Executive Summary 6th Microfluidics Standards Workshop: De-Risking Microfluidic
Product Development, October 9 & 10, 2019, Coronado, CA, USA
Co-chairs:
Leanna Levine, President & CEO of ALine, Inc., USA and steering committee member
MicroFluidic Association
Darwin R. Reyes, Biomedical Engineer, National Institute of Standards and Technology, USA
and chair of the MicroFluidic Association

The 6th Microfluidics Standards Workshop was held in conjunction with the Lab on a Chip Microfluidics
conference in Coronado, CA on October 9th and 10th, 2019. The standards workshop was held for 1.5
days, and included group discussions and a presentation from Luke Herbertson, Ph.D., from the FDA.
Dr. Herbertson is co-leading the microfluidics program within the Center for Devices and Radiological
Health, fostering external collaborations, promoting the development of standard test methods, and
overseeing experimental cell separation and droplet generation studies through microfluidic devices.
A key driver for microfluidic standards for foundries and contract developers, which comprise the
majority of steering committee members, is to be able to provide product to customers that meets
established guidelines and/or standards for functional performance that can be assessed through
industry-accepted analytical procedures/standards. These guidelines and standards should comprise
analytical methodologies that adhere to the ‘Goldilocks Principal’ in that they are ‘just right’ to
demonstrate required performance metrics.
The driver for FDA is to provide guidance and standards for the development of safe products that meet
stated metrics for performance. The goal is to ensure product developers focus on addressing the key
risks and demonstrating device performance to be equivalent (501k) or meets diagnostically relevant
performance within a specified level (PMA).
For all stakeholders, the ability to streamline develop with an agreed to set of industry guidelines and
standards will mean more consistent identification of key development risks, and provide established
methodologies for mitigation. Establishing a framework for microfluidic product development will
economize on the use of resources; product ideas with serious issues will fail earlier, while product
ideas with a solid proof of concept can more quickly establish the right data set for regulatory
submission. Better guidance documents ultimately mean patients and healthcare providers have access
to the next generation of reliable diagnostic tools to improve healthcare outcomes.
The process for creating and implementing standards involves first creating a guidance or set of best
practices that demonstrate device performance. The product performance requirements are captured
in a risk control table. The methodologies and data generated to demonstrate risk mitigation should
meet provided guidelines, or be done to existing standards. Writing a white paper that describes this
process for product development would help generate more interest by start-ups. With a roadmap for
development that will support a regulatory mindset during development, start-ups can focus their
resources more effectively.

One outcome from the workshop was a commitment by Dr. Herbertson to work with MFA to develop
guidance/standard for leakage and burst pressure.
The MFA will work on a product development guideline to be published as a white paper,
There will a survey defining what standards would be a priority for the community.
•

Whitepaper describing a guideline that could be published in a journal might be a good idea.
This could include considerations when choosing a material. Overall this guideline could
include:
o How to start a product development process?
o Describe the cost of goods per volume. Projections are never as they say the product
will sell. It is more linear.
o This guideline will/could help spin offs from academia to ask for the right amounts of
money for their work

Action items:
1. Create an outline of the process to decide the critical parameters to know from a device
(probably based on the assay to be performed with it). Those parameters will help in
deciding: (Leanna and Darwin)
a. Materials (required properties)
b. Cost of goods (per product)
c. Function
d. Others…
2. Distribute among the MFA in series (send from one to another)
3. Collect all whitepapers that are available in the area based on what the outline stipulates.
4. Fill in the outline and produce the whitepaper
5. Get it published in a journal.

______________________________________________________________________________
There is the need to create a framework where we can set what applications/tests are needed to get
companies and manufacturers engaged
What type of protocol(s) do we want to pursue?
- The ones already in discussion are:
o Burst pressure
o Decay pressure for leakage
Deciding what are the properties/failure modes that are better to measure/more commonly seen is
the first step towards choosing what kind of testing should be performed. Here are some
options/examples:
- Leakage is one of them
- Flow Performance

-

o throughput of the device might be a better way to describe flow performance and
perhaps using bubble formation or clogging of the device as the measurement
would be the way to go about it.
Sterilization – There are standards for sterilization that we should make reference to.
Reliability/Durability – Usually done at extreme conditions like high pressure,
temperature, etc.
Shelf life – How to check this?
Point to point pressure drops?
Visual inspection?
Blockage? How to measure this?
Sensor response – reliability of the test
o Calibration curve?

Optional questions
- How did you test?
o Did you use references?
▪ Protocol?
• In-house protocol?
• Used protocol from website?
• Used standards?
▪ Benchmarking?
- Mapping of standards used?
What would be the top three failure modes (from the ones above)? This could be a question to ask
in the survey.
1.
2. Initiating the survey – Wilfred, Nicolas and Henne
Ideas for the next workshop – get two to three hours open session to have a keynote speaker to
explain to the community what are our initiatives. Then we start the “private” workshop to work on
the WG to produce some results to try to connect with the local community.
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My Background
Division of Applied Mechanics
Office of Science & Engineering Laboratories (OSEL)
Center for Devices & Radiological Health (CDRH)
U.S. Food & Drug Administration (FDA)
• 10+ years at FDA: research and regulatory
• Areas of interest: blood cell damage, hemodynamics,
mock circulatory flow loops, microfluidics
• Device types: cardiovascular, renal (e.g. ventricular
assist devices, blood pumps, catheters, oxygenators)

www.fda.gov

www.fda.gov

https://www.fda.gov/about-fda/fda-organization-charts/fda-organization-overview
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White Oak Campus, Maryland

FDA’s Mission:
PROTECT AND PROMOTE PUBLIC HEALTH
FACILITATE INNOVATION
www.fda.gov
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https://blogs.fda.gov/fdavoice/index.php/tag/consumer-expenditure-on-fda-regulated-products/

We Accomplish our Mission by
• New product review and pre-market approval/clearance
• Monitoring
– Safe manufacturing, safe handling, identifying new risks

• Enforcement and Compliance
• Research
– Guiding principle is that FDA makes sound science-based decisions

• The key for FDA is regulatory science.
o The science of developing new tools, standards, and approaches to assess
the safety, efficacy, quality, and performance of FDA-regulated products.
o Helping to accelerate innovations and disseminate accurate, science-based
information about the products we regulate to the public.
www.fda.gov
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CDRH in Perspective
18k
600k
25k

www.fda.gov
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“We want patients to have access to high
quality, safe, effective medical devices, of
public health importance, first in the world.”

www.fda.gov

8

vectorcast.com

www.fda.gov
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CDRH is Constantly Evolving
• 21st Century Cures Act – December 2016
– Intended to speed patient access to potentially life saving devices
• Breakthrough devices – builds on Early Access Program

– Least burdensome device review
• Over 1,000 devices effectively down-classified already

• MDUFA IV – October 2017
–
–
–
–
–
www.fda.gov

Medical Device User Fee Amendments
Improve review times
Enhance use of consensus standards
Improve patient input throughout the development and review process
Improve the quality and quantity of real world evidence
10

Reorganization of CDRH
• Integrate premarket and postmarket programs
– Consolidates aspects of product review, quality, surveillance, and enforcement into a new team-based, agile approach

• Align with the total product life cycle
• Improve efficiency to meet public health needs
White
House

FDA

DHHS

DOD

NIH

…

…

Foster organic connections within the organization
CDRH

CDER

OSEL

OPEQ

…

DBCMS

…

…

Streamlined decisions and processes
Shared priorities
Better customer service

DAM

Professional growth
www.fda.gov
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Regulatory Pathways of
Medical Devices
Manufacturers must demonstrate a reasonable assurance of safety and effectiveness

Benefits

www.fda.gov

Risks
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Device Classification
Class I
• “Low risk” of injury or illness
• General controls: labeling, GMP

• Safety and Effectiveness are well established
• Examples: tongue depressor, gauze, orthopedic blade

Class II [510(k) Notification – Cleared]
• “Intermediate risk”
• Some have guidance documents and standards
• Often require in vitro and/or in vivo testing
• 50 % of devices
• Substantial equivalence to predicate • Examples: insulin pump, endoscope, angiography catheter

Class III [PMA Application – Approved]
• “High risk”
• Clinical trials
• Premarket approval

• Typically supports or sustains human life
• Often a “first-of-a-kind” device
• Examples: heart valves, coronary stents, cardiac ablation
catheter, pacemaker

www.fda.gov
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Other Regulatory Pathways
• De Novo
• Humanitarian Device Exemption (HDE)
• Clinical Laboratory Improvement Amendments (CLIA)
– (CLIA-Waived Devices)
– Regulate laboratory testing
– Require certification for diagnostic testing of human samples
• CLIA waiver can be obtained for home use or “simple laboratory
examinations and procedures that have an insignificant risk of
erroneous result” as determined by FDA

– Examples: prothrombin time, glucose monitor, cholesterol monitor, tests
for drugs of abuse, hemoglobin monitor, urinalysis, influenza
www.fda.gov
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Accelerating Patient Access
•
•
•
•
•
•
•

Expanding FDA expertise and resources
Preparing for emerging and innovative technologies
Transparency
Accepting only complete applications
Pre-submissions
Asking the right “need-to-know” questions
Obtaining device information from bench testing,
computational analysis, animal studies, clinical data
(OUS, registry, first-in-man, early feasibility studies)
• Team-based approach
• Limiting iterative review cycles
• Establishing standards
www.fda.gov
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What is a Standard?
• Common method used by all
• A consensus standard - published document
containing a technical specification or other precise
criteria designed to be used consistently as a rule,
guideline, condition, or characteristic
• Standards - summary of best practice
– Created by bringing together the experience and
expertise of all interested parties
• Researchers, producers (industry), sellers, buyers, users,
regulators

www.fda.gov
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Information in Standards
•
•
•
•
•
•

Terminology
Performance characteristics
Testing methods
Manufacturing processes
Product standards
Materials

Discovery +
Ideation

Invention +
Prototyping

• Compliance criteria
• Specification or dimensions
• Labeling
• Operations
• Statistical analysis

Preclinical

• Material composition
• Manufacturing Practices

www.fda.gov

•
•
•
•

Testing methodology
Performance characteristics
Scientific protocols
Good laboratory practices

Clinical

•
•
•
•
•

Decision

Material specifications
Product standards
Compliance criteria
Labeling
Statistical analysis

Launch +
Post-market
surveillance
• Operation
• Device identifier
• Human factors
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Standards: Why Develop Them?
• Standards are tools that:
• Aid in design, manufacturing, performance,
operation & maintenance
• Advance and ensure safety, health, quality,
and reliability in a least burdensome manner
• Accelerate access to new technologies –
respond to new challenges and markets
• Shorten times from concept to global access
• Lower costs
• Ensure compliance

• Reduces uncertainty and increases
predictability
www.fda.gov
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Standards Statistics
• Standards Development Organizations (SDOs)
FDA Guidance
Documents

FDA-Recognized
Standards

1385
2857

• 19 specialty areas
–
–
–
–

Biocompatibility
Materials
Sterility
In vitro diagnostics

• FDA has one seat at the table
– FDA recognition – 60-day review
www.fda.gov
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From an Idea… to a Standard
• Starting the Process
–
–
–
–

Members identify a need in the market / gaps in current standards
Outside stakeholders/experts approach the SDO
SDO Technical Committees provide the forum for consensus and collaboration
Working (task) group writes standard
Standard Published
Voted on by Technical Committee
Ballot to Review Committee
Draft Standard Development
Working Group Assembled
Consensus Use / Inter-laboratory Testing
Test Validation
Test Method Development

www.fda.gov

23

Leveraging Existing Standards
• Currently no microfluidics-oriented standards recognized by FDA
• A lack of standards can hinder product development and FDA’s review
process
• Some existing standards can be leveraged with or without modification
– Biocompatibility
• ANSI AAMI ISO 10993 Biological evaluation of medical devices – Multiple Parts

– Electrical safety
• ANSI AAMI ES60601-1 Medical electrical equipment – Part 1: General requirements
for safety and essential performance

– Electronics
• IEEE ISO 11073-20101 Health Informatics – Point-of-care Medical Device
Communication – Part 20101: Application Profiles – Base Standard

www.fda.gov
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Standards and Microfluidics
• There is a need for horizontal “one size fits all” microfluidics specific standards
• Key elements (technical working groups) identified from previous workshops
– Interfacing - Interconnections & inter-compatibility
• Manufacturability, reliability at smallest dimensions needs to be standardized
• 1.5 mm grid standard

– Modularity - Integration/modular approach
• Interoperability / compatibility of different materials
• Sealing / leakage

– Testing protocols
• Pressure: nominal, maximum, burst
• Temperature
• Bench testing to assess worst-case operating points (or full instrument range)

– Flow control
• Precision / accuracy / repeatability
• Different pumping mechanisms / stability
www.fda.gov
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Office of Science and Engineering
Laboratories (OSEL)
• Our objectives are to:
Be a leader in regulatory science, develop
new tools, test methods, standards, and
approaches to assess the safety, efficacy,
quality, and performance of medical products
Deliver timely and accurate decisions for
medical devices
Create accessible and understandable public
health information
Ensure readiness for emerging and innovative biomedical technologies

www.fda.gov
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Facilitating Innovation
Partnerships are becoming increasingly important to everyone
– Build a scientific bridge with innovative companies where new
devices are designed
– Help companies in early stages of product development
– Even before the design freeze, FDA can offer companies a
regulatory perspective

www.fda.gov
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OSEL’s Alignment with OPEQ
Office Specific
• Cardiovascular – OHT 2
• Medical Imaging and
Diagnostics – OHT 7
• Microfluidics – OHT 7
• Neurology – OHT 5
• Ophthalmology – OHT 1
• Orthopedics – OHT 6

*OHT 7 = In Vitro Diagnostic Devices
www.fda.gov

Cross-Cutting
•
•
•
•
•
•
•
•
•
•
•
•
•

Additive Manufacturing
Advanced Patient Monitoring and Control
AR/VR -extended reality (XR)
Artificial Intelligence (AI) / Machine Learning
Biocompatibility/Toxicology
Credibility Assessment of Modeling
Digital Pathology
Electromagnetic and Electrical Compatibility
Materials Chemistry and Mechanical Performance
Nanotechnology
Post Market Signal Response
Sterility and Infection Control
Therapeutic Ultrasound
28

Trends in Microfluidic Devices

14
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www.fda.gov

29

Research Motivation
• Technology forecasting – microfluidic devices offer potential benefits, but
bring new technical challenges

2000

2016

• Develop standard test methodologies & technical guidance
• Facilitate innovation
• Understanding new and emerging technologies
• Building infrastructure and expertise, and engaging the microfluidics community
www.fda.gov

• Reduce animal testing and augment clinical trials
• Clinical validation – correlate test results with clinical condition

30

Emerging Technologies
• In vitro diagnostics
–
–
–
–
–
–

• Cell sorting

Point-of-care diagnostics
Lab-on-a-chip
Neonatal screening
Genomics
Single-cell analysis
Thrombosis assay

– Liquid biopsy – tumor cell
isolation/detection
– Hematology devices
– Label and label-free
techniques

• Organ(s)-on-a-chip

• Therapeutic devices

Cell sorting

Tirandazi, Pooyan, and Carlos H. Hidrovo. "An integrated gas-liquid droplet microfluidic platform for digital sampling and
detection of airborne targets." Sensors and Actuators B: Chemical 267 (2018): 279-293.

– Patient-specific testing
– Mimicking body processes
– Drug toxicity

– Active and passive forces

Therapeutics

Organ-on-a-chip
Palaninathan, Vivekanandan, et al. "Multiorgan on a chip for personalized precision
medicine." MRS Communications 8.3 (2018):
652-667.

www.fda.gov

Diagnosis

Borenstein, Jeffrey T. "Microfluidic techniques for cancer therapies." European Pharmaceutical Review 22.3
(2017): 50-53.
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Karabacak, Nezihi Murat, et al. "Microfluidic, marker-free isolation of circulating
tumor cells from blood samples." Nature protocols 9.3 (2014): 694.

Devices on the Market
Nucleic acid assay
(GeneXpert IV, Cepheid)

Sperm Sorter

(POGO, Intuity Medical)

(Qualis , Menicon Life Science)

Prostate-specific antigen test

Influenza A H1N1 detection

Coagulometer for prothrombin time

(FREND PSA TM, NanoEn Tek)

(Simplexa TM, Focus Diagnostics)

www.fda.gov

Blood glucose monitoring

(microINR, iLine Microsystems)

Pathogen identification

Bacterial strain detection

(Verigene, Luminex)

(ePlex, GenMark)

Hemostasis analyzer
(TEG 6S, Haemonetics Corp.)

32

CDRH on a Chip:
OSEL’s Microfluidics Program

www.fda.gov

33

Gathering Information
Market Research Surveys

FDA wants to hear from you about –
• Common challenges and modes of failure
in commercialized products?
• Quality controls in devices to alert the
user in case of fluidics related failure?
• Which fluidics areas need harmonization
for testing?

Key message: Regulatory science is based on
real-world data
www.fda.gov
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Developing Test Methods in OSEL
Fabrication and
Materials

Failure Modes

• Using a common micro-channel geometry to study flowrelated issues and failure mechanisms: Archimedean spiral

Performance
Reproducibility

Data Analysis

• Particle separation

• Leakage – acceptable T, P

• Computational simulations

• Low-flow control

• Clogging / analyte loss

• Inert particles vs. cells

• Flow monitoring

• Materials and geometries

• Passive vs. active forces

• Inter-connections

• Fluid properties

• Reliability

• Air bubbles

• Acceptance criteria

• Image analysis vs. measurements

www.fda.gov
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Particle Separation
• Design experiments to study:
• Particle separation principles
• Drag vs. lift forces
• Geometry
• Effect of air bubbles
• Clogging / analyte loss
• Leakage
• Fluid properties
• Image analysis

3
2
1

100 um

11 µm particles at 200 µL/min
www.fda.gov

11 µm particles at 1500 µL/min
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Flow Control

Pressure Driven Flow Profile
Flow Rate (uL/min)

Syringe Pump Flow Profile
Flow Rate (uL/min)

• Shear levels
• Flow monitoring/sensors
• Fluid properties
• Limit of detection
• Accuracy
• Precision
• Impact of interconnections

Time (s)

Time (s)
www.fda.gov
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Manufacturability and Materials
3

• Fabrication techniques
• Injection molding, 3D printing,
soft lithography

CNC milling

2
1

• Material properties
• Glass, polymer, silicon

• Device dimensions/geometry
• Quality control
• Surface and bioartificial
interactions

Analysis of surface
roughness
www.fda.gov

3D
printing

Surface
profile
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Analytical Validation
Image analysis

Particle counting

Particle tracking
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www.fda.gov

2

Outlet 2

• Acceptance criteria

2000

4000

1

6000

micro-PIV

Flow Rate (µl/min)

• Assurance of test performance
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Failure Modes of Devices
•
•
•
•
•
•
•
•
•

Particle interactions
Air bubbles
Leakage
Acceptable pressure &
temperature
Dead volume
Clogging
Analyte loss
Reliability
Alarms

200 m

Particle
adhesion

Contamination
www.fda.gov

Bubble
formation

Clogging

80 m
40

Other Areas of Interest
Droplet
generation
Inert particle vs
cells

Computational
simulations vs
in vitro testing

Passive vs
active forces

Principles of
particle +
separation
-

-

+

+

-

+

-

+

https://faculty.washington.edu/yagerp/microfluidicstutorial/basicconcepts/
basicconcepts.htm

www.fda.gov

https://faculty.washington.edu/yagerp/microfluidicstutorial/basicconc
epts/basicconcepts.htm
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Other Microfluidics
Research at FDA
CFSAN

CDER

CBER

CDRH

Liver-on-a-chip
Ribeiro, 2019

Microphysiological systems (MPS)
Smirnova, 2018

Cell lysis/analysis
Phillips, 2012

HIV detection
Liu, 2014

NCTR
www.fda.gov

Blood-brain barrier model
Rosas-Hernandez, 2018

Contact lens cleaning
Guan, 2016
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Plan and Vision for the
FDA Microfluidics Program
• Define major flow-related issues and failure mechanisms of microfluidics-based
devices
– Engage FDA reviewers and external community
• Integrate into TPLC – communicate early and often

– Analyze real-world data
– Characterize and evaluate representative devices to make them predictable

• Help develop appropriate methods, guidance, and standards for microfluidics
devices
– Develop models and assays that better predict patient response

• Facilitate novel microfluidics devices to the US market faster
www.fda.gov
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How to Engage with CDRH
• CDRH is partnering with organizations
– Round robin testing to develop standardized methodologies
– Characterizing & evaluating devices to improve their quality

• Helping CDRH develop tools to avoid common pitfalls or device
complications
– Developing guidance, testing & standards for the community

• Partnering with CDRH for extramural grants (e.g. NIH grants)
– Mentoring junior researchers from various organizations
– Publishing with FDA scientists
www.fda.gov
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Collaboration Opportunities
•
•

Consensus Standards Program
Medical Device Development Tools (MDDT) Program
– FDA validated methods that can be used for device approval and clearance
– Example: ‘Virtual Population’ is a set of anatomically correct whole body models for thermal,

electromagnetic and fluid dynamic simulations
– Example: biomarker tests

•

Pre-submissions, informational meetings

•

Collaborative Research

– Introduce new technologies, discuss regulatory strategy, obtain feedback on test plans
–
–
–
–
–

•
•

Critical Path Initiative
NSF/FDA Scholar-in-Residence Program
Medical Device Innovation Consortium (MDIC)
Create a Collaborative Community
Centers for Excellence in Regulatory Science
and Innovation (CERSI)

Experiential Learning Program – host an ELP site visit
Public Workshops

www.fda.gov
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Key Messages
1. FDA relies on standard test methods for
device evaluation

2. More microfluidics based devices are
heading to the US market

3. FDA encourages you to engage with us to
accelerate patient access to high-quality,
safe, and effective medical devices

www.fda.gov
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Who Are We?
FDA Staff
• Luke Herbertson, PhD – blood damage, cardiovascular and renal
devices, blood pressure monitoring

•
•
•
•
•

Suvajyoti Guha, PhD – aerosols, multi-phase flows, feeding tubes
Rucha Natu, PhD – microfluidics, dielectrophoresis
Ahmad Dibaji, PhD – ultrasound, heat transfer
Brent Craven, PhD – computational modeling
Prasanna Hariharan, PhD – particle image
velocimetry

• Daniel Porter, PhD – 3D printing
• Tina Morrison, PhD – oversight, computational
modeling

Recent students
• Courtney Restivo, Janna Wisniewski,
Jonah Nan, Josie Duncan
www.fda.gov
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Resources
• FDA website:
– www.fda.gov

• Device advice:
– https://www.fda.gov/medical-devices/device-advicecomprehensive-regulatory-assistance
– Industry and consumer education: DICE@fda.hhs.gov

• Medical device databases [510(k), PMA, CLIA]
– https://www.fda.gov/medical-devices/device-advicecomprehensive-regulatory-assistance/medical-device-databases

• FDA-recognized standards
– https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfStandards/
search.cfm

• FDA Guidance documents
– https://www.fda.gov/regulatory-information/search-fda-guidancedocuments

• Clinicaltrials.gov/
www.fda.gov
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