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polysomnography may perform differently in a patient population
with insomnia versus sleep apnea versus healthy volunteers.

Modularity
Digital biomarker products can be composed of multiple
individual software and hardware components. When the
components are interoperable, they can be mixed and matched
as modular components to assemble a diverse array of offerings.
For example, the US Food and Drug Administration (FDA) recently
approved the Dexcom integrated continuous glucose monitoring
system as the first type of continuous glucose monitoring system
that can be used in a modular fashion with other compatible
medical devices and electronic interfaces, including automated
insulin dosing systems and diabetes management devices.7

Software and hardware manufacturers have started to specialize
in modular pieces of a connected product’s data flow tool chain
(Fig. 1).

Regulation of modular components
The FDA regulatory process can often address particular, modular,
components along a digital biomarker’s measurement apparatus.
The FDA is piloting a program that would “pre-certify” companies
and their policies8 in order to offer a streamlined path to market
for their product-level approvals and modifications.
Historically, most of the software-products have been categor-

ized as software in a medical device (SiMD), which operates the
device and sensors (e.g., firmware). More recently, digital
biomarker components are categorized as software as a medical
device (SaMD) solutions. SaMDs can perform a medical function

without being part of a hardware medical device (e.g., machine-
learning based tools in mobile apps8) have novel properties and
potential for wider adoption. Definitions distinguishing SaMD
from SiMD are evolving. The FDA recently cleared two SaMDs
compatible with the Apple Watch for detection of atrial fibrillation.
The first is an “over the counter” electrocardiogram app for display
of atrial fibrillation9 and the second can notify the user of an
irregular rhythm.10 The hardware, the Apple Watch, serves as a
component supporting digital biomarker measurement. The
Apple Watch over the counter EKG app and irregular rhythm
notifications a re FDA cleared as SaMDs.
While modularity enables mixing and matching across a variety

of components, it can also be a source of potential error. For
example, performance changes to an operating system may affect
the speed of computation11 and, for example, corrupt measure-
ment of a Parkinson’s tapping test, which uses a smartphone to
calculate a digital biomarker based on timed reaction.

POTENTIAL BENEFITS AND RISKS OF DIGITAL BIOMARKERS
As new modalities are incorporated into connected devices,
mobile apps, and software products for patients at home, a natural
area of growth in biomarker collection is remote collection of
patient-generated measurements. As digital biomarkers are
increasingly used as endpoints in clinical trials, we anticipate that
clinicians will have a growing number of validated means of
gathering clinical insights on patients remotely. However,
incorporation of these tools in clinical research is dependent on
accelerating the development of new study designs such as those
employed in decentralized clinical trials, where many of the trial

Fig. 1 Digital biomarker products. Five products, all detecting a similar digital endpoint, are constructed with differing, modular approaches.
In the first column are five products to detect atrial fibrillation: AliveCor, CardioGram, Apple Watch plus ECG App, Fitbit, and Xiaomi. Across the
top, are major software modules comprising the product, from the operating system on the left to the user interface on the right. Some
modules are created by the product manufacturer and others by a third party. If the listed organization manufacturers the component, the
module is represented in green. If instead it is created by a different party, the color is gray. These differently composed products require
different strategies for verification, validation, and likely also regulatory clearance. Figures are reused with permission from the copyright
owners, and the Apple watch image is Courtesy of Apple Inc
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Tech that measures established quantified clinical variables
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Thank you very much.

Feel free to bill your time under a spasticity code #8302.

 

Also, the billing code for the entire PSS project is 8305.

We need to get a graphic going for the online 
version of the Dyskinesia monograph.  
Let’s try two versions.  One that says “Dyskinesia” and one that says “Dyskinesia Workbook,” 
both ala the 
PD Workbook.  The tag line should read

The Clinicians’ Guide to Management of Dyskinesia in PD

Billing code for Dyskinesia is #8304.

III. Motor Examination
18. Speech
0 = Normal.
1 = Slight loss of expression, diction and/or volume.
2 =  Monotone, slurred but understandable; moderately 

impaired.
3 = Marked impairment, difficult to understand.
4 = Unintelligible.

19. Facial Expression
0 = Normal.
1 = Minimal hypomimia, could be normal “Poker Face.”
2 =  Slight but definitely abnormal diminution of facial 

expression
3 = Moderate hypomimia; lips parted some of the time.
4 =  Masked or fixed facies with severe or complete loss of 

facial expression; lips parted 1/4 inch or more.

20. Tremor at Rest (head, upper and lower extremities)
0 = Absent.
1 = Slight and infrequently present.
2 =  Mild in amplitude and persistent. Or moderate in 

amplitude, but only intermittently present.
3 = Moderate in amplitude and present most of the time.
4 = Marked in amplitude and present most of the time.

21.  Action or Postural Tremor of Hands
0 = Absent.
1 = Slight; present with action.
2 = Moderate in amplitude, present with action.
3 =  Moderate in amplitude with posture holding as well  

as action.
4 = Marked in amplitude; interferes with feeding.

22.  Rigidity ( Judged on passive movement of major joints 
with patient relaxed in sitting position. Cogwheeling to  
be ignored.) 

0 = Absent.
1 =  Slight or detectable only when activated by mirror or 

other movements.
2 = Mild to moderate.
3 = Marked, but full range of motion easily achieved.
4 = Severe, range of motion achieved with difficulty.

23.  Finger Taps (Patient taps thumb with index finger in 
rapid succession.) 

0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 =  Moderately impaired. Definite and early fatiguing.  

May have occasional arrests in movement.
3 =  Severely impaired. Frequent hesitation in initiating 

movements or arrests in ongoing movement.
4 = Can barely perform the task.

24.  Hand Movements (Patient opens and closes hands  
in rapid succesion.) 

0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 =  Moderately impaired. Definite and early fatiguing.  

May have occasional arrests in movement.
3 =  Severely impaired. Frequent hesitation in initiating 

movements or arrests in ongoing movement.
4 = Can barely perform the task.

25.  Rapid Alternating Movements of Hands  
(Pronation-supination movements of hands, vertically 
and horizontally, with as large an amplitude as possible, 
both hands simultaneously.) 

0 = Normal.
1 = Mild slowing and/or reduction in amplitude.
2 =  Moderately impaired. Definite and early fatiguing.  

May have occasional arrests in movement.
3 =  Severely impaired. Frequent hesitation in initiating 

movements or arrests in ongoing movement.
4 = Can barely perform the task.
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What about cases where clinical assessments are not easy to quantify?
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Daily evaluation of L-DOPA effects on finger tapping
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Individualized recommendations for patients – clinical monitoring by doctors – public health policy

https://www.airlouisville.com/
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Truthiness is what you want the facts to be as opposed 
to what the facts are. What feels like the right answer as 
opposed to what reality will support.

Stephen Colbert





Show Don’t Tell

Transparency. Reproducibility. Replication.






