Wearable Mobile Cardiovascular Telemetry
· CPT  93228: Wearable mobile cardiovascular telemetry with electrocardiographic recording, concurrent computerized real time data analysis and greater than 24 hours of accessible ECG data storage (retrievable with query) with ECG triggered and patient selected events transmitted to a remote attended surveillance center for up to 30 days; physician review and interpretation with report.
· CPT  93229:  Wearable mobile cardiovascular telemetry with electrocardiographic recording, concurrent computerized real time data analysis and greater than 24 hours of accessible ECG data storage (retrievable with query) with ECG triggered and patient selected events transmitted to a remote attended surveillance center for up to 30 days; technical support for connection and patient instructions for use, attended surveillance, analysis and physician prescribed transmission of daily and emergent data reports.
Background 
Cardiovascular diseases are the single largest cause in morbidity and mortality in the United States and the Western World.  They are among the most widespread health problems.  Each year coronary artery diseases kill approximately 7 million people (13% of all male deaths and 12% of all female deaths according to WHO 2000).  
Telehealth for cardiac monitoring would benefit the population:
· By enhancing accessibility to care by serving the underserved populations

· By containing cost as a result of monitoring and caring for the cardiac patients at home
· By improving quality as a result of continuous and coordinated care
[Mobile Telemedicine: A Computing and Networking Perspective (Hardcover) by Yang Xiao (Editor), Hui Chen (Editor) 2008]

Symptoms such as palpitations, dizziness, and syncope may be secondary to an arrhythmia.  Documentation of the underlying heart rhythm is key to the correct diagnosis. 
Specifics of the technology 

Mobile Cardiac Outpatient Telemetry (MCOT) was approved by the Food and Drug Administration in 2002.  Patients received a pocket-size wireless recorder/transmitter personal data assistant as well as installation of a home-based Internet unit.  Rhythm strips were continuously recorded and automatically transmitted through an integrated cellular modem through the PDA.  Patients can activate the PDA screen to report any symptoms.  (Naccarelli, 2007).

CardioNet Inc, San Diego, California) was one of the first makers of a Mobile Cardiac Outpatient Telemetry (MCOT) system).
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FIGURE 1. Components of MCOT leads with sensor monitor and monitoring station.
Joshi, A. K.; Kowey, P. R.; Prystowsky, E. N.; Benditt, D. G.; Cannom, D. S.; Pratt, C. M.; McNamara, A., and Sangrigoli, R. M. First experience with a Mobile Cardiac Outpatient Telemetry (MCOT) system for the diagnosis and management of cardiac arrhythmia. Am J Cardiol. 2005 Apr 1; 95(7):878-81.

Recent studies
	Article
	Objective
	Study Design
	Results/Conclusions

	Tayal et al., 2008 Nov.
	Atrial fibrillation (AF) may be present within a subset of patients with presumed cryptogenic

TIA or stroke and remains undetected by standard diagnostic methods. Is AF an under-recognized mechanism for cryptogenic TIA/stroke.
	56 patients with cryptogenic TIA/stroke were analyzed after diagnostic evaluation and Mobile Cardiac Outpatient Telemetry (MCOT) for up to 21 days. Demographic, radiographic, echocardiographic, and MCOT results were reviewed. Predictors of AF detection by MCOT were determined by univariate analysis including Student t test and Fisher exact tests and multivariate analysis
	The main finding is a high rate of asymptomatic AF detection (23%) by MCOT in patients with cryptogenic TIA/stroke, which may be related to three factors: 1) increased duration of cardiac monitoring (21 days) in comparison to prior studies; 2) monitoring of a rigidly defined subset of patients with cryptogenic TIA/stroke with no history of AF; and 3) event detection based upon a standardized automated arrhythmia detection algorithm and continuous review of monitoring data. Monitoring duration required to detect the first AF episode was 7 (range 2–19) days, suggesting that prolonged cardiac monitoring (greater than 7 days) may be warranted for patients with cryptogenic TIA/stroke. AF episode duration varied significantly from less than 30 seconds to greater than 4 hours.

	Saarel et al, 2008 Jan
	Report the use of MCOT for the evaluation of children & adolescents with suspected cardiac arrhythmias.
	54 subjects for inclusion.  All patients received MCOT from a Children’s Hospital between 1/14/04 and 2/12/05.
MCOT (CardioNet, USA) consisted of a 3-electrode, 2-channel sensor that transits wirelessly to a portable monitor that continuously store, analyze and transmits the EKG through cellular and land telephone networks to a central station.  MCOT was performed for 9-12 consecutive days.  
	MCOT is safe and useful for evaluation of children and adolescents with suspected arrhythmia, providing a diagnosis in 61% of subjects.  

	Olson et al., 2007 May.
	Determine the utility of MCOT for the diagnosis of palpitations, presyncope, syncope, and the assessment of therapy efficacy
	Record review of 122 consecutive patients evaluated using MCOT for palpitations, presyncope/syncope, or to monitor the efficacy of a specific antiarrhythmic therapy.  
	There was an increased in diagnostic yield in these patients likely related to the ability of MCOT to capture the event regardless of whether the patient activated the recorder or documented their symptoms.  
Patients who are candidates for outpatient initiation of antiarrhythmic therapy safety can be maximized if the ECG can be monitored in real time during titration.  

	Rothman et al., 2007 Mar.
	To compare the relative value of a MCOT with a patient-activated external looping event monitor

(LOOP) for symptoms thought to be due to an arrhythmia
	A prospective study of 266 analyzable patients at 17 centers were randomized to either LOOP or MCOT for up to 30 days. Subjects with symptoms of syncope, presyncope, or severe palpitations who had a nondiagnostic 24-hour Holter monitor were randomized..
	“In the diagnosis of patients with symptoms of a cardiac arrhythmia, MCOT provides a significantly higher yield than standard cardiac loop recorders. This result was more pronounced in patients presenting with symptoms of syncope or presyncope. MCOT was superior to loop recorders for the detection of clinically significant arrhythmias, with a shorter time to diagnosis.

	Joshi et al., 2005 Apr
	Report data from the first 100 patients monitored by MCOT (mobile cardiac outpatient telemetry).
	The first 100 consecutive patients monitored on MCOT were referred by cardiologists at different locations in the Philadelphia region. Patients were 17 to 92 years old (mean 55); 48 were men, and 52 were women.
	Detection of AF without symptoms is increased with the use of MCOT over the conventional Holter monitoring event recorder.  Thirty of the patients had previously had Holter monitoringor an event recorder. In 16 of these, MCOT detected an arrhythmia not found by the previous monitoring system. This included 1 patient with sustained ventricular tachycardia.


Summary
The use of the ambulatory Holter monitoring has been extensively used and studied over the last 4 decades.  In patients with daily symptoms Holter monitoring is effective and provides full picture.  However, the period of monitoring is limited to 24 to 48 hours.  The detection of arrhythmias and/or symptoms is poor utilizing the Holter.  

Loop recorders record the ECG in a continuous manner but store only a brief period of the EKG recording when activated by the patient.  Prememory rhythm strips are captured for up to 45 seconds pre and postmemory for 15 seconds.  
MCOT allows the physician to choose a period of monitoring tailored to the patient. Arrhythmia detection and transmission are automatic and do not require patient activation. This gives MCOT a significant advantage over conventional Holter monitoring and external loop recorders that should make it more sensitive for diagnosing underlying rhythm or conduction disturbances. MCOT is well tolerated by the patient and provides high-quality recordings without limiting day-to-day activities. It is the only available system that routinely provides live analysis, transmission, and notification of arrhythmia while the patient is fully ambulatory. This provides the opportunity for urgent intervention when indicated.

The studies consistently indicate that MCOT is an advancement in mobile telemetry technology over conventional Holter and loop monitors.  For example, in a study of 256 subjects randomized to MCOT or loop monitoring over 30 days, Rothman (2007) found a statistically significant increase in the rate of definitive diagnosis for the MCOT cases (88%) over the loop cases (75%).
Sources

Tayal, A. H.; Tian, M.; Kelly, K. M.; Jones, S. C.; Wright, D. G.; Singh, D.; Jarouse, J.; Brillman, J.; Murali, S., and Gupta, R. Atrial fibrillation detected by mobile cardiac outpatient telemetry in cryptogenic TIA or stroke. Neurology. 2008 Nov 18; 71(21):1696-701.

Saarel, E. V.; Doratotaj, S., and Sterba, R. Initial experience with novel mobile cardiac outpatient telemetry for children and adolescents with suspected arrhythmia. Congenit Heart Dis. 2008 Jan; 3(1):33-8.


Olson, J. A.; Fouts, A. M.; Padanilam, B. J., and Prystowsky, E. N. Utility of mobile cardiac outpatient telemetry for the diagnosis of palpitations, presyncope, syncope, and the assessment of therapy efficacy. J Cardiovasc Electrophysiol. 2007 May; 18(5):473-7.


Rothman, S. A.; Laughlin, J. C.; Seltzer, J.; Walia, J. S.; Baman, R. I.; Siouffi, S. Y.; Sangrigoli, R. M., and Kowey, P. R. The diagnosis of cardiac arrhythmias: a prospective multi-center randomized study comparing mobile cardiac outpatient telemetry versus standard loop event monitoring. J Cardiovasc Electrophysiol. 2007 Mar; 18(3):241-7.


Naccarelli, G. V. Ambulatory electrocardiographic monitoring: has mobile cardiac outpatient telemetry changed the playing field? J Cardiovasc Electrophysiol. 2007 Mar; 18(3):248-9.

Joshi, A. K.; Kowey, P. R.; Prystowsky, E. N.; Benditt, D. G.; Cannom, D. S.; Pratt, C. M.; McNamara, A., and Sangrigoli, R. M. First experience with a Mobile Cardiac Outpatient Telemetry (MCOT) system for the diagnosis and management of cardiac arrhythmia. Am J Cardiol. 2005 Apr 1; 95(7):878-81.

Books
Mobile Telemedicine: A Computing and Networking Perspective (Hardcover)

by Yang Xiao (Editor), Hui Chen (Editor) 2008
http://books.google.com/books?hl=en&lr=&id=TUBlOzS0cUcC&oi=fnd&pg=PA63&dq=mobile+cardiovascular+telemetry&ots=st7p29b8pw&sig=0UCyJ4UI587Fz0ARfnghgkCMdWg

PAGE  
1

