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Introduction 

 

This is the FDA Executive Summary for the AngelMed Guardian System. The AngelMed 

Guardian device is an implantable cardiac monitor intended to alert patients to ST 

segment shifts on the intracardiac electrogram indicating coronary ischemia. This device 

is intended for use in patients with prior acute coronary syndrome events, and in patients 

at risk for recurrent coronary events. Feasibility and Pivotal clinical studies were 

conducted between March 23, 2007 and January 13, 2014 under IDE G060259. The 

purpose of the IDE was to determine the device’s effectiveness in detecting ischemic 

events and the safety of the implantable device. Angel Medical Systems, Inc. (the 

Sponsor) submitted a Premarket Approval Application (PMA) for marketing approval of 

the device (P150009) on February 19, 2015. This submission is being reviewed by the 

Division of Cardiovascular Devices (DCD) within the Center for Devices and 

Radiological Health (CDRH) of the Food and Drug Administration (FDA). 

 

This memorandum will summarize FDA’s review to date of the PMA and its 

amendments highlighting the areas for which we are seeking your expertise and input. At 

the conclusion of your review and discussion of the data presented, FDA will ask for your 

recommendation regarding the benefit risk assessment for the device.
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1 PROPOSED INDICATIONS FOR USE  
Angel Medical Systems has proposed the following indications for use for their 

proposed Device: 

 

The Guardian System is indicated to alert patients with prior acute 

coronary syndrome events to ST segment changes indicating acute 

coronary occlusion. 

 

Guardian System alerts reduce the overall time-to-door from a detected 

acute coronary occlusion until presentation at a medical facility 

independent of patient-recognized symptoms. 
 
Angel Medical Systems proposes that the Guardian be indicated for the following patient 

population: 

 

 Survivors of a previous Myocardial Infarction (STEMI or NSTEMI) also having 

one of the following, diabetes, renal insufficiency or a TIMI risk score of 3 or 

greater. 

 Patients with any prior ACS event also having one of the following, diabetes, renal 

insufficiency or a TIMI risk score of 3 or greater. 

 Patients who have had or are scheduled for Coronary Bypass Surgery (CABG) also 

having one of the following, diabetes, renal insufficiency or a TIMI risk score of 3 

or greater. 

 

FDA Commentary 1:  

The proposed Indications for Use (IFU) Statement above represents the most recent 

proposal from Angel Medical Systems. These proposed indications are based on the 

subjects enrolled and should be supported by the results of the ALERTS trial. The final 

Indications for Use, intended patient population and other labeling will be based on the 

completed analysis of the supporting data. Any comments offered by the Panel on 

appropriate supported indications will also be taken into consideration. . 

2 DEVICE DESCRIPTION  

2.1 Physical Device 

The Guardian System consists of three main components which are shown in Figure 1 

below and described in further detail below: 

 Implantable Medical Device (IMD) 

 External Device (EXD) 

 A Programmer 
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Figure 1 Guardian System Component Diagram 

 

2.1.1 Implantable Medical Device (IMD) 

The IMD is implanted in a left pectoral subcutaneous pocket, similar to a permanent 

pacemaker, and connects to a transvenous active-fixation endocardial bipolar pacing lead 

which is placed in the right ventricular apex. Using a can-tip vector, the IMD monitors 

the intracardiac electrograms gathered in real time to assess for ST segment changes 

including ST depression and elevation.  If the device detects an excessive ST shift 

relative to the baseline ST segment, and if the ST shift exceeds a pre-programmed 

threshold, the IMD vibrates to warn the patient and simultaneously signals the patient’s 

external device (EXD) to provide redundant audible and visual external warning. The 

IMD also stores electrograms for subsequent retrieval by the Programmer via wireless 

telemetry. 

2.1.2 Patient External Device (EXD) 

The Patient EXD is a telemetry device given to each patient, which provides the 

redundant auditory and visual alerts via beeps and flashing LEDs when the IMD detects a 

cardiac event. The front of the EXD contains the Emergency and See Doctor indicator 

lights, and the Silence Alarm/Check Battery button. The back of the EXD contains a 

metal ring for attaching the neck cord if desired. 

2.1.3 Programmer 

The Programmer is a specially configured portable computer used to configure the IMD 

and retrieve and store IMD patient data, including electrograms collected by the IMD.  

The programmer uses an RF Telemetry interface through a Wand EXD to communicate 

with the IMD.  
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2.2 Device Functionality 

The Guardian System’s detection algorithm collects 10 second electrograms every 90 

seconds (or 30 seconds if the previous segment was characterized as abnormal) and 

compares each against a running baseline that it develops from far-field electrograms 

(tip-can) it acquired over the previous 24 hour period. Specifically, it compares the ST 

deviation of each sampled beat to that of the baseline, and then compares that difference 

to the height of the baseline’s R wave. (The ST deviation is the average voltage 

difference between a beat’s ST and PQ segments.) These elements of the electrogram are 

shown in the figure below. 

 
Figure 2 Detection Algorithm Visualization 

 
 

If the difference exceeds the ischemia threshold established for the patient, which is a 

programmable and adjustable value, the beat is considered shifted. Within an 

electrogram, it takes six shifted beats to declare the electrogram shifted. If three 

consecutive shifted electrograms occur, the device records this as a detection of a 

possible ischemic event.  The algorithm also tracks the heart rate by measuring the R-to-

R interval and classifies the average heart rate of each electrogram as low, irregular, 

normal, elevated, or high. If the heart rate is low, normal, elevated or irregular, the 

electrogram will be assessed for ST segment shifts. If the calculated ST shift meets 

criteria, then the algorithm initiates an emergency vibratory and auditory alarm. If the 

heart rate is “high”, then the electrogram will not be assessed for ST shifts. A “high” 

heart rate is defined by a programmable value and the default value is 160 bpm. In 

addition to the emergency alarm there is also a “See Doctor” alert which has a different 

auditory alarm and this alert can be triggered by high heart rates, low battery, or ST shifts 

specifically detected when the heart rate is abruptly decreasing, which the device 

presumes is exercise-induced ischemia due to increased demand and workload.  

3 Regulatory History and Background Information  
In 2005, based on successful GLP animal results, AngelMed initiated the 

CARDIOSAVER study in collaboration with the Dante Pazzanese Hospital of 

Cardiology in Sao Paulo, Brazil. The CARDIOSAVER study was designed to better 

understand the proper functioning of the Guardian system as it responds to an occlusion 

of a human coronary artery. The study included 20 subjects at high risk for heart attack, 

with the added indications that they: 

 

 demonstrated ischemia on an exercise stress test, 
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 had an angiogram showing a stenosed coronary artery, and 

 had a clinical indication for angioplasty and/or stenting. 

 

The Guardian was implanted in these subjects with initial device programming performed 

shortly thereafter. Some of the subjects then underwent a repeat stress test with both 

intracardiac and surface ECG recordings used to assess ST segment changes with 

elevated heart rate. Next, each subject underwent PCI. The PCI procedures included 

balloon occlusion of the target artery. These occlusions lasted up to three minutes in 

order to provide intracardiac recording of ST segment changes associated with the 

resultant ischemia evoked by the balloon occlusion of the coronary artery. 

In addition to this proof of concept, a number of significant improvements in the device 

and algorithm were made following the lessons learned in CARDIOSAVER.  

 

In late 2006, AngelMed submitted an IDE (G060259) to the FDA requesting approval to 

begin a US based 20 subject safety study (the DETECT Clinical Study) with two primary 

objectives: 

 

 Show that the AngelMed Guardian maintains a high safety profile when 

implanted in US patients 

 Demonstrate that the Autopick function in the Physician Programmer would 

provide a reliable means for objectively selecting ST shift ischemia detection 

thresholds based upon statistical measures of each subject’s normal daily range of 

ST segment variability 

 

The DETECT study met its objective, demonstrating that the Autopick function provided 

greater specificity regarding ST shift detections. 

 

The inclusion and exclusion criteria for the US DETECT study were different from those 

used in Brazilian CARDIOSAVER study. The DETECT subjects were survivors of a 

prior ACS event or bypass with additional risk factors that increased their probability of 

having a heart attack. DETECT was successful in showing that the IMDs could be 

implanted successfully and safely. Results from the DETECT and CARDIOSAVER 

studies provided the basis for the design of the ALERTS randomized prospective pivotal 

study with enrollment of 1020 subjects, conducted between 2008 and 2013. Multiple 

articles have been published describing the results from the CARDIOSAVER and 

DETECT studies in terms of the Guardian’s ability to detect ST changes from coronary 

blockages including thrombotic occlusions from ruptured plaques. 

 

The sponsor submitted two requests for pre-submission discussions related to the 

ALERTS clinical study prior to the modular PMA (M130018). 

 

Q131440: The sponsor submitted this pre-submission request to discuss modifying 

primary and secondary effectiveness endpoints. This meeting included the multiple look-

back windows, ensuring type 1 error is preserved for secondary effectiveness endpoints, 

changing some secondary effectiveness endpoints to “additional endpoints”, and 

confirmation that FDA would look at the totality of the data when reviewing the PMA. 
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Q141014: The pre-submission focused on the new Q-wave MI dual baseline approach. 

During this meeting, FDA requested the PPV medical rules that ultimately were not 

submitted until S002 for this submission in January 2015. FDA expressed its initial 

disagreement with the new Q-wave MI approach that is further explained below. 

4 NON-CLINICAL AND ANIMAL STUDIES 
The sponsor has conducted characterization studies, animal studies and bench testing of 

the AngelMed Guardian System. The following information was provided, reviewed by 

FDA, and found to be acceptable. 

 

 Test results demonstrating that the device is compliant with FDA recognized 

international standards for biocompatibility appropriate for this type of device.  

 Test results demonstrating that the packaging and sterilization processes were 

validated according to FDA recognized international standards.  

 Test results demonstrating that the device is compliant with FDA recognized 

international standards for electrical safety and electromagnetic compatibility.  

 Complete software documentation, including test results from complete software 

verification and validation testing demonstrating acceptable performance. 

 Test results demonstrating that the sensors maintain their mechanical and 

electrical integrity under conditions that simulate worse-case clinical use of the 

device. 

 Data from animal studies which evaluate the device’s in vivo functionality 

 Complete human factors risk assessment of the proposed device  

 

Please see the Sponsor’s Summary of Safety and Effectiveness Data (SSED) for a more 

detailed description of the non-clinical testing conducted. 

5 Overview of ALERTS Clinical Study and the Primary 

Effectiveness Endpoint 

SUMMARY 
 

This Overview section is intended to provide FDA’s perspective on some of the 

data presented and the challenges that FDA had in interpreting the data in order to  

determine the device’s effectiveness to detect acute ischemic events. Our 

intention is that it helps facilitate reading the Clinical study and Design section.  

 

The Angel Med Guardian device was designed to detect intra-cardiac changes in 

the ST segment of the electrocardiogram as a means of detecting coronary 

ischemia. Although the ST and T wave changes that are seen on an 

electrocardiogram (ECG) have been well studied and characterized, the ST and T 

wave changes seen on the intracardiac electrogram are less well understood and 

have only been studied more recently [1, 2]. The Guardian device was studied 

under IDE to assess its ability to (1) detect ischemia and (2) detect an acute 

coronary occlusion, or an Acute Coronary Syndrome (ACS), and to (3) help get 

the patient to a medical facility in a timely manner by alarming and alerting the 
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patient to the ST detection. The primary effectiveness endpoint was a composite 

endpoint including (1) the time to present at a medical facility i.e. “time-to-door” 

for acute ischemic events or ACS events >2 hours, (2) new Q wave MI at 6 

months,  and (3)  cardiac or unexplained mortality.  
 

The ALERTS Clinical Study demonstrated that the AngelMed Guardian System 

met its primary safety endpoint. However, it didn’t demonstrate the AngelMed 

Guardian system met the primary effective endpoints. The composite primary 

effectiveness endpoint presents some challenges in determining the device’s 

effectiveness to detect acute ischemic events, particularly with respect to the 

time-to-door and the new Q wave MI endpoints. The quality of the ECG data and 

the inconsistency of the Q wave results caused the sponsor to terminate the study 

earlier than the protocol required, and to institute a dual baseline approach with 

serial reads to the ECG interpretation.  The ECG data was not as clear or 

interpretable as anticipated when the trial was designed. The time to door 

endpoint was also less straightforward than originally anticipated in part because 

some of the qualifying events such as a positive stress test or disease progression 

by catheterization in the absence of acute thrombus or plaque rupture are more 

consistent with ongoing ischemia rather than an ACS event and therefore it is less 

intuitive what the time course for treatment should be.  We acknowledge that 

FDA agreed with the trial design including the new Q wave MI and time to door 

endpoints but unfortunately over the course of the trial, and upon reviewing the 

results of the trial it has become apparent that there are inherent nuances and 

difficulties interpreting the results. We describe in this section the concerns and 

inconsistencies that were detected in each of the three components of the primary 

effectiveness endpoint, focusing mostly on the time-to-door and new Q wave MI 

components. 

5.1 Time to Door >2 hours Endpoint 

The time-to door endpoint was comprised of any patient that had a Guardian device 

detection of an ST shift followed by any one of the following testing results;  

1) ECG showing ST elevation,  

2) elevated cardiac enzymes,  

3) a positive stress test showing ischemia, or  

4) positive angiography.  

 

A confirmed event was a guardian detection of an ST Shift (i.e., Emergency Alarm in the 

Treatment group or a data capture in the Control group) confirmed by any of the above 

four tests being positive or abnormal. However, having one of these tests be abnormal 

may be indicative of ischemia, but it may not necessarily be indicative of an ACS event, 

at least by Guidelines and Consensus Document definitions of ACS.   

 

An ACS event is a broad term that indicates an acute ischemic event that warrants 

medical attention and includes unstable angina, non-ST-elevation Myocardial Infarction 

(NSTEMI), and ST Elevation Myocardial Infarction (STEMI). The main difference 

between unstable angina and NSTEMI is whether the cardiac biomarkers are positive for 

myocardial damage or not [3]. Both NSTEMI and STEMI, per the Expert Consensus 
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definition of MI, include positive cardiac biomarkers of which troponin I and Troponin T 

are the most commonly used [3].  In fact, their definition of MI includes positive 

biomarkers in addition to either symptoms or ECG changes, which include ST and T 

wave changes as well as new left bundle branch block (LBBB), or positive findings on 

coronary angiography.   

 

The WHO definition of ACS and the 2011 Guidelines definition of unstable angina/ACS 

state that it is defined by ECG ST segment depression or prominent T wave inversion 

and/or positive biomarkers (e.g. troponin) in the absence of ST segment elevation and in 

an appropriate clinical setting such as chest discomfort.  

 

Therefore, the criteria to diagnose a clinical ischemic event in the ALERTS trial were 

somewhat different than what is proposed by Guidelines and international definitions of 

MI or ACS. For example, a positive stress test for ischemia in the setting of negative 

cardiac biomarkers with a subsequent angiogram not demonstrating a plaque rupture or 

flow limiting lesion (typically >70% stenosis) meets one of the four pre-specified criteria 

for true positive ST detection in the ALERTS Study but is not considered an ACS by the 

ACC/AHA Guidelines. Similarly, an ECG showing ST depression or T wave changes in 

the absence of positive biomarkers or symptoms may represent ischemia but does not 

meet the definition of an ACS event.  

 

This raises the difficulty of interpreting the Guardian device alarms and diagnosing 

possible ischemia, especially in the absence of symptoms in the instances where 

biomarkers were negative or the angiogram did not show a flow limiting lesion/plaque 

rupture. Although the criteria for MI and ACS have been well defined, the criteria for low 

level ischemia are less clear, especially if symptoms and/or cardiac biomarkers are absent 

or negative respectively.  

 

In addition to the difficulty of determining the presence of ischemia even if ACS by 

Guidelines is not present, many of the subjects did not get the necessary testing to 

determine if ischemia or an ACS was present. In addition, there were many alarms (over 

40%) that did not correlate to ischemia or an ACS and were classified as either Invalid or 

Inconclusive to be excluded from the analysis. Excluding 40% of the results is 

concerning since it is such a large percentage of the total alarms.  

 

A third concern with the time to door calculation is that it assumes that the initial ST 

detection shift and alarm is the initiation of the ischemic event and should be treated as 

time zero. However, the data show some difficulties with this type of time-to-door 

analysis and raise the question of whether the ST shift correlates with the onset of 

ischemia. For example, there were 5 STEMIs during the course of the trial. Two of these 

ST detections were 47 minutes and 103 minutes respectively prior to presentation.  

However, two had an alarm 15 minutes and 13 hours respectively after the patient 

presented to the medical facility. And for one subject the alarm was 4 days prior to 

presentation at the medical facility. For the two subjects who presented prior to the ST 

shift detection, the ACS onset preceded the device detection. For the patient who had an 

alarm 4 days prior, although the patient may have had ischemia 4 days prior, it does not 

seem plausible that the STEMI began 4 days prior and was continuously ongoing. 
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Therefore, in the absence of subsequent alarms over the ensuing 4 days, it is difficult to 

know how to clinically apply that single alarm which occurred days before the STEMI 

began. Although the ST shifts may represent ischemia or correlate to STEMI events, the 

timing in these cases indicates that the device detection does not always represent the 

initiation of the acute event. Therefore, although the timestamp from the device 

accurately detects the onset of an ST shift it is not clear that it accurately reflects the true 

onset of the ischemic event or ACS.  

 

Another aspect of the time-to door endpoint to be considered is how much time can lapse 

between the alarm and the event for them to be considered temporally correlated. The 

sponsor has calculated the time-to door for many time intervals between7 days through 

90 days. Although 90 days allows a prior ischemic event to be detected at the per 

protocol visits which can be up to 3 months apart, it may be difficult to attribute an alarm 

to an event if there is a large gap in time between detection and medical intervention. One 

example is a subject who presented with symptoms, non-specific ECG changes and 

negative biomarkers and underwent PCI. The ST detection was 75 days prior and so the 

event counted as a >2 hour time to door event. Although the ST detection may have 

indicated ongoing ischemia in that subject, it is unclear how best to a correlate a specific 

ST detection on a given day with a clinical presentation that occurred months later. It is 

also unknown whether that subject would have had a better long term outcome if he/she 

had presented to a medical facility 75 days earlier than they did.  How to apply the time-

to-door paradigm in a case like this subject where there is no clear ACS event but the 

subject clearly had ongoing ischemia and warranted an invasive intervention is unclear. 

Treatment was warranted but it is not clear that it would have been preferable or 

necessary to take place within a few hours of the ST detection.  

 

Another issue of concern to FDA is that the time-to-door endpoint should be calculated as 

the protocol specifies. The protocol states that positive test for ischemia is defined as any 

one of four positive test results (ECG, Enzyme, Stress and Angiograph) and ECG 

changes that are consistent with ST elevation should be included, not ST depression or T 

wave change. However, the sponsor included 4 control (alarm OFF) subjects with ST 

depression or T wave changes in the time-to-door > 2 hour calculation because it was felt 

that they had ongoing coronary ischemia. However, in these four subjects the other 3 tests 

which could have been used to corroborate the results were either negative or not done. In 

contrast, patients who had time-to-door >2 hours events in the treatment group had more 

than two positive tests for ischemia and therefore ECG change alone doesn’t change the 

time-to-door >2 hours calculation in treatment group. When using a 90 day look back 

window for the time-to door endpoint and the dual baseline ECG approach, the posterior 

probability for the combined primary effectiveness endpoint was calculated to be 0.9908. 

However, when these 3 time-to-door events are removed from the analysis (3 ALARM 

OFF subjects) due to having ST depression rather than the protocol defined ECG changes 

of ST elevation without other positive testing (biomarker, stress test, or angiogram) to 

corroborate ischemia, the posterior probability is changed to 0.974. One of those 4 

control subjects  had both time-to-door >2 hours event and new Q wave MIs so 

he/she was not removed from the analysis. .  

 

(b) (6)
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Lastly, it is unclear what the most appropriate manner to adjudicate an event is when a 

positive test is followed by a negative gold standard test. When using the four tests to 

determine an event (ECG, biomarkers, stress test, and angiogram) an ECG with ST 

elevation is considered a positive event. However, if the biomarkers are negative should 

it be considered an event? Similarly, if a stress test is positive for ischemia and the 

angiogram does not show obstructive coronary disease, should it be considered a positive 

event? The ALARM OFF group had one subject with only a positive stress test. A 

subsequent angiogram was negative for obstructive disease by the investigative site and 

the Core Lab. Since the subsequent angiogram was negative and no intervention was 

done, this positive stress test is considered by FDA to be removed from the analysis along 

with above 3 control subjects,, The posterior probability for the combined effectiveness 

endpoint is changed to 0.963.  This calculation assumes a dual baseline ECG approach 

and 90-day maximum look-back window for later arrival.  

5.2 New Q Wave Endpoint 

A new Q wave seen in one or more ECG leads that was not present on the baseline ECG 

was counted as a new Q wave MI if there was no prior Q waves in a lead from the same 

zone or anatomic region. For example, if there were no Q waves in the inferior region 

(leads II, III, AVF) on the baseline ECG and then there was a Q wave in lead III at 6 

months, it would be considered a new Q wave. Another example is that if the baseline 

ECG had a Q wave in lead III and then there were Q waves in leads II, III, AVF at 6 

months it would not be counted as a new Q wave.  

 

Per protocol, a new Q wave MI was a new Q wave in an anatomic zone that was present 

on the 6-month ECG where there were no Q waves present on the baseline ECG in that 

zone; the ECG was divided into inferior, anterior, lateral, and high lateral zones. The 

Core Lab used the criteria of 1 mm deep and 1mm in width for a pathologic Q wave. The 

protocol definition of a new Q wave MI differs from the Universal Definition published 

in the literature (see Table 1) [3] In general, the universal definition requires two 

contiguous leads in an anatomic distribution (inferior, anterior, lateral) to have Q waves 

except for a Q wave in V2 or V3 rather than a Q wave in any lead.  

 
Table 1 ECG Changes Associated with Prior Myocardial Infarction per the Universal Definition of 

MI 

 Any Q wave in leads V2-V3 >0.02 sec or QS complex in leads V2 and Vr 

 Q wave >0.03 sec and > 0.1mV deep or QS complex in leads I, II, aVL, aVF or 

V4-6 in any two leads of a contiguous lead grouping (I, aVL; V1-V6; II, III, aVF) 

 R wave > 0.04 sec in V1-V2 and R/S>1 with a concordant positive T wave in 

absence of conduction defect.  

 

One of the difficulties with using isolated Q waves is that they are known to come and go 

particularly in certain leads such as leads AVR and lead III [3] which can also have a Q 

wave as a normal variant. Q waves can also be seen in the absence of a prior MI due to 

incorrect lead placement, rotation of the heart, or severe emphysema [3]. During the 

course of the trial, the ECG Core Lab did find data quality issues regarding this endpoint 

because Q waves were seen coming and going, raising concern that they were not 

representative of a prior infarct since significant pathologic Q waves should be persistent. 
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6.2 Implantation, Randomization, and Treatment Protocol 

A total of 1020 subjects were enrolled in the ALERTS Clinical Study with 910 subjects 

actually implanted and 907 subjects both implanted and randomized (1:1) into Alerting 

ON (Treatment) or Alerting OFF (Control) groups. Alerting ON (Treatment) group 

subjects had alerting enabled and were trained on how to recognize alerts and what 

actions to take as a result. Alerting OFF (Control) group subjects had alerting disabled for 

six months, and were told the device would not alert them. ST segment shift detections 

were recorded in the device and retrieved at protocol visits. For the Alerting OFF 

(Control) subjects, Guardian alerts were enabled at the six-month follow-up visit. Both 

Alerting ON (Treatment) and Alerting OFF (Control) groups were provided standard of 

care instruction on paying attention to the symptoms of a heart attack. Subjects (and their 

physicians) knew which group they were in. The protocol required all subjects to have 

follow-up visits at one, three, and six months, then every six months from that point 

onward. 

 

Figure 3 shows the process followed for Alerting ON (Treatment) and Alerting OFF 

(Control) group subjects during the ALERTS Clinical Study. After enrollment but prior to the 

Guardian implant, a first baseline (12-lead) ECG was recorded (the “pre-implant ECG”). The 

Guardian IMD was implanted, using a procedure nearly identical to that of a single chamber 

pacemaker, requiring virtually no additional physician education on the implant procedure 

itself. A single IS-1 active fixation pacemaker lead was positioned and then fixed at or near 

the apex of subject's the right ventricle. Before discharge, data were retrieved from the IMD 

to check for proper performance and to configure the device for baseline electrogram 

collection. Any adverse events and complications were recorded. 
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Figure 3 ALERTS Clinical Study Process 

 
 
Subjects were randomized 1:1 to the Alerting ON (Treatment) and Alerting OFF (Control) 

groups when they returned to the site for programming of the Guardian IMD 7-14 days after 

implantation. Both the Alerting ON (Treatment) group and Alerting OFF (Control) group 

subjects had ST shift detection enabled. However, only the Alerting ON (Treatment) group 

subjects had alerting turned on; the Alerting OFF (Control) subjects had alerting turned off. 

The randomization was stratified by site with a blocking scheme that consists of blocks of 

randomly varying size. A second baseline 12-lead surface ECG was also collected at the time 

of randomization (the “randomization ECG”). 

 

The protocol required all subjects to have follow-up visits at one, three, and six months, then 

every six months from that point onward. At each visit the subject’s IMD event status was 

uploaded to the Physician Programmer for review. For the Alerting OFF (Control) subjects, 

Guardian alerts were enabled at the six-month follow-up visit, consistent with the parameters 

of the Alerting ON (Treatment) subjects’ programming, which they received at 7-14 days 

post implant (i.e., at six-months the Alerting OFF (Control) subjects transitioned to “alerting 

on”). 
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6.5 Primary Study Endpoints 

6.5.1 Effectiveness 

The primary effectiveness endpoint was to evaluate the Guardian System in reducing the rate 

of a composite endpoint consisting of the following events:  

 Cardiac or unexplained death,  

 New Q-Wave MI, determined as being a new Q wave in the six-month ECG that was 

not present before subject randomization, or  

 Arrival at a medical facility for a confirmed thrombotic event more than two hours 

after detection of ST segment changes exceeding the detection threshold by the 

Guardian.  

6.5.1.1 Statistical Analysis 

At the 6-month follow-up visit, every subject will be counted as having had an event or 

not. Let Rt represent the rate of events in the treatment group (with Guardian alert 

activated) and Rc represent the rate of events in the control group (with Guardian alert 

inactive). Here, “rate” means the proportion of subjects who experience the event in 6 

months. Of interest is the posterior probability π that the rate of events is lower in the 

treatment group; i.e., π = Pr [Rt < Rc | data]. A suitably high value of π will constitute 

evidence that the Guardian Alert reduces the event rate. 

 

The event rates Rt and Rc will be assigned independent Beta(1,1) prior distributions. 

When all subjects have completed follow-up, the posterior distribution for Rt and Rc will 

therefore follow Beta(1+Et, 1+NEt) and Beta(1+Ec, 1+NEc) distributions, respectively, 

where Et = the number of subjects with events in the treatment group, Ec = the number of 

subjects with events in the control group, NEt = the number of subjects with No Event in 

the treatment group, and NEc = the number of subjects with No Event in the control. The 

posterior probability π = Pr[Rt < Rc | data] will be calculated from the distribution of the 

difference (Rt – Rc). 

6.5.1.2 Interim Analysis 

When 600 subjects have been randomized, the predictive probability of eventual trial 

success (if subject accrual were to be stopped at this point) will be calculated. This 

probability is based on all available information; specifically, the patient’s status (event, 

no event) will be known at 1 month and at 3 months, and this information will be utilized 

in the calculation of the predictive probability of eventual success. For subjects who have 

reached the 6-month follow-up visit, their final event status is known. For subjects who 

have reached the 1- or 3-month follow-up visit but not the 6-month visit, their final status 

will be imputed based on knowing the results of the 1-month or 3-month status (event, no 

event) and the observed, within trial correlation of events at these interim time points and 

at the 6-month time point. For subjects who have not yet reached 1 month, their final 

status will be imputed based on the experience of those patients who have reached the 6 

month visit.  

 

Let Pn denote this predictive probability of eventual success for the primary effectiveness 

objective, calculated when n subjects have been randomized. Let Sn and Fn be the Success 
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and Futility thresholds upon which the decision to stop subject accrual is made. 

Specifically, for n < 3000, if 

• Pn > Sn, stop enrollment because eventual success is likely 

• Pn < Fn, stop enrollment because eventual success is unlikely (futile) 

• Fn ≤ Pn ≤ Sn, enroll another 300 subjects 

The values of Sn and Fn that are selected for this design are shown in Table 3. The earliest 

that the trial could terminate for futility is when 1800 subjects had been randomized. The 

total number of “Sample Size” analyses can range from a minimum of 1 to a maximum of 

8, and the total number of “Win” analyses can be 1 or 2. 
 
Table 3 Thresholds for stopping accrual at each interim analysis (i.e., when n subjects have been accrued). 

Fn =threshold for futility. Sn = threshold for likely success.) 

n Fn Sn 

600 0.0 0.98 

900 0.0 0.98 

1200 0.0 0.98 

1500 0.0 0.95 

1800 0.0005 0.95 

2100 0.001 0.90 

2400 0.001 0.90 

2700 0.005 0.85 

6.5.1.3 Criteria for Success on the Primary Effectiveness Objective 

At the conclusion of the trial, if the posterior probability π is greater than the cutoff ΠFinal, 

the trial will be considered to have successfully demonstrated a reduction in the rate of 

events (i.e., Rt is statistically less than Rc). When the accrual of subjects is stopped, an 

Early Win will be declared if the predictive probability of eventual success Pn is greater 

than the cutoff ΠInterim. However, no Early Win analysis will occur if accrual stops at 600 

enrollments. In symbols, a reduction in event rates will have been established if 

 Pn > ΠInterim (immediately after accrual has stopped, provided that n ≥ 900 and n/2 

subjects have completed 6 months follow-up); or 

 π > ΠFinal (at the final analysis, when all randomized subjects have reached 6 

months) 

 

The following cutoff values are selected for this design: 

 

ΠInterim = 0.995 

ΠFinal = 0.983 

 

The values ΠInterim and ΠFinal are determined by trial and error and are chosen so that the 

design’s operating characteristics under simulation are acceptable. Specifically, it is 

important that the overall type I error of the design not exceed 0.025. It is also the desire 

of the sponsor to have at least 80% power to detect a reduction in event rates from 4% to 

2% as well as the opportunity to stop accrual early if the event rates are higher. 
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6.5.2 Safety 

The primary safety analysis was to determine whether the proportion of subjects free of 

system-related complications (denoted as p) is >90%, at six months (i.e. the incidence of 

system-related complications is < 10%) for all implanted patients. The protocol defines a 

system-related complication as any adverse event related to a successfully implanted 

system that requires a system revision (invasive intervention) to resolve.   

 

The acceptance criteria for primary safety endpoint is P(p>0.9| data) > 0.954, which was 

found by trial and error in the simulation to achieve a type I error rate that is at most 0.05, 

under all realistic enrollment patterns and correlation scenarios. 

6.6 Secondary Endpoints 

While there are many pre-specified secondary objectives in the ALERTS clinical study, 

only the first six are designated as objectives for which FDA-approved labeling claims 

may be sought and multiplicity adjustment was pre-specified on those six secondary 

endpoints. The rest of the secondary objectives have been pre-specified but are intended 

to be exploratory and supportive in nature, and not the basis of specific labeling claims. 

Of these six secondary endpoints, 3 were the individual components of the primary 

effectiveness endpoints:  

1) Late arrival at a medical facility (>2 hours from detection to door) for a confirmed 

coronary occlusive event  

2) New Q-wave  

3) Cardiac or unexplained death  

 

The other 3 secondary effectiveness endpoints were:  

4) Time-to-door for confirmed events (i.e., “occlusion-to-door” times analyzed 

continuously)  

5) New Q-wave among patients in the silent MI risk subgroup  

6) New Q-wave or late arrival at a medical facility (>2 hours from detection to door) 

for a confirmed coronary occlusive event among patients in the silent MI risk 

subgroup 

6.7 Other Endpoints  

The ALERTS Clinical Study protocol also included a number of additional pre-specified 

endpoints as “Other Endpoints”. Those endpoints have been summarized in the table 

provided in Appendix C to this document. 
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7.1 Early Termination of Clinical Studies (Protocol Violation) 

The ALERTS trial was designed to prospectively enroll patients, but rather than have a 

pre-determined enrollment goal based on an a priori power calculation and assumptions 

made on event rates (frequentist approach), the study was designed as a Bayesian 

adaptive trial which allows for multiple interim looks to assess the need for sample size 

adjustments and to ensure that the study is adequately powered. The original sampling 

plan for the ALERTS Clinical Study involved potential interim analyses at each of the 

following sample sizes: 600, 900, 1200, 1500, 1800, 2100, 2400, 2700, and, if necessary, 

3000. However, only interim looks at N=600 and N=900 were done. The interim analyses 

at 600 subjects and at 900 subjects both indicated that enrollment should continue. 

However, Angel Medical subsequently realized that the interim data were unreliable and 

decided to stop enrollment at the N=900 interim analysis. The sponsor believed that 

unreliable interim data were caused by an incorrect assumption they made in the trial 

design, incomplete and invalid data entry, and reporting delays. Specifically, regarding the 

New Q wave component of the primary composite endpoint, the premise that a new Q-Wave 

in a one- or three-month visit ECG identified by the Core Lab would predict with certainty 

the presence of the new Q-Wave at six months was not true. In addition, the data used in the 

early interim analyses were often incomplete and in some cases incorrectly entered in the 

study database (both issues subsequently remedied through the monitoring process). 

Therefore, the sponsor believed that the predictive aspect that was specified in the design was 

neither accurate nor supportable, and they felt that ceasing new enrollment and performing 

analyses on the available data was the best way forward.  Given that FDA had agreed to a 

trial expansion up to 1020 subjects in order to continue enrollment during the interim look at 

900 subjects, the sponsor decided to stop new enrollment after the 1020 enrollments had been 

reached. The final analysis was conducted once all randomized subjects had passed 6 

months and their final outcomes could be ascertained. The final size of the randomized 

cohort was 907 subjects.  

 

The difficulty with this change in the protocol is that the operating characteristics of the 

ALERTS trial and the control of type I error were all based on the pre-specified study 

design in the protocol using multiple interim looks.  Since the sponsor failed to follow the 

protocol, the validity of the trial may be undermined from a compliance, data quality and 

trial integrity perspective; which in turn may compromise the Bayesian inferences on the 

primary and secondary endpoints. 

 

FDA Commentary 2:  

Although FDA agreed to expand enrollment to 1020 subjects in order to cover the 

planned interim look at N=900, FDA did not agree to stopping the trial early. The 

interim looks showed that the trial should continue. The sponsor’s decision to terminate 

enrollment early is considered a major protocol violation, which may undermine the 

validity of the trial from a compliance and integrity perspective and makes the 

interpretation of the trial data challenging. 

7.2 Dual Baseline 

In the pre-approved study protocol, a single baseline ECG at randomization was used to 

define a “New Q-Wave MI”. Since it is expected that a new Q wave will persist, only 

patterns of no Q wave present in a given lead to a new Q wave present in that lead were 
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FDA Commentary 3:  

FDA is concerned that use of the dual baseline was proposed after the sponsor saw the 

data and the final analysis was performed. Even though the ECG Core Lab was still 

blinded to treatment group when the ECGs were serially re-read for individual subjects, 

this post-hoc analysis after the final analysis was performed could overestimate the 

treatment effect.  

 

In addition, FDA has concerns with the quality and reliability of the data collected and 

the interpreted results. If there were reliability issues with the baseline ECGs in which Q 

waves did not persist on serial ECGs and therefore were not indicative of a prior MI, 

there are likely similar reliability issues with ECGs done at 1,3, and 6 months. For 

example, if a new single Q wave was present at the 6 month visit only, there is no 

subsequent ECG to assess whether the Q wave remained or resolved. Although multiple 

serial ECGs showing the same Q waves can be reassuring  that they are representative of 

a prior MI, if only the 6 month ECG shows a  Q wave, it is difficult to know how reliable 

it is given the baseline ECG difficulties or how indicative it is of an interval MI.  

7.3 Look-back window 

The “time to door” for a confirmed thrombotic event was measured from the (first) time 

the Guardian detected an ST-shift event to the time of first presentation at a medical 

facility where testing revealed a positive test for ischemia (either ST elevation on ECG, 

positive biomarkers, a positive stress test, or a positive angiogram) which is termed “a 

confirmed thrombotic occlusive event” by the sponsor. Since the original ALERTS 

statistical analysis plan (SAP) approved by FDA in 2008 did not specify a maximum 

allowable time between ST shift detection and the “late arrival” for a “confirmed 

occlusive event”, the sponsor initially requested that the look-back window be 7 days. 

 

However, the sponsor was developing an understanding of the behavior of silent ischemic 

subjects; realizing that in the absence of symptoms or when symptoms are ignored or 

misunderstood, a subject might never present emergently, and that the evidence of the 

cardiac event would only be (potentially) detected at a regularly scheduled visit. 

Therefore, the sponsor requested that the look back window be lengthened to 90 days 

from 7 days as 90 days is the maximum time between the 3-month and 6-month follow-

up. SAP was amended in 2013. Please note that look-back windows only apply to 

patients in the Alerting OFF (Control) group.  

 

Empirical support for the relevance of the 90-day look-back period is seen in Table 6, 

which presents counts of events according to duration of delay in arrival, using a 

maximal look-back period of 90 days. 
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was not present on the baseline 12 lead ECG. Of note, a single new Q wave in any lead 

was needed to meet this endpoint. This differs from the ACC/ESC accepted definition of 

a pathologic Q wave as: 

 

 any Q wave in leads V2-V3 >0.02 sec or a QS complex in leads V2 and Vr  

 Q wave >0.03 sec and > 0.1 mV deep or  QS complex in leads I, II, aVL, aVF, or V4-

V6 in any two leads of a continuous lead grouping (I, aVL; V1-V6; II, III,  AVF). 

 R wave > 0.04 sec in V1-V2 and R/S >1 with a concordant positive T wave in the 

absence of a conduction defect.  

This method of including single Q waves was felt to be a more sensitive approach to 

detect interval ECG changes and better include infarctions that may have occurred during 

the study duration which were an extension of a prior infarct. 

 

However, during the course of the trial, it was noted that Q waves on ECGs might not be 

present on a subsequent ECG. This led to a serial over-read of the ECGs, which included 

the baseline ECG and the 1, 3, and 6 month ECGs. This is further described below in 

section 8.3.2.1. 

 

Only patterns of “absent Q” to “present Q” were included for this analysis as shown in 

Table 4 above. Shown here in Figure 4 and Figure 5 is an example of serial ECGs in a 

subject that was considered to have demonstrated a new Q wave MI using the criteria of 

presence of a new Q wave. Only the inferior leads are shown for this subject since the 

new Q wave (MI) was felt to be in the inferior distribution.  

 
 Figure 4 ECG at baseline 
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presentation to a medical facility was calculated for all subjects with an Occlusive 

Event. The “time-to-door” was measured from the first time the Guardian detected an ST-

shift event to the time of first presentation at a medical facility where one of four standard of 

care tests had a positive result. The standard of care testing included; ST elevation on ECG, 

or positive enzymes, or stress test showing ischemia or left heart catheterization being 

positive per the Core Lab. If the Occlusive Event, or ST shift detection, was followed by 

a positive standard of care test, it was classified as a “Confirmed Event”. (Also please 

refer to section 6.3 for more detailed definitions of the terms used.) 
 

For subjects in the treatment group, the time to door was calculated from the timestamp 

of the alarm to presentation. For the control group, time was calculated from time of 

presentation where an event was confirmed by a positive standard of care test (any of the 

4 standard of care tests) back to the first Guardian alert capture within the look back 

window. Patients in the control group presented mostly either for a protocol required visit 

or for symptoms. Of note, only one of the 4 tests had to be positive to be counted towards 

this endpoint. For example, if a subject had a positive ECG but negative biomarkers and 

no other testing was done, this was included in the time to door event analysis and 

adjudicated by AGEA as a Confirmed Event. Only AGEA adjudicated Confirmed Events 

were included in this calculation.  

 

The time to presentation for a Confirmed Event looking back to the Guardian detection is 

termed the "look-back" window. Although the patients with the alarm on were able to 

respond to the alarm, patients in the control group only presented either for symptoms of 

possible cardiac ischemia or other complaints or for routine follow up visits per protocol. 

Therefore, the time to door could be much more variable and more difficult to adjudicate. 

The original SAP did not specify a maximum allowable time between ST shift detection 

and a positive standard of care test for control subjects. However, when this was 

identified, FDA and the sponsor discussed the issue and an IDE Supplement specified 

that the time cut off between symptoms or positive cardiac test and a preceding Guardian 

detection is 7 days. Subsequently, prior to completing the 6 month follow up for most 

subjects, this issue was revisited due to concern that control subjects with asymptomatic 

ischemic events may not present until a routine follow up visit. The sponsor requested 

that the look back window be lengthened to 90 days to account for the longest time in 

between protocol required follow up visits.   

 

The ALERTS Clinical Study was amended to pre-specify analyses that included several 

look-back periods ranging from 7 days up to 90 days, to be evaluated as part of the 

totality of the evidence related to the primary endpoint.   

  

Therefore, the results have been calculated using several time-to-door look back windows 

varying between 7 days and 90 days. As an example, if a control subject had positive 

enzymes and a positive ECG and the Guardian device showed a detection 30 days prior, 

this would not be included in the 7 day look back analysis but would be included in the 

90 days look back analysis.  

 

When using a look back window of 90 days, there were 17 control subjects who 

presented > 2 hours from time of Guardian ST shift detection and 1 of these control 
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subjects also presented within 2 hours of an ST shift detection for a total of 18 events. 

These 18 events constitute the control group's time-to-door events. Figure 6 also shows 

the breakdown of these 18 events.  

 

For the 18 events that met criteria for a ST segment shift and a per protocol clinical 

ischemic event, they met criteria by the following,  

 3 underwent PCI 

 1 had positive biomarkers and underwent CABG 

 2 had stenosis by angiogram 58-69% with no intervention performed* 

 4 had ST depression on ECG only 

 2 had ST Elevation on ECG in absence of positive enzymes or angiogram at that time. 

One of these had a subsequent positive stress test.  

 4 had positive biomarkers only  

 1 had a positive stress test only. A subsequent angiogram at a later date was negative 

for obstructive CAD 

 1 had ST elevation and angiogram showed 61% lesion by Core Lab with no 

intervention* (presented < 2 hours)  
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FDA Commentary 5:  

Although there were 4 control subjects who presented with ECG changes, these changes 

were ST depressions and T wave changes rather than ST elevation and therefore do not 

meet the AGEA definition for a positive standard of care test. One of these 4 control 

subjects had both a time to door > 2 hours and a new Q Wave event and therefore this 

subject should not be removed from the analysis. If the remaining 3 are removed from the 

> 2 hour calculation, then there are 14 control subjects who are included in this 

analysis, all of whom had a time-to door > 2 hours.  

 

There were 34 alarm events in 27 treatment subjects who had a time-to-door event. Of 

these 34 events, 29 had a time to door within 2 hours and 5 had a time to door > 2 

hours. Of those that presented within 2 hours, 20 underwent an angiogram; 9 received a 

PCI/stent, 7 were felt to be positive by the Core Lab but no intervention was done, and 4 

were deemed a negative angiogram. There were 3 subjects that were positive by ECG 

only, one of which was due to ST depression. Of the 4 subjects who had 5 time-to-door 

events > 2 hours, 2 resulted in PCI (one patient had 2 alarms 24 hours apart and a single 

PCI procedure).   

 

For the 27 treatment arm subjects that had 34 alarms for an ST segment shift and a per 

protocol clinical ischemic event, they met criteria by the following;  

 Of the 27 subjects, 22 had 1 alarm event, 3 subjects had 2 alarm events; 2 subjects 

had 3 alarm events 

 10 subjects underwent PCI for 12  alarms,  one presented > 2 hours, 1 presented both 

> 2 hours and < 2 hours; 1 also underwent subsequent CABG 

 There were 10 angiograms in 10 subjects for 11 alarms where the subject did not 

undergo PTCA/stent placement; four of which were negative angiograms by Core 

Lab criteria however one of these subjects had received lytics prior to the angiogram. 

Five of these subjects did have positive biomarkers; two had a positive stress test and 

1 had both positive enzymes and stress test.  

 There were 3 alarms that corresponded to  ST changes on ECG; 1 of which was ST 

depression 

 There were 8 alarms that corresponded to either a positive stress test or positive 

biomarkers but an angiogram was not done.   
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and version 2 was given at 6 and12 months (treatment group) or 12 and18 months 

(control group) post randomization.  

 

All three surveys showed a significant improvement in quality of life. Specifically, the 

EuroQOL survey showed a statistically significant improvement at both 6 and 12 months 

(p<0.01). The MacNew also showed positive improvement at 6 and 12 months compared 

to baseline (p<0.0001). And the AMQOL-FEDU demonstrated that patients specifically 

attributed an improvement in quality of life to the Guardian device including things such 

as less anxiety and having more control. Almost one-third of patients with the Guardian 

device reported a decreased use of the emergency department and most attributed this to 

the Guardian alerting capability. Therefore, there did appear to be an overall improved 

sense of wellbeing at 6 months which persisted to 12 months for this substudy of 

subjects.  
 

FDA Commentary 9:  

It is unclear how the AQOL study results can be generalized to the entire ALERTS study 

population since only 15% (157/1020) of the study population participated in the AQOL 

study. As the AQOL study started in the last two years of ALERTS Clinical study, early 

patients were not included in the AQOL sub-study.  

9 Conclusions 
The ALERTS Clinical Study demonstrated that the AngelMed Guardian System met its 

primary safety endpoint by surpassing the required safety threshold of 0.954 to claim the 

proportion of subjects free of system-related complications is greater than 90% based on 6 

months study data. The proportion of subjects free of system related complications is 97.2% 

among 910 implanted subjects.  

 

The ALERTS Clinical Study didn’t demonstrate the AngelMed Guardian system met the 

primary effectiveness endpoint. With all Alerting OFF (Control) subject late arrivals 

counted (90 day look-back), and using the original single baseline primary endpoint data, 

the sponsor concluded the posterior probability of event reduction was 0.974 (event rate: 

3.8% Treatment vs. 6.8% Control) which didn’t meet the threshold for statistical 

significance which is pre-specified as 0.983. Multiple study conduct issues were observed 

during the course of ALERTS Clinical Study, particularly with respect to the time-to-

door and the new Q wave MI endpoints in the composite primary effectiveness endpoint. 

The quality of the ECG data and the inconsistency of the Q wave results caused the 

sponsor to terminate the study earlier than the protocol required, and to institute a dual 

baseline approach with serial reads to the ECG interpretation.  The early termination of 

the ALERTS Clinical Study against protocol is a significant protocol violation which 

could cause bias and the integrity of the trial may be compromised. The dual baseline 

post-hoc analysis should be interpreted with caution since use of the dual baseline was 

proposed after unblinding. The treatment effect could be overestimated due to the use of 

the dual baseline. The time to door endpoint was also less straightforward than originally 

anticipated in part because some of the qualifying events such as a positive stress test or 

disease progression by catheterization in the absence of acute thrombus or plaque rupture 

are more consistent with ongoing ischemia rather than an ACS event and therefore it is 

less intuitive what the time course for treatment should be for such events.   
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FDA looks forward to a productive Panel discussion regarding these issues. 
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APPENDIX A: INCLUSION/EXCLUSION CRITERIA 
A.1 INCLUSION CRITERIA 

All of the following were required to be enrolled in the ALERTS study: 

 Subject has at least one of the following conditions: 

 Presents (within past 6 months) with a high-risk acute coronary syndrome (e.g., 

Unstable Angina, STEMI or NSTEMI) or has undergone or is scheduled for 

CABG within 6 months of implantation. 

 Has already undergone coronary angiography and revascularization, unless the 

physician determines it is appropriate to implant before or during the planned 

procedure. 

 Lives in a geographic area in close proximity (within 60 minutes by EMS) to any 

hospital that can treat AMI. 

 Subjects (men or women) at least 21 years of age. Women of childbearing age 

must have a negative pregnancy test or confirmation of one of the following: 

o Post-menopause or amenorrheic during the past year 

o Surgical sterilization 

o Use of effective contraceptive method 

 

A.2 EXCLUSION CRITERIA 

Candidates were excluded from the ALERTS study if ANY of the following conditions 

applied:  

 In the investigator’s opinion, subject lacks ability to respond appropriately to 

alarms, e.g., illiteracy, poor memory or cognitive function, dementia or other 

condition affecting memory function, etc. 

 There is known compromised tissue at the site of lead implantation in the apex of 

the right ventricle, e.g., prior infarct affecting the RV apex location. 

 A permanent pacemaker or ICD is already in place or the patient is indicated for 

ICD or pacemaker implantation based on the guidelines published by the 

American College of Cardiology as Class I and IIa recommendations. Class IIb 

recommendations are at the investigator’s discretion. 

 Subject cannot feel the IMD vibration when placed on top of the skin on the left 

pectoral side of the chest. 

 Subject has recurrent or persistent atrial fibrillation. 

 Subject has recurrent or persistent non-sinus cardiac rhythm, second or third 

degree atrioventricular blocks, QRS duration greater than 120 ms, Benign Early 

Repolarization (BER), or Brugada Syndrome. 

 Subject has left ventricular hypertrophy evidenced by ECG criteria. 

 Subject has any condition preventing the subcutaneous implantation of the 

Guardian System in a left pectoral pouch, such as: superior vena cava thrombosis, 

subcutaneous tissue deemed inappropriate for the procedure or prior central 

venous access via portacath, Hickman, Groshong, or similar placed in a left 

pectoral location or left side PICC line. 

 Subject has extremely heavy alcohol consumption (participates in binge drinking 

that leads to alcohol intoxication) or has history of alcohol or illicit drug abuse 

within past 5 years. 
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 There is evidence of unresolved infection (fever > 38o C and/or leukocytosis > 

15,000). 

 Subject has history of bleeding disorders or severe coagulopathy (platelets < 

100,000 plts/ml; APTT or PT > 1.3 x reference range). 

 Subject has had a hemorrhagic stroke or transient ischemic attack (TIA) in the 

past 6 months. 

 Subject has other severe diseases, such as cancer or refractory congestive heart 

failure, associated with limitation of life expectancy (less than 1 year), which may 

lead to inadequate compliance to the protocol or confusing data interpretation. 

 Subject has clinical conditions such as heart diseases, difficult-to-control blood 

pressure, difficult-to-control insulin-dependent diabetes or serious prior infections 

attributed to the diabetes, or others that, at the investigator’s discretion, could 

seriously affect the subject’s current clinical condition during study procedures. 

 Subject has previous participation in the DETECT Study, current participation or 

previous participation in another drug or device study in the past 30 days that 

conflicts with this study as determined by the study sponsor. 

 Subject has experienced gastro-intestinal hemorrhage in the past 6 months. 

 Subject has any situation in which the use of aspirin is contraindicated for at least 

6 months. 

 Subject has epilepsy. 

 Subject has known severe allergies, e.g., peanut, bee sting, etc. 
















