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ABSTRACT 

 

The purpose of this study was to investigate a resuscitation algorithm that 

calculates the value of AMSA in real-time to direct the duration of post-shock chest 

compressions. We hypothesized that such an algorithm would shorten the time to achieve 

ROSC in swine. 

Swine were randomized into normal or infarcted myocardia and waveform guided 

or traditional resuscitation algorithm groups. VF was induced electrically and left 

untreated for 10minutes. Resuscitation was commenced with 1minute of compressions, 

resumption of mechanical ventilation, shock and epinephrine. In the traditional group, all 

shocks were followed by 2minutes of post-shock compressions. In the waveform guided 

group, AMSA was measured prior to shocks. If AMSA>20mV-Hz, post shock 

compression duration was shortened to 1minute.  

This study found that the waveform guided resuscitation algorithm to direct the 

duration of post-shock chest compressions had no significant effect on time to ROSC or 

AMSA values when compared to the traditional resuscitation algorithm. 
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INTRODUCTION 

Cardiac Arrest 

Cardiac arrest (CA) is among the leading causes of death in the United States. 

Approximately 300,000 cases of CA occur annually.
1
 CA can occur from non-cardiac 

causes, such as drowning, medicine or drug overdose, asphyxia, or respiratory arrests. 

However, the majority of CA cases (70-80%) have a cardiac cause. CA is defined as a 

cessation of cardiac mechanical activity which results in interruption of the circulation of 

blood. With no blood circulation, oxygen cannot be delivered to the vital organs 

including the brain. Within minutes, the brain will suffer irreversible damage and left 

untreated the victim will die.  

Cardiac Electrical Activity 

When a person collapses from sudden CA he/she has no pulse. There are four heart 

rhythms that produce pulseless CA – ventricular fibrillation (VF), ventricular tachycardia 

(VT), pulseless electrical activity (PEA), and asystole. VF occurs when the ventricles of 

the heart undergo uncontrolled and uncoordinated quivering movement such that no 

blood is able to be pumped. Ventricular tachycardia is defined as an excessively rapid 

heart rate (HR) that originates in the ventricles. PEA occurs when the heart exhibits 

organized electrical activity but there is no meaningful mechanical activity and thus no 

pulse. Asystole is defined as a state where there is no demonstrable cardiac electrical 

activity. Of these four rhythms, only two (VF and VT) are categorized as “shockable”. 
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The term shockable refers to whether or not the cardiac dysrhythmia is responsive to 

defibrillation shocks.   

Treatment 

The current American Heart Association (AHA) guidelines for the treatment of CA 

require both basic life support (BLS) and advanced cardiovascular life support (ACLS).
2
 

The foundation of treatment relies on prompt delivery of chest compressions and 

defibrillation. Administration of medications is of secondary importance to chest 

compressions and defibrillation.
3 

Chest compressions and defibrillation should be administered as quickly as possible after 

collapse. Chest compressions keep the blood flowing to vital organs of the body.  An 

automatic external defibrillator (AED) is the most common defibrillation method in out-

of-hospital cardiac arrests. An AED will deliver an electrical shock to the heart to try to 

restore a productive rhythm. A person who has collapsed due to a CA will have a 10% 

decrease in chance of survival for every minute treatment is withheld.
3
  

In many victims, CA is reversible if treated within a few minutes. While in the hospitals, 

heart rhythms of cardiac patients are closely monitored so that abnormalities can be 

detected and treated quickly.  

Some common medications used during resuscitation are epinephrine, vasopressin, 

lidocaine, amiodarone, atropine, calcium chloride and magnesium sulfate.  A common 

intravascularly-administered drug used in CA is epinephrine. Epinephrine constricts the 
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peripheral vessels so that blood is concentrated around the vital organs (heart, lungs and 

brain). It also stimulates the cardiac muscle and therefore strengthens cardiac 

contractions. AHA guidelines suggest repeating doses every 3 minutes. As an alternative 

to epinephrine, a one-time intravenous dose of vasopressin can be administered.  

Out of Hospital Cardiac Arrest 

The most common location for a person to suffer a CA is while at home. Nearly 88% of 

cardiac arrests occur while out of the hospital, and of those approximately 92% do not 

survive the episode.
2
 Many bystanders, even those with BLS training, do not want to 

administer treatment based on perceived lack of knowledge, skills or tools, fear of hurting 

the victim, fear of litigation, not wanting to administer rescue breaths, fear that calling 

911 will cause the rescuer to be questioned (illegal aliens, having outstanding warrants, 

etc.) and physical inability to perform CPR, among others. Bystander interventions are 

known to increase survival rates and improve outcomes. This statistic is especially 

discouraging since nearly half of out-of-hospital cardiac arrest (OHCA) events are 

witnessed.
2 

Despite advances in emergency cardiac care, survival rates nationally have remained 

relatively unchanged from the mid-1970s to the early-2000s, averaging only 7.6% for all 

OHCA events.
4
 The best survival rates for OHCA are in the subset of patients with VF. 

This group averages between an 18 and 21% survival rate in the United States and 

Europe.
5,6

 The Resuscitation Outcomes Consortium (ROC) in the US and Canada found a 

wide range of survival rates of between 7.7% and 39.9% when following the 2005 
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American Heart Association Guidelines.
7
 This range is thought to be so broad due to 

differences in regional implementation of the guidelines as well as differences in 

individual public education, hospital practices and access to specialized treatment centers.   

Despite advances in the treatment of cardiac arrest, the survival rate of patients who 

suffer a cardiac arrest while out of the hospital is lower than expected and lower than 

publicly acceptable. 

Ventricular Fibrillation 

One of the main obstacles to improving outcome is ventricular fibrillation (VF) of 

prolonged duration that becomes resistant to defibrillation.  

VF is a lethal heart rhythm that leads to cardiac arrest. Survival from this condition is 

rare, especially in out-of-hospital situations, where trained personnel are typically not 

immediately available. Current algorithms for management of cardiac arrest rely on chest 

compressions, ventilations (rescue breathing), and defibrillation (electric shock), which is 

delivered by automated external defibrillators (AEDs). Recent research in VF lasting 

longer than a few minutes, has led to a shift from the traditional strategy of delaying chest 

compressions for multiple shocks, to a greater emphasis on the importance of early 

compressions.  

Of the documented OHCA cases, 23% are caused by VF or other initially shockable 

rhythms.
7,8

 A study of cardiac arrest patients aged 50 to 79 years old found that two-

thirds had pre-existing heart disease, and one-third had a prior myocardial infarction 
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(MI).
5
 In an additional study of sudden cardiac death victims, an active coronary artery 

lesion was seen 57% of the time with acute MI present in 21% and healed non-acute MI 

present in 41%.
9
 

Defibrillation 

AEDs or manual defibrillators deliver current to the heart to help restore a normal 

rhythm. The main goal of defibrillation is to deliver the correct amount of current at an 

appropriate time.   

Studies have shown that multiple shocks increase post-resuscitation myocardial 

dysfunction and therefore compromise survival.
10,11

 Use of waveform analyses and 

certain parameters of the VF waveform as predictor values could allow the delivery of the 

least amount of energy, at the earliest time and with the highest probability of successful 

defibrillation. This would also give improved outcomes by minimizing the interruption 

time of chest compressions.
12,13

  

Traditional CPR 

In the past, it was recommended that bystanders perform CPR which alternates chest 

compressions with mouth-to mouth ventilations. When a person collapses due to sudden 

cardiac arrest, the need for rescue breathing is reduced since their blood is still fully 

saturated with oxygen to sustain the victim for several minutes. The most important 

reason that mouth-to-mouth is not recommended for cardiac arrest is that it takes time 

away from chest compressions. Even a short amount of time away from chest 
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compressions will decrease the likelihood of successfully resuscitating the victim. It is 

important to remember that traditional CPR with rescue breaths is necessary in the case 

of respiratory arrest from causes such as drowning, medicine or drug overdose, asthmatic 

attacks and other non-cardiac causes.   

Hands-Only CPR 

Recent research in prolonged VF (VF lasting longer than a few minutes) has led to a shift 

from the traditional strategy of delaying chest compressions in order to deliver multiple 

shocks, to a greater emphasis on the importance of immediate and continuous chest 

compressions.  

Previous research has shown that by applying continuous chest compressions, survival 

rates can be doubled or tripled.
14,15,16

 The easiest and most effective
14,16

 form of 

resuscitation that a bystander can perform is called Hands-Only CPR or continuous chest 

compression CPR.  

In Arizona, the average survival of patients with OHCA when current AHA guidelines 

for CPR were employed was 8.6% whereas use of chest compression only CPR resulted 

in a  survival a rate of 33.7%.
17

 Another outcome of this study was that those with the 

greatest chance of survival (witnessed collapse and initially shockable rhythm) had a 

survival rate of 17.7% when treated with conventional layperson CPR, as compared to 

those who received chest compression only CPR, who had a survival rate of 33.7%.
17

 

This study also found that over the time period where chest compression only CPR was 
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advocated to the public, there was a significant increase (from 28 to 40%) in the 

incidence of CPR performed by bystanders. When survey participants were asked which 

CPR method they were more likely to employ, chest compression only CPR was 

preferred over conventional CPR (76% vs. 20%). 

AMSA 

For optimal defibrillation timing an electrocardiographic predictor known as amplitude 

spectral area (AMSA) has been researched for many years. AMSA represents a numerical 

value based on the summed product of the magnitude of the weighted frequency 

spectrum.  

      ∑      

  

     

 

The frequency limits, F1 and F2, are typically chosen to be between 2-4 Hz for F1 and 48 

Hz for F2.
18,19.20.21.22

 It has been found that the larger the AMSA value, the greater the 

probability of terminating VF by defibrillation shock.
19,20,21,22

 AMSA could minimize 

interruptions of precordial compression and the myocardial damage caused by delivery of 

repetitive and ineffective electrical shocks. 

CPR Improves AMSA 

Continuous chest compressions CPR improves the AMSA value during resuscitation 

procedures for prolonged VF.
17

 AMSA is closely correlated with the chances of 

successful return of spontaneous circulation (ROSC).
14,18.19,21,23

 Though similar, ROSC is 
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a separate endpoint from defibrillation. Successful defibrillation shocks the heart out of a 

fibrillating rhythm and into a normal, or near normal, electrical rhythm. Once the heart 

has been successfully defibrillated, it is not unusual for it to revert to a non-functioning 

rhythm (i.e. VF, VT or PEA). The current study defined ROSC in swine as a systolic 

aortic pressure greater than 50 mm Hg and pulse pressure greater than 20 mm Hg lasting 

at least one minute.  

Using the swine model, we have previously demonstrated how AMSA varies when 

comparing normal hearts to hearts suffering from myocardial infarction (MI).
19,20

 

Additionally, swine studies have shown that higher values of AMSA can independently 

predict ROSC.
18,24,25

 An AMSA value threshold above 21 mV-Hz in normal swine 

predicted successful defibrillation and ROSC.
24,25

 It has also been shown in 

retrospectively analyzed human VF that higher values of AMSA, which increases with 

chest compressions, are associated with greater frequency of defibrillation and 

achievement of ROSC.
23,26,27

 

Retrospective analyses of AMSA, in both humans and animal models, have shown the 

usefulness of AMSA in predicting outcomes of defibrillation shocks.
18,19,20,21,22,23,25,30

 In 

general, these studies found that higher AMSA values are predictive of successful 

defibrillation and ROSC.  
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Why AMSA Works 

Research suggests that the power of AMSA to predict ROSC may be associated with 

coronary artery perfusion pressure (CPP).
19

 Animal studies have documented the 

correlation between high CPP and successful resuscitation.
28

  In 1990, Paradis effectively 

demonstrated a similar correlation in  humans.
29

   

Treatment Protocols 

This study was designed to investigate whether AMSA can be used to make real-time 

decisions in how to proceed with CPR so that the number of defibrillation shocks and the 

time to achieve ROSC can be minimized. New hardware and software were employed to 

compute and display AMSA in real-time. Waveform analysis was completed, in real 

time, by using a custom program created with LabVIEW.  

A modified resuscitation algorithm, using real time AMSA values will be employed to 

direct timing of events (defibrillation shocks and drug administrations) during 

resuscitation efforts. The algorithm is designed to indicate the most optimal time to 

administer a defibrillation shock rather than a specific time sequence based on set periods 

chest compressions.  

Study Aim 

We now have devised a resuscitation algorithm that uses the value of AMSA in real-time 

to direct the duration of post-shock chest compressions. We hypothesized that such an 

algorithm would shorten the time needed to achieve ROSC in swine.  
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METHODS 

Overview 

This study focused on computing the AMSA values during cardiac resuscitation after 

induced VF in two different groups of myocardial substrates and two different treatment 

groups. A human analogue animal model of swine was chosen due to their comparable 

anatomic and physiologic characteristics and the ability to employ similar resuscitation 

techniques. The two myocardial substrates that were studied were (1) normal and (2) 

acute myocardial infarction (AMI). Infarction was induced by the placement of a 

stainless steel plug in the mid left anterior descending (LAD) coronary artery. The two 

treatment groups followed different resuscitation algorithms: (1) traditional and (2) 

waveform guided. The traditional treatment group followed the Advanced Cardiovascular 

Life Support (ACLS) guidelines
31

 which recommend delivering chest compressions until 

an AED can be used to defibrillate, followed immediately by 2 minutes of chest 

compressions prior to the next rhythm check. This 2 minute cycle of compressions and 

shocks along with the administration of drugs is repeated until ROSC is achieved or 

resuscitation efforts are suspended. In order to determine if this is truly the best protocol 

for resuscitation, the waveform guided approach was developed to optimize the duration 

of post-shock chest compressions. This waveform guided approach uses AMSA, 

computed from the VF waveform in real-time. If pre-shock AMSA values are above 20 

mV-Hz post shock compressions were reduced from 2 minutes to 1 minute (see 

Appendix A). 
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Study Design 

A total of 48 swine, of either sex, weighing 20-25 kG, were divided into four groups of 

twelve (see the table below).  

Myocardial Substrate Traditional CPR Waveform Guided 

Acute Myocardial Infarction 12 12 

Normal 12 12 

 

Pre-Procedure Animal Care 

All trials were conducted in accordance with IACUC (Institutional Animal Care & Use 

Committee) protocols. Food was withheld for 12-18 hours prior to anesthesia and 

surgery. Animals were initially anesthetized using 5% isoflurane in 100% oxygen 

delivered by inhalation via a nose cone. Oral endotracheal intubation was then performed 

so that mechanical ventilation could be applied. Mechanical ventilation was performed 

using a rate and volume control ventilator (Narkomed 2A, North Amercian Drager, 

Telford, PA) with a mixture of room air and titrated isoflurane (1.5-3.5%). Initial 

ventilation was set to 12 ventilations per minute with tidal volume of 15 ml/kg/min. 

Using an inline infrared capnometer (47310A, Hewlett Packard Ca., Palo Alto, CA), 

minute ventilation was adjusted to keep the end-tidal carbon dioxide concentration at 

40+/- 3 mmHg.  
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Surgical Procedures 

The ventral neck and groin areas were prepared in the standard method for sterile cut‐

down procedures. Right atrial pressure (RAP) and aortic pressure (AoP) were measured 

by solid state pressure transducers (Millar, MP-500, micro-tip) placed via vascular 

sheaths placed in the external jugular vein and common carotid artery respectively. 

Pulmonary artery pressure (PAP) was measured by a fluid‐filled Swan-Ganz catheter 

placed via an internal jugular vein sheath. This catheter was also used to periodically 

inject saline for the measurement of cardiac output by the thermal dilution method. 

Pressure and waveform characteristics of the left ventricle were obtained using a fluid-

filled pig-tail catheter placed via a femoral artery vascular sheath. Measurements of 

electrocardiogram (ECG), RAP and AoP were continuously recorded (P3P Ponemah 

Physiology Platform, Gould Instrument Systems, Middleton, WI). 

Acute Myocardial Infarction 

For animals in the acute myocardial infarction group, a myocardial infarction was 

induced. This was done by placing a plug in the mid-left anterior descending artery. To 

place the plug, the carotid artery transducer was removed and an Amplatz coronary 

catheter was advanced, using fluoroscopy, to the coronary artery ostium after which a 

guiding wire was advanced through the artery to the apex of the heart. The stainless steel 

plug was advanced over the wire until it was located just distal to the second diagonal 

branch of the LAD. Plug placement was confirmed via fluoroscopy and angiography 

demonstrating complete occlusion.  
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Ventricular Fibrillation 

For animals in the acute MI group, if spontaneous VF had not occurred within 15 minutes 

of occlusion it was induced electrically with a pacing catheter in the right ventricle by 

delivery of a 100 Hz alternating current. Once VF was confirmed, ventilation was 

discontinued. The same procedure for inducing VF was followed for normal animals, 

without the 15 minute wait time prior to induction. In both groups, resuscitation efforts 

were begun after 10 minutes of untreated VF. 

Real-Time Waveform Analysis 

For the animals in the waveform guided treatment group, real-time waveform analysis 

was completed using LabVIEW (National Instruments, NI). Electronic signals were 

routed through a digitizing platform (ACQ-16; Data Sciences International, St. Paul, 

MN). The electrical signal from the defibrillation patches was recorded to the 

defibrillator (Zoll Corporation) at a sample rate of 250 samples/second. The signal was 

also recorded with a separate recording system (Grass Instruments) which filtered from 

0.1 to 300 Hz with a recording rate of 2,000 samples/second. A customized software 

program (LabVIEW, NI) was programed to analyze the VF waveform and display the 

real-time AMSA value. AMSA values were continuously computed and updated every 

second from the prior four seconds of data. AMSA was calculated using the following 

equation, with frequencies from 4 to 48 Hz: 
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       ∑      

     

       

 

A Fast Fourier transform was computed with a 4 second window, overlapping by 1 

second. The signal was not preconditioned. Chest compressions done at a rate of 100 per 

minute were distinguished by peaks at a frequency of 1.6 Hz.
21

 

AMSA was calculated during the period prior to delivering the shock while chest 

compressions were held. Chest compressions were resumed as soon as possible to keep 

hands free intervals to a minimum. AMSA was calculated as the summed product of 

frequency and square root of power at that frequency, F, from 4 to 48 Hz by the above 

formula. At a sampling rate of 250 Hz, the integrity of the ECG was well preserved for 

AMSA calculations. With an AMSA bandwidth of 4-48 Hz, the Nyquist frequency is 

defined as greater than or equal to 48 Hz. The system we used had a Nyquist frequency of 

62.5 Hz, which allows acquisition of the AMSA bandwidth.  

The ECG signal was amplified before feeding into LABVIEW for further processing. 

The Grass Amplifier System (P511, Grass Technologies, Warwick, RI) was used for this 

purpose, and set for a gain of 1,000 V/V. A fluke ECG simulator, with a known input, 

was used to calibrate the hardware. In the LABVIEW program, the sample rate was set to 

2048 with samples to read set to 205. For a full schematic of the program, see Appendix 

B. 
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Resuscitation Protocol 

Animals were randomized to either the traditional CPR, or the waveform guided 

treatment group. For animals in the modified CPR group, chest compressions were 

delivered in a similar fashion to the traditional CPR group. See Appendix A for a 

flowchart of full resuscitation activities. The difference in the waveform guided protocol 

is that the duration of compressions was tailored to the pre-shock AMSA value. If AMSA 

was less than 20 mV-Hz, 2 minutes of compressions were administered. If AMSA was 

greater than 20 mV-Hz, only 1 minute of chest compressions were administered. These 

thresholds were chosen based on previous research completed by our lab. For a threshold 

value of 32 mV-HZ, which was the threshold value used in our laboratory’s previously 

published paper, the sensitivity = 60% and specificity = 66%.
18

 We will compare the 

sensitivity and specificity between this study and our previous one, to ensure they are 

similar. Resuscitation was attempted on all animals until ROSC was achieved or 30 

minutes of resuscitation had been unsuccessful.  

Following untreated VF, resuscitation was started with one minute of chest compressions 

followed by either a waveform guided resuscitation approach or traditional approach. In 

the waveform guided resuscitation approach, chest compressions were halted for a period 

sufficient to allow for adequate assessment of AMSA. If the AMSA value was above the 

threshold (20 mV-Hz) the duration of the post shock chest compressions will be reduced 

to 1 minute until the next rhythm check.  
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The resuscitation flowchart (Appendix A) also governed the administration of 

medication. A 1 mL bolus of epinephrine was administered intravenously via an external 

jugular vein. This bolus was repeated every 3 minutes until resuscitation was halted.  

Successful Resuscitation or Recovery 

Successfully resuscitated animals were observed for at least 1 hour post procedure in the 

surgery area. Any recurring VF was treated. After the intensive care period, all hardware 

was removed and vessels ligated and wounds closed with metal clips. Surviving animals 

were then allowed to convalesce for 24 hours, following which a neurological assessment 

was given. The animals were then humanely euthanized by intravascular administration 

of commercial euthanasia solution.  

Analysis 

Analysis was broken down into primary and secondary endpoints. The primary endpoint 

was the time to ROSC. The secondary endpoints were AMSA, myocardial substrate and 

resuscitation algorithm. We also analyzed the factors associated with a higher value of 

AMSA. The factors analyzed were myocardial substrate and resuscitation algorithm.  

The differences in time to achieve ROSC between the two treatment groups were 

assessed using a Kruskal-Wallis test with a significance level of 0.05. The difference in 

the proportion of animals with secondary endpoints (24 hour survival and 24 hour 

survival with good neurological outcome) was assessed with a Fisher’s exact test with a P 

value for significance set at 0.05. 
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 AMSA was compared between groups using regression analysis with random effects to 

account for multiple shocks within the same animal. 

Logistic regression with random effects was used to test for differences in outcome. 

Regression analysis was used for AMSA. An ROC analysis was also completed for 

AMSA to assess sensitivity and specificity. This was done to check that the preselected 

threshold for AMSA in the waveform guided approach matched the anticipated 

sensitivity and specificity based on our prior work.  
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     Total          24         24          48 

                                             

         1          12         12          24 

         0          12         12          24 

                                             

      type           0          1       Total

                     algo

RESULTS 

Overview 

The swine were relatively uniform across groups with an average weight of 23.7 ± 

3.9kgs. Table 2 shows the baseline characteristics of each group, and Table 3 shows the 

averages of different resuscitation variables of the different groups.   

 

 

 

 

Table 1: Population array. Type of myocardium substrate (type): normal = 0, acute 

myocardial infarction = 1. Treatment algorithm used (algo): traditional = 0, waveform 

guided = 1. 
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Baseline 

Measurements 

Normal-

Traditional 

Normal-

Guided 

MI-

Traditional 

MI-

Guided 

Weight (kg) 25.2 ± 5.6 22.2 ± 2.9 23.9 ± 2.9 23.4 ± 2.6 

Cardiac Output 

(L/min) 
2.5 ± 0.6 2.2 ± 0.5 2.6 ± 0.7 2.4 ± 0.6 

Mean Right Atrium 

Pressure (mmHg) 
5.7 ± 1.6 7.4 ± 1.8 6.8 ± 2.2 7.6 ± 2.8 

Mean Aortic Pressure 

(mmHg) 
66.6 ± 8.1 63.5 ± 9.0 64.9 ± 10.1 

64.9 ± 

10.0 

Mean Wedge 

Pressure (mmHg) 
8.7 ± 2.2 12.6 ± 2.6 7.3 ± 1.9 8.3 ± 2.7 

Left Ventricular End 

Diastolic Pressure 

(mmHg) 

12.0 ± 2.9 11.8 ± 2.4 9.8 ± 3.1 9.7 ± 2.5 

Mean Pulmonary 

Artery Presure  

(mmHg) 

19.9 ± 4.3 24.3 ± 4.0 17.9 ± 5.6 20.5 ± 5.5 

Table 2: Baseline Hemodynamic Measurements by group. 
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Resuscitation 

Data 

Normal-

Traditional 

Normal-

Guided 

MI-

Traditional 

MI-

Guided 

Number of 

Shocks 
2.3 ± 0.5 2.5 ± 0.9 4.5 ± 2.1 5.5 ± 2.9 

Number of 

Epinephrine 

Injections  (1 mg 

each) 

2.2 ± 0.7 1.4 ± 0.5 4.6 ± 2.3 3.3 ± 2.0 

Time to ROSC 

(mins) 
14.4 ± 1.1 13.5 ± 1.1 18.5 ± 4.4 17.2 ± 3.3 

24 hour Neuro 

Score 
1.9 ± 1.5 1.8 ± 1.5 2.1 ± 1.7 2.8 ± 2.0 

Table 3: Resuscitation Data 

Time to ROSC 

The time it took for a return of spontaneous circulation (ROSC) was comparable between 

both groups (Table 4 and Figure 1). The error bars show that there was more variation in 

the AMI groups as compared to the normal groups.   
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Group 
Mean Time to ROSC (min ± st. 

dev.) 

Normal-

Traditional 
14.4 ± 1.2 

Normal-Guided 13.5 ± 1.1 

MI-Traditional 18.5 ± 4.7 

MI-Guided 17.2 ± 3.5 

Table 4: Mean time to ROSC of different groups. 

 

Figure 1: Time to ROSC  
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Figure 2 below shows the comparison of treatment algorithms when looking at the time it 

took to achieve ROSC. Using a Kruskal-Wallis statistical test, there was no difference 

(p=0.79) between the traditional and waveform guided treatment protocols overall (with 

normal and acute MI substrates combined).  

 

Figure 2: Time to ROSC by Algorithm.  

 

The normal myocardium showed a shorter and more consistent time to achieve ROSC 

than the infarcted myocardium. This data can be seen visually below in Figure 3 
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comparing the time to ROSC between substrate types. The average time to ROSC of 

normal myocardium was 14.0 ± 1.2 min. The average time to ROSC of the infarcted 

myocardium was 17.8 ± 3.9 min. This difference was statistically significant (p<0.0001) 

by using a Kruskal-Wallis test. 

 

 

Figure 3: Time to ROSC by Substrate.  
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We also compared the time it took to achieve ROSC based on treatment protocols, of the 

different substrate types (Figures 4 and 5). There was no difference across normal 

myocardium between treatment protocols (p=0.13 by Kruskal-Wallis). There was also no 

difference across myocardium with an acute myocardial infarction (p=0.88) between 

treatment protocols.  

 

Figure 4: Time to ROSC by Algorithm of normal myocardium.  
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Figure 5: Time to ROSC by Algorithm of myocardium suffering from an acute 

myocardial infarction.  

 

Neurological Outcomes 

To assess whether there was a difference in neurological outcomes between treatment 

groups, 24 hours post-surgery, all surviving animals underwent simple neurological 

testing. The best outcome was scored as a 1, which meant that the animal was able to 

function at a high level. Table 5 below shows the average neurological score of each 

group. Of the 48 animals in the study, 6 scores were missing, and therefore omitted from 
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analysis. Analysis was completed by lumping the scores together into good (score of 1 or 

2) and bad (score of 3, 4 or 5).  

 

Group 24 hour Neuro Score (mean ± st. dev.) 

Normal-

Traditional 
1.91 ± 1.58 

Normal-Guided 1.91 ± 1.64 

MI-Traditional 2.13 ± 1.81 

MI-Guided 2.82 ± 2.09 

Table 5: 24 Hour Neurological Scores 

 

Kruskal-Wallis analysis by treatment protocol showed that a guided approach does not 

statistically significantly affect neurological scores 24 hours post event (p=0.64). The 

type of myocardial substrate does not statistically significantly affect neurological scores 

24 hours post event when analyzed using Kruskal-Wallis (p=0.37). 

AMSA 

AMSA values were grouped according to the defibrillation shock outcome (Table 6 and 

Figure 6). For analysis purposes, the data was divided into 4 possible shock outcomes – 

VF, recurrent VF, PEA or ROSC. Recurrent VF was defined as an initial post-shock 
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sinus rhythm or an initial post-shock rhythm of PEA which reverted into VF. There were 

only 2 instances of shock outcomes of PEA, and are therefore not recorded in the table. 

These results showed generally higher AMSA values when the shock resulted in ROSC. 

Although the highest variability occurred in the MI-Guided, recurrent VF group, there 

was a high degree of variability in AMSA values overall.  

 

AMSA Value (mV-Hz) by Shock Outcome 

Group 
VF 

(mean +/- st. dev.) 

Recurrent VF 

(mean +/- st. dev.) 

ROSC 

(mean +/- st. dev.) 

Normal-Traditional 25.54 ± 11.81 28.46 ± 9.23 44.72 ± 16.57 

Normal-Guided 33.84 ± 16.89 34.25 ± 8.69 47.48 ± 12.99 

MI-Traditional 27.59 ± 13.48 24.56 ± 10.38 30.42 ± 10.43 

MI-Guided 28.41 ± 12.35 40.00 ± 24.79 34.60 ± 11.76 

Table 6: AMSA Values 
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Figure 6:AMSA Values by Shock Outcome.  

 

AMSA was tested for significance to predict shock outcome. Using a logistic regression 

analysis with random effects to account for multiple shocks within the same animal, the 

attainment of ROSC was predicted by the value of AMSA (p<0.0001, OR=1.045, 

95%CI: [1.020 1.071]). 

The univariate predictors of outcome were found to be myocardial substrate type and 

AMSA value. In the multivariable analysis both of these factors remained statistically 

significant (substrate: p=0.003, and AMSA: p=0.013). 
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ROC Analysis for AMSA to predict shock outcome of ROSC 

An ROC analysis was also completed for the variable AMSA.  For this analysis, there are 

four possible outcomes: true positive, false negative, true negative and false positive. If 

the instance is positive and it is classified as positive, it is counted as a true positive (TP). 

If the instance is positive and it is classified as negative it is counted as a false negative 

(FN). If the instance is negative and it is classified as negative it is counted a true 

negative (TN). If the instance is negative and it is classified as a positive it is counted as a 

false positive (FN). The chart below shows the classifications as well.
32

  

 

The classifications for this study: 

 TP: AMSA > threshold and ROSC achieved 

 TN: AMSA < threshold and ROSC not achieved 

 FP: AMSA > threshold and ROSC not achieved 

 FN: AMSA < threshold and ROSC achieved 
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For a threshold value of 28 mV-Hz, AUC=0.718 at 78% sensitivity and 50% specificity. 

For a threshold value of 32 mV-HZ, which was the threshold value used in our 

laboratory’s previously published paper, the sensitivity = 60% and specificity = 66%.
18

 If 

the threshold AMSA value is changed to 20 mV-Hz, which was the threshold used for 

this experiment, the sensitivity = 89% and specificity was 29%. Therefore our ROC 

analysis gives reasonably similar results to our prior experiments, confirming 

consistency. The only notable difference was that the AUC of the previously published 

paper was higher at 0.89.
18
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Regression for Factors that Predict AMSA 

Using a random effects linear regression model, a guided approach is not a predictor of 

higher values of AMSA (p=0.074). Using a random effects linear regression model, type 

of myocardium is a predictor of higher values of AMSA (p=0.042). To further illustrate 

these findings, a model that adjusted for algorithm and type was also run. Using a random 

effects linear regression model and adjusting for algorithm and type, treatment algorithm 

                                                  

Correctly classified                        75.28%

                                                  

False - rate for classified -   Pr( D| -)   23.67%

False + rate for classified +   Pr(~D| +)   44.44%

False - rate for true D         Pr( -| D)   88.89%

False + rate for true ~D        Pr( +|~D)    3.01%

                                                  

Negative predictive value       Pr(~D| -)   76.33%

Positive predictive value       Pr( D| +)   55.56%

Specificity                     Pr( -|~D)   96.99%

Sensitivity                     Pr( +| D)   11.11%

                                                  

True D defined as outcome != 0

Classified + if predicted Pr(D) >= .5

   Total            45           133           178

                                                  

     -              40           129           169

     +               5             4             9

                                                  

Classified           D            ~D         Total

                       True         

Logistic model for outcome
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is not a predictor (p=0.062), but type of myocardium was a predictor (p=0.033) of higher 

values of AMSA. 

In conclusion, treatment algorithm was not a predictor of AMSA. The type of myocardial 

substrate was a variable that predicted AMSA values. 

Regression for Factors that Predict Outcome 

For this analysis, a shock was considered successful if it resulted in ROSC, otherwise all 

other outcomes were not optimal. This translated into categorical data of outcome 

(outcome = 1 if ROSC, 0 otherwise). This multivariate analysis was based upon the 

univariate analysis completed above; therefore the treatment protocol was not included 

because it was shown to be non-significant.  

Using a random effects logistic regression model, the AMSA value predicted the result of 

shock (p<0.0001, OR=1.045, 95%CI: [1.019 1.071]). Using a random effects logistic 

regression model, the type of myocardial substrate predicted the result of shock (p=0.001, 

OR=0.300, 95%CI: [0.149 0.607]). Using a random effects logistic regression model and 

adjusting for type of myocardial substrate and AMSA values, the type of myocardial 

substrate (p=0.009, OR=0.374, 95%CI: [0.179 0.784]) and AMSA value (p=0.004, 

OR=1.037, 95%CI: [1.012 1.063]) were predictors of shock outcome.  

In conclusion, type of myocardial substrate and the real-time AMSA values that were 

calculated during the procedure were predictors of outcome. The treatment algorithm 

used was not a predictor of outcome.  
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Number of Shocks  

Analyses of the differences in the total number of shocks delivered revealed that the 

mean number of shocks delivered to normal myocardium was 2.42 ± 0.72 and 5.0 ± 2.62 

for MI. The number of shock delivered to the different myocardium types was found to 

be statistically significant by Kruskal-Wallis analysis (p=0.0001). When comparing the 

number of shocks delivered across the treatment algorithms, there was no statistically 

significant difference (p=0.38). 

Number of Shocks Traditional 
 

Guided 

Normal 2.33 ± 0.49 
2.5 ± 0.90 

MI 4.5 ± 2.15 
5.5 ± 3.03 

Table 7: Number of Shocks Delivered 

For full data analysis process, see Appendix C.  
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DISCUSSION 

Overview 

This study hypothesized that a real time resuscitation algorithm using AMSA values to 

direct post-shock chest compressions would shorten the time needed to achieve ROSC in 

swine.  

This study supports previous conclusions that AMSA is a predictor of shock 

outcome.
12,14,18,21,22,24

 We took those studies a step further to investigate if AMSA could 

be used in a real-time environment instead of the limited retrospective analyses of 

previous research. This study concludes that using AMSA to direct post-shock chest 

compressions does not significantly shorten the time to ROSC in swine.  

Waveform Guided Resuscitation Protocol 

Several analyses were completed to assess the waveform guided resuscitation protocol. 

The first was to look at what factors were predictors of outcome using multivariate 

analysis. The analysis tested whether a shock resulted in ROSC or not. A random effects 

logistic regression model showed that AMSA and the type of myocardial substrate were 

the two primary predictors of outcome. The resuscitation algorithm was not a predictor of 

outcome. Therefore, it would not be possible to predict if a shock resulted in ROSC by 

which resuscitation algorithm the animal received. This analysis showed that the 

algorithm was not predictive of achieving ROSC following a shock, though myocardial 

substrate and AMSA value were predictive. 
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The second analysis completed to assess the waveform guided protocol was to look at 

whether algorithm affected the time it took to achieve ROSC. There was no statistically 

significant difference in the time to achieve ROSC between the traditional and waveform 

guided resuscitation protocols. When the type of myocardium was taken into account, 

there was a non-significant trend where the guided resuscitation protocol resulted in 

ROSC about a minute earlier than the traditional resuscitation protocol: 

 Normal myocardium:  

o traditional=14.4+/- 1.2 min,  

o guided=13.5+/-1.1 min;  

 Myocardial Infarction (MI):   

o traditional=18.4+/- 1.2 min,  

o guided=17.2+/-3.5 min).  

To further validate this finding, we looked at whether the type of myocardium affected 

the time when ROSC was achieved. We expected the normal myocardium to have a 

shorter time to ROSC than infarcted myocardium, and this was confirmed with a Kruskal 

Wallis test (p=0.0001). The type of myocardial substrate did affect the time to achieve 

ROSC. Normal myocardium achieved ROSC in a shorter amount of time than infarcted 

myocardium. These findings support previous research on the subject as well.
13,17,18,19,33

 

We also looked at what factors were predictors of AMSA during resuscitation. As 

expected, analysis showed that the type of myocardium was a predictor of AMSA. This 

was expected because previous research
21,25,34

 has shown that AMSA values are higher in 
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normal myocardium than in injured myocardium. The resuscitation algorithm, however, 

was not predictive of AMSA.  

Neurological Outcome 

Besides studying AMSA-guided resuscitation protocols, this study also aimed to 

investigate the neurological outcomes of each group tested. Each animal was assessed 24 

hours post-resuscitation with a score on a scale from 1 to 5, with 1 being the best possible 

score with no adverse effects from the procedure, and a score of 5 indicating death. For 

analysis, neurological scores were lumped into good (score of 1 or 2) or bad (score of 3 

or higher) outcomes. The data showed that there was no difference in neurological 

outcome for either normal or MI swine between guided and traditional resuscitation 

protocols.  

Number of Shocks 

The last variable that was investigated was the number of shocks administered. Analysis 

revealed that there were significantly fewer shocks delivered for normal myocardia than 

for infarcted myocardia. There was no difference in the number of shocks delivered 

comparing algorithms, for either MI or normal myocardium.  

Limitations 

A limitation to this study is the translation of these findings to a human population. There 

are anatomical differences between human and swine models that could result in different 

findings for the two populations. Another limitation is the human factor in giving chest 
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compressions. Although technicians were instructed how to give uniform compressions, 

there will be differences in compression applications between different technicians.  

Cardiac arrest in humans includes longer follow-up assessment than only 24 hours. Most 

swine survived to 24 hours due to the highly effective resuscitation efforts. Longer 

follow-up periods may reveal more variability in outcome scores, possibly revealing 

animals which suffer a second cardiac event from the trauma of the first injury. In 

humans, there is much more variability in treatment as well as in patient health. Swine 

are cared for in a homogenous manner, with carefully monitored diets as well as vital 

statistics. Swine are also healthy at the time of the experiment, and are therefore less 

likely to succumb to a secondary health concern. All of these factors create more 

compounding variables than will be able to be tested in this manner.  
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CONCLUSION 

In conclusion, our study found that the waveform guided resuscitation algorithm to direct 

the duration of post-shock chest compressions had no significant effect on AMSA, 

outcome, or ROSC when compared to the traditional resuscitation algorithm.  
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APPENDIX A: CPR ALGORITHM FLOWCHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Untreated VF (10 minute duration) 

STEP 1: Continuous chest compressions at 100 per minute (CCC) 

with mechanical ventilations at 10 per minute for 60 seconds 

Resuscitation with traditional defibrillations 

Continued lack of 

perfusing rhythm: 

resuscitation attempts 

to continue until 30 

minutes have elapsed 

STEP 3: CCC and mechanical ventilations for 2 minutes, first 

dose of epinephrine (1mg) administered IV, repeat dose every 3 

minutes. 

Perfusing rhythm: 1 

hour observation, 24  

hour convalescence, 

neurological 

evaluation, and then 

euthanization 

STEP 2: Rhythm analysis and record AMSA 

PEA or asystole VF/VT/shockable rhythm: 

single 150 J defibrillation, 

followed by resuming 

CCC and mechanical 

ventilations 

Untreated VF (10 minute duration) 

STEP 1: Continuous chest compressions at 100 per minute (CCC) 

with mechanical ventilations at 10 per minute for 60 seconds 

Resuscitation with guided defibrillations 

Continued lack of 

perfusing rhythm: 

resuscitation attempts 

to continue until 30 

minutes have elapsed 

STEP 3:  
First dose of epinephrine 1 mg administered IV, repeat dose 

every 3 minutes. Return to rhythm analysis (step 2) 

Perfusing rhythm: 1 

hour observation, 24  

hour convalescence, 

neurological 

evaluation, and then 

euthanization 

STEP 2: Rhythm analysis and AMSA calculation 

PEA or asystole: CCC 

and mechanical 

ventilations for 2 

minutes 

VF/VT/shockable rhythm: IF 

AMSA>20 (labviewscreen), single 

150J defibrillation followed by 

resuming CCC and mechanical  

ventilations for ONE minute  

IF AMSA< 20 (labviewscreen), 

single 150J defibrillation followed 

by resuming CCC and mechanical  

ventilations for TWO minutes 

Abbreviations:  
VF: ventricular fibrillation 
CCC: continuous chest compressions 
AMSA: amplitude-spectral area (millivolt-hertz) 
PEA: pulseless electrical activity 
IV: intravenous 
J: Joules 
VT: ventricular tachycardia 



 
 

APPENDIX B: LABVIEW VI 

Real Time AMSA Calculator 

Front Panel 
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Block Diagram 
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SubVIs: AMSA Calculator 

Front Panel 

 

 

 

 

 

 

 

Block Diagram 

 



 
 

 

APPENDIX C: ADDITIONAL ANALYSIS 

Total number of animals in each group.  

 

. tabulate type algo if time<11.8 

 

 

 

Type of myocardium substrate (type): normal = 0, acute myocardial infarction = 1. Treatment 

algorithm used (algo): traditional = 0, waveform guided = 1. 

 

 

Does a guided approach decrease the time to ROSC? 

 

By kruskal-wallis analysis p=0.4815, therefore guided approach does not statistically 

significantly decrease the time to ROSC when type of myocardium is lumped together. 

 

. kwallis time if(result==3), by(algo) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | algo | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  22 |   537.00 | 

  |    1 |  23 |   498.00 | 

  +-----------------------+ 

 

chi-squared =     0.495 with 1 d.f. 

probability =     0.4815 

 

chi-squared with ties =     0.495 with 1 d.f. 

probability =     0.4815 

 

     Total          24         24          48 

                                             

         1          12         12          24 

         0          12         12          24 

                                             

      type           0          1       Total

                     algo
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By kruskal-wallis analysis p=0.1333, therefore guided approach does not statistically 

significantly decrease the time to ROSC for normal myocardium. 

 

. kwallis time if(type==0 & result==3), by(algo) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | algo | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  12 |   176.00 | 

  |    1 |  12 |   124.00 | 

  +-----------------------+ 

 

chi-squared =     2.253 with 1 d.f. 

probability =     0.1333 

 

chi-squared with ties =     2.253 with 1 d.f. 

probability =     0.1333 

 

By kruskal-wallis analysis p=0.8880, therefore guided approach does not statistically 

significantly decrease the time to ROSC for acute myocardial infarction. 

 

. kwallis time if(type==1 & result==3), by(algo) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | algo | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  10 |   112.00 | 

  |    1 |  11 |   119.00 | 

  +-----------------------+ 

 

chi-squared =     0.020 with 1 d.f. 

probability =     0.8880 

 

chi-squared with ties =     0.020 with 1 d.f. 

probability =     0.8880 
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Does type of myocardial substrate affect time to ROSC? 

 

By kruskal-wallis analysis p=0.0001, therefore a the type of myocardial substrate  does 

statistically significantly affect time to ROSC. 

 

. kwallis time if(result==3), by(type) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | type | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  24 |   368.00 | 

  |    1 |  21 |   667.00 | 

  +-----------------------+ 

 

chi-squared =    17.524 with 1 d.f. 

probability =     0.0001 

 

chi-squared with ties =    17.524 with 1 d.f. 

probability =     0.0001 

 

Does a guided approach result in better neurological scores 24 hours post event? 

 

The parameter “score” was a categorical number, with an actual neurological score of 1 or 2 

being good (score = 1) and an actual neurological score of 3 or higher being bad (score = 0).  

 

By kruskal-wallis analysis p=0.64, therefore a guided approach does not statistically 

significantly affect neurological scores 24 hours post event. 

 

. kwallis score, by(algo) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | algo | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  12 |   175.50 | 

  |    1 |  15 |   202.50 | 
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  +-----------------------+ 

 

chi-squared =     0.134 with 1 d.f. 

probability =     0.7144 

 

chi-squared with ties =     0.214 with 1 d.f. 

probability =     0.6438 

 

By Fisher’s exact analysis p=0.264, therefore a guided approach does not statistically 

significantly affect neurological scores 24 hours post event. 

 

. tabulate score algo, exact 

 

           |         Algo 

     Score |         0          1 |     Total 

-----------+----------------------+---------- 

         0 |         4          8 |        12  

         1 |        15         15 |        30  

-----------+----------------------+---------- 

     Total |        19         23 |        42  

 

           Fisher's exact =                 0.495 

   1-sided Fisher's exact =                 0.264 

 

 

By Fisher’s exact analysis p=0.323, therefore the type of myocardium does not statistically 

significantly affect neurological scores 24 hours post event. 

 

. tabulate score type, exact 

 

           |         Type 

     Score |         0          1 |     Total 

-----------+----------------------+---------- 

         0 |         5          7 |        12  

         1 |        18         12 |        30  

-----------+----------------------+---------- 

     Total |        23         19 |        42  

 

           Fisher's exact =                 0.323 

   1-sided Fisher's exact =                 0.231 
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Does type of myocardial substrate affect animals neurological scores 24 hours post event? 

 

By kruskal-wallis analysis p=0.37, therefore the type of myocardial substrate does not 

statistically significantly affect neurological scores 24 hours post event. 

 

. kwallis score, by(type) 

 

Kruskal-Wallis equality-of-populations rank test 

 

  +-----------------------+ 

  | type | Obs | Rank Sum | 

  |------+-----+----------| 

  |    0 |  17 |   252.00 | 

  |    1 |  10 |   126.00 | 

  +-----------------------+ 

 

chi-squared =     0.494 with 1 d.f. 

probability =     0.4821 

 

chi-squared with ties =     0.789 with 1 d.f. 

probability =     0.3744 

 

 

 

Does a guided approach give higher values of AMSA? 

 

Using a random effects linear regression model, a guided approach is not a predictor of higher 

values of AMSA (p=0.074).  

 

. xtreg labamsa2 algo, re i(id) 

 

Random-effects GLS regression                   Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

R-sq:  within  = 0.0000                         Obs per group: min =         2 

       between = 0.0624                                        avg =       3.7 

       overall = 0.0254                                        max =        12 
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                                                Wald chi2(1)       =      3.19 

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0741 

 

------------------------------------------------------------------------------ 

    labamsa2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        algo |   5.426624   3.038327     1.79   0.074    -.5283869    11.38163 

       _cons |    30.4398   2.180039    13.96   0.000       26.167     34.7126 

-------------+---------------------------------------------------------------- 

     sigma_u |  7.1840234 

     sigma_e |  13.667657 

         rho |  .21647205   (fraction of variance due to u_i) 

------------------------------------------------------------------------------ 

 

 

Using a random effects linear regression model, type of myocardium is a predictor of higher 

values of AMSA (p=0.042).  

 

. xtreg labamsa2 type, re i(id) 

 

Random-effects GLS regression                   Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

R-sq:  within  = 0.0000                         Obs per group: min =         2 

       between = 0.0579                                        avg =       3.7 

       overall = 0.0495                                        max =        12 

 

                                                Wald chi2(1)       =      4.13 

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0421 

 

------------------------------------------------------------------------------ 

    labamsa2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        type |  -6.250111   3.075662    -2.03   0.042     -12.2783   -.2219237 

       _cons |    36.8704   2.344314    15.73   0.000     32.27563    41.46517 

-------------+---------------------------------------------------------------- 

     sigma_u |   7.222782 

     sigma_e |  13.667657 

         rho |  .21830285   (fraction of variance due to u_i) 
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------------------------------------------------------------------------------ 

 

 

Using a random effects linear regression model and adjusting for algorithm and type, treatment 

algorithm is not a predictor (p=0.062), but type of myocardium was a predictor (p=0.033) of 

higher values of AMSA.  

 

. xtreg labamsa2 algo type, re i(id) 

 

Random-effects GLS regression                   Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

R-sq:  within  = 0.0000                         Obs per group: min =         2 

       between = 0.1192                                        avg =       3.7 

       overall = 0.0761                                        max =        12 

 

                                                Wald chi2(2)       =      7.90 

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0193 

 

------------------------------------------------------------------------------ 

    labamsa2 |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        algo |   5.509281   2.956235     1.86   0.062    -.2848328    11.30339 

        type |  -6.387201   2.998894    -2.13   0.033    -12.26493   -.5094766 

       _cons |    34.0806   2.740716    12.43   0.000      28.7089    39.45231 

-------------+---------------------------------------------------------------- 

     sigma_u |  6.8445276 

     sigma_e |  13.667657 

         rho |  .20050107   (fraction of variance due to u_i) 

------------------------------------------------------------------------------ 

 

 

 

Multivariate analysis based upon above univariate analysis (factors are myocardial 

substrate, approach) 

 

 

Using a random effects logistical regression model and adjusting for type, result of shock was 

found to be statistically significant based on type of myocardial substrate (p=0.001).  
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. xtlogit outcome type, re i(id) nolog or 

 

Random-effects logistic regression              Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

Random effects u_i ~ Gaussian                   Obs per group: min =         2 

                                                               avg =       3.7 

                                                               max =        12 

 

                                                Wald chi2(1)       =     11.22 

Log likelihood  = -94.983318                    Prob > chi2        =    0.0008 

 

------------------------------------------------------------------------------ 

     outcome |         OR   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        type |   .3004777   .1078384    -3.35   0.001     .1487047    .6071553 

       _cons |   .7058823    .188192    -1.31   0.191     .4185982     1.19033 

-------------+---------------------------------------------------------------- 

    /lnsig2u |  -17.55194   753.4007                      -1494.19    1459.086 

-------------+---------------------------------------------------------------- 

     sigma_u |   .0001544   .0581621                             0           . 

         rho |   7.25e-09   5.46e-06                             0           . 

------------------------------------------------------------------------------ 

Likelihood-ratio test of rho=0: chibar2(01) =     0.00 Prob >= chibar2 = 1.000 

 

Using a random effects logistical regression model, the result of shock was found to be 

statistically significant based on AMSA value(p=0.005).  

 

. xtlogit outcome labamsa2, re i(id) nolog or 

 

Random-effects logistic regression              Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

Random effects u_i ~ Gaussian                   Obs per group: min =         2 

                                                               avg =       3.7 

                                                               max =        12 

 

                                                Wald chi2(1)       =     12.17 

Log likelihood  = -93.311848                    Prob > chi2        =    0.0005 
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------------------------------------------------------------------------------ 

     outcome |         OR   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

    labamsa2 |   1.045114    .013219     3.49   0.000     1.019524    1.071347 

       _cons |   .0761285   .0364243    -5.38   0.000     .0298046    .1944515 

-------------+---------------------------------------------------------------- 

    /lnsig2u |  -14.44941   26.91075                     -67.19352     38.2947 

-------------+---------------------------------------------------------------- 

     sigma_u |   .0007284   .0098004                      2.57e-15    2.07e+08 

         rho |   1.61e-07   4.34e-06                      2.00e-30           1 

------------------------------------------------------------------------------ 

Likelihood-ratio test of rho=0: chibar2(01) =     0.00 Prob >= chibar2 = 1.000 

 

 

Using a random effects logistical regression model and adjusting for type of myocardial 

substrate and amsa values, the result of shock was found to be statistically significant based on 

type (p=0.003) and AMSA value (p=0.013).  

 

. xtlogit outcome type labamsa2, re i(id) nolog or 

 

Random-effects logistic regression              Number of obs      =       178 

Group variable: id                              Number of groups   =        48 

 

Random effects u_i ~ Gaussian                   Obs per group: min =         2 

                                                               avg =       3.7 

                                                               max =        12 

 

                                                Wald chi2(2)       =     18.48 

Log likelihood  = -89.958927                    Prob > chi2        =    0.0001 

 

------------------------------------------------------------------------------ 

     outcome |         OR   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

        type |   .3743238    .141245    -2.60   0.009     .1786736    .7842138 

    labamsa2 |   1.037264    .013037     2.91   0.004     1.012025    1.063134 

       _cons |   .1787742    .098459    -3.13   0.002     .0607449    .5261385 

-------------+---------------------------------------------------------------- 

    /lnsig2u |  -17.46506   752.1014                     -1491.557    1456.627 

-------------+---------------------------------------------------------------- 

     sigma_u |   .0001613   .0606397                             0           . 
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         rho |   7.90e-09   5.94e-06                             0           . 

------------------------------------------------------------------------------ 

Likelihood-ratio test of rho=0: chibar2(01) =     0.00 Prob >= chibar2 = 1.000 

 

 

ROC Analysis for AMSA 

 

. logistic outcome labamsa2 

 

Logistic regression Number of obs   = 178 

 LR chi2(1)      = 22.06 

 Prob > chi2     = 0.0000 

Log likelihood = -89.608963 Pseudo R2       = 0.1096 

 

   

outcome  Odds Ratio   Std. Err. z    P>z     [95% Conf. Interval] 

   

labamsa2    1.062685    .014878 4.34   0.000     1.033921 1.092249 

   

 

. estat clas 

 

Logistic model for outcome 

 

-------- True -------- 

Classified          D            ~D Total 

  

+              8             5 13 

-             37           128 165 

  

Total           45           133 178 

 

Classified + if predicted Pr(D) >= .5 

True D defined as outcome != 0 

  

Sensitivity                     Pr( + D)   17.78% 

Specificity                     Pr( -~D)   96.24% 

Positive predictive value       Pr( D +)   61.54% 

Negative predictive value       Pr(~D -)   77.58% 
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False + rate for true ~D        Pr( +~D)    3.76% 

False - rate for true D         Pr( - D)   82.22% 

False + rate for classified +   Pr(~D +)   38.46% 

False - rate for classified -   Pr( D -)   22.42% 

  

Correctly classified 76.40% 

 

. lroc 

  

 
1) . ROC analysis for labamsa2: 

a. TP means amsa>threshold AND rosc achieved; TN means amsa<threshold and 

rosc not achieved; FP means amsa>threshold and rosc not achieved; FN means 

amsa< threshold and rosc achieved. 

b. AUC 0.718, at 78% sens the spec is 50%, corresponding to a labamsa2 = 28 

c. (of note if use threshold of 32 which was in our previous paper, the sens is 60% 

with spec of 66%) 

d. If use a threshold of labamsa2=20, which was the cutoff for the algorithm, then 

the sens = 89% and spec was 29% 

e. So our ROC analysis gives reasonably similar results to our prior experiments, 

confirming consistency. Although the AUC before was higher at 0.89 
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