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Corner Case Strategy and Its Application in Medical Device Design Verification: A
Case Study with Syringe Break Loose and Expulsion Force Testing

Abstract

In the medical device industry, design controls are an interrelated set of practices and procedures that are
incorporated into the design and development process and must be followed in order to develop a
product and commercialize it under regulated standards and regulations. Verification tests are an
important step in the design controls. As these various systems and subsystems are designed, design
verification testing methods are used to make sure that each design conforms to its own specifications.
However, due to resource and budget availability, not every single presentation of the product family is
tested in the verification phase. A corner case (or pathological case) involves a problem study or situation
where products are tested in extreme environmental variables or operational conditions in order to verify
the worst case of a product family and establish the confidence for the rest. In this paper, a test method
to evaluate the syringe break loose and expulsion force is addressed, in which the corner case conditions
for a syringe assembly were identified, the syringe assembly filled with medication solutions was tested,
and the collected data were used to compare and leverage existing similar products. Minitab 17.0 was
used to support the study and analysis.
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Abstract

In the medical device industry, design controls are an interrelated set of practices and procedures
that are incorporated into the design and development process and must be followed in order to
develop a product and commercialize it under regulated standards and regulations. Verification
tests are an important step in the design controls. As these various systems and subsystems are
designed, design verification testing methods are used to make sure that each design conforms to
its own specifications. However, due to resource and budget availability, not every single
presentation of the product family is tested in the verification phase. A corner case (or
pathological case) involves a problem study or situation where products are tested in extreme
environmental variables or operational conditions in order to verify the worst case of a product
family and establish the confidence for the rest. In this paper, a test method to evaluate the
syringe break loose and expulsion force is addressed, in which the corner case conditions for a
syringe assembly were identified, the syringe assembly filled with medication solutions was
tested, and the collected data were used to compare and leverage existing similar products.
Minitab 17.0 was used to support the study and analysis.

Keywords: medical device, design control, corner case analysis, break loose and

expulsion force



Introduction

Purpose, Scope, and Summary of Objectives

The purpose of this document is to capture the data analysis, rationale, and justification of
substantiate sample selection for Design Verification testing of the Barracuda 1 mL prefilled
syringe system, which is part of the design control management in the medical device product
development life cycle. Design controls designate the application of a formal methodology to the
conduct of product development activities. It is often mandatory (by regulation) to implement
design control practice when designing and developing products within regulated industries, such
as medical devices (Ogrodnik, 2013). Complex designs require more and different types of
verification activities.
Background

Pre-filled syringes (PFS) are both the storage and the administration device for parenteral
therapies, and they continue to increase in popularity due to their convenience, safety, and
accuracy of drug delivery. As of 2012, PFS sales reached more than three billion units (Zhao,
Lavalley, Mangiagalli, Wright, & Bankston, 2016). Prefilled syringes, such as the Carpuject
Syringe, have gained wide acceptance since their introduction in the mid-1970s because they can
be easily handled gy healthcare professionals. They help to reduce the potential for medication
errors by eliminating the need for nurses and doctors to calculate dosage, concentration, or
volume and by minimizing mixing and handling errors. As one type of pre-filled syringe, the
Barracuda 1 mL Syringe System consists of the 1 mL Cartridge Subéystem, shown in Figure 1,
which is preassembled inside of the Cartridge Housing Assembly, shown in Figure 3. The
Cartridge Subsystem is assembled and filled in an aseptic environment and then transferred to a

separate room for final assembly with the Cartridge Housing Assembly.
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Rationale for Primary Container Closure Configuration Selection

An analysis of the drug product attributes provided in Table 2 was performed for each of
the device features, and drug products given in Table 4 were selected as corner cases to bracket
all of the drug products in the Carpuject Mini Syringe System. The Barracuda 1 mL portfolio is
a subset of the Carpuject Mini portfolio and also utilizes the identical primary container closure
system. This bracketing strategy for Carpuject Mini is summarized in Table 4 and is
representative of the Barracuda 1 ml portfolio. The analysis in the subsequent sections of this
document will evaluate the drug attribute impacts on the device functionality for the Barracuda 1
mL syringe system, and corner cases will be selected.
Analysis of Break Loose Force

Carpuject Mini break loose force testing required bracketing of the solution pH,
elastomeric formulation, and plunger thickness. Configurations and drug products tested for
Carpuject Mini are identified in Table 4 with light grey highlights. The analysis of Carpuject
Mini data to follow will reassess the impact of the drug attributes for the Barracuda system.
Carpuject Mini corner cases were selected, because the anticipated drug attributes impacting
break loose forces were pH, plunger height, and elastomer formulation. Additional analysis of
the Carpuject Minai» data is provided herein that better defines the dru g attributes that had
practical impacts on the device functionality:

1. The drug product filling line also impacts break loose forces (not initially included in the
Carpuject Mini assessment of drug attributes impacting devi(;e functionality).

2. pH of the drug solution has minimal impact on break loose forces

































Conclusion
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The prefilled syringe is a complex system where the component characteristics often

depend on the material of construction and processing conditions, which results in

variability of

the component attributes such as silicone oil level, drug property, and plunger formulation (Ng,

Malone, Xiong, & Yi, 2013). The final assessment of drug attributes that will impact the device

features are shown in Table 7, and the attributes which have changed from the original

bracketing approach used for Carpuject Mini are identified with a bold border line. The final

corner cases for each device function test are identified in Table 8.

Table 7

Final Assessment of Drug Attributes that Potentially Impact Device Features

) Drug Attributes
Device : Elast Pl 8-I Seal
Features . . . astomer unger - €a. R .
Solution pH Viscosity Formulation | Height! Thickness Filling Line

Break Loose ) Potential Potential .
Force No Impact No Impact Impact Impact No Impact | Potential Impact
Expulsion 2 ) Potential Potential )
Force No Impact No Impact Impact Impact No Impact § No Impact

1

required a bracketing approach.

2 Auributes changed from initial assessment provided in Table 2 due to data analysis provided i

Table &

Corner Case Summary

Note all plungers have the same outer diameter, thus only plunger height was considered as a drug attribute that

n this document.

Device Feature | Design Input Corner Case

Break Loose Force | DI-BAR-15

Design Verification testing shall be performed using the
elastomeric closure of the Heparin Sodium configuration and
manufactured on the M19 filling line. Sample may be water-

filled as there is no impact from drug solution attribute.
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Design Verification testing shall be performed using elastomeric
closures from any of the following configurations: Heparin
Expulsion Force DI-BAR-17

Sodium, Naloxone, or Morphine Sulfate. Sample may be water-

filled as there is no impact from drug solution attribute.

All other testing for a manual push syringe system may be performed using water-filled

cartridge units because the drug attributes do not impact the functionality.
Summary

In this paper a test method of break loose and expulsion forces was addressed, which is
part of the syringe product life cycle development. The general corner case determination
procedure was analyzed to optimize the workload and to verify the worst case of a product
family. Statistic methodologies and tools learned from courses in the Master of Science program
were employed to support the data analysis. Based on the tolerance analysis and two sample t-
test results, a corner case of Barracuda ImL syringe was determined with supportive data.
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