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Lean Service for Legacy Gastroscope

Abstract
KARL STORZ offers repair services for the Legacy Gastroscope at their Charlton, MA facility.

This particular endoscope was first manufactured in this facility in 2007 but is no longer
available to be newly manufactured. For this project we investigated alternatives to save parts
and components for the Legacy Gastroscope to help delay its product obsolescence. We observed
and interviewed evaluators, repair technicians, and floor managers. Analysis of evaluation
reports and other procedural documentation was completed to assess how repair levels were
assigned. Recommendations were generated on how to delay product obsolescence for the

Legacy Gastroscope.
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Executive Summary

Introduction

KARL STORZ Endoscopy- America Inc., a subsidiary of KARL STORZ Gmbh & Co., isa
leading manufacturer of endoscopic equipment in the United States. KARL STORZ
manufactures a wide range of endoscopic devices which have many applications in human and
veterinary medicines. The KARL STORZ facility in Charlton, MA is a manufacturing and

repairing center for their endoscope devices.

KARL STORZ places a high importance on customer service for their repair services. If
customers experience any abnormal problems with the endoscopes, then the customers can return
the endoscope to the Charlton, MA facility to be evaluated. The evaluation process is designed to
reveal defects in the endoscope that may cause it to malfunction at the customer's end. Common
causes for malfunctioning include normal wear and tear, improper handling, and more. KARL
STORZ offers a repair service that fixes endoscope defects with a fee to the customer. In this
optional repair service, the returned endoscope is thoroughly cleaned, disassembled, rebuilt using
new components as needed, inspected, then shipped back to the customer. This repair service
allows the customers to fix and reuse their existing endoscopes, which results in a lower cost for

the customer compared to buying a brand-new endoscope.

The Legacy Gastroscope has not been manufactured new at the Charlton, MA facility since
2012. Therefore, the Legacy Gastroscope is only being serviced for repairs until the customer
decides to replace it with a newer model. While the Legacy Gastroscope is nearing the end of its
product life cycle, its components are becoming more difficult to acquire due to component
obsolescence. While these out-of-house sourced components were easy to acquire in 2012, these
components have become more expensive and more difficult to acquire as manufacturers
develop new components. This project aims at delaying component obsolescence for the Legacy
Gastroscope by identifying opportunities for repairing and reusing damaged components that are
returned for repair at the Charlton, MA facility. In addition, this project identifies strategies for
influencing KARL STORZ customers who own Legacy Gastroscopes into upgrading to the

Silver Gastroscopes, the in-house manufactured successor to the Legacy Gastroscope.
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Background

In the United States, the medical device industry is a highly competitive and highly profit-
oriented industry. The United States is the 3« largest medical device market in the world and, in
2012, accounted for 38% of the global medical market. Key drivers of this industry include: an
increasing number of hospital visits, technological advances, an improving economy, and the
expansion of healthcare funding programs. By 2020, it is expected that the medical device
industry will generate $55 billion of annual revenue in the United States. Customers of medical
device manufacturers like KARL STORZ include hospitals, clinics, alternative care providers,
and medical device distributors. Purchasing trends in the medical device market are changing as
hospitals join Group Purchasing Organizations (GPOs), which have led to manufacturers

adapting new marketing strategies to differentiate their products from competitors.

Endoscope production is a component of the medical device industry and is considered to be an
electro medical device. Gastrointestinal (GI) endoscopes are a specific type of endoscope used to
examine the gastrointestinal tract. KARL STORZ’s Legacy Gastroscope is a product in the GI
endoscope market. The main components of a Gl endoscope are: the insertion tube, the control
section, and the connector section. Each Gl endoscope can be paired with an external lighting
source and a monitor, which allows medical professionals to view the inner parts of the human
body. Recent endoscopic innovations have improved the lighting component and productivity of
endoscopes. Recent endoscopic innovations have improved the lighting component and

productivity of endoscopes, for example, the Colon Sight endoscope used for colonoscopies.

Methodology
The following objectives were set for this project:
1. Understand the repair process for Legacy Gastroscopes,
2. Collect and analyze data for Legacy Gastroscope repair,
3. Identify opportunities for waste reduction in Legacy Gastroscope repair,
4. Understand the product life cycle and its influence on customer purchasing habits.

To understand the repair process for Legacy Gastroscopes, our team used process mapping and

technical research to study the flow of materials and information throughout the repair process.
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We conducted two rounds of observations, high-level and low-level, while following a Legacy
Gastroscope through each station in the repair process. Our team interviewed floor managers,
evaluators, and repair technicians to better understand the repair process at different perspectives.
We synthesized information obtained from our observations and interviews to develop an “as is”
process map. This process map helped our team to better understand the cross-functional
relationship between the different stages in the repair process. Our project sponsors also provided
us with detailed instructions for each station in the repair process to help understand the more
technical aspects of the Legacy Gastroscope.

To collect and analyze data for the repair process of the Legacy Gastroscope, we reviewed
reports and documents referring to the repair of Legacy Gastroscopes. First we reviewed
evaluation reports, standard forms for recording product evaluation results, to identify the most
common defects found during the repair process of a Legacy Gastroscope. Second, the Bill of
Material (BOM) Orders were reviewed to identify a list of components consistently ordered and
required for Legacy Gastroscope repairs. Eighty BOM orders from 2015 were examined using a
Microsoft Access database we created to understand the relationship between the evaluation
reports and the materials being ordered for repairs. Based on the evaluation reports and BOM
orders, we estimated the amount that customers were spending on Legacy Gastroscope repairs
and identified the components responsible for the largest share of repair cost. Finally the team
reviewed the Start and Stop records of Legacy Gastroscope repairs to identify opportunities for
waste reduction. This document contains information about each endoscope repair including key

dates, processing times, device history, and more.

Using probabilistic cost analysis we identified the components which should be examined for
reclaim. The probabilistic cost analysis accounted for the replacement frequency of each
component within our sample size! in order to model the population of Legacy Gastroscope
repairs. We combined these population frequencies with their respective purchasing costs, to
reveal the components responsible for the largest share of repair costs. From our probabilistic

L We used a sample of 80 BOM orders that had an evaluation date in the year 2015 and were recorded in KARL
STORZ’s data management system in the year 2015. This sample was used to estimate the replacement frequency
for each component in the repair data population.
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cost analysis we identified three components to investigate opportunities for reclaim: the Printed
Circuit Board (PCB) Assembly, the Housing with Control Unit, and the Connector Housing
Assembly.

Using online research and interviews with industry professionals we gained a better
understanding of the Legacy Gastroscope’s product life cycle and its influence on customer
purchasing habits. We reviewed news reports and articles for current market and technological
trends. In addition, we utilized personal contacts in hospitals and medical device manufacturers
to better understand the customer purchasing habits from industry professionals. From this

research, we developed a product strategy for the Legacy Gastroscope at KARL STORZ.

Results and Recommendations

The PCB Assembly, the Housing with Control Unit, and the Connector Assembly were
identified as the components with the greatest opportunity for reclaim. From our review of in-
house reports and documents related to the repair of Legacy Gastroscopes, as well as multiple
rounds of process observations and interviews with industry professionals, we determined that
these components were best suited for preventive measures and not corrective measures. We
deemed that a repair service for these out-of-house sourced components was too costly for

implementation.

The most common damage to the PCB Assembly was corrosion due to internal fluid invasion.
Once the PCB Assembly was compromised, the costs to repair outweighed the benefits of buying
a new PCB Assembly. Therefore, our team focused on methods for preventing corrosion as
opposed to repairing the damages. We recommended that conformal coating be applied to the
PCB Assembly for each returned Legacy Gastroscope moving forward. Conformal coating is
applied to electrical components to prevent short-circuiting from fluid contact. Conformal
coating is a low cost material, has a minimal application time, and has an existing application in
other KARL STORZ endoscope products. From an economical, technical, and organizational
aspect, the application of conformal coating to the Legacy Gastroscope is feasible. In addition,
this recommendation would increase the chance of preventing corrosion caused damages in the

PCB Assembly, which will result in lower repair costs for the customer.
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The most common damage to the Housing with Control Unit and Connector Assembly is
cosmetic damages to their exterior. Since these components are sourced out-of-house, the proper
repair methods are proprietary to the original manufacturer, and any temporary fixes by KARL
STORZ could result in negative safety implications, then the costs and consequences of repair
could outweigh the cost of buying new components. We recommended that KARL STORZ
survey existing Legacy Gastroscope customers to reevaluate customer expectations for cosmetic
defects and redefine KARL STORZ’s cosmetic defect specifications. Through our discussions
with industry professionals and a customer liaison at KARL STORZ, we concluded that
customers are more concerned about safety implications and not physical appearance for their
Legacy Gastroscopes. Therefore, the current cosmetic defect specifications can be expanded to
allow more cosmetic damages per customer expectations. Redefining specifications may reduce

the cost for future repairs since the need to buy a new component will not be required.

In addition to the reclaim recommendations for the above components, our team outlined further
recommendations for Gastroscopes products at KARL STORZ in the form of a product strategy
for Legacy Gastroscopes. From interviews with industry professionals and a KARL STORZ
customer liaison, we provided insight into the customer purchasing habits for medical devices,
customer expectations for legacy products, and how both of these influences should be accounted
for with Legacy Gastroscopes at KARL STORZ. We concluded that most new gastroscopes in
the market are considered novelty improvements and the marginal costs to the customer highly
influences whether or not they purchase the newer model. Therefore, using a cost assessment of
Gastroscope repair at KARL STORZ, we provided insight into Legacy Gastroscope repair
compared to Silver Gastroscope repair and how this comparison can be used to benefit the

customer and KARL STORZ from an economic standpoint.

Lastly, we identified opportunities for improved communication between the evaluation station
and the disassembly station. The disassembly station is where the endoscopes are disassembled
before they are rebuilt. Occasionally, repair levels are revised as the endoscope is processed
through the repair service. Revised repair levels occur when the rebuilding stations identify

damaged components that went previously undetected, which may escalate the assigned repair
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level for that particular endoscope. If the customer is billed prior to detecting additional damaged
components, then the cost difference is assumed by KARL STORZ. While the frequency of
revised repair levels are low (footnote), the costs that KARL STORZ consumes is unnecessary
waste. Our team decided that this improvement opportunity was not as imperative to our project
as other opportunities, however, we recommended that these revised repair level occurrence be

reviewed in detail in future projects for possible improvements to the evaluation procedure.

Conclusions

As the manufacturing of Legacy Gastroscopes ends, and newer models are introduced into the
market, components for the Legacy Gastroscope become increasingly costly and difficult to
source. This project investigated methods for delaying component obsolescence in the Legacy
Gastroscope at KARL STORZ. From our findings, we created short-term recommendations for
the Legacy Gastroscope and long-term recommendations for Gastroscopes at KARL STORZ. In
addition, we identified opportunities for improved communication between the evaluation station
and the disassembly station. In this project, the lessons learned about Legacy Gastroscopes

provided insight into the production of legacy medical devices overall.
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Glossary of Terms

Bill of Material (BOM) Orders-A generated statement of components that were consumed in
the endoscope repair process. This statement is sent to the customer for billing purposes,
excluding warranty situations.

Evaluation Reports- A standard form that evaluators complete while assessing the condition of
endoscopes that have been received from customers.

Legacy Gastroscope- refers to the older model of gastroscopes, more specifically model
13801NKS.

PFMEA.- Process Failure Mode Effect Analysis is an analytical tool used to evaluate potential
failures in a process.

Product Obsolescence- The time and state in which a product ceases to be useful, productive, or
compatible.

RA- Repair Angle, a low level cost of endoscope repair mainly involving the angle cover.

RE- Repair Evaluation. This this the repair cost and the customer is only charged for the
evaluation of the scope.

RH- Repair High, a high level cost of endoscope repair usually involving the housing assembly.

RHC- Repair High Camera, a level of endoscope repair that is the highest cost. This involves
replacing aspects of the camera of the scope.

RL- Repair Low, a low level cost of endoscope repair usually involving the strain relief.
RM- Repair Medium, a medium level cost of endoscope repairs and involves the shaft repair.
RS- Repair Small, a low level cost of endoscope repair usually involving the lens.

Silver Gastroscope- refers to the Flexible Silver Scope Gastroscope which is the newer model
of video gastroscopes, more specifically the 13821NKS.

Start and Stop Records for Endoscope Repair- A standard record of all endoscope repairs.

This record includes details about the endoscopes, shipping and receiving dates, repair
processing times, repair completion dates, and repair levels.
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Chapter 1: Introduction

Repair services in the medical device industry are essential for customers to consider when
purchasing medical devices. Customers can decide to seek repair services from the original
manufacturer, or customers can seek repair services from third party vendors. Original
manufacturers can initially be more expensive but as the life cycle of the product goes on it can
become less expensive. It is important to stick with the original manufacturer because the repair
service quality is higher due to the proprietary manufacturing processes, known only by the
original manufacturer. During the repair process it is important for manufacturers to keep the
process fast, efficient, and most importantly inexpensive. Expensive repair services can motivate
customers to seek lower quality, less expensive third party vendors as an alternative. In addition,
companies should also be cognizant of a product’s life cycle, and where each product is located
in that cycle at all times. If a product is nearing obsolescence, an effective strategy should be

established to either extend its product lifespan, or phase into the newer model.

KARL STORZ Endoscopy-America Inc. is a subsidiary of KARL STORZ GmbH & Co., a
global leader in the production of medical devices. KARL STORZ Endoscopy-America Inc.
designs, develops, and distributes a wide range of medical imaging devices and equipment in the
United States. KARL STORZ offers more than 15,000 different products that have applications
in human and veterinary medicine. In addition to manufacturing, KARL STORZ provides repair
services for their portfolio of products. For example, the Charlton, MA facility offers repair
services for the Legacy Gastroscope. This particular endoscope is used by medical professionals
to observe the lining of a patient’s gastrointestinal (GI) tract. Like many other medical devices,
the GI endoscope is reusable for multiple surgical procedures. If a problem or defect is found
with a Gl endoscope, the device can be sent for repair to the original manufacturer or a third

party vendor.

KARL STORZ is committed to providing their customers with timely and quality repair services.
Customers can send in their medical devices to be evaluated and repaired at the Charlton, MA
facility. The standard turnaround time is 7 days once received by KARL STORZ. In addition,
KARL STORZ strives to maintain low repair costs for the customer, while ensuring “like-new”

conditions for the medical device. Keeping repair costs low allows KARL STORZ to compete



Lean Service for Legacy Gastroscope

with third party vendors. The Legacy Gastroscope, the predecessor to the new Silver
Gastroscope, has not been manufactured new since 2007. As the Legacy Gastroscope nears the
end of its product life cycle, its out-of-house sourced components become more costly and more
difficult to acquire, which raises the total cost per repair. This project aims at delaying
component obsolescence and reducing repair costs for the Legacy Gastroscope by identifying
opportunities for repairing and reusing damaged components in Legacy Gastroscopes that are
returned at the Charlton, MA facility. In addition, this project develops a product strategy for the
Legacy Gastroscope backed by market research, interviews with industry professionals, and

technical and economical comparisons to the newer Silver Gastroscope.

1.1 Problem Statement

While the Legacy Gastroscope is nearing the end of its product lifespan at KARL STORZ, its
components are becoming more difficult to acquire due to component obsolescence. As these
out-of-house sourced components become more difficult and more costly to acquire, the repair
cost per endoscope becomes more expensive for the customer?. A high repair cost could
influence customers to use third party vendors for product repair, or to purchase future products
from a KARL STORZ competitor. This project aims at delaying component obsolescence and
reducing repair costs for the Legacy Gastroscope by identifying opportunities for repairing and
reusing damaged components in Legacy Gastroscopes that are returned at the Charlton, MA

facility.

1.2 Project Goals and Objectives

The overall goals of this project was to reduce process waste within the endoscope repair
process, to develop a plan of action for repairing and reusing components of the Legacy
Gastroscope, and to develop a product strategy for the Legacy Gastroscope. To accomplish our

goals we developed the following four objectives:

2 Bill of Material (BOM) orders, the list of new components that were used in repaired endoscopes and their related
costs, was reviewed. Based on a sample size of 93 BOM orders in 2015.(including 5 samples from each repair
level), we calculated the average cost to repair an endoscope by repair level. Next, we reviewed an in-house record
of evaluated Legacy Gastroscope and found that identified the repair level (RHC, RH, RM, etc.) for each evaluation.
The in-house repair records were combined with their average repair level costs to identify that approximately
$520,000 in new components were used in repaired Legacy Gastroscope annually.



Lean Service for Legacy Gastroscope

Understand the repair process for Legacy Gastroscopes,
Collect and analyze data for repairing Legacy Gastroscopes,

Identify opportunities for waste reduction in the Legacy Gastroscope repair process,

N

Understand the product life cycle and its influence on customer purchasing habits.

1.3 Project Deliverables
The deliverables for this project are:

1. A list of components with a plan of action for reclaim in the Legacy Gastroscope

2. A list of opportunities for waste reduction in the Legacy Gastroscope repair process

3. Product strategy for the Legacy Gastroscope

= Market analysis containing competitor research, customer expectations on
surgical devices, and technology trends on endoscopes.
= Financial analysis of servicing Legacy Gastroscope compared to upgrading and
servicing the newer Silver Gastroscope.

1.4 Project Scope
The scope of this project contains the in-house steps of the Legacy Gastroscope repair process at
the KARL STORZ Endoscopy-America Inc. facility in Charlton, MA. The design of the Legacy
Gastroscope and the physical layout of the repair process are outside the scope of this project;
however, we can provide suggestions or recommendations for the individual stations. In
addition, all out of house steps are outside the scope of this project including delivery and
handling conducted by the customer, as well as any outside production of assemblies and sub-
assemblies. This project collects and analyzes data for the Silver Gastroscope; however, the
motivation was to draw comparisons to the Legacy Gastroscope, and not to provide
recommendations for the Silver Gastroscope specifically. Although this project can help aid
other endoscopic product lines, this project primarily focuses on the Legacy Gastroscope.
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Chapter 2: Background

KARL STORZ GmbH & Co. is one of the world's leading endoscope manufacturers. Founded in
1945 the company originally produced eyes, nose, and throat instruments, headlamps, and
binocular lenses (KARL STORZ Inc. e, n.d.). Over time the company sought to develop a device
that could aid medical professionals in examining the inside of a human body; however, during
the 1940s the only medical technology available to accomplish this was to illuminate a body
using miniature lamps. KARL STORZ sought to find an alternative solution by creating a new
medical device that focused on utilizing external lighting sources that could be introduced to the
body through a flexible cable. This idea laid the foundation for modern endoscopy and by the
early 1950s KARL STORZ was developing and producing its first endoscopes. Since then,
KARL STORZ has designed, manufactured, and distributed over 15,000 different endoscopic
products covering both human and veterinary needs. Their endoscopes aid many different
practices in the medical field and include functions in neurology, cardiovascular, and plastic
surgery, as well as procedures in gynecology, urology, and laparoscopy (KARL STORZ Inc. (d),
n.d.). Globally, KARL STORZ has locations in over 40 different countries in 50 subsidiaries,
including their headquarters, which is located in Tuttlingen, Germany. KARL STORZ
Endoscopy- America Inc. is a subsidiary of KARL STORZ GmbH & Co. and has six locations in
the United States, including their Charlton, MA facility (KARL STORZ Inc. h, n.d.).

2.1 Endoscopes

Endoscopes utilize fiber optic imaging, which was first utilized in the 1960s; however, scientists
have observed and researched the ‘guiding of light’ in certain materials, such as water and quartz
rods as early as the 1840s (Baillie, 2007). In 1954 Professor Harold Hopkins observed that light
could travel through thin glass fibers due to the property of internal reflection and subsequently
Doctor Basil Hirschowitz utilized this scientific phenomenon to develop the first gastroscope
prototype. By coating the glass fibers, the internal reflection increased the power of the natural
light shining (Baillie, 2007). In addition, a buffer coating was added to protect endoscopes from
moisture damage and impact damage. In addition, an external light source was attached to the tip
of the endoscope to further illuminate the image. By the 1990s, fiber optic imaging had

competition with video-chip endoscopes, which utilized a charge coupled device (CCD), also
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used in digital cameras. This would allow for multiple medical professionals to view the images
on an external video screen instead of viewing the images through an eye/head piece (Baillie,
2007).

2.1.1 Gastro Intestinal Endoscopes

Gastrointestinal (GI) endoscopes, a subset of all endoscopes, are used to examine and treat the
Gl tract. They can differ from other endoscopes in function, purpose, and size. While endoscopes
are able to look at a wide range of bodily compartments, GI endoscopes specifically look at the
gastrointestinal tract. A basic Gl endoscope is made of three parts: the insertion tube, the control

section, and the connector section, which can be seen in Figure 1 (Varadarajulu, et al., 2011).

- Control Section

Insertion Tube

Figure 1: Parts of an Endoscope (Gentek, n.d.)

The insertion tube is a flexible channel that travels through the patient’s mouth, down the
patient's Gl tract, and can be oriented in many angles (Varadarajulu, et al., 2011). Attached to the
tip of the insertion tube is a charged-coupled device (CCD) which allows for colored images, a
light source, water and air flow, and an objective lens. The control section is the part of the

endoscope that the medical professional holds and maneuvers to control the movement of the
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insertion tube. The control section has two control dials that can move the tip of the insertion
tube up, down, left, and right. The connector section allows the endoscope to be attached to
external devices such as a light or electrical source and a video screen (KARL STORZ Inc. b,
n.d.).

2.1.2 Endoscopic Innovations

The medical device industry is highly competitive, as companies work to continuously redesign
and improve their products. In the early years of endoscopic development, innovations such as
the use of fiber optic cables, charged-coupled-devices, and external light sources allowed
endoscopic access to more areas in the human body (Reavis & Melvin, 2008.) Recently endoscopic
innovations include new techniques for lighting, productivity, and sterilization. Over the past few
decades, endoscopic technologies have evolved steadily; however, in recent years, advances in
this field have formed the foundations for the next generation of endoscopes.

One problem GI endoscopes face is visible white light in images. Studies have shown that
endoscopists can miss 30% of abnormalities due to white light (\Valdastri, et al., 2012.).
Innovations that can help eliminate white light issues are chromoendoscopy, autofluorescence,
and charged-coupled-device cameras. Chromoendoscopy is a technique that uses dye solutions in
the Gl tract which enhances the visibility of changes in the Gl tract. Autofluorescence is an
imaging technique used to detect subtle changes in the tissues of the Gl tract when specific
chemicals are activated by specific wavelengths. Advances in charged-coupled-devices have also
made it possible for new high-resolution and high-magnification cameras for endoscopes
(Waxman, 2002.) Innovations with charged-coupled-devices have made it possible to increase

image zoom from 30x to 100x.

The productivity of endoscopes has recently changed as single-use devices and accessories have
been developed (Croffie, & et al, 2005.) The advantages of single use products are: increased
convenience and variety, lower cost per unit, and lower risk of infection. The disadvantages of

single use products are: the potential for higher cumulative costs, the need for proper disposal
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methods, and the negative impacts on the environment due to material waste. These advantages
and disadvantages are in direct contrast to multi-use devices, such as the Legacy Gastroscope
and Silver Gastroscope manufactured at KARL STORZ.

The Fraunhofer Institute for Reliability and Microintegration in Berlin, Germany has developed
inexpensive micro-cameras that will help aid the production and use of disposable endoscopes
(“Cameras Out of the Salt Shaker,” 2011.) Through the institute’s research and development they
have streamlined the electronical components of the camera so that the size of the entire system
is roughly the size of a grain of salt. This allows the camera to be mounted on the tip of the
endoscope as oppose to the base of the endoscope (“Microcamera for Disposable Endoscopes,”

2011.)

2.1.3 The ColonSight

Another example of an endoscopic innovation, described by the American Society for
Gastrointestinal Endoscopy, is the ColonSight, which is used in colonoscopies. The ColonSight
was developed by researchers from the Memorial Sloan-Kettering Cancer Centers in Italy and
Israel (“New Era of Colon Screening Emerging,” 2004). This scope is particularly innovative
because it utilizes a contaminant resistant sheath, or cover, a self- propulsion system, and an
LED light source (Reavis & Melvin, 2008.) The disposable sheath covers the endoscope and
creates a barrier between the patient, the scope, and the physician. This sheath eliminates the
need for a disinfection or sterilization process and reduces the risk of infections, because the
endoscope doesn't make contact with neither the patient nor the physician. The propulsion
system improves the speed at which the scope can travel through the human body and it also
reduces the amount of force the medical professional needs to use. The light at the end of the
scope utilizes an LED which eliminates the need for fiber optic cables and reduces repair costs.
The ColonSight has been tested on 84 patients in Italy, Israel, and the United States. Of those
tests, 88% were able to reach the cecum, which is the furthermost part of the colon, and
examination times were reduced to an average of 12 minutes (“New Era of Colon Screening

Emerging,” 2004).
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2.2 Medical Device Industry in the US

The medical device industry is prominent to the healthcare sector and focuses on the
development and production of electromedical and electrotherapeutic devices such as
endoscopes, hearing aids, and ultrasound equipment (“Electromedical, Electrotherapeutic,”
2015). Key drivers of the development and growth of the medical device manufacturing industry
include: the increasing number of hospital visits, adults over the age of 65 years, and healthcare
funding programs (Hartford, 2015). Hospitals and clinics are the main customers of medical
devices because they need to continuously purchase new equipment to keep up with the
increasing number of patient visits. Recently, the boost in economy has encouraged more people
to seek medical care and schedule routine doctor visits. In 2015, the number of physician visits
was expected to increase by 3.3% (Phillips, 2015). In addition, the increasing number of adults
over the age of 65 in the United States has also contributed to the growth in the medical device
industry as well as the demand for medical devices. The risk of disease and disorders increase
with age, which subsequently increases the demand for medical procedures, and consequently
medical devices (Phillips, 2015). Increased health care programs will also allow for more people
to have access to medical procedures that may utilize medical devices (Phillips, 2015).

The medical device industry in the United States is a highly-competitive and high-profit industry.
In 2011, industry performance, in terms of profit margins, fell when hospitals experienced
financial constraints and were unable to raise the necessary funds to purchase new medical
devices (Phillips, 2015). But despite 2011°s low performance, the medical device industry
remained successful from 2012-2015. In 2012 the medical device market in the United States
accounted for 38% of the global medical market (“The Medical Device Industry in the United
States,” n.d.). The medical device manufacturing industry will continue to grow due to
technological advances, to the expansion of healthcare access through legislative initiatives, and
the improving economy (“Electromedical, Electrotherapeutic,” 2015). By 2020 the medical
device manufacturing industry is expected to earn revenues of $55 billion per year (Phillips,
2015).
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Despite the growth in the medical device industry, the number of medical device companies is
expected to decrease due to globalization, mergers, and company acquisitions (Hartford, 2015).
Increasing costs of medical devices are causing companies to rely on outsourcing their
manufacturing and research efforts to foreign companies. In addition, large companies are
looking to offset costs through mergers and acquisitions, where they can utilize smaller
companies to gain insight into their technological and research developments (Phillips, 2015).
Similarly, large companies are seeking to invest in smaller companies so they may benefit from
the technologies they develop without having to go through the process of buying a company
(“Electromedical, Electrotherapeutic,” 2015).

2.2.1 Products and Markets

Medical devices encompass a wide range of products such as x-rays, CT/CAT scanners,
pacemakers, defibrillators, CPAP machines and ventilators, cochlear implants, and endoscopes.
Demand for these products is driven by demographics, capital expenditure, technological
advances, and the needs of the healthcare industry (“Electromedical, Electrotherapeutic,” 2015).
Demographics, age and health of patients keep demand for products relatively constant even
during economically weak times (Hartford, 2015). Demand for products is also driven by capital
expenditures. Companies will purchase new equipment when previous equipment exceeds its
designated lifespan. When new equipment is needed, companies will seek equipment with the

newest technological advances, while remaining in their set budget.

The customers for medical device manufacturers are hospitals, clinics, alternative care providers,
and distributors. Over the past few years, customers of the medical device industry, specifically
hospitals, have joined Group Purchasing Organizations (GPOs) to increase their purchasing
power (Hughes and Valyko, 2012). GPOs will often enter into long term contracts with medical
device providers which places pressure to lower medical equipment prices and to increase the

use of preferred vendors (“Electromedical, Electrotherapeutic,” 2015).

Almost 40% of medical devices manufactured in the United States are exported to countries
including Japan, the Netherlands, Germany, and China (“Electromedical, Electrotherapeutic,”

2015). Approximately 35% of medical devices are sold to hospitals. A hospital’s size affects its
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purchasing power for medical devices. For example, large general medical, surgical, and
teaching hospitals will purchase a wider variety of medical devices while smaller and more
specialized hospitals will be limited to the type and number of medical devices they can
purchase. Specialists and alternative care provides consume approximately 15% of the medical
device market. This figure will continue to grow as access to specialists and alternative care

providers increases (Phillips, 2015).

Distributors, who are involved in 12% of the market segmentation, purchase large quantities of
medical devices and then resell them to different customers; however, most customers would
prefer to go through the manufacturer than a distributer, which is why they make up the smallest
percentage of the market segmentation. The medical devices manufactured at KARL STORZ are

predominantly purchased directly by the end user.

2.2.2 Competitive Landscape

Competition between medical device manufacturers is high and customers base their purchasing
decisions the on price, quality, and performance of new endoscopes (Phillips, 2015). Price is an
important factor for customers looking to purchase large quantities of medical devices. Quality
and performance is important because customers want to ensure they are receiving reliable
products that can produce dependable results during medical procedures. Large companies, with
over 10,000 employees, stay competitive through economies of scale and use this to their
advantage during their research, manufacturing, marketing, and distribution efforts. KARL
STORZ, a medium sized company, stays competitive by developing new and innovative

technologies (“Electromedical, Electrotherapeutic,” 2015).

Medical device manufacturers are continuously developing new and innovative products for
customers at a relatively low and competitive price. Since medical devices are created with new
technology and are specialized to accommodate a wide range of medical procedures, many
companies have high security standards to protect their intellectual property to safeguard
themselves against manufacturing competitors (Hartford, 2015). In addition, many companies

will require customers to sign non-disclosure agreements to protect their technological advances

10
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from competitors. Major companies in the medical device manufacturing industry include
Medtronic Inc., General Electric Company, and St. Jude Medical Inc. (Zhong, 2012). Although
KARL STORZ is considered a medium sized company, they are still a leader in quality and

versatility.

2.2.3 Product Life Cycle

The Legacy Gastroscope is nearing the end of its product life cycle and its components are
becoming more difficult and more costly to acquire. The Legacy Gastroscope was first
introduced in the Charlton, MA facility in 2007 and was manufactured until 2012. This product
is no longer manufactured or repaired in Europe and is only available for repair in the United
States at the Charlton, MA facility. To plan for product obsolescence of the Legacy Gastroscope,
it important to understand the product cycle. The product life cycle describes the four stages a
product will undergo throughout its lifespan. The stages of a product’s life cycle are determined
by the amount of revenue it can generate from the time the product is introduced to the market to
the time the product becomes obsolete (“Product Life Cycle,” 2010). The four stages of the
product life cycle are: research and development, growth, maturity, and decline, which can be
seen in Figure 2 (“Product Life Cycle,” 2009). Each product life cycle stage has its own flow of
materials, information, and distribution characteristics (“Product Life Cycle,” n.d.). In Figure 2,
the activity of the innovating firm and competitor firms are also charted based on the amount of

their sales of each firm versus the time since the product was introduced.

11
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Figure 2: Product Life Cycle (Product Life Cycle, 2010)

In the research and development phase, the product is introduced to the market. The main goal is
to increase awareness of the new product and to create customer demand. During stage 1, the
newly introduced product is the first of its kind, the price is high, and the distribution is selective

and strategic for promoting the product to potential customers (‘“Product Life Cycle,” 2010).

In stage 2, the product experiences rapid growth in revenue and demand, which increases the
distribution and marketing efforts for the product (Product Life Cycle, 2010). During this stage,
the price of the product will remain the same and new versions or iterations of the product may
be released. At this time more competitors may appear in the market as competitors try to

replicate the product and develop their own variations (“Product Life Cycle,” (n.d.).

In stage 3, the maturity phase, the product is widely available to customers and competitors
compete with the original manufacturer by offering competitive prices. To stay competitive,
companies will increase their marketing efforts to highlight what differentiates their version of
the product and decrease the product’s price by reducing production expenses (‘“Product Life

Cycle,” 2009).

12
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The final stage in the product life cycle is the decline phase. During this time, the original
company is unable to differentiate themselves from its competitors and they have to decide
whether or not they should maintain or discontinue the product (Product Life Cycle, 2009). It is
at this time that a product can become obsolete.

Obsolescence occurs when there is a loss in value of a product. In KARL STORZ, new product
development is continuously occurring to keep up with new medical technologies and needs,
which increases the rate of product obsolescence (Brouillat, 2014). KARL STORZ is currently
facing product obsolescence with their Legacy Gastroscope due to new technologies that can
replace this specific model. The Legacy Gastroscope has been repaired at the Charlton, MA
facility since 2004 and components for this product are becoming harder to acquire. To continue
repairing Legacy Gastroscopes, KARL STORZ needs to extend the product's life cycle by
delaying obsolescence. To delay product obsolescence, companies develop a plan to monitor the
product's life cycle to be aware of market fluctuations or implications with material and resource
suppliers (Trenchard, 2005). In his article “Exploit the Product Life Cycle,” Theodore Levitt
suggests that a company can extend the life cycle of a product by attempting to predict the “slope
and duration of a product’s life (Levitt, 1965).” This initiative before the product is released can
help create an “active” culture within the organization to produce long term marketing and
product development goals and strategies. It helps the company determine how different profit-
increasing strategies can best work together to optimize results and, most importantly, it helps

broaden the company's perspective on the scope and capabilities of their products (Levitt, 1965).

Medical device companies must also focus on process consistency when manufacturing medical
devices to expand the lifespan of their products (Duckett & Green, 2008). It is important for
companies to design a product with its lifespan and purpose of use in mind in order to utilize
materials and resources that will not react to fluctuations in the market. Designs also need to
account for suppliers and their ability to produce critical manufacturing components. There is
also the possibility of delaying obsolescence by partially redesigning the product when suppliers

of materials begin to run low (Trenchard, 2005).

13
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2.2.4 Porter’s Five Forces
Porter’s five forces tool helps to identify KARL STORZ’s competitive power in the GI
endoscope market. The strength of each of the forces is helpful to understand KARL STORZ’s

advantages and disadvantages. (“Porter’s Five Forces”, n.d.)

Threat of New Entry

The medical device industry is well established with much of the market share divided between a
few companies, one of which is KARL STORZ. There is always a threat of new entry however based
on their established position in the industry, KARL STORZ should not be worried about losing
market share due to new entry

Supplier Power Competitive Rivalry Buyer Power

KARL STORZ sources their parts from b e s o cEdr
suppliers that manufacture and assemble R
entire sections of the endoscope. This
puts a lot of power with the supplier
because KARL STORZ cannot source their
parts from elsewhere. They have no
choice but to purchase the entire part
from their current supplier.

Since the market is saturated with
different gastroscopes, buyers
have power over the
manufacturers. Due to similarities
of products in the market, cost is a
major factor in the decision making
for customers, giving them
additional power.

endoscopes do not
differentiate themselves
very strongly, so no single
endoscope has the power
to dominate the market.

Threat of Substitution

New research is currently being done on disposable endoscopes. These could pose a threat to KARL
STORZ if customers decide to purchase new disposable endoscopes instead of continuing to get their
Legacy Gl Endoscopes serviced. Results are inconclusive as to if this new branch of the market will be
successful. Companies such as KARL STORZ need to identify if it is worth the negative environmental

impact to get into this part of the market.

Figure 3: Porter's Five Forces in the Endoscopic Market
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2.2.5 Competitor Reclaim Processes’

The production and repair processes of Gl endoscopes, like most medical devices, are
proprietary to the manufacturing company. Process designs for KARL STORZ competitors are
not publicly accessible for this reason. Gl endoscopes may appear similar and serve similar
functions, but differ in their technologies and designs. Since these processes and designs are
proprietary to the original manufacturer, it is difficult for third party vendors to service products
as effectively as the original manufacturer. Many product malfunctions that are reported are
consistent with third party repairs. Therefore, the original manufacturer has an advantage over
the third party vendor, in terms of quality of repair. The original manufacturer can charge high

prices for repair services due to their consistency in high-quality repairs.

2.3 Lean Tools for Process Analysis

Lean practices were first formed by the Toyota Motor Corporation in Japan, during the 1930s
and 1940s to reduce waste and costs in their processes (Cudney, et al., 2013). Toyota executives
looked to the Henry Ford’s original method of mass production with the Ford Model T and
sought to utilize their method of mass production as a basis for a new, and at the time radical,
way of thinking. Henry Ford’s model of manufacturing was called flow production which
enabled Model T cars to be built on an assembly line; however, this approach did not take into
account variability in the products. Toyota was able to take his approach and develop the Toyota
Production System, which addressed both mass production and product variability (“A Brief
History,” n.d.). This new way of “lean thinking” focused on the production flow throughout the
whole process as opposed to analyzing segments of the process at a time. Today, Toyota remains
as the leading lean experts and their continued success has helped bring about a greater push for
lean thinking (“Principles of Lean,” n.d.). Lean thinking and tools are no longer being applied to
just manufacturing but also logistics, distribution, services, retail, and healthcare. In a medical
device company, lean practices can be used to make the process of introducing new technologies
and devices into the market faster and more efficient. By utilizing lean tools, medical device
companies can make their development and manufacturing processes more efficient. In this
project, lean tools will be utilized to remove waste from the endoscope repair process at the
Charlton, MA facility.

15
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2.3.1 Process Mapping

A process map is a visual diagram of a process to show the cross-functional relationship between
organizational units (Kalman, 2002). Businesses use process mapping to define and document
their core processes in order to standardize their resource consumption and reduce variability in
their output. While each organizational unit may have a specific procedure for operating, a
process map is the connector between the many organizational units. For KARL STORZ, an
organizational unit is represented as sub-processes including evaluation, disassembly, assembly,
and more. Businesses can more easily identify unnecessary steps in their processes when each
step is shown in a visual format. Process mapping can help reduce cycle time, or the total time
spent in one iteration of a process, by eliminating unnecessary steps. Also, mapping the material
and information flow between organization units can reduce delay times and streamline this

transfer between sub-processes (Kalman, 2002).

KARL STORZ has detailed procedures for each station in the repair process of endoscopes;
however, a standard work process map that links these separate procedures together has not been
developed in many years. A process map can improve the efficiency and effectiveness of the
repair process by understanding and analyzing the cross-functional relationships between

organizational units.

Define the

purpose for Establish the Map the “As mg;:‘lt:g;?m Propose "Slrjt?léh;e”
developing a team Is” Process changes
performance process

process map

Figure 4: Steps in Process Mapping

The procedure for developing a process map is defined in Figure 3. The first step is to define the

purpose for developing a process map. This helps narrow the project scope so efforts can be
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focused on the most critical sections of the repair process. The next step is to establish the team
who has the most interest, knowledge, and involvement in the process that is going to be
mapped. The team should then use techniques such as shadowing and videotaping to map the “as
is” process. This “as is” process map will serve as a base for any future process improvements.
The team will also have to establish measures for performance which will help the team
determine the successfulness of any process improvement initiatives. The process mapping team
should then identify opportunities for improvement and propose changes to the process. Finally
the team will map the “should be” process which is a visual representation of the process
initiatives that should be taken. The “as is” process map and the “should be” process map will

serve as snapshots of the before and after process.

2.4 Risk Management

Before a repaired endoscope is returned to the customer, it goes through a quality assurance
examination to identify any defective components or functionalities. For this project, any new
designs to the current repair process will undergo a risk assessment at KARL STORZ before
implementation. Risk assessments will consider how these changes will affect the routine tasks
of each employee and the potential risk implications that can arise from both a quality and a legal
standpoint. Due to these factors, risk management is a high priority at KARL STORZ. Risk
assessment is conducted by a committee of department supervisors at the KARL STORZ facility.

2.4.1 Regulations and Policy

The Food and Drug Administration (FDA) is the leading regulatory organization in the United
States. The FDA cautions patients who encounter endoscopes. In a safety communication issued
in November of 2009, the FDA reminded endoscope users of the infection risks associated with
not cleaning and sterilizing endoscopes properly after each use. The safety communication
notice also included reminders for manufacturers of their responsibilities regarding user
processing. Endoscope manufacturers are required to provide detailed and updated materials to
instruct users on how to properly process (clean and disinfect) endoscopes. The FDA also has a
Manufacturer and User Facility Device Experience (MAUDE) database that contains Medical
Device Reports (MDRs) submitted to the FDA (“Effective Reprocessing...,” 2015). The FDA

uses these reports to monitor all devices including GI endoscopes. They can run queries on the
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database to find incidents relating to GI endoscopes, and more specifically whether the issue
stemmed from insufficient reprocessing (cleaning and sterilizing after use) or if the issue could

have been prevented by the manufacturer.

When an endoscope needs to be repaired, a customer can either can send their product to the
original manufacturer or to an independent service organization (ISO) (Calderwood, et al., 2014).
Endoscopes are considered to be Class 2 Devices, because they are used on human patients,
which require the device to follow strict quality regulations as set by the FDA. If the endoscope
is returned to the original manufacturer for repair, then the FDA mandates that the endoscope is
repaired back to the original manufacturing specifications. Additionally, the repair process must
comply with FDA audits and Medical Device Reporting (MDR) requirements. ISOs are
classified by the FDA as refurbishing and reconditioning organizations; therefore they do not fall
under FDA jurisdiction. ISOs can voluntarily follow the repair regulations set by the FDA,;
however, they cannot register with the FDA. Customers may choose ISOs as opposed to the
original manufacturer because of its low costs and easy convenience; however it is important for
customers to consider the quality of the repair. Many repairs performed at ISOs come from
reverse engineering, or unauthorized acquisition of manufacturers’ manuals, which leads to a
lower quality repair. If there are legal grounds for 1ISO audits, the FDA may do so; however,

these are the only formal interactions between the FDA and ISOs.

2.4.2 FDA Warming Letter

FDA warning letters are sent to manufacturers when they are not complying with FDA rules and
regulations. An FDA warning letter will identify the rule or regulation the manufacturer is
violating, request specific correct actions, and suggest a timeline for which the company should
fix the problem. After a warning letter is sent, it is the organization's responsibility to perform
the necessary changes to their internal processes and stand work. The FDA will follow up with

the company to ensure the proper changes are made by the preset deadline.
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2.4.3 Superbug

The FDA seeks to reduce the risk of infections and patient to patient cross-contaminations by
setting strict rules and regulations on the manufacturers. Ultimately it is the responsibility of
endoscope manufacturers to create instructions on how to properly clean and sterilize their
endoscopes before each use. Hospitals can follow the cleaning process designed by the
manufacturers; however, there is still a risk that the endoscope is not fully cleaned and/or
sterilized due to user error. In the case of the “LA superbug”, the Los Angeles Ronald Reagan
Medical Center followed the manufacturer's guidelines when cleaning an endoscope; however,
they soon discovered that this process was not properly sterilizing their endoscopes. The small
crevices of the endoscope were not easily accessible by the cleaning brushes and subsequently
the remaining debris was unable to be removed. This caused cross-contamination of the
Carbapenem-Resistant Enterobacteriaceae (CRE) superbug between patients. A superbug is a
drug resistant strain of bacteria, and is therefore extremely difficult to treat. Unfortunately for
the Los Angeles Ronald Reagan Medical Center, the superbug infected nine patients, two of

which died from the virus.

When the CRE outbreak was found, the FDA ordered endoscope manufacturers to conduct
market research and determine the effectiveness of their cleaning procedures on their endoscopes
(U.S. FDA, a, 2015). The FDA’s most recent announcement states that manufacturers need to
keep the challenges of reprocessing, or cleaning the endoscope before each procedure, in mind
during the initial design phases of new endoscopes (U.S. FDA, b, 2015). Additionally,
manufacturers must test their endoscopes to validate if they can be properly cleaned and
sterilized using the instructions provided to the customer. Once data on the cleaning process is
gathered, companies must submit their findings to the FDA to gain approval and end

investigations.

2.4.4 Post Market Complications

Original manufacturers and third party repair vendors are always looking to manage risk from

repaired GI endoscopes, as like all other repaired medical devices. A defective endoscope can
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cause many problems such as the cross-contamination as described in the spread of the Superbug
virus. These adverse events compromise the safety of the patients and leave the hospital and
manufacturer liable. As described earlier, FDA regulations require original manufacturers to
report any adverse events that are a result of their products, but third party vendors do not fall
under those same regulations. Also, the process for reporting MDRs is a voluntary system, and it
is up to the manufacturer to ensure that an MDR is submitted for all cases. Since only original
manufacturers are required to submit an MDR and the original manufacturer must voluntarily
submit the MDR, this can result in the underreporting of many adverse events for all medical
device products. The impact of underreporting is difficult to quantify and can lead to the
unrecognition of common defects in a particular product. Although there is no evidence for a
defective product to repair, this could be due to failure to report an adverse event. Thus, this
project must examine all reported adverse events related to endoscopes and ensure that any
changes to the repair process at KARL STORZ would not result in the similar malfunctioning of

their Legacy Gastroscope.

Count of Unique Medical Device Reports by Origin of Cause
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Figure 5: Origin of Causes based on 34 unique Medical Device Reports (MDRs) for KARL STORZ

2.4.5 Patents

KARL STORZ has over 400 patents on different medical imaging devices (USPTO). KARL
STORZ has succeeded in their previous efforts to enforce patent designs for their endoscopes
products such as their past lawsuit with FemSuite (Pierson, 2008). KARL STORZ sued

FemSuite for patent infringement on their patent titled “Endoscope having provision for
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repositioning a video sensor to a location 