Actigraphy
· CPT 95803: Actigraphy testing, recording, analysis, interpretation, and report (minimum of 72 hours to 14 consecutive days of recording)
Background 

Actigraphy records activity and rest during sleep.  It is used to determine the quality of rest a patient is undergoing during sleep. 
Sixty-eight percent of normal high school children per clinical survey complain of excessive daytime sleepiness (EDS) thus having a negative impact in academic achievement and extracurricular activities.  Causes of EDS fall into 3 categories:  insufficient nighttime sleep, fragmented night time sleep and an increased drive of sleep.  Hypersomnia is characterized by recurrent episodes of excessive daytime sleepiness (EDS) or prolonged nighttime sleep.  (Kothare & Kaleyias, 2008).
Assessment of EDS includes a detailed history and physical examination.  Subjective measures include a history, sleep logs, use of validated scales for quantifying sleepiness, and sleep-quality questionnaires.  Objective measures include actigraphy, MSLT (Multiple Sleep Latency Test- a validated measure of the ability or tendency to fall asleep), maintenance of wakefulness test (MWT) and nocturnal polysomnography (PSG).  Other measures include measuring the cerebrospinal fluid hypocretin-1 levels and genetic testing. (Kothare & Kaleyias, 2008).

Actigraphy is used in the assessment of daytime sleepiness in situations where a laboratory sleep latency test is not appropriate.  It is used to clinically evaluate insomnia, circadian rhythm sleep disorders, excessive sleepiness and restless legs syndrome.  It is also used in the assessment of other therapies (e.g., pharmacologic, behavioral) used in the treatment of these disorders.    
Specifics of the technology
This device is worn sometimes weeks at a time and normally is watch-shape and worn on the wrist of the non-dominant arm or on the ankle.  It can be worn for weeks at a time.  It is useful in the determination of sleep patterns and circadian rhythms.  [image: image1.emf]
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Activity actigraphs are worn and uses similar to a pedometer and is worn around the waist, near the hip. Used in the determination of the amount of activity and the number of calories burned by the wearer.

Movement actigraphs are larger and worn on the shoulder of the dominant arm.  They contain a 3D actigraph as opposed to a single dimension one, had have a high sample rate and a large memory.  They are used for only a few hours, and can be used to determine problems with gait and other physical impairments.

Unit
An electronic device consisting of the following:

The unit itself is an electronic device which generally consists of

· piezoelectric accelerometer, 

· low-pass filter which filters out everything except the 2-3 Hz band, 

· timer to start/stop the actigraph at specific times, and to accumulate values for a specific time frame,

· a memory to store the resulting values, and 

· an interface, usually USB or serial, to program the timer and download the data from memory.

List of actigraph providers
· ActiGraph LLC; ActiTrainer (was CSA/MTI):    http://www.theactigraph.com/ http://www.theactigraph.com/
· Ambulatory Monitoring Inc., Motionlogger Actigraph:  http://www.ambulatory-monitoring.com/; http://www.ambulatory-monitoring.com/motionlogger.html
· Cambridge Neurotechnology Actiwatch:  http://www.camntech.com/

· Gulf Coast Data Concepts USB Accelerometer:  http://www.gcdataconcepts.com/products.html; http://www.gcdataconcepts.com/xlr8r-1.html
· MetriSense, Inc. - Distributor of activity monitors from CamNtech, Ltd., UK.:  http://www.metrisense.com/

· PAL Technologies Ltd - Manufacturer of activity monitors:  http://www.paltechnologies.com/
· Philips Respironics Actiwatch:  http://actiwatch.respironics.com/
Recent studies
	Article
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	Results/Conclusions

	Mehra et al, 2008 Nov.
	Interpreting Wrist Actigraphic Indices of Sleep in epidemiologic Studies of the Elderly: The Study of Osteoporotic Fractures
	Overnight PSG and > 3 24-hours periods of wrist actigraphy were performed (n= 455 participants in the Study of Osteoporotic Fractures.)  Wrist actigraphy was performed using the Sleepwatch-O- (Ambulatory Monitoring, Inc,) Other measure included questionnaire data.  
	In elderly women, wrist actigraphy-ascertained reduced sleep efficiency (SE) and sleep duration are associated with objective measures of sleep disordered breathing (SDB) and periodic limb movement disorder (PLMD). Thus, although not able to discriminate between the different sleep disorders, variations in wrist actigraphy measures collected in epidemiologic studies may identify individuals at higher risk of SDB or PLMD.



	Goodlin-Jones et al., 2008 Aug.
	Objective: A prominent noncore symptom of autistic disorder is disturbed sleep, but relatively few studies have investigated this symptom.
	Multimethod (parent perceptions, structured questionnaires, and actigraphy) approaches used to assess the quantity and quality of sleep in 194 children (68 with autism, 57 with DD w/o autism, 69 with typical development) recorded over 1 week.
	Evidence that sleep patterns are different in preschool children with autism, DD w/o autism and those that have typical development.

	Kemlink et al, 2008 Apr.
	To assess sensitivity-related parameters of actigraphic detection of PLMS in comparison to the PSG, when mounted at ankles and at the base of the big toe.


	Simultaneous PSG & actigraphic (Cambridge Actiwatch AW-64) recordings at both ankles & the bases of both big toes for 40 nights in 37 adult patients.  Patients were referred because EDS, abnormal or annoying motor behavior in sleep and suspicion for severe sleep apnea.
	Actigraphic evaluation of periodic limb movements in sleep (PLMS) is faster & more convenient for the patient when longer recordings are performed compared to the PSG.   

	Sitnick et al., 2008 Mar.
	Comparison of actigraphy with videosomnography in preschool-aged children, with special emphasis on the accuracy of detection of nighttime awakenings.
	58 preschool children wore an actigraph for 1 week and were videotaped for 2 nights while wearing the actigraph.
	Actigraphy showed poor agreement for detecting nocturnal awakenings, compared with video observations. 

	Hyde et al., 2007 Jun.
	Purpose:  Validate actigraphy for the determination of sleep and wake in children
	Comparison of wrist actigraph (Actiwatch AW64, Mini Mitter Co.) with polysomnography (PSG).  45 children (age 1-12 years excluded children with syndromes affecting limb movement) were recruited. 
	Concluded that actigraphy is a reliable method for determining sleep in children when compared against PSG.  

Disadvantages:  

· Unable to differentiate between periods of quiet wakefulness and sleep.  This requires other means such as a sleep diary in order to not overestimate sleep

· Prone to artifacts such as external motions.  

Advantages:

· Easy & inexpensive and there is little disruption in normal/ sleep/wake patterns.  

	Bradshaw et al., 2007 Oct.
	Study Objective: To assess usual nightly sleep duration of patients referred for a Multiple Sleep Latency Test (MSLT)..
	Retrospective chart review.  54 patients with EDS (excessive daytime sleepiness) referred for a MSLT (multiple sleep latency test). Self-reported average nightly sleep duration, sleep log-recorded average nightly sleep duration and actigraphy-measured average nightly sleep duration were compared for a 2 week period immediately preceding an MSLT.  
	Results showed that many of the referred patients for MSLT had actigraphic evidence of chronically insufficient sleep duration that was unrecognized on history, self questionnaires and patient –recorded sleep logs.  Actigraphy can provide useful clinical information about pre MDLT sleep, not always captured from self-reporting or sleep logs.

	VAN Someren, 2007 Sep.
	To investigate how the duration of actigraphic recordings affects the reliability of actigraphic estimates of sleep and 24-h activity rhythm variables.
	2 groups were studied: (1) 10 subjects suffering from primary insomnia and (2) 12 demented elderly.  
	It was concluded that a valuable improvement in the reliability of actigraphic sleep estimates can be obtained by simply increasing the # of recording nights.  

	Morgenthaler et al., 2007 Nov
	
	108 studies were reviewed.   
	“Conclusions: Recent research utilizing actigraphy in the assessment and management of sleep disorders has allowed the development of evidence-based recommendations for the use of actigraphy in the clinical setting. Additional research is warranted to further refine and broaden its clinical value.”


Summary
It has been widely recognized as a low-cost alternative to conventional PSG for the screening of sleep disorders.  It is based on the fundamental premise that the presence of movement indicates wakefulness and the absence of movement indicates sleep.  Actigraphy provides less information than a full PSG but it is low cost and noninvasive.  Sleep parameters captured include the following:  sleep duration, sleep efficiency, and waking time after initial sleep onset.  The ability to capture longitudinal data about sleep/wake function over days, the fact that it is portable and it’s application in an ambulatory population are major advantages.  Disadvantages include inability to differentiate the sleep stages, inaccurate measurement of sleep/wake periods in patients with a concurrent movement disorders. 
Of the studies summarized in the table above, the Morgenthaler (2007) review of 108 articles provides explicit guidance of appropriate use of actigraphy in diagnosing sleep disorders and assessing the impact of treatments.  Strong evidence is found for the effectiveness of actigraphy in evaluating sleep patterns (71% average correlation with PSG) in healthy adults and those with suspected OSA.  However, since these devices are limited to measuring motion and inferring limited aspects of sleep, they should not be used as the sole basis for diagnosing OSA.

Sources

Bradshaw, D. A.; Yanagi, M. A.; Pak, E. S.; Peery, T. S., and Ruff, G. A. Nightly sleep duration in the 2-week period preceding multiple sleep latency testing. J Clin Sleep Med. 2007 Oct 15; 3(6):613-9.
Goodlin-Jones, B. L.; Tang, K.; Liu, J., and Anders, T. F. Sleep patterns in preschool-age children with autism, developmental delay, and typical development. J Am Acad Child Adolesc Psychiatry. 2008 Aug; 47(8):930-8.

Hyde, M.; O'Driscoll, D. M.; Binette, S.; Galang, C.; Tan, S. K.; Verginis, N.; Davey, M. J., and Horne, R. S. Validation of actigraphy for determining sleep and wake in children with sleep disordered breathing. J Sleep Res. 2007 Jun; 16(2):213-6

Kemlink, D.; Pretl, M.; Sonka, K., and Nevsimalova, S. A comparison of polysomnographic and actigraphic evaluation of periodic limb movements in sleep. Neurol Res. 2008 Apr; 30(3):234-8.
Kothare, S. V. and Kaleyias, J. The clinical and laboratory assessment of the sleepy child. Semin Pediatr Neurol. 2008 Jun; 15(2):61-9.
Littner, M.; Kushida, C. A.; Anderson, W. M.; Bailey, D.; Berry, R. B.; Davila, D. G.; Hirshkowitz, M.; Kapen, S.; Kramer, M.; Loube, D.; Wise, M., and Johnson, S. F. Practice parameters for the role of actigraphy in the study of sleep and circadian rhythms: an update for 2002. Sleep. 2003 May 1; 26(3):337-41.
Mehra, R.; Stone, K. L.; Ancoli-Israel, S.; Litwack-Harrison, S.; Ensrud, K. E., and Redline, S. Interpreting wrist actigraphic indices of sleep in epidemiologic studies of the elderly: the Study of Osteoporotic Fractures. Sleep. 2008 Nov 1; 31(11):1569-76.
Morgenthaler, T. I.; Lee-Chiong, T.; Alessi, C.; Friedman, L.; Aurora, R. N.; Boehlecke, B.; Brown, T.; Chesson, A. L. Jr; Kapur, V.; Maganti, R.; Owens, J.; Pancer, J.; Swick, T. J., and Zak, R. Practice parameters for the clinical evaluation and treatment of circadian rhythm sleep disorders. An American Academy of Sleep Medicine report. Sleep. 2007 Nov 1; 30(11):1445-59.

Sadeh, A. Commentary: comparing actigraphy and parental report as measures of children's sleep. J Pediatr Psychol. 2008 May; 33(4):406-7.

Sitnick, S. L.; Goodlin-Jones, B. L., and Anders, T. F. The use of actigraphy to study sleep disorders in preschoolers: some concerns about detection of nighttime awakenings. Sleep. 2008 Mar 1; 31(3):395-401.

VAN Someren, E. J. Improving actigraphic sleep estimates in insomnia and dementia: how many nights? J Sleep Res. 2007 Sep; 16(3):269-75.

Wikepedia:  http://en.wikipedia.org/wiki/Actigraphy. Accessed 02/27/09 from the World Wide Web.
PAGE  
1

