:10 session 

 Depth (%) Depth (mm) Recoil (%) 

Male 85.78  ± 26.54 
Min: 22 
Max: 100 

55.11 ± 4.78 
Min: 45 
Max: 61 

89.67 ± 20.85 
Min: 35 
Max: 100 

Female 58.33 ± 28.78 
Min: 1 
Max: 100 

50.22 ± 5.78 
Min: 38 
Max: 60 

96.44 ± 4.77 
Min: 88 
Max: 100 

Total 72.06 ± 30.34 
Min: 1 
Max: 100 

52.67 ± 5.73 
Min: 38 
Max: 61 

93.06 ± 15.08 
Min: 35 
Max: 100 

 

 



 

43 

Table 12. CPR quality for continuous compression session 

 Depth (%) Depth (mm) Recoil (%) 
Male 37.56 ± 46.60 

Min: 0 
Max: 100 

45 ± 8.19 
Min: 35 
Max: 57 

55.33 ± 31.63 
Min: 14 
Max: 99 

Female 32.44 ± 33.14 
Min: 0 
Max: 96 

45.67 ± 6.73 
Min: 34 
Max: 57 

86.56 ± 18.08 
Min: 47 
Max: 100 

Total 35 ± 39.31 
Min: 0 
Max: 100 

45.33 ± 7.28 
Min: 34 
Max: 57 

70.94 ± 29.71 
Min: 14 
Max: 100 

 

The first research question explored the relationship between participant demographics 

(BMI, average hand grip strength, and gender) and performance on CPR as measured by the 

percentage of compressions at the appropriate depth, the average depth of compressions 

measured in millimeters, and percentage of compressions with full chest recoil. Thus, the 

dependent variables were depth percentage, millimeter depth, and chest recoil while the 

independent variables were the participants’ traits. Separate linear regression models were used 

to explore the relationship between the independent variables and each of the dependent 

variables. 

BMI was the first independent variable used to compare to the dependent variables. The 

first portion of research question one relates to the 30:10 CPR protocol. None of the analyses for 

the dependent variables in the 30:10 CPR protocol were statistically significant. The regression 

for depth percentage was not significant (p= 0.198) with R2 as 0.101. The regression for depth 

millimeters was also not significant with a p-value of 0.220 and R2 as 0.092. Finally, the 

regression for chest recoil was not significant (p= 0.606) with R2 as 0.017. The second portion of 

research question one relates to the continuous chest compressions protocol. None of the 
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analyses for the dependent variables in the continuous chest compressions protocol were 

statistically significant. The regressions for depth percentage (p= 0.897, R2= 0.001), millimeter 

depth (p= 0.768, R2= 0.006), and chest recoil (p= 0.281, R2= 0.072) were not significant.  

Hand grip strength for each participant was averaged after a total of three trials were 

obtained. For the 30:10 CPR protocol, statistical significance was noted for depth percentage and 

depth millimeters. The regression for depth percentage (p= 0.013, R2= 0.327) and millimeter 

depth (p= 0.037, R2= 0.245) were statistically significant. No statistical significance was found 

for chest recoil, which had a p-value of 0.170 with R2 as 0.114. None of the analyses for the 

dependent variables in the continuous chest compressions protocol were statistically significant. 

The regression for depth percentage (p= 0.713, R2= 0.009), millimeter depth (p= 0.393, R2= 

0.046), and chest recoil (p= 0.482, R2= 0.031) were not significant.  

4.3. Subjective Fatigue Levels 

The Rate of Perceived Exertion (RPE) was assessed through the Borg scale, which was 

comprised of numbers from 6 to 20 with 6 being no exertion and 20 being maximum exertion.46 

Each participant was asked to report the subjective fatigue levels experienced during each CPR 

session at 0, 3, 6, and 9 minutes. The participants would point or say a number on a Borg scale 

for RPE. The data collected from the RPE scores are shown in Figure 1 for both CPR sessions. 

During the continuous chest compression session, the participants were allowed to take as many 

10-second breaks as needed but were instructed to perform CPR for as long as they could before 

taking a break. Data from the number of breaks taken is displayed in Figure 2. 
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Figure 1. Subjective fatigue levels during CPR sessions 

 

 

Figure 2. Number of breaks taken during continuous compressions CPR 
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The second research question explored the relationship between participant 

characteristics (BMI and hand grip strength) and self-reported fatigue for both CPR sessions. To 

determine the relationship between participant demographics and fatigue, we calculated only the 

final report at the nine-minute interval. For the 30:10 CPR protocol, BMI was not statistically 

significant (p= 0.598) with R2 as 0.018. For the continuous chest compressions protocol, BMI 

was also not statistically significant with a p-value of 0.814 and R2 as 0.004. For the 30:10 CPR 

protocol, hand grip strength did not have a statistically significant relationship with self-reported 

fatigue (p= 0.170) with R2 as 0.114. Interestingly, there was a statistically significant relationship 

for the continuous chest compression protocol between hand grip strength and fatigue (p= 0.004) 

with R2 as 0.414. 

Based on the results from the separate linear regressions, follow-up t-tests comparing 

gender to the three statistically significant variables were analyzed. Gender did not reveal 

statistically significant results for 30:10 CPR protocol depth percentage (p= 0.782), 30:10 CPR 

protocol millimeter depth (p= 0.957), or continuous chest compressions protocol RPE (p= 

0.344). 

The third research question explored the difference between the two protocols for self-

reported fatigue levels at the three, six, and nine-minute time intervals. Each of the three 

comparisons yielded statistically significant results. At all three points, participants reported 

greater fatigue in the continuous chest compressions protocol compared to the 30:10 CPR 

protocol. Table 13 displays the RPE scores for each protocol and compares the RPE scores 

between the protocols. 
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Table 13. Comparing RPE scores for both compression-only CPR protocols  

 3 minutes* 6 minutes** 9 minutes** 
 30:10 CC:10 30:10 CC:10 30:10 CC:10 
RPE scores 10.056 ± 

2.043 
11.667 ± 
1.879 

11.333 ± 
2.326 

13.889 ± 
1.568 

12.000 ± 
2.275 

14.611 ± 
1.754 

*p= 0.005; **p= 0.000  

 

In conclusion, a statistically significant relationship was determined between hand grip 

strength to depth percentage and millimeter depth (p= 0.013, R2= 0.327; p= 0.037, R2= 0.245) for 

the 30:10 protocol. A statistically significant relationship was found between the continuous 

chest compressions protocol with hand grip strength and fatigue levels (p= 0.004, R2= 0.414) but 

was not found in the 30:10 CPR protocol. The continuous chest compressions protocol displayed 

greater reported fatigue at three, six, and nine minutes than the 30:10 protocol (p= 0.005, 0.000, 

0.000, respectively).  
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5. DISCUSSION 

The purpose of this research study was to analyze effectiveness of chest compressions 

during two different protocols: 30 compressions:10-second break (30:10) and as many 

compressions as possible with a 10-second break (CC:10) when the participant chose to take the 

break(s). The secondary purpose was to evaluate rescuer fatigue through subjective reporting and 

objective measures of musculoskeletal strength measured with hand grip dynamometer. Due to 

proposed changes by the AHA of lay rescuers performing continuous chest compressions, it is 

important to analyze rescuer demographics and self-reported fatigue as they relate to CPR 

performance. Previous researchers have reported the relationship of BMI and hand grip strength 

to CPR performance. However, a gap in research exists assessing fatigue levels and 

physiological characteristics of the rescuer with continuous chest compressions CPR and 30 

compressions to a 10-second break. 

5.1. Quality of CPR Performance Between Protocols 

As the duration of CPR performance increases, the effectiveness of chest compressions 

decreases, which occurs at different times based on the characteristics of the rescuer. Previous 

research has demonstrated conflicting results pertaining to a decline in effectiveness of CPR 

performance. Ock et al.34 concluded correct chest compressions decreased from one minute to 

the next throughout five minutes of CPR. Correct compressions were defined as the proper depth 

of four to five centimeters. Throughout the study, the participants were able to maintain adequate 

rates of around 110 compressions per minute. In contrast, Riera et al.37 did not find diminished 

quality of continuous chest compressions, but they only compared the mean number of 

compressions performed per minute. Proper depth or full chest recoil was not assessed in the 

study. The researchers stopped the participants if the rates dropped below 25% of the guidelines 
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and the two minutes were restarted after the rescuer rested. The guidelines consisted of 

uninterrupted compressions at a rate of 100 compressions per minute. Two independent 

observers evaluated the sternal depression and hand placement during the session. The restart for 

the participants and the small duration of CPR performance could account for the lack of 

diminished quality of CPR, and ultimately, the conflicting results.37 The current study did not 

directly analyze each minute of CPR quality but did analyze the total CPR quality of both 

protocols. All three categories of CPR quality were diminished during the continuous chest 

compressions protocol. The proper depth was only achieved 35 ± 39.31% of the time and the 

average depth for all participants was 45.33 ± 7.28 mm. The proper depth of chest compressions 

should be 50-60 mm, which was not achieved throughout the continuous chest compressions 

protocol in the current study. Chest recoil was maintained 70.94 ± 29.71% of the continuous 

chest compression CPR session for both genders, which was diminished compared to the 93.06 ± 

15.08% maintained during the 30:10 CPR session. Previous research concluded conflicting 

results regarding diminished effectiveness of CPR, but the current research displayed diminished 

quality of CPR during the continuous chest compressions protocol compared to the AHA CPR 

Guidelines. 

In addition to comparing the effectiveness of CPR throughout the duration of 

performance, previous research has also compared the quality of CPR across different protocols. 

Shin et al.40 concluded a decreased number of adequate compressions with depth of more than 5 

cm at the end of the continuous CPR compared to the standard CPR. Males had an increased 

number of adequate compressions and a more accurate rate than the females. Despite the 

increase in the quality of CPR in the male participants, the researchers concluded a significant 

decrease in the overall effectiveness of chest compressions during the continuous CPR than the 
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standard CPR. Similar to these results, Min et al.42 compared the effectiveness of CPR across 

three different continuous chest compressions protocols. The continuous chest compressions 

protocols consisted of 100 compressions with a 10-second break (100/10), 200 compressions 

with a 10-second break (200/10) and continuous chest compressions (CC) with no break for 10 

minutes. The 100/10 protocol recorded the highest percentage of adequate chest compressions 

with the most compressions at the proper depth. The CC protocol recorded the highest number of 

chest compressions, but the compressions were not at an adequate depth.42 In addition to the 

findings of previous research, the current research concluded a significant decrease in all three 

categories of CPR (depth percentage, depth in millimeters, and chest recoil) during the 

continuous chest compressions protocol. During the 30:10 protocol, males were able to achieve 

the adequate depth almost 86% of the total time and females were only able to achieve adequate 

depth 58% of the time. Females performed better chest recoil than males during both protocols. 

During the continuous chest compression protocol, neither gender was able to perform chest 

compressions with the proper depth of 50-60 mm. Chest recoil was also diminished during the 

continuous chest compression protocol. When continuous chest compressions are performed, the 

effectiveness of chest compressions decreases, no matter the gender.   

5.2. Comparing BMI and Hand Grip Strength to CPR Performance 

Previous research has demonstrated that a higher BMI is correlated with improved CPR 

performance. Lopez-Gonzalez et al.45 concluded the effectiveness of chest compressions was 

improved with both BMI and muscle strength as well. The results of the current study contradict 

what was found from the study by Lopez-Gonzalez et al.45 The current study showed no 

relationship between BMI and the performance in either CPR session. Lopez-Gonzalez et al.45 

had each participant perform 20 minutes of CPR or until exhaustion whereas the current study’s 
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participants performed CPR for eight minutes and 59 seconds. Even though Lopez-Gonzalez et 

al.45 computed higher BMIs equated to higher CPR performance, other researchers43 as well as 

the current researchers disagree with those findings.  

Similar to the results of the current study, Lin et al.43 did not attribute BMI to higher 

quality CPR performance. The researchers were, however, able to develop an index that 

predicted high-quality CPR. The index was comprised of BMI multiplied by the average total 

exercise time of the rescuer.43 Despite recording the exercise time for each rescuer for the present 

study, it was not a part of the research questions and, therefore, was not analyzed. The 

participants indicated self-reported exercise time throughout the week for cardiopulmonary 

health and weight lifting but it did not appear the data being reported was accurate. A future 

study analyzing fitness levels and exercise time via an accelerometer should be conducted. 

Previous research has debated the existence of a relationship between BMI and CPR 

performance, but the present study did not determine a relationship existed.  

In addition to BMI, Lopez-Gonzalez et al.45 measured hand grip strength and compared it 

to CPR performance. The hand dynamometer was used to establish the participants’ muscle 

strength. The researchers determined a higher hand grip strength correlated with increased 

effective and quality chest compressions.45 Similar to the results of the study by Lopez-Gonzalez 

et al.45, Kim et al.41 computed a similar relationship between hand grip strength and both mean 

compression depth in millimeters and mean adequate compressions ratio in percentage. 

However, the researchers had participants perform CPR for four cycles of one-minute CPR with 

a minute rest or two cycles of two minutes of CPR with a two minute rest.41 Further, hand grip 

strength was used to describe the participants’ overall muscle strength in a study conducted by 

Ock et al.34 The researchers determined increased muscle strength correlated with an increase in 
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proper depth and rate of chest compressions.34 The current study determined a relationship with 

hand grip strength and proper compression depth in millimeters and percentage during the 30:10 

CPR protocol. However, there was no relationship with hand grip strength and proper depth for 

the continuous chest compressions CPR protocol. This could be due to the increase in fatigue 

levels experienced by the rescuer. Despite similarities in results, the studies had varying 

durations of time for CPR performance, including 20 minutes, four cycles of one-minute CPR 

with one minute of rest or two cycles of two-minute CPR with two minutes of rest, five minutes, 

or the current study of eight minutes and 59 seconds.34,41,45 Similar results were concluded in the 

current study with previous research about hand grip strength correlating with increased chest 

compression depth while performing 30:10 CPR protocol, mimicking the breaks in 30:2 CPR, 

but did not agree with the continuous chest compression protocol. Previous research and the 

current study have debated the existence of a relationship between BMI and the quality of CPR 

performed, but previous research has demonstrated a relationship between hand grip strength and 

quality CPR despite conflicting results in the current study. 

5.3. Comparing BMI and Grip Strength with Self-Reported Fatigue 

Physical characteristics of the rescuer, such as lower BMI and grip strength, may 

contribute to the amount of fatigue experienced by the rescuer. BMI has been determined to have 

a relationship with self-reported fatigue levels in rescuers. Hasegawa et al.16 determined there 

was a relationship between BMI and the RPE scores reported throughout CPR performance, 

which contradicts the results of the current study. No relationship was determined between BMI 

and RPE scores in the current study.16 The calculations only took place at the nine-minute 

interval instead of throughout the entire eight minutes and 59 seconds of the CPR performance 

due to the greatest RPE values occurring at the nine-minute mark. The conflicting results may be 



 

53 

due to the different time intervals CPR which were five minutes in Hasegawa et al.’s16 study and 

eight minutes and 59 seconds for the current study. Despite previous research determining a 

relationship between BMI and RPE levels, the present study did not find this same relationship. 

Results related to the relationship between BMI and subjective fatigue levels are 

contradictory. Riera et al.37 calculated no correlation was found between values of BMI and heart 

rate at one minute and two minutes. The mean VAS score reported were lower, meaning the 

participants felt little to no discomfort. A limitation to the study conducted by Riera et al.37 was 

CPR was only performed for two minutes, which could be why there was no increase in fatigue 

levels.37 The current study determined there was no relationship between BMI or hand grip 

strength and RPE scores for the 30:10 CPR protocol, or BMI and RPE scores for the continuous 

CPR protocol. Despite similar findings between Riera et al.37 and the current study, Riera et al.37 

only performed CPR for two minutes, whereas the current study performed CPR for eight 

minutes and 59 seconds. There are conflicting findings in previous research about the effects 

BMI has on subjective fatigue experienced during CPR, but the present study did not determine a 

relationship between the two. 

Instead of relying on subjective reporting, previous research has also measured fatigue 

through objective measures to understand the moment a rescuer experiences fatigue. Ock et al.34 

measured both subjective and objective fatigue through RPE scores and VO2. The researchers 

determined performing CPR is aerobic in nature because the volume of oxygen consumption and 

ratings of perceived exertion were in the aerobic phase of a maximal exercise test.  The RPE 

levels, mean oxygen consumption and heart rate all increased throughout the performance of 

CPR. The researchers indicated performing CPR is a modest workload and requires 65% of the 

predicted maximum achievable workload. Ock et al.34 did not directly analyze BMI or handgrip 
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strength with RPE scores or the VO2. Interestingly, the present study determined a relationship 

for the continuous chest compression protocol between hand grip strength and fatigue. There was 

no relationship between hand grip strength and fatigue experienced during the 30:10 CPR 

protocol, however. The varying differences between the two studies on hand grip strength and 

fatigue levels could be explained by the different time intervals for CPR performance. CPR was 

performed for five minutes during the study conducted by Ock et al.34, but CPR was performed 

for eight minutes and 59 seconds in the current study. Despite contrasting findings for BMI and 

hand grip strength with fatigue levels, previous research has determined that subjective fatigue 

levels, as well as objective, increase throughout the duration of CPR performance. 

5.4. Comparing Self-Reported Fatigue Levels Between Protocols 

Previous research has determined an increase in fatigue occurs not only during CPR 

performance but also throughout different CPR protocols, which may lead to a protocol best fit 

for the rescuer and the patient. Min et al.42 recorded visual analog scores immediately after three 

CPR protocols, consisting of 100 chest compressions to a 10-second break (100:10), 200 chest 

compressions to a 10 second break (200:10), and continuous chest compressions without a break. 

Min et al.42 concluded continuous chest compressions increased fatigue levels more than the 

100:10 CPR protocol. Similarly, the current study concluded the continuous chest compressions 

protocol displayed greater reported fatigue at three, six, and nine minutes than the 30:10 

protocol. However, the current study was conducted using lay rescuers and Min et al.42 

conducted data collection with emergency medical technicians. Another contrast in methodology 

between the study conducted by Min et al.42 and the current study was the time interval of CPR 

performance, which were 10 minutes for the Min et al.42 study and eight minutes and 59 seconds 

for the current study. Both Min et al.42 and the current study demonstrated that fatigue 
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experienced by the rescuer is a major concern when performing continuous chest compressions 

because it may affect the quality of chest compressions being delivered to the patient. 

Objective fatigue has also been shown to effect the rescuer during continuous chest 

compressions in addition to subjective fatigue levels. Eight minutes of continuous chest 

compressions was performed using the depth and rates of both the AHA 2005 CPR Guidelines 

and the AHA 2010 AHA Guidelines in a study conducted by Yang et al.27 The 2005 AHA 

Guidelines recommended the depth of chest compressions should be one and a half to two inches 

(1.5-2) for an adult and the 2010 AHA Guidelines recommend the chest should be depressed at 

least two inches. The rate of chest compressions was similar for both guidelines, but the 2005 

AHA Guidelines simply stated 100 compressions per minute, whereas the 2010 AHA Guidelines 

stated the chest compression rate should be at least 100 compressions per minute. Fatigue levels 

were measured subjectively through RPE scores and objectively through heart rate and blood 

lactate levels. The researchers reported RPE scores during the 2010 AHA Guidelines group were 

higher along with increased heart rate and blood lactate levels when compared to the 2005 AHA 

Guidelines group.27 Similarly, the current study also recorded an increase in fatigue levels with 

the continuous chest compressions protocol than the 30:10 CPR protocol. Despite similar results 

between the two studies, Yang et al.27 did not have an upper limit to the compression rate, 

whereas the current study utilized the upper limit of 120 compressions as indicated in the 2015 

AHA Guidelines. Objective fatigue levels along with subjectively-reported fatigue levels are 

increased throughout continuous chest compressions as reported by previous research and the 

current study. 

Previous research has concluded rescuers experienced increased exertion during the 

continuous chest compressions CPR protocol when compared to other protocols with breaks or 
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ventilations. RPE scores, blood lactate levels, and force production were used to calculate the 

amount of fatigue experience by the participants during a “Hands-only”, or continuous chest 

compressions, protocol and a 30 compressions to two ventilations (30:2) protocol. Similar to the 

results of Yang et al.27, Trowbridge et al.44 determined an increase in RPE levels during the 

continuous chest compressions protocol compared to the 30:2. The difference between the results 

of the study conducted by Trowbridge et al.44 and the current study is the amount of time chest 

compressions were administered as well as the 30:2 protocol. The present study performed the 

protocols for eight minutes and 59 seconds compared to the 10 minutes by Trowbridge et al.44 

The current study recruited participants from both genders and implemented a 30 compressions 

to a 10-second break, whereas Trowbridge et al.44 recruited only female participants and utilized 

a 30:2 CPR protocol. All three of the studies outlined above relate to the results of the present 

study where fatigue, both objectively and subjectively, is greater when performing continuous 

chest compressions CPR, no matter the gender of the rescuer or experience level of the rescuer. 

5.5. Limitations 

The results of the present study may have been effected by limitations throughout the 

study. The first limitation was the number of participants who performed the CPR protocols. A 

larger sample size may have provided significant findings for the BMI or hand grip strength 

analysis. The second limitation was the inaccurate data collection while using the Parvo 

metabolic cart, which occurred during the CPR protocols. Having data from the Parvo metabolic 

cart would have allowed for analysis of objective fatigue and analysis of the other two CPR 

protocols that were not included in data analysis. Fatigue levels were only measured 

subjectively, which does not account for the metabolic changes in the body and does not give a 

true measure of fatigue. Analyses of the two original CPR protocols of 50:10 and 100:10 were 
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not conducted due to inaccurate data collection. The Resusci Anne® QCPR Manikin Resusci 

Anne® QCPR Manikin (Laerdal Medical AS, Stavanger, Norway) was a limitation because the 

participants were performing CPR in a simulated situation and not during a real cardiac arrest on 

a human patient. While taking an increased amount of breaks may decrease the amount of fatigue 

experienced by the rescuer, it decreases the effectiveness of the chest compressions because the 

amount of time chest compressions are not performed is increased and decreasing the patient’s 

survivability. Although these limitations existed, the current study was able to find statistical 

significance and formulate some conclusions based on the results. 

5.6. Future Research 

The most effective continuous chest compression protocol has yet to be determined, but 

examining different protocols, including all four of the originally proposed protocols, will help 

distinguish the best protocol in decreasing rescuer fatigue and increasing survivability. Future 

research is necessary to make a definitive conclusion on the most effective approach to 

compression-only CPR. This study may be a resource for developing other methodologies for 

different compression-only CPR protocols, specifically focusing on reducing the fatigue of the 

rescuer both objectively and subjectively. The current study only addressed 30:10 and CC:10 

protocols, but different protocols may increase the effectiveness of CPR without compromising 

the rescuers’ fatigue levels. 

Additionally, future studies are recommended to identify different physical fitness factors 

that may decrease rescuer fatigue. Analyzing the rescuers’ daily activities through an 

accelerometer would allow for more objective data on fitness levels as well as possibly providing 

different physical activities being performed. The accelerometers would address inconsistencies 

in self-reporting fitness activities and the amount of physical activity time. Continuing to 
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research the best practices for compression only CPR will aid not only lay rescuers but also 

healthcare professionals.  

5.7. Conclusions 

This study adds to previous research focusing on continuous chest compressions. The 

present and previous studies have shown an increase in fatigue for rescuers who perform 

continuous chest compressions for a long period of time. Min et al.42 stated, “the issue of rescuer 

fatigue due to continuous chest compressions without rest during continuous chest compression- 

CPR has been raised, as it may decrease CPR quality (chest compression depth, rate, total 

number)”.42 Previous researchers along with the current researchers have concluded rescuers 

experience the most fatigue during continuous chest compressions, which decreases the 

effectiveness of compressions and, ultimately, the survivability of the patient. Future research is 

imperative for increasing the survivability of out-of-hospital cardiac arrest, and provide more 

resources to the AHA to formulate the CPR guidelines. Therefore, the current study contributes 

to the evidence-based medicine for CPR protocols.  
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