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· Human-oversight of raw continuous ECG recordings provide greater diagnostic 
accuracy than algorithmic-dependent MCT analysis of recordings. 

·	 The	CAM	report	demonstrates	greater	rhythm	diagnostic	sensitivity	and	specificity.	
· Human knowledge and continuity of recordings, coupled with signal clarity, lead to 

a higher arrhythmia diagnostic yield with CAM.

Carnation Ambulatory Monitor™ (CAM) Patch outperformed Preventice 
Mobile Cardiac Telemetry (MCT) Solutions in diagnostic accuracy
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This “...patient went on to an electrophysiology study that confirmed and ablated 
typical AVNRT, which may not have been the case if MCT alone had been used.” - MW

Significant Arrhythmia CAM Patch  
Patients (Episodes)

Preventice MCT  
Patients (Episodes)

Ventricular Tachycardia (VT) 13 (27) 7 (13)

Atrial Fibrillation (AF) >10 seconds 2 (6) 2 (2)

Atrial Flutter (AFL) >10 seconds 1 (1) 1 (1)

Atrial Tachycardia (AT) >20 beats 11 (15) 3 (3)

2 Degree AV Block 3 (9) 0 (0)

Atrioventricular Nodal Reentrant 
Tachycardia (AVNRT) 2 (3) 0 (0)

Total Patients with  
Significant Arrhythmias 23 (61) 11 (19)

P=0.018 (P=<0.001)

· Compared to Preventice MCT, the CAM Patch picked up 3 times the number of clinically 
relevant arrhythmias (61 vs 19) in twice as many patients (23 vs 11), across a broad 
spectrum of arrhythmias including: ventricular tachycardia, atrioventricular (AV) block, AV 
node	reentrant	tachycardia,	atrial	tachycardia,	and	atrial	fibrillation	over	the	same	time	
period in the same patients.

· 50 patients simultaneously wore a 30-day Preventice MCT/CEM device and a 14-day  
long-term continuous electrocardiogram (LT-ECG) CAM Patch from Bardy Diagnostics. 

· Readers in both IDTFs were unaware of patients’ clinical trial status and processed 
monitors per standard operating procedures. 

· All reports were reviewed and discussed by 2 independent electrophysiologists. 

Methods

Key Findings

· Fundamental differences in ECG data processing exist between CAM Patch and 
Preventice MCT, with CAM patch using human-based detection while Preventice MCT 
uses algorithmic-based detection. 

· In addition, differences in the ECG quality, P-wave morphology, and clinical context 
provided	in	the	reports	may	explain	the	improved	specificity	of	the	CAM	Patch.	

·	 These	findings	indicate	that	not all external monitors are equal.
· Differences highlighted in this study prompt further comparative analyses and 

appropriate scrutiny of artificial intelligence-based detection.



This “...patient went on to an electrophysiology study that confirmed and ablated 
typical AVNRT, which may not have been the case if MCT alone had been used.” - MW

Results from a 56-year-old female patient 
with a history of palpitations, showing a 
6.3-minute episode of atrioventricular node 
reentrant tachycardia (AVNRT) at 182-220 
beats/min subsequently confirmed as AVNRT 
by electrophysiology study. Top Image: 
Onset of the AVNRT. Note second premature 
atrial contraction (red arrow) conducts over 
the slow pathway (long PR interval) followed 
by an echo beat at the terminus of the QRS 
seen in every beat thereafter. Note rapid rise 
and fall in heart rate in the R-R plot (red oval) 
characteristic of abrupt AVNRT onset and 
offset. Bottom image: Offset of AVNRT with 
classic termination with a retrograde P wave.

Simultaneous recordings from the Preventice mobile carrier telemetry (MCT) recorder are 
shown below. Left image below: Pre-trigger episode provided in the Preventice MCT 
report without arrhythmia onset. Right image below: Post-trigger strips do not provide an 
offset of this episode, another diagnostic limitation.

AVNRT diagnosed only on CAM,  
misdiagnosed by simultaneous Preventice MCT.

Preventice MCT misdiagnosed AVNRT as Sinus Tachycardia,  
despite being triggered by patient activation.

contractions (8%, n 5 4), and unspecified tachycardia (6%,
n 5 3). More than 1 indication for ECG monitoring was pro-
vided in 24 of 46 (52%) patients. Indications are listed in
Table 1. The average time both monitors recorded simulta-
neously was 10.36 4.4 days (range, 1.2–14.8 days).

During simultaneous recording, significant arrhythmias
were diagnosed by the MCT monitor in 11 of 46 (24%)
patients while continuous LT-ECG monitoring diagnosed
significant arrhythmias in 23 of 46 (50%) of the patients,
P 5 .018 (Table 2). Thus, in 12 of 46 patients (26%), a

Figure 2 A–C: Results from a 56-year-old female patient with a history of palpitations, showing a 6.3-minute episode of atrioventricular node reentrant
tachycardia (AVNRT) at 215 beats/min subsequently confirmed as AVNRT by electrophysiology study. A: Onset of the AVNRT. Note second premature atrial
contraction (red arrow) conducts over the slow pathway (long PR interval) followed by an echo beat at the terminus of the QRS seen in every beat thereafter. Note
rapid rise and fall in heart rate in the R-R plot (red oval) characteristic of abrupt AVNRT onset and offset. B: Continuation of AVNRT episode. C: Offset of
AVNRT with classic termination with a retrograde P wave. D–F: Simultaneous recordings from the mobile cardiac telemetry (MCT) recorder from the same
patient’s electrocardiograms shown in panels A–C. D:MCT provided a diagnosis of “sinus tachycardia” at a rate of 203 beats/min as a consequence of a patient
trigger during a symptomatic episode of fast heartbeat (see red circle and red rectangle). No diagnosis of AVNRT was made. E: Additional pretrigger episode
strips provided in the MCT report (red ellipse). F: Post-trigger strips (red ellipse) do not provide an offset of this episode.
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significant arrhythmia finding was only documented by
LT-ECG and missed by MCT.

The total number of significant arrhythmias detected dur-
ing simultaneous recording was 19 by the MCT compared
with 61 by continuous LT-ECG monitoring, P , .001
(Table 2). Overall, 2 or more significant arrhythmias were
diagnosed in 2 of the 46 MCT (4%) patients and in 9 of the

46 patient recordings (20%) from the continuous LT-ECG
monitor.

In 2 patients, AVNRT captured by continuous LT-ECG
monitoring was missed byMCT (in 1 patient) or misdiagnosed
as sinus tachycardia (in the second patient) despite being trig-
gered by patient activation (Table 2 and Figure 2). In 3 patients,
second-degree AV blockwas unreported byMCT but captured

Figure 2 Continued.
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by continuous LT-ECG monitoring (Table 2, Figure 3). VT
was reported by MCT in 7 patients while VT was documented
by continuous LT-ECG monitoring in 13 patients. Further-
more, only 13 VT episodes were documented by MCT,
whereas 27 VT episodes were documented by continuous
LT-ECG monitoring (Table 2, Figure 4). AF was documented
by both types of monitor in 2 patients; however, continuous
LT-ECG monitoring confirmed 4 additional episodes unre-
ported by MCT (Table 2, Figure 5).

MCT was responsible for false-positive diagnoses where
noise was confused both with AF on 1 recording and with
AFL on another recording (Figure 6).

Time and date stamps for all strips shown in the figures
use Alaska Standard Time for continuous LT-ECG moni-
toring and US Central Time for MCT recording, a 3-hour dif-
ference that we accounted for in the analysis.

It is notable that MCT defaulted to CEM in 43% of pa-
tients for insurance reasons, as determined by the enrolling
company. Both MCT and CEM technologies use the com-
pany’s FDA-authorized hardware and software for algo-
rithmic analysis and differ predominantly on the presence
of live 24/7 telemetry, where algorithmically detected events
are reviewed and communicated to ordering clinicians in
“real time.” Not surprisingly, with similar detection

algorithms, undetected arrhythmias compared with the LT-
ECG system occurred similarly for both devices (in 58% of
MCT and 42% of CEM.

Discussion
The role of a cardiac rhythmmonitor is to capture, record, and
present high-quality ECG tracings for diagnosis. However, as
we demonstrate here, not all monitors are equal in performing
this task. Since serious adverse events can result from missed
or misdiagnosed rhythms, understanding the relative accu-
racy of ambulatory ECG recording options is critically
important. Extended duration of recording and adding clini-
cian alerts via telemetry to a monitor certainly adds cost
and may play a role in detecting and reporting rare and
serious arrhythmias but cannot overcome diagnostic inaccu-
racy of significant arrhythmias unseen in the ECG record.

The primary outcome of this prospective ECG monitoring
device comparison is that continuous LT-ECG with human
oversight of the entire recording (LT-ECG) is substantially
more likely to capture and report significant arrhythmias than
an MCT dominantly controlled by algorithmic processes.
This was true across a variety of rhythm abnormalities
including VT, conduction disturbances, AT, and even

Figure 2 Continued.
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2nd Degree AV Block and VT seen only on CAM patch, 
missed by simultaneously worn Preventice MCT
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supraventricular tachycardia (AVNRT). The magnitude of dif-
ference between detections is both statistically and clinically
relevant, with continuous LT-ECG detecting significant
arrhythmias in 50% of patients compared to 24% by MCT.
In a quarter (26%) of the study population, continuous
LT-ECG detected significant arrhythmias that MCT simply
missed. Moreover, the quantity of significant arrhythmias de-
tected was 3 times greater with continuous LT-ECG than
with MCT (61 vs 19).

While it is difficult to objectify ECG tracing quality,
continuous LT-ECG again outperformed MCT even over a
relatively short study time frame. MCT misread artifact
(noise) as AF in 1 patient and as AFL in another. These mis-
diagnoses were corrected by electrophysiologists reading the
study, but could easily result in inappropriate anticoagulant
therapy, testing, or worse. These 2 cases exemplify the diffi-
culties algorithms have in differentiating noise from genuine
cardiac signals. In 2 other patients, AVNRTwas detected and

Figure 3 Three different patients had second-degree atrioventricular (AV) block Mobitz I recorded by the long-term continuous electrocardiogram (ECG).
None of these episodes was captured on the simultaneously recorded mobile cardiac telemetry (MCT) in any of these patients. A: A 30-year-old woman with
a history of cardiac arrhythmias, a bicuspid aortic valve, and aortic stenosis presentedwith chest pain and palpitations. This patient also had ventricular tachycardia
(VT) missed by MCT. B:A 67-year-old man with a history of dyspnea and bradycardia, seen for palpitations; MCT missed the AV block but did capture the VT,
as did the long-term continuous ECG. C: A 70-year-old woman with a history of premature ventricular contractions seen for increased dyspnea on exertion and
chest tightness as well as chest radiation therapy for breast cancer. This patient had 3 episodes of AV block and 3 episodes of VT, all missed by MCT.
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databases12–14 and does not ensure uniform performance in
real-world settings, partly as it does not include a broad range
of known arrhythmias within the morass of ambulatory noise,
something that humans are more capable at discerning. One
of the standard FDA-approved test databases that is used to
assess monitor performance is the 1977 MIT database,
derived from 47 volunteers, that excluded complex rhythms
such as AVNRT or AV reciprocating tachycardia with a

concealed bypass tract—rhythms that were not well under-
stood in 1977, nor were they in many subsequent databases
now used for such software development.

Additionally, we did not detect improved diagnostic
precision of serious arrhythmias when “real-time telem-
etry” was employed. Although this term connotes active
human interpretation, human oversight occurs only after
ECGs are delivered by the algorithms or by patient

Figure 4 Continued.
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Patient 1 and 2 had 
second-degree 
atrioventricular (AV) 
block Mobitz I recorded 
by CAM Patch. None 
of these episodes 
was captured on 
the simultaneously 
recorded Preventice 
MCT in any of these 
patients.

Patient 3 and 4 
are examples of 
ventricular tachycardia 
(VT) that were only 
identified by CAM 
Patch and not seen 
on the simultaneously 
recorded Preventice 
MCT report.


