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Medical Device Product Development
• Design History Files
• Stage Gate Reviews
Marc Minkus
• Risk Assessment
• Materials Selection
Rich Johnson
• Materials Testing
• Regulatory Approvals – Ed Moore
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Medical Device Development
Marc Minkus
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A Few Key Questions

• What problem does my device solve?
• How many potential customers will see value in my
device?
• Where are the customers located?
• Who will pay for the device?
• Will it be profitable? (sustainable)
• How will I develop the device? *
• Who will manufacture the device?
• Who will market, sell, and support the device?
*Today’s focus

Where will the product be sold?
• U.S., Europe, Japan, China, Emerging Markets,
Australia
• This may influence where you develop the product
• How you develop the product
• Where you manufacture the product.

Device Classification (U.S. Focus)
• Most Class I (low risk) devices are exempt from
premarket notification (510K)
• Band-aid or Stethoscope

• Class II (moderate risk) devices
• Blood pressure cuff

• Class III (high risk) devices
• Replacement heart valve

Most medical devices can be classified by finding the
matching description of the device in Title 21 of the Code of
Federal Regulations (CFR), Parts 862-892.
*Ed will talk more about this a bit later

Fundamental Medical Device Product
Development 21 CFR 820

Stage Gate Reviews (FDA requires Design Reviews)
• Stage Gate Reviews in many corporations are
governance reviews
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•

Design Reviews require documents which are
reviewed and approved by designated
individuals. Approval includes signature, date,
function, and an independent reviewer should
be part of the process.

•

Design Reviews
•
•
•
•

Design Inputs
Design Outputs
Design Verification
Design Validation

General Design History File
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•

Requirements and process for creating and maintaining a Design
History File (DHF).

•

DHF: Design history file (DHF) means a compilation of records
which describes the design history of a finished device. The DHF
shall contain or reference the records necessary to demonstrate
that the design was developed in accordance with the approved
design plan.

•

A DHF shall exist for each product to provide evidence for how the
design evolves throughout its lifecycle.

•

The organization of the DHF is created early in the development
exercise. Required DHF records are identified in design control
program and the corresponding Design and Development Plan.

•

DHF Index defines the content of the DHF: approved records

DHF Elements
• The elements of a DHF include:
• Product Records: User Requirements, Product Requirements,
Design Verification Protocols, Design and Human Factors
Validation Protocols, Risk Management Files
➢ elements that comprise the product

•

• Project Records: Design and Development Plan, Design
Verification Plan / Report, and Design Validation Plan /Report
➢ how the product was developed, verified and validated

• Non-product Records: manufacturing validations, quality
agreements, and supplier controls
➢ elements that support the product

• DHF Index: References to all the DHF records and storage
locations
➢ an index, a road map
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DHF Structure
• A structure to support the DHF maintenance over the
product lifecycle is to be set up at the onset of the DHF
creation by the product development team.
• DHF structure typically follows the complexity of the product
design, device platform, development lifecycle or postmarket change lifecycle contributing factors can be due to
• Complex device design
• Multiple sizes
• Multiple drug product in the device platform
• Multiple design changes, both pre and post-market
• Procedural changes

• Physical File Cabinet vs. Electronic File Cabinet
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DHF Index
• Create DHF Index early in the development project –
•
after User Requirements and Product Requirements are defined
• DHF Index requires assigned record identification AND revision/change control.
• DHF Index: a living document; content shall be updated concurrently with DHF changes

• Work in progress through various design reviews / stage gates
• Post-market: DHF Index is updated and approved after post-market changes are implemented
•
•
•
•
•

DHF Index Requirements:
Record storage location
Name or title of the document
Unique record identification number
Current revision or version identifier
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DHF Index
• Updated minimally at strategic points in project lifecycle, as well as
before any review of readiness for a clinical study.
• All DHF Index records must be approved: approvals documented,
including the date(s) and signature(s) of the individual(s) approving
the contents in accordance with requirements in PQS 1203.
• Post-market, the DHF Index is to be updated minimally with the
unique change identifier and any DHF records that were updated as
listed in the design change project deliverables. The DHF Index is the
final deliverable to close the design change record.
• DHF Index Minimum Approvals: R&D Design Owner and Quality.
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Importance of Risk Management
• What: Risk management is a systematic approach to analyzing, evaluating,
controlling, and monitoring product risks to ensure a safe and effective medical
device
• Why: Risk management is a required activity under the FDA’s Quality System
Regulation (QSR), specifically under 21 CFR 820.30 Design controls
• When: Risk Management should be performed continuously throughout the
product lifecycle
• How: ISO 14971 describes many options and approaches for performing risk
management including Hazard Analysis, Fault Tree Analysis, Failure Mode and
Effects Analysis, etc.

Risk Management for Medical Device
Defined by ISO 14971

Risk
Assessment
Overview
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Hazard
Identification

Risk
Evaluation

Risk Control

Residual Risk

Report

✓ Hazards
✓ Sequence
of Events
✓ Hazardous
Situations
✓ Harms

✓ Severity
✓ Probability
✓ Risk Level

✓ Control
Measures
to reduce
risk
✓ Risk driven
design
inputs

✓ Benefits vs
the risks for
the
intended
use of the
product

✓ Summarize
all risk
activities
✓ Complaint
Analysis
✓ Product
monitoring

Tools such as FTA or FMEA are used to identify and analyze Sequence of Events that lead from a
Hazard to a Hazardous Situation

Fault Tree Analysis (FTA)
• FTA is a “top down” approach to risk management

Prefilled Syringe Example

• Analysis begins by identifying failure modes of the
device and the potential causes for those failures
• The cause of the failure could be due to a defective
device caused by a design or manufacturing error or it
could be an error that stems from the user incorrectly
operating the device
• FTA can be used to evaluate the probability of the
failure mode occurring using analytical or statistical
methods
• For more complex devices such as Infusion pumps,
these calculations involve reliability and
maintainability data such as failure probability, failure
rate, and repair rate

Incorrect dose
administered to patient

O
R
Incorrect dose
calculated by user

Syringe dose accuracy
is not accurate

O
R

O
R

Labeling
materials
unclear

Missing
label

Font is
illegible

Label
adhesive
failed

Graduation
lines are not
granular

Plunger
movement is
not precise

Silicone is not
distributed
evenly

Failure Mode and Effects Analysis
• FMEA is a “bottom up”
approach to risk
management

• Each FMEA aims to identify
controls that will mitigate or
eliminate the failure mode
from occurring

• Use FMEA: evaluates each step the user must perform to operate the device, the
potential use errors, their causes, and the resulting impact to the user or patient
• Design FMEA: evaluates failures for each individual component interaction, subassembly, and final assembly
• Process FMEA: evaluates the potential failure modes for each process step used to
manufacture the device

Risk Management Summary
• The goal of the risk management is to mitigated risk “as low
as possible” by implementing changes to the design, user
interface, product labeling, manufacturing steps, etc.
• The residual risk that remains after all controls have been
implemented must be justified via a Clinical Risk-Benefit
Analysis in which each risk is assessed against the potential
benefit to the patient
• The Risk Management Summary Report will summarize all risk
management activities, make a final conclusion on the overall
residual risk of the device, and put in place measures to
continuously monitor the risk (via customer complaints
and/or annual reviews) throughout the product lifecycle.

Medical Device Materials
Rich Johnson
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Medical Device Development
The Medical Device Development Process
Discovery + Invention +
Ideation
Prototyping Pre-Clinical

Clinical

Regulatory
Decision

Product
Launch

Post Market
Monitoring

Materials Selection
Materials Testing
Host Material Interaction
Materials Degradation
Regulatory Strategy
Drug-Device
Combinations
Regenerative Medicine
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Medical Device Development
Biocompatibility Testing:
Complement & Coagulation
Thrombin

C3
Protein Adsorption

Platelet & Cellular
Interactions

C3a + C3b
FXIa

S-C=O
C3b
HS C=O
O

FXI

FXIIa

FXIIa

Do These Interactions Affect Safety & Efficacy?
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Medical Device Development
Material Testing

• Efficacy:
• Performance testing- Does it meet the
intended medical need?
• In vitro and in vivo
• Material Stability
• Manufacturing, Sterilization, Shelf life

• Safety:
• Biocompatibility Testing
• ISO 10993 Guidelines- outlines set of
testing requirements and procedures
• Cytotoxicity
• Genotoxicity
• Hemocompatibility
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Medical Device Development
Material Testing
As stated by the FDA in the guidance document on
use of ISO 10993:
“The biocompatibility of a final device depends not only on
the materials but also on the processing of the materials,
manufacturing methods (including the sterilization process),
and the manufacturing residuals that may be present on the
final device. The use of the term “material” in this document
refers to the final finished medical device and not the
individual material constituents.”
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Medical Device Development
Material Testing

Device Biocompatibility Depends On:
• Toxicology
• Leachables and extractables
• Particulate matter

• Extrinsic Microbiological Contamination
• Endotoxin, Peptidoglycan and other pyrogens

• Mechanical Stress
• Rubbing, compression
• Due to modulus mismatch

• Biological Response
• Complement Activation, Coagulation, Cellular
Activation and Foreign Body Response
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Medical Device Development
Material Testing
Blood-Material Interaction Testing (ISO10993-4):
• General testing considerations:
•
•
•
•
•
•

Materials or coatings used in the device
Blood flow- static or flow systems
Surface area of the blood contacting parts
Anticoagulant used or dilution of plasma
Damage to blood during collection or storage
Mimic clinical parameters as closely as possible
Dynamic test system: In vitro perfusion test system

Static test system:
1. Material placed in container
2. Plasma or PRP or blood added
3. Incubated RT-37°C for some time
4. Stopped with EDTA, ice
5. Assay plasma and cells for markers
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Medical Device Development
Complement: Alternative Pathway

C3

Spontaneous

Initiation

C3

C3(H2O) + FB
FD
C3(H2O)•Bb

Ampliphication
C3

C3a + C3b
S-C=O

C3b
HS C=O
O
Biomaterial

FB,FD

C3b
C3b•Bb
Biomaterial

S-C=O
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Medical Device Development
Complement: Terminal Components
C3

C3b•Bb

C5

C3b-C3b•Bb

Biomaterial

C3b-C4b•C2b

Biomaterial
✓PMN, Monocytes, Macrophages

Bacteria

SC5b-9

C5a + C5b

C6,7,8,9n

✓Endothelial cells
✓Kidney cells

C5aR

✓Hepatocytes
✓Astrocytes (CNS)
✓Lung epithelial cells

C6
C5b C7

Ca+2

C8

Activation
Histamine release, Superoxide,
Cytokine production….

poly C9
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Medical Device Development
Complement Activation
• Material properties that effect
complement:
• Surface nucleophiles
• Hydroxyl and amino groups
• Surface charges
• Positive- bind C5a
• Negative- bind Convertase
• Sialic acid/Heparin- bind FH
• Surface area
• Larger dialyzer produce more
C3a

Taken from Arima, Y. et al Adv. Drug
Del. Rev.. (2011) 63:988)
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Medical Device Development
Material Testing
Blood-Material Interaction Tests (ISO10993-4):
Test

Assay

Thrombosis

Measure overt thrombus formation in appropriate test
system (Gross imaging or SEM)

Coagulation

Activation of the coagulation system; measure TAT, F1-2,
FPA/B, ACT, APPT and other clinical coagulation assays

Platelet function Activation of platelet in test system; platelet counts, platelet
morphology (SEM), bTG, PF4 (EIA), expression of CD62 or
CD63 (flow cytometry)
Hematology

Hemolysis of RBC (colorimetric); WBC counts

Immunology

Complement activation; C3a, C5a or SC5b-9 (TCC) by EIA;
WBC activation by enzyme release, expression of activation
markers (CD11b)
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Medical Device Development
Material Testing
In Vivo Safety Testing (ISO10993-1,2,3,4,6,10,11,16,):
• In vivo assessment is performed to establish safety of
medical device in a biological environment, under
clinically relevant conditions
• Selection of In Vivo tests depends upon tissue contact
and duration of exposure:
• Limited Duration: ≤ 24 hours
• Prolonged Duration: >24 hours and <30 days
• Permanent: > 30 days
Device

Tissue Contact

Surface Devices

Skin; Mucosal surfaces; Breached or
compromised surfaces

External Communicating
Devices

Blood path, indirect; Tissue/bone/dentin
communicating; Circulating blood

Implanted Devices

Tissue or Bone; Blood
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Medical Device Regulatory
Approval
Ed Moore
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Regulatory Authorities for Medical Devices

• FDA – Center for Devices and Radiological
Health (CDRH)
https://www.fda.gov/industry/regulatedproducts/medical-device-overview

• European Medicines Agency (EMA) Regulation (EU) of Medical Device directive
https://www.ema.europa.eu/en/humanregulatory/overview/medical-devices
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FDA CDRH
Classification of Medical Devices:
• Class I:
• Simple in design
• Follow general regulatory requirements due to minimal
safety concerns:
• Register the device
• Follow proper branding and labeling guidelines
• Follow proper manufacturing techniques
• Notify the FDA prior to marketing the device
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FDA CDRH
Classification of Medical Devices:
• Class II:
• More complex in design
• Pose minimal risk
• Follow general regulatory requirements for a Class I device
• Follow any special labeling and performance standards
• Demonstrate equivalence to previously approved Class II.
• Approval by 510(k) application
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FDA Database of 510(k) Devices
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CONTOUR NEXT Glucose Monitor
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CONTOUR NEXT Glucose Monitor
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CONTOUR NEXT Glucose Monitor
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FDA – 510(k)

• A 510(k) is a premarket submission made to
FDA to demonstrate that the device to be
marketed is at least as safe and effective, that
is, substantially equivalent, to a legally
marketed device (21 CFR 807.92(a)(3)) that is
not subject to PMA.
• A 510(k) requires demonstration of substantial
equivalence to another legally U.S. marketed
device. Substantial equivalence means that
the new device is at least as safe and effective
as the predicate.
42

FDA CDRH
Classification of Medical Devices:
• Class III:
• Intricate in design
• Pose the greatest risk, generally life sustaining or life
supporting interventional products
• Follow Class I and II requirements plus must be premarket approved, completing clinical trials in humans
• Requires filing Premarket Approval (PMA).
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FDA - PMA
• Premarket approval (PMA) is the FDA process of scientific
and regulatory review to evaluate the safety and
effectiveness of Class III medical devices.
• PMA is required for all Class III devices. In addition, if Class
I or Class II devices are judged to be non-substantially
equivalent to previously approved devices, they need to be
approved by PMA submission.
• PMA consists of technical sections to allow FDA to evaluate
the approvability of the device
– Non-clinical laboratory section – microbiology, immunology,
toxicology, biocompatibility, stress, wear, and other laboratory
or animal studies.
– Clinical investigation section – protocols, safety, effectiveness,
patent adverse reaction events, and other human clinical trial
results. Clinical trials are conducted under an Investigational
Device Exemption (IDE).
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European Regulatory Device Requirements
• CE Mark is a manufacturer’s statement that the product
meets all of the EU laws for the device.
• The manufacturer must carry out a conformity assessment,
set up a technical file and sign a declaration stipulated by
the leading legislation for the product.
• The adoption of Regulation (EU) 2017/745 on Medical
Devices (MDR) and Regulation (EU) 2017/746 on In-Vitro
Diagnostic Devices (IVDR) changed the European legal
framework for medical devices, introducing new
responsibilities for EMA and for national competent
authorities. Both Regulations entered into force in May
2017 and have a staggered transitional period.
• The MDR has a transition period of three years and will
fully apply from 26 May 2020. The IVDR has a transition
period of five years and will fully apply from 26 May 2022.
https://www.ema.europa.eu/en/humanregulatory/overview/medical-devices
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Voluntary Standards
• Societies associated with medical devices have established
voluntary standards to assess aspects of medical devices.
• American Society of Testing and Materials (ASTM) have
established procedures by which materials properties are
tested.
• Association for the Advancement of Medical
Instrumentation (AAMI) has established standards for
testing medical electronics, sterilization, vascular
prosthesis, and cardiac valves.
• Americal National Standards Institute (ANSI) is the official
US organization the interacts with other national
organizations to develop international standards within the
International Standards Organization (ISO).
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ISO Standards

101 standards listed on the ISO website for medical devices
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Medical Device Development
Common Assays for Measuring Complement Activation:
• C3a, C5a and C4a:
• First assays developed were RIA
• EIA developed following production of fragment-specific
monoclonal antibodies
• C3bi:
• EIA developed following production of C3bi-specific
monoclonal antibody
• SC5b9, TCC:
• EIA developed following production of C9-neoepitopespecific monoclonal antibody
• Hemolytic:
• Based on lysis of sheep RBC-rabbit IgM by guinea pig
complement (CP) or rabbit RBC by complement (AP) with
EGTA to bind Ca+2
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