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Abstract 

 

Currently, manual CPR methods do not provide the consistent, effective chest 

compressions needed to treat a patient.  Paramedics often cannot provide the correct force 

needed and can tire easily while administering CPR.  A solution to this issue is to 

eliminate the human element and utilize the benefits of a mechanized system.  By 

analyzing current CPR methodologies and available automated CPR machines, as well as 

acquiring feedback from experienced paramedics, we have developed an improved 

automated CPR machine.  Some of the major engineering strengths of current CPR 

machines are integrated into the improved automated CPR machine.  This machine is 

lightweight and adaptable to be used widely by paramedics.  The assembly time of the 

improved automated CPR machine is significantly enhanced.  We believe that this device 

is a vital aid for paramedics and will undoubtedly be more effective in saving lives than 

manual CPR. 
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Chapter 1.  EMS AND LIFE SAVING PRACTICES 

1.  Introduction 

There is no doubt that the emergency procedure known as CPR has given many 

sudden cardiac arrest victims a second chance at life.  According to the American Heart 

Association, the immediate performance of CPR combined with defibrillation within the 

first 3-5 minutes after collapse greatly improves the victim‟s chance of survival 

(American Heart Association, Inc. [1]).  But manual CPR is only effective if the chest 

compressions are consistent and controlled.  Paramedics often cannot provide the correct 

force needed and can tire easily while administering CPR.  With automated CPR, the 

human element is eliminated, thereby leaving the paramedic free to attend to the patient‟s 

other needs and constantly evaluate their condition. 

Originally, the idea for this project was to assess the issues surrounding manual 

CPR and, in the big picture, design a machine that could automatically perform this life-

saving procedure.  This caught our interest because it was a chance to work on a current 

problem that has major real-world applications.  We gladly accepted the challenge 

because we knew that the results would involve saving lives. 

After doing a little research, our team discovered two CPR devices already whose 

use is limited around the world.  These two CPR machines are called the AutoPulse, from 

ZOLL Medical Corporation, and LUCAS, from Jolife.  The AutoPulse uses a load-

distributing technology called the LifeBand, while the LUCAS provides chest 

compressions via a mechanical arm with a suction cup.  Due to this discovery, we 

realized that our project idea wasn‟t as original as we thought, and this led to a major 

change in our original goal for this project.   
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Instead of reinventing the wheel, we focused on three new dimensions.  They 

were investigating these machines and other topics related to resuscitation, finding out 

the issues paramedics are experiencing with them, finding solutions to these issues, and 

producing a device that is stable, reliable, and easy to use.  This report will be a detailed 

account of our engineering process, starting with our background research in Chapter 2, 

and ending with our final design in Chapter 3.  Chapter 4 contains our concluding 

remarks.  In Chapter 2, we present detailed information about CPR, the AutoPulse and 

LUCAS machines, and the CPR aids, AEDs.  This information provided us an 

opportunity to design an improved CPR machine. Chapter 3 contains the improved CPR 

design. The conclusion and future work recommendation are contained in Chapter 4. 
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Chapter 2.  EMS AND PATIENT-CENTRIC QUALITY CARE  

2.  Introduction 

The human heart‟s main role is that of circulating blood throughout the body. 

Cardiac arrest occurs when the heart loses its function and stops circulating the blood to 

the whole body. Common causes of cardiac arrest are smoking, abnormal cholesterol, 

diabetes, high blood pressure, stress, abdominal obesity, sedentary lifestyle, eating too 

few fruits and vegetables, and abstaining from alcohol.  Many vital organs can be 

damaged from the lack of blood flow.  The brain, more than others, can be severely 

damaged if the blood is not supplied for a minimum of 4 to 5 minutes.  Once the victim 

has received brain damage, the chances of eventual recovery drop significantly. 

Cardiopulmonary Resuscitation (CPR) is the emergency procedure that helps restore the 

circulation of blood after a person experiences cardiac arrest. CPR is performed using a 

combination of rescue breaths and chest compressions. Chest compressions must be 

applied at a rate of 100 per minute in order to create artificial circulation by manually 

causing the heart to pump blood through the body. From the statistical research, if the 

CPR is applied immediately and correctly, this procedure can return life to a person from 

cardiac arrest 3 times more than without it.  
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2.1 Cardiopulmonary Resuscitation Processes and Procedures 

 

To properly perform Cardiopulmonary Resuscitation, after assessing the situation 

to make sure it is safe for the victim to be treated, check to see if the victim is responsive 

by calling to them and gently shaking them.  If they are non-responsive, immediately call 

for help or designate someone to call 9-1-1.  After calling for help, tilt the victim„s head 

back and lift the chin to open their airway.  Once the airway is open, pinch the nose 

closed, take a normal breath, cover the victim‟s mouth with yours and blow out until you 

see the chest rise.  Then give a second breath.  If the chest doesn‟t rise, open the airway 

again and repeat the breaths.  Next place the heel of one hand in the center of the chest 

and your other hand on top of it.  Press the victim‟s chest down approximately 2 inches.  

Perform thirty compressions at a rate of one hundred per minute.  Finally, repeat the 

breaths and compressions until help arrives, or the victim is revived. 
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2.2 Saving Life by CPR 

 

The American Heart Association gave a list of CPR facts and statistics that show 

common knowledge about CPR.  About 75 percent to 80 percent of all out-of hospital 

cardiac arrests happen at home.  Being trained to perform cardiopulmonary resuscitation 

(CPR) can mean the difference between life and death for a loved one.   Effective 

bystander CPR, provided immediately after cardiac arrest, can double a victim‟s chance 

of survival.  CPR helps maintain vital blood flow to the heart and brain and increases the 

amount of time that an electric shock from a defibrillator can be effective.  

Approximately 95 percent of sudden cardiac arrest victims die before reaching the 

hospital.  Death from sudden cardiac arrest is not inevitable. If more people know CPR, 

more lives can be saved.  Brain death starts to occur four to six minutes after someone 

experiences cardiac arrest if no CPR and defibrillation are administered during that time.  

If bystander CPR is not provided, a sudden cardiac arrest victim‟s chances of survival fall 

7 percent to 10 percent for every minute of delay until defibrillation. Few attempts at 

resuscitation are successful if CPR and defibrillation are not provided within minutes of 

collapse.  Coronary heart disease accounts for about 550,000 of the 927,000 adults who 

die as a result of cardiovascular disease (American Heart Association, Inc. [4]).  

Approximately 335,000 of all annual adult coronary heart disease deaths in the U.S. are 
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due to sudden cardiac arrest, suffered outside the hospital setting and in hospital 

emergency departments (American Heart Association, Inc. [4]). About 900 Americans 

die every day due to sudden cardiac arrest (American Heart Association, Inc. [4]). 

Sudden cardiac arrest is most often caused by an abnormal heart rhythm called 

ventricular fibrillation (VF). Cardiac arrest can also occur after the onset of a heart attack 

or as a result of electrocution or near-drowning which results in the victim becoming 

unresponsive. 

 

2.3 Manual CPR 

 

Today most rescuers often perform CPR manually, but it is very hard to compress 

the chest using only their arms and hands and achieve success in a timely manner. There 

are three factors that are needed to perform successful CPR. The chest compression 

should be given quickly, forcefully, and consistently.  As the time passes after the cardiac 

arrest, effective CPR process becomes increasingly more important. Sometimes effective 

CPR determines whether or not the patient will live. Therefore CPR must be applied as 

soon as possible after the rescuer arrives at the victim. If CPR is applied as little as five 

minutes after the patient suffered sudden cardiac arrest, there is a greater potential that 

the patient will not recover. The CPR process must be applied as soon as possible. No 

matter how the rescuer performs CPR, the patient will have a better chance to live if the 

process is applied quickly. This is why the quickness of CPR is important.  The second 

factor of good chest compression is force. To achieve the perfect compression, the 

average compressive force must be equivalent to 490.5 Newtons (Medtronic [18]). This 
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force must be consistent through the entire action when CPR is being performed. 

However, manual CPR has its limitation in that the quality of the compression will be 

lower as time elapses. The quality of manual chest compression chart is shown in Figure 

2.3. 

 

 

Figure 2.3  Quality of compressions during CPR. 

 

Figure 2.3 illustrates the declining quality of compressions during CPR over a 

period of 5 minutes.  As shown, manual CPR begins to lose its quality after 1 minute and 

after 4 minutes, the rescuer only achieves 30% of proper quality chest compressions 

(Medtronic [18]). This means the effectiveness of CPR is lower and not enough force is 

delivered to the heart. Therefore, good and consistent force of chest compressions should 

be applied during the CPR process.  

The last factor of good quality CPR is consistency. Losing consistency means 

stopping the flow of blood and after sometime the patient‟s organs suffer from lack of 
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oxygen. This means if there is any interruption in the CPR process, the patient‟s survival 

rate will greatly decrease. However, it is very difficult to deliver consistent chest pressure 

in a moving ambulance. Sometimes automated CPR or a defibrillator is required to solve 

this problem.  By combining this with the other factors, the perfect chest compression can 

be performed and the patient‟s survival rate will be increased.  

2.3.1 Manual CPR Survival 

 

Cardiopulmonary Resuscitation is the best emergency procedure to restore 

circulation from cardiac arrest, but there are some issues that have arose. One of the 

major issues is concerning the chest compressions. Different performers of CPR will give 

different compression depths and rhythms.  There is no way to standardize the 

performance while manually performing CPR.  A major cause of the inconsistency is 

fatigue; humans are susceptible to fatigue especially when it is considered that a full 

session of CPR can consist of a dozen or more repetitions of thirty chest compressions 

and two rescue breaths.  The survival rate of CPR for outside of hospital is less than 5% 

these days. From Swedish National Register, the chart of the survival rate is given below. 
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Figure 2.3.1  Survival rate of sudden cardiac arrest victims 

 

Figure 2.3.1 illustrates the survival rate of sudden cardiac arrest victims in certain 

years (Medtronic [18]).  From the chart, one can not many people can survive from 

sudden cardiac arrest. This fact must be considered, so more patients get their life back. 

 

2.3.2 Common Side Effect of CPR 

 

It is very easy to break a victim‟s ribs during CPR. About 30 percent of cardiac 

arrest patient had cracked the ribs after they got CPR. It happens more often to older 

people because the cartilage is less compliant and the bone is easier to break. Even 

though breaking ribs cause bad effect to patient such as chest tenderness, rapid breathing, 

anxiety and agitation. However EMS and all other CPR performer do crack ribs if 

necessary, because the broken ribs will be healed their own after one or two months and 

it is believed that it is always better to have cracked ribs than to let the patient expire 

(Center for Women‟s Health Care [3]).   

 

2.4 Mechanized CPR 

 

2.4.1 LUCAS CPR 

 

Providing compressions on the chest to simulate the heart‟s function which pumps 

rhythmically is the reason of CPR when the victim suffers cardiac arrest. Many 
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manufacturers have made mechanical devices that perform CPR more effectively than 

one human effort. Chest compression devices should appear very attractive to anyone 

who performs CPR. Among those devices, LUCAS CPR is the one which is currently 

used in the field. Our team decided to benchmark LUCAS CPR version 2.0 to create a 

new hands-off automated CPR device. LUCAS CPR makes compressions with correct 

frequency and depth, with equal compression and decompression time, and allowing for 

full recoil of the chest between each compression without loss of quality over time. This 

device can perform effective, consistent and uninterrupted compressions according to 

AHA Guidelines (American Heart Association Guidelines). To increase its effectiveness, 

Jolife made the device easy to use and easy to carry (Physio-Control [17]). For the energy 

source, LUCAS CPR has been upgraded to version 2.0, so the energy source changed to 

electric from pneumatic, and the device became more portable. 

 

2.4.1.1 Technical Specifications 

 

The LUCAS provides effective sternal compressions on the middle of the chest of 

a depth of 4 – 5 centimeters at a rate of 100 strokes per minute.  The time of compression 

is equally balanced with the time of decompression allowing for full chest recoil between 

each compression.  The device is designed to accommodate victims with a sternum height 

of 17.0 – 30.0 centimeters and a maximum chest width of 44.9 centimeters.  Physically, 

the machine weighs 7.8 kilograms.  The energy source to power the device comes from a 

Lithium Polymer Battery which provides a steady operation time of 45 minutes before 

the battery needs to be replaced. LUCAS version 1.0 is based on gas driven cycle, but 
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main energy source has been changed to fully electric system from version 2.0. The 

device operates with lithium polymer battery. This battery is different than NiCad or 

NiMH batteries do when charging and discharging. These batteries have a nominal 

voltage of 3.6 volts, but they do not have a hard metal case. To enclose the chemicals 

inside, a flexible material is used. The most advantage of using Lithium Polymer batteries 

is the weight. They are significantly lighter than comparable other batteries.  Lithium 

Polymer batteries need to be taken care from temperature. The batteries cannot placed 

where is too hot or cold (Jolife AB [11]).     

 

2.4.1.2 Components and Accessories 

 

Many contents and accessories are included in one package. All the details are 

shown on the next page. 
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Figure 2.4.1.2-1   LUCAS components and accessories 
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Figure 2.4.1.2-1 (continued)   LUCAS components and accessories 
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With these contents, the real view of LUCAS CPR version 2.0 is shown below. 

The device looks very simply and portable compare to other automated CPR or 

defibrillator.  

 

 
 

Figure 2.4.1.2-2  LUCAS system 

 Figure 2.4.1.2-2 displays an image of the LUCAS device. 
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2.4.1.3 Statistics of Manual VS LUCAS CPR 

 

To know more about the efficiency of LUCAS CPR, a logical approach would be 

to make a comparison between manual and mechanical chest compression. From the 

reference, two cases of settings had been compared. The first setting is that a team of 

three experienced resuscitators administrated continuous manual chest compressions for 

10 minutes, changing every minute (after approximately 100 compressions). The second 

setting is that a team of two resuscitators started manual CPR and installed a LUCAS 

CPR device to perform CPR for 10 minutes. The performance comparison between 

manual and mechanical CPR was founded. They divided into two groups to perform CPR 

and resuscitator characteristics of two teams were shown in the table below. 

 

Table 2.4.1.3-1 Resuscitator characteristics 

 Table 2.4.1.3-1 shows the characteristics of the CPR providers involved in the 

experiment.  Team 1 is consisted of 2 males and 1 female, and team 2 is consisted of 3 
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males. The average of weight, height, and experienced time were about the same between 

2 teams, but the average age of team 2 was four years higher than team 1. The result of 

the CPR performance of 2 teams and LUCAS CPR version 2.0 are shown in the table 

below. The table shows how many sequence were performed, the number of hands-off(s), 

the number of given compression, the percentage of correct compression, too deep, and 

too shallow, and finally shows the compression rate per minute.  

    

Table 2.4.1.3-2 CPR Performance 

According to the data, six sequences were performed and each sequence 

performed over 10 minutes. Whole six sequences provided total of 6323 compressions 

for manual CPR. This result shows the average compression of 105/min which is in range 

of recommendation, but there was different number of compressions for each sequence 

from 88/min to 121/min and only 70% of chest compression is analyzed as correct.  

For the result of LUCAS CPR, total 3 sequences were performed and total 4957 

compressions were provided. This result was satisfied with recommendation and also the 

range of number of compressions was very narrow from 99/min to 102/min. 98% of all 

compressions were classified as correct and there was no deep compression analyzed. 

Graphs of each analysis are show on the next page. 
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Figure 2.4.1.3-3 Graphical results of the above experiment 
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From the analysis in Figure 2.4.1.3-3, manual CPR resulted in „too deep‟ 

compression in 8% and 21% of too „shallow‟ compressions were occurred. Nevertheless 

LUCAS CPR made a result of 0% „too deep‟ compression and only 0~2% of „too 

shallow‟ compression. Not only the proportion of correct compression depth was much 

better during performance of LUCAS CPR but also with device failure mechanical CPR 

performed better (95% VS 70%). Finally, the research concluded that mechanical CPR 

devices may have advantages over manual CPR, if the device is not showing any 

mechanical failure. 

 

2.4.2  AutoPulse Non-Invasive Cardiac Support Pump 

 

When we performed our initial internet search on "automated CPR machines" 

back in the beginning of A term, one of the top results led us to an ABC News article 

about a high-tech device called the Autopulse.  The article went on to describe some of 

its praiseworthy features including its reasonable 20 pound weight, 80 chest 

compressions per minute capability, and respectable battery life (Eng [8]).  Due to this 

new discovery, we figured it would be more logical to address the device‟s flaws and 

improve its function, rather than, as the expression goes, reinvent the wheel.   But first, 

we needed to learn a lot more about this revolutionary device.   

The full name of this device is the AutoPulse Non-Invasive Cardiac Support 

Pump.  It was created by the Revivant Corporation of Sunnyvale, CA but is currently 

owned and manufactured by the ZOLL Company of Chemlsford, MA.  It claims to move 
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more blood, more consistently than is possible with human hands (ZOLL Medical 

Corporation [21]). 

 

 

Figure 2.4.2  AutoPulse 

 

Figure 2.4.2 shows a picture of the AutoPulse device.  It consists of a half-

backboard, user control panel, and a constricting band called the LifeBand.  It runs on a 

nickel-metal hydride battery that has a minimum run time of 30 minutes.  For patient, 

operating, physical and battery parameters, see Appendix A.  The highlight of the device 

is the white LifeBand that gives continuous, consistent, high-quality compressions that 

spread across the victim‟s entire chest, thus distributing the load and lowering the chance 

of rib fracture.  An impressive feature of this device is its ability to “automatically 

determine the size, shape, and resistance of each individual, then adjusting the force 

required (Zoll Medical Corporation [21]).”  Operating the AutoPulse is as easy as placing 

the patient on the platform, securing the LifeBand across their chest, powering on the 
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system, and pressing a couple buttons on the control panel.  With the Autopulse, 

paramedics are now free to perform other critical tasks necessary to save the victim‟s life.  

According to an ABC News article, the machine has been approved by the Food and 

Drug Administration and costs around $15,000 (McKenzie [16]).  Approximately 2000 

units are in use by EMS agencies and hospitals globally (ZOLL Medical Corporation 

[26]). 

 

2.4.2.1  Clinical Studies 

 

Many of these seemingly self-proclaiming facts about the AutoPulse can be 

supported by clinical studies done on the device.   Between 2001 and 2005, a long-term 

survival study was done by Virginia Commonwealth University to compare the 

resuscitation outcomes before and after EMS services switched from manual CPR to the 

AutoPulse (JAMA [10]).  The study was published in The Journal of the American 

Medical Association in 2006.  The statistics collected were return of spontaneous 

circulation (ROSC), survival to hospital admission, and survival to hospital discharge.  
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Figure 2.4.2.1-1  Virginia Commonwealth University long-term survival study 

 

Figure 2.4.2.1 shows the results of the long-term study comparing manual CPR to 

AutoPulse As you can see, the AutoPulse is clearly the better choice for resuscitation 

method.   

Two short term clinical studies were also conducted that looked at the survival 

rate of patients with sustained ROSC to the Emergency Department (ED).  One study was 

done by the San Francisco Fire Department and the other by EVAC Ambulance in 

Volusia County, Florida.   
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Figure 2.4.2.1-2  a. San Francisco Fire Department study 

          b.  EVAC Ambulance study 

 

 

Figure 2.4.2.1-2 a. above displays the results from the San Francisco Fire 

Department study comparing manual CPR to the AutoPulse.  Figure 2.4.2.1-2 b. displays 

the results from the EVAC Ambulance study comparing the same CPR methods, manual 

versus mechanical.  Again, the AutoPulse proved to be the more successful life-saving 

method.   

a. 

b. 
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 In 2007, a third study was set up to test the effectiveness of an AutoPulse-manual 

chest compression combination method in comparison to manual chest compressions 

alone.  This official study is called the CIRC Trial. 

 

2.4.2.2  The CIRC Trial 

 

 Unlike the two studies mentioned above, the CIRC Trial is a more controlled and 

specialized experiment.  CIRC stands for Circulation Improving Resuscitation Care.  The 

study is monitored by the Data Safety Monitoring Board (DSMB), and is lead by the 

world-renowned CPR expert Dr. Lars Wik of Norway.  The sample size is expected to be 

between 2,500 and 4,000 and will include patients from all around the world.  The 

individuals administering the AutoPulse and manual CPR are put through an extensive 

four-hour training program that explains the proper use of the AutoPulse.  The study 

complies with the Good Clinical Practices, Declaration of Helsinki, and other national 

and international guidelines (ZOLL Medical Corporation [25]). 
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An online article about the CIRC Trial was featured in Cardiovascular Business.  

According to the article, the trial has six "unique" features (Editorial Staff [7]): 

 Training of all EMS providers in a standardized deployment strategy that reduces 

hands-off time and continuous monitoring for protocol compliance. 

 A pre-trial simulation study of provider compliance with the trial protocol. 

 Three distinct study phases (in-field training, run-in and statistical inclusion) to 

minimize the Hawthorne effect and other biases. 

 Monitoring of the CPR process using either transthoracic impedance or 

accelerometer data. 

 Randomization at the subject level after the decision to resuscitate is made to 

reduce selection bias. 

 Use of the Group Sequential Double Triangular Test with sufficient power to 

determine superiority, inferiority or equivalence. 

The official CIRC Trial website also gives some interesting facts and findings (ZOLL 

Medical Corporation [24]): 

 Each year, 325,000 Americans die from cardiac arrest and only 2-5% are successfully 

resuscitated and survive to hospital discharge. 

 Studies have shown that manual chest compressions are often inadequate, not 

providing sufficient blood flow needed by the heart and brain during a sudden cardiac 

arrest. This can result in permanent damage to the heart, brain, and other organs in 

those who survive.  
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 It is nearly impossible to give optimal compressions to a victim during transport via 

stairs or in a moving ambulance.  

 Even professional healthcare providers who are trained to do proper compressions 

will experience fatigue within minutes, resulting in lower quality compressions. 

The people behind the CIRC Trial believe that mechanical CPR can overcome 

most of these issues.   

In a 2009 ZOLL news release, it was announced that the first planned review of 

data related to patient enrollment by the DSMB has been completed and that the study 

will continue (ZOLL Medical Corporation [23]).  Then, on March 31, 2011, news came 

in regarding the outcome of the CIRC Trial.  In was concluded that the AutoPulse was 

equivalent to manual chest compressions (Editorial Board [6]).  

Before this very recent discovery regarding the CIRC Trial results, one could 

clearly see that the AutoPulse is a great piece of equipment.  But to really find out how 

beneficial this device can be to paramedics, we decided that we needed to ask the 

paramedics themselves.   
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2.5 CPR Aids 

2.5.1 Automatic External Defibrillator 

 An Automatic External Defibrillator (AED) is a small, portable device that 

analyzes the heart‟s rhythm and prompts the user to deliver a defibrillation shock if it 

determines one is needed.  The AED is equipped with a system that provided voice and 

visual prompts which guides the user.  The AED uses disposable, adhesive electrodes 

pads which transports information to the AED‟s microprocessor which analyzes the 

victim‟s heart rhythm.  If needed, the AED delivers an electronic shock which briefly 

stops all electrical activity in the heart.  This break in the electrical chaos provides a 

chance for the heart to restart beating with a normal rhythm.  This device has been shown 

to be 90% sensitive and 99% specific.  It has also been shown that for every minute 

defibrillation is delayed; survival rates drop by 7-10 percent even if CPR is started 

immediately.  This is relevant when considering that the average time it takes an 

emergency crew to arrive is between 6-12 minutes (Hubbard Township Police [9]). 

 

   Figure 2.5.1 Automatic External Defibrillator 
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 Figure 2.5.1 shows a picture of an AED, complete with defibrillator pads and 

heart monitor. 

2.5.2  Q-CPR Measurement and Feedback Tool 

 

Another great tool that aids in CPR performance is a device called Q-CPR 

Measurement and Feedback Tool from Philips.  This tool shows all the measurable 

information of every CPR compression, so factors like depth, rate and “complete release” 

can be shown on the product‟s screen, which is located directly at the victim‟s chest level 

(Koninklijke Philips Electronics [7]).  This dynamic, real-time feedback for each 

compression enables the CPR performer to rapidly adjust performance, ensuring that 

maximum quality CPR is given.  This tool is also very portable and easy to carry.   

 

 

a. 
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Figure 2.5.2  a. Q-CPR Measurement and Feedback Tool 

       b. Q-CPR used with a patient 

 

 Figure 2.5.2 a. shows the complete Q-CPR system.  It contains two compression 

sensors, a visual feedback component, and a vital signs monitor.  Figure 2.6.2 b. shows 

the Q-CPR in action.  As you can see, the visual feedback piece is conveniently located at 

the chest level. 

Clearly, this tool could help more for manual CPR because manual CPR gives 

more unstable compressions than automated CPR.  However, the benefits that Q-CPR 

gives to manual compressions could also be used in the current LUCAS CPR machine.  

As an experiment, Q-CPR could monitor those compression factors of the LUCAS like 

depth, rate, and “complete releases” and provide data to the Jolife Company.  This data 

could then be analyzed to find out the quality of compressions the LUCAS gives.  If such 

b. 

Q-CPR 
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a test were conducted, and the scientists decided on the acceptable values for 

compression depth and rate, then a possible enhancement to the LUCAS machine would 

involve an integration with the Q-CPR, and the LUCAS automatically readjusting its 

compression if the depth and rate factors read by the Q-CPR fall below the safety value.  

There is one more great function in Q-CPR, which is hyperventilation protection. 

Hyperventilation decreases coronary perfusion and it would be very helpful if the 

information of hyperventilation was shown during the CPR (Koninklijke Philips 

Electronics [12]).  The unique technology of Q-CPR can provide this ventilation 

feedback.  This and all the features mentioned above make the Q-CPR a highly beneficial 

CPR aid. 
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Chapter 3.  Improved Automated CPR Machine  

3.  Introduction 

3.1 Original Design 

 The original idea for this device was to integrate an automatic external 

defibrillator into an existing automated CPR machine.  The Autopulse device was chosen 

because of its ability to distribute the pressure over the chest; the assumption being that 

this would reduce the amount of broken ribs as a result of CPR.  The idea behind 

integrating the AED was that the computer system in an AED could run the entire device 

to decide when to perform CPR and when to deliver a shock to the patient. 
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3.2 Interview with UMASS Memorial EMS Paramedics 

 Once we had obtained all of our background research and became more 

knowledgeable in the field of resuscitation, the next important aspect of our project was 

to acquire some first-hand information about CPR and the devices related to it. Through 

Professor Fofana‟s connections at UMASS Memorial, we were fortunate enough to have 

an opportunity to speak with the Chief of EMS, Mr. Steve Haynes.   

 We had prepared a list of questions we hoped to ask Mr. Haynes, most of them 

being about the AutoPulse.  See Appendix B for our list of interview questions.  Most of 

the questions did not end up being asked, simply because Mr. Haynes had answered them 

in his opening statement.  After discovering that we wanted to talk to him about the 

AutoPulse, Mr. Haynes gave us his opinion right away.   

 “It‟s no good!” exclaimed Mr. Haynes.  This gave us a quite a shock, for our 

research had told us otherwise.  But that was the purpose of the interview.  We needed to 

know what the users, the paramedics, thought of the product.  Mr. Haynes more 

specifically stated that the device was too heavy.  He explained that the paramedics were 

already carrying various medical bags and a monitor defibrillator to the scene, so having 

to carry another heavy load would not be helpful.  Another problem he predicted would 

occur with the AutoPulse was when the AutoPulse was used in combination with the long 

backboards they use to transport patients.  It‟s clear that there would be some patient 

instability in this situation due to the fact that two backboards are in contact with each 

other and the contact friction between them is presumably low.  Plus, he mentioned that 

there weren‟t even straps on the AutoPulse‟s half-backboard to anchor the device to their 
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backboards.  So, due to this issue and its poor portability, Mr. Haynes decided that the 

AutoPulse was not a device his EMS team would be using in field.  And unfortunately, 

that meant we would not be to see the AutoPulse in person like we hoped.   

 

Figure 3.2.1: A metal “scoop” backboard and a standard backboard 

 There were, though, a couple of benefits Mr. Haynes had praised about the 

AutoPulse.  Many emergency situations involve transporting a patient down a flight of 

stairs to get them into the ambulance.  Paramedics often struggle to provide continuous 

compression down those steps.  Another problem paramedics face is the difficulty in 

providing chest compressions to a patient in the back of a moving ambulance.  Mr. 

Haynes says they normally can only perform one-handed compressions, for their other 
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hand is being used to support themselves.  He believes that in both those cases, the 

AutoPulse could overcome those struggles. 

 After we obtained all the pros and cons of the AutoPulse, we asked him a few 

other questions related to CPR, the LUCAS, and our AutoPulse-AED integration idea.  

Regarding CPR, Mr. Haynes told us that it is always performed while the patient is laying 

down on a flat surface.  And in terms of correct positioning for chest compressions, he 

said that the proper placement was right at the sternum, at the level of the nipple-line.  

Regarding the LUCAS, he believed that the LUCAS was a better machine than the 

AutoPulse, due to it being lighter.  The only issue he saw with it was that it was powered 

by air, and they don‟t carry air tanks in the ambulance.  We later find out that, from our 

visit to the Auburn Fire Department, that the LUCAS had its own portable air 

compressor.  We closed our interview by pitching to him our idea of integrating an AED 

with the AutoPulse.  He told us that it sounded like a beneficial idea, but the problem 

would be the large number of wires involved in the hook-up.  During the resuscitation 

process, the paramedics must have the monitor defibrillator handy and hook the patient 

up to an IV.  These tubes and wires combined with the AED pads and AutoPulse 

LifeBand would create and unmanageable mess of wires.   

 Once we completed the interview and assessed the answers, our next step was to 

come up with a solution.  We quickly formulated a design idea that would involve 

features from both the AutoPulse and the LUCAS.   This design was going to be our 

focus for the rest of B term.     
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3.3 Revised Design 

 After the interview with UMASS Memorial EMS, the original design needed to 

be completely revamped.  As we discovered, the used of defibrillation was not always 

necessary so integrating an AED would have been an unneeded complication.  There was 

still a desire to use the LifeBand from the AutoPulse to distribute the pressure and 

combat the breaking of ribs during CPR.  The resulting design was a composite design 

using the LifeBand from the AutoPulse in the frame of the LUCAS. 

 

Figure 3.3.1: Computer model of the first design revision 
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3.4 Interview with Auburn, Massachusetts Fire Department Paramedics 

Firefighter/Paramedic Christopher Cavan of the Auburn Fire Department was 

fully trained on the LUCAS device and agreed to answer some interview questions.  He 

described the LUCAS as portable, easy to deploy, and effective.   

 

Figure 3.4.1: The LUCAS pack 

 

The only factor hindering the rapid deployment was the device‟s weight.  Also, 

the center of mass, located towards the top of the device, caused the device to be 

somewhat cumbersome.  Sometimes when transporting a patient on a backboard the 

board must be inclined to move down stairs or in an elevator.  An issue that was found 

from use in the field was that when the board is inclined to an angle greater than 45 

degrees, the LUCAS was likely to slip out of position and therefore become ineffective.  

This was because, although the LUCAS was attached to the patient and the patient was 

attached to the backboard, there was no direct connection from the LUCAS to the 
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backboard.  Besides the slight stability issue, the LUCAS was found to be very user 

friendly in both setup and operation. 

 

 

 

Figure 3.4.2: The user-friendly operating instructions for the LUCAS 

 

The aspect of the LUCAS device where no flaws could be found was in the 

device‟s operation.  The device was found to provide perfect 2 inch depth compressions 

and have perfect rhythm providing 100 compressions every minute.  Firefighter Cavan 

mentioned one situation in which he was operating the LUCAS system and stated that it 

worked so well that the device actually served as an artificial heart so that the patient was 
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fully conscience and resuscitated until the device was shut off at which point the patient 

expired.  Another case he spoke of involved the device providing enough energy to 

completely unblock a clogged artery.  One aspect he touched upon was, due to the 

consistency of the device, should the situation arise where the performance of the 

paramedics‟ performance is called into question, the device serves as a legal failsafe.  

With the LUCAS, the paramedics can guarantee that correct compressions were provided 

at the correct consistency. 

 

 

 

Figure 3.4.3: The LUCAS folded in its pack 

 

The direct, concentrated pressure of the suction cup both provides the proper 

placement of the pressure and still leaves the landmark areas open.  Because of this, when 
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the paramedic wanted to check the patient‟s pulse and/or other vitals, all he needed to do 

was pause the device, take the vitals, and then resume the device‟s operation.  The device 

was equipped with a feature to save the settings for exactly this purpose.  Also, settings 

would be saved if the battery needed to be replaced in mid-operation as long as the new 

one was cycled in within 1 minute.  This was not found to be an issue because the 

batteries last for over 45 minutes of operation and simply slide and clip into the top of the 

machine so changing them would only take 5 to 10 seconds at the maximum.  The 

firefighter went on to mention that during operation, the device was found to be quiet 

which was a benefit when the paramedics were trying to communicate with each other. 

 

 

Figure 3.4.4: The LUCAS fully deployed and operating on a CPR training dummy 
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Overall the firefighter described the LUCAS as the “best designed product ever to 

be used in an ambulance.”  He ended our interview with a few other issues that he would 

have liked to see improved including the weight of the device and batteries.  Also, each 

device cost approximately $15000.  The Auburn Fire Department was fortunate to have a 

wealthy benefactor donate two devices.  Most local agencies could not afford this type of 

expense.  Finally, the firefighter commented that because of the design of the device, it 

was difficult to fit over patients who weighed 300 pounds or more. 
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3.5 Final Design 

 Using the necessities learned from the interview, the final design was decided 

upon.  The final design would be required to have an expandable frame in order to 

accommodate victims over 300 pounds as well as have a gripping mechanism that would 

allow the frame of the device to be universally compatible with any EMS backboard.  In 

order to achieve the expansion on the frame, telescoping arms would be inserted on the 

top and bottom of the device‟s frame arms. 

 

 

Figure 3.5.1: Simple diagram of a telescoping arm 

 

 Telescoping legs, as seen above and in Appendix D, are commonly found in 

tripods for supporting various items.  The design of the leg coupled with a strong, yet 

lightweight, material would provide ample strength to support the device and normal 

forces resulting from its operation.  The quick expansion and collapse of these legs would 
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be a key factor.  Using a quick-release lever lock would make this possible while still 

providing a stable lock to keep the arms in place during operation and storage.  Locks 

like these are another common feature seen on tripods as below and in Appendix E. 

 

 

Figure 3.5.2: Quick release level lock on a telescoping tripod leg 

  

To achieve the universal compatibility with EMS backboards, an easily adjustable 

gripping mechanism would be required.  A practical solution would be to use the design 

in use in vise-grips (a.k.a. locking pliers). 
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Figure 3.5.3: Standard vise-grips (a.k.a. locking pliers) 

 These common tools, as seen above and in Appendix C, provide an ease of 

operation and the firm grip needed to secure the device to any backboard.  Also, they 

include an easy adjustment feature which would be able to quickly change the width of 

the grip in order to fit backboards of different thicknesses. 

 With these improvements incorporated into the existing LUCAS device, a final 

design was modeled as seen below. 

 

Figure 3.5.4: Computer model of the final design of the improved LUCAS device 
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Figure 3.5.5: Side view of computer model of the final design 

 

 

 

Figure 3.5.6: Top view of computer model of the final design 
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Figure 3.5.7: Bottom view of computer model of the final design 

  

This design incorporates the improved features to solve the two main problems as 

discussed previously.  The final model was designed to be as compactable and portable as 

the original model. 
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Chapter 4.  CONCLUDING REMARKS 

4.1  Conclusion 

 This project set out to design a brand new product which would change the field 

of emergency response.  After finding out that the product we set out to design already 

existed, we decided to do what we could to improve the current system.  Using interviews 

with local authorities in the field, we identified the most important issues and created 

innovative, but simple fixes to each problem.  By combining existing designs to a current 

CPR device, we were able to solve the issues we identified while still allowing the device 

to be as compact, portable, and easily deployable as the original design. 

 The final design has great potential to be used by all EMS in any situation.  The 

universality and portability of this device makes it ideal for EMS use.  It is hoped that in 

the future this device will be as widely available as AEDs and therefore be able to 

prevent more deaths and injuries from heart attacks and CPR respectively. 
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4.2  Future Possibilities 

 There are many future possible designs that can result from this project.  Possible 

designs suggested by our advisor during this project included a self contained vest for 

high-risk victims.  Another major idea was to use compressed air to perform the 

compressions.  A third design combined the two previous by being an apparatus that 

wraps around the victim and uses compressed air distributed on all sides of the body to 

perform compressions.  All of these ideas had pros and cons, but for some of these, 

current technology is not yet sufficient enough to support the design of these devices. 
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Appendices 

 

Appendix A.  AutoPulse Technical Specifications (ZOLL Medical Corporation [22]) 

A.1  Patient Parameters 

The AutoPulse is designed for adults with weight of no more than 300 lbs. with chest 

circumference of 29.9 to 51.2 in. and chest width of 9.8 to 15 in.  

 

Warning:  The AutoPulse System is intended for use on adults, 18 years of age or older. 

 

A.2  LifeBand 

 

The latex-free LifeBand is for single-patient use only. The LifeBand consists of a cover 

plate and two bands integrated with a patient liner and compression pads with a Velcro® 

fastener. 
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A.3  Operating Parameters 

 

Table A-1 Operating Parameters 

 

Category Specifications 

Chest displacement 
Equal to 20% reduction in anterior-posterior chest 

depth 

Physiological duty cycle 50 ± 5% 

Compression rate 80 ± 5 compressions per minute 

Compression modes (user 

selectable) 

 30:2 (30 compressions with 1.5 second 

ventilation pauses) 

 15:2 (15 compressions with 1.5 second 

ventilation pauses) 

 Continuous compressions 

Ventilation pause (30:2 and 

15:2 mode) 
Two pauses of 1.5 seconds 

 

A.4  Platform Physical 

Table A-2 Physical Specifications 

Category Specifications 

Size (LxWxH) 32.5 in by 17.6 in. by 3.0 in. 

Weight (excluding AutoPulse Battery) 20.5 lbs 

Display 
Dot matrix liquid crystal display (LCD), 

actively backlit, adjustable contrast. 
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A.5  Battery Physical 

Table A-3 Battery Specifications 

Category Specifications 

Size (LxWxH) 11.5 in by 3.2 in. by 2.2 in, 

Weight 5.1 lbs 

Type Rechargeable Nickel-Metal Hydride (NiMH) 

Battery voltage 

(nominal) 
32.4V 

Capacity 3200 mAh (typical) 

Initial Battery runtime 

(nominal patient) 
30 minutes (typical) 

Maximum Battery 

charge time 
Less than 4 ¼ hours at 77°F 

Battery test-cycle 

time 

Less than 10 hours per test-cycle session; up to three consecutive 

sessions possible. 

Required replacement 

interval 

100 full charge/discharge cycles.   

Note:  The Battery will not operate after 100 full 

charge/discharge cycles.   
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Appendix B.  Interview Questions 

Have you ever operated the AutoPulse in the field? 

 

Do you find that it's more effective than manual chest compressions? 

 

Does the Autopulse effectively distribute the pressure enough to prevent causing further 

injury to the patient? 

 

Have you experienced any issues while operating the Autopulse? 

 

Has it ever failed in a mechanical sense?  (e.g. The LifeBand suddenly stopped doing 

the chest compressions) 

 

Is there anything at all you would suggest about the device that could be improved?   

 

Are there any other methods to provide pressure for compressions rather than the 

current method which can often cause cracked ribs? 

 

If this machine effective enough in the field to account for the high cost? 

 

Is the Autopulse “user friendly” enough to be made available to the public like the AED 

has been? 

 

Are AEDs used for all cardiac arrest patients?  

 

Would it make the process of CPR more efficient if and AED was integrated with the 

Autopulse? 

 

Are there any other issues that arise with CPR that we should be addressing? 
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Appendix C.  Patents for vise-grips (a.k.a. locking pliers) 

Patent for vise-grips (a.k.a. locking pliers) 
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Appendix D.  Patent for a telescoping leg 
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Appendix E.  Patent for locking mechanism for telescoping legs 
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