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April 11, 2003

ASTM Workshop on Cleanliness Issues in Medical Devices
Organizers: Stephen Spiegelberg, Jack Lemons

The improvements in medical device design and surgical procedures in the past several years have resulted in a higher standard of clinical success for medical devices. As fewer complications arise from previous issues of material failure, product design, or surgical technique, emphasis is now being placed on the cleanliness of medical devices. Ideally, manufacturers would like to produce parts with no contaminants. Practically, this goal is not achievable, and manufacturing costs increase dramatically as manufacturers attempt to reduce the levels of contamination. Two key questions that most research scientists and quality assurance engineers are asking these days are “how clean is clean enough?” and “how does one assess cleanliness?”

The speakers at this workshop bring their experience with cleaning procedures, issues, and cleanliness assessment from a variety of product, research, and regulatory arenas.  The intent of this workshop is to expose participants to the current level of knowledge of cleaning issues, and to generate discussion to improve their level of understanding.  The workshop is targeted towards research scientists, manufacturing engineers, and quality control personnel working in the medical device industry. 

Invited Speakers

1. Jack Lemons (U Alabama)

2. Barbara Kanegsberg (BFK Solutions)

3. Patricia Campbell (Joint Replacement Institute)

4. Ronald Sahatjian (Boston Scientific)

5. Matthew  Wagner (NIST)

6. Erin Keith (FDA)

7. Stephen Spiegelberg (Cambridge Polymer Group)

8. John Tesk (NIST)

9. Round table discussion, moderated by Josh Jacobs

10. Close by Josh Jacobs

Workshop Date and Location

Westin Crown Center Hotel

1 Pershing Road

Kansas City, MO

(816) 474-4400

May 7th, 8:30-12:30 am.

Cleanliness and Surface Quality in Biomedical Devices

Barbara Kanegsberg,

 BFK Solutions, LLC

310-459-3614

Barbara@bfksolutions.com

Soil is matter out of place.  While traditional emphasis has been justifiably placed on eliminating viable organisms, minimizing all contaminants, whether dead or alive, has become crucial.   Some factors impacting the importance of non-viable dirt include increasing miniaturization and decreasing tolerances, cost and competitive pressures, greater expectation of durability and lifetime of the devices, and increased regulatory constraints impacting traditional cleaning methods.

It is necessary to understand the nature and sources of contamination in order to successfully minimize soils in biomedical devices, to appreciate the characteristics, advantages, and limitations of various cleaning approaches, and to select  appropriate  methods for detection and control of contamination.  The presentation will include  a review of  sources of contamination and contamination control issues, a suggested “worry list,” an overview  of cleaning processes,  and a discussion of selected,  illustrative case studies.

Standards of cleanliness must be both  encompassing and  achievable.   Any cleaning step or surface preparation activity has the potential to modify the surface.  Therefore, when we speak of cleanliness, we are in all likelihood also discussing surface quality.  Further, contamination detection and contamination control cannot begin in the cleanroom.  Contamination often originates at early stages of production, well outside of the cleanroom environment, perhaps  at the sub-vendor level.  In addition, the diversity of materials  of construction, product configuration, and soils complicates our understanding of sources of contamination.   Fortunately, while implantable biomedical  devices face particularly critical end-use requirements, contamination problems are not unique; much can be learned from other related and even seemingly unrelated fields.  

HISTOPATHOLOGY OF FAILED INTER-OP ACETABULAR COMPONENTS.

P. Campbell PhD  J. Mirra MD

Orthopaedic Hospital/UCLA  2400 S. Flower St. Los Angeles, CA 90007.

Introduction: 

Beginning in late August, 2000, several specimens of failed Inter-Op (Sulzer Orthopedics, Inc. Austin TX) acetabular components with Metasul (metal-on-metal) bearings were submitted to our institute for implant retrieval analysis. The implants had been in vivo less than 6 months. The patients reported ongoing pain and the implants apparently lacked fixation in the absence of clinical evidence of infection. Investigations by the company identified a change in the manufacturing process that may have resulted in the contamination of the porous coating with an oily residue.  The aim of this study was to determine if the histopathology was consistent with this proposed cause of failure.

Materials and Methods: 

· 500 failed sockets, revised after ave. 6.4 ( 4.2 months for pain and lack of fixation

· gross inspection, histopathological examination 

· H&E stained paraffin sections of tissue from the socket, membranes and/or capsules

· first 113 cases reviewed semiquantitatively (rating > 3/12 = uncharacteristic)

Results:  

· extensive chronic inflammation, often with abundant neutrophils

· abundant granulation tissue,  edema, fibrin exudation 

· granulomas, histiocytes, foreign body giant cells (with/without wear debris, vacuoles)

· unusual spaces, 20 to 200(m, some were positive for lipid  

· metal-like dust associated with weakly birefringent crystalloid structures 

· Approx. 50% of cases revised after 1 year had chronic inflammation   

Discussion

The intensity of the chronic and acute inflammation in many of these cases was more typical of septic failures. However, according to the surgeons who submitted approximately half of these cases, there was no lab evidence of infection. The observations of granulomatous inflammation, features consistent with presence of oil (e.g. cell-lined spaces, vacuolated cells), metal and silicate-like debris, fit best with the hypothesis that these implants were contaminated with an oil-based residue mixed with debris and other substances at the time of manufacturing. The severity of the response suggests that some substance(s) in the residue, rather than mineral oil per se, was responsible for the inflammation and subsequent lack of bone ingrowth.   Endotoxin is suspected to be that substance. 

Cleanliness of Devices used for Balloon Angioplasty and Stenting

Ronald Sahatjian

Boston Scientific Corp., One Boston Scientific Place, Natick, MA.
Balloon Angioplasty with stenting is getting usage far greater than ever before. By next year, physicians  will be doing 1 million coronary angioplasties with stenting per year world wide. With the advent of Drug eluting stents, this procedure will overtake coronary bypass surgery as the recommended procedure for occlusion of coronary vassals.  The devices are packaged and shipped to physicians under high cleanliness and sterility, however, with the coming of re-use of medical devices, are the devices going to be cleaned effectively?  This talk will examine surfaces of angioplasty balloons that have been explanted to examine debris that have been observed on the balloons.  A discussion of stents and drug eluting stents will follow to show the stiff requirements that a coating must have in order not to generate artifacts and particulates in the body. 

Analytical Techniques for Assessing the Cleanliness of Medical Devices

Matthew S. Wagner

Surface and Microanalysis Science Division

National Institute of Standards and Technology

100 Bureau Drive, Mail Stop 8371

Gaithersburg, MD 20899-8371

matthew.wagner@nist.gov

Recent medical device recalls have emphasized the critical need for surface cleanliness controls in the medical device industry. These contaminants may take a variety of forms and can be present in low concentrations. Detection and identification of surface contamination on medical devices demands high sensitivity, high precision surface analytical techniques. Due to their high surface sensitivity and chemical specificity, the surface microanalysis techniques Auger Electron Spectroscopy (AES), X-Ray Photoelectron Spectroscopy (XPS) and Secondary Ion Mass Spectrometry (SIMS) are ideal for investigating contamination on the surfaces of medical devices. While these techniques are excellent for microscale contamination detection, techniques such as thermal or solvent desorption followed by subsequent analysis of the desorbed species (by Ion Mobility Spectrometry, for example) can give an overall picture of the contamination on a medical device. This talk will present an overview the various approaches at NIST that may be used to detect and identify surface contaminants on medical devices. Topics to be addressed include the methodology for these techniques, practical limits to their application, and selected applications in solving problems related to medical devices. 

FDA Perspective: Cleanliness of Newly Machined Implants

Erin Keith

FDA

Office of Compliance

A brief discussion of where issues with cleanliness of newly machined implantable components fall within the regulations, lessons learned from recalls, and what FDA hopes ASTM can accomplish.

ASTM Activities on Cleanliness of Biomedical Devices

Stephen Spiegelberg

Cambridge Polymer Group, 52-R Roland St., Boston, MA

Recent product recalls relating to the device cleanliness have helped to spur activities within ASTM. Working with medical device manufacturers, analytical laboratories, NIST, the FDA, and medical device consultants, an ASTM task force has been formed to address issues of cleanliness in biomedical components, including orthopedics, cardiovascular, dental, and opthamalogical materials. Work is being conducted to develop standards for assessing levels of cleanliness in metallic, ceramic, composite, and plastic components. The task force is also attempting to determine acceptable levels of cleanliness in the various biomedical devices. 

This paper discusses the current activities within ASTM. Draft testing standards are presented, along with plans for round robin testing. 

Symposium on Cleanliness of Biomedical Devices
John Tesk

National Institute of Standards and Technology

100 Bureau Drive, Mail Stop 8371

Gaithersburg, MD 20899-8371

This talk will be a short discussion of the upcoming symposium on cleanliness of biomedical devices. Papers will be solicited from a variety of industries including:

· FDA

· Medical Device Implant Manufacturers

· Non-Medical Device Clean-Practice Industries

· Packaging (Isolation, Protectivion, Sterile, Food)

· Cleaning Methods/Processes Industries

· Measurements & Detection Companies

· Statistical Sampling Measurement Technologists

Topic areas of interest will include:

· Standards for Biologics

· Residuals from Fabrication and Assembly

· Residuals from Cleaning

· Standards for Cleanliness & Device Acceptance

· EPA and Effects on Cleaning Processes

· On Line Detection/Quality Assurance

· Statistical Sampling 

· Practices in Other Industries that have Stringent Cleanliness Requirements:


· Semiconductor Manufacturing


· Advanced Optics Manufacturing

· Data Disk-Storage Industry

· Vacuum Systems Manufacturing

· Medical Implant Device Practices

· Combinatorial Products 

The Symposium is anticipated to occur in May of 2004. Solicitations for papers will be announced on the ASTM web site and in associated ASTM publications.
