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Regulatory changes can have significant impact on product design and market competitiveness. One 
upcoming example of this impact is the expansion of the European Union’s (EU) list of Restricted or 
Hazardous Substances, commonly referred to as RoHS 3. The phthalates added to the list are driving a 
switch from polyvinyl chloride (PVC) to polyurethane (PU) in medical products including tubing, 
catheters and bags. As with other RoHS directives, regions outside the EU have followed suit in 
legislation that restricts these substances. And, economies of scale considerations ultimately drive 
medical device manufacturers to alternatives which are not restricted in any market. This whitepaper 
looks at the implications of this legislation and ways a contract manufacturing partner can assist in the 
effort to fully evaluate the range of acceptable alternatives, the cost impact of a change, and efficient 
development and commercialization of products utilizing the chosen alternative materials.  

Overview 

EU Directive 2015/863 published on June 4, 2015 added four phthalates to the list of restricted 
substances in Annex II of Directive 2011/65/EU, commonly known as RoHS 2. The provisions are set to 
take effect on July 22, 2019. Category 8 Medical devices and Category 9 monitoring and control 
equipment utilizing these substances can continue to be placed in the market until July 22, 2021. There 
are also exemptions related to cables and spare parts for equipment placed in the market prior to July 
22, 2019.  

The four phthalates are: 

• Bis (2-Ethylhexyl) phthalate (DEHP): max 0.1% 

• Benzyl butyl phthalate (BBP): max 0.1% 

• Dibutyl phthalate (DBP): max 0.1% 

• Diisobutyl phthalate (DIBP): max 0.1%. 

These phthalates are primarily used as plasticizers to soften plastic such as PVC. Because phthalates that 
are incorporated into plastic materials are dispersed in the matrix rather than chemically bound to the 
plastic, they may be released out of the material over time. Certain phthalates are considered endocrine 
disruptors that can interfere with the body’s hormone system. There has also been concern about 
adverse reproductive and developmental effects.1 

According to technical briefing published by the Lowell Center for Sustainable Production, fetal exposure 
to phthalates has been shown to be correlated with maternal use of PVC products such as blood and 
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plasma bags, intravenous bags and tubing. Intestinal feeding and dialysis equipment, catheters and 
gloves were also listed as potential points of exposure. Phthalates may leach when the medical device is 
heated or when the PVC comes into contact with blood, drugs or intravenous fluids.2 

Phthalate Alternatives  

Alternative plasticizers are being explored and include citrates, sebacates, adipates and phosphates. The 
challenge is that these alternatives also are not chemically bound to polymer and may also leach out. 
Most are not well studied in terms of their potential effects on human health and the environment. 
Documented effects include eye, skin and respiratory irritations, and effects on a range of internal 
organs. Biodegradability and toxicity in aquatic environments are also concerns.3 

Researchers at the University of California Santa Cruz have been experimenting with nonmigratory 
plasticizers that attach the PVC polymer via a chemical bond and can’t leach out of the plastic.4 

PU eliminates the need for phthalates entirely as it is naturally flexible and does not require additives to 
maintain that flexibility. On the positive side, it offers significant stretchability and its abrasion resistance 
is superior to PVC.  

Formulations matter. Ester-based urethanes degrades with exposure to water and may be vulnerable to 
fungus growth. Ether-based urethanes exhibit superior hydrolytic stability and resist fungus growth. On 
the downside, PU is tackier than PVC which can result in more tangles.5 

Not surprisingly given the regulatory considerations and health concerns, companies in Europe and 
California are now using PU for tubing. There has been a move away from PVC in both Europe and 
California. All that said, PU is typically higher cost than PVC and may not be suitable for all applications. 

The Value of a Strong Contract Manufacturing Partner 

There is no perfect drop-in replacement for PVC either in terms of alternative plasticizers or PU. 
Consequently, migration to alternative materials will likely involve tradeoffs. Forefront Medical 
Technology, a specialty contract manufacturer with a focus in disposable diagnostic, drug delivery 
systems and specialty medical devices, frequently works with customers in challenging product 
development situations that require careful analysis of market needs and potential solutions. 

Forefront Medical utilizes a standardized process in which customer requirements are assessed and a 
Design Development Plan (DDP) is created. A customer specification is then developed and market 
inputs are collected. This two-pronged approach of pulling information from the customer combined 
with studying the market helps ensure the initial specification adequately identifies all critical 
requirements. The customer specification provides a written document that aligns the teams in a shared 
vision. 

Once the customer specification is approved, 3D CAD models are developed and analyzed to test 
assumptions related to the design and manufacturing process. Design reviews which include functional 
analysis and risk evaluation are completed. After a customer’s team approves the design, prototyping 
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and verification began. This phased process enables an evolutionary path to be taken should analysis or 
a review step indicate a change in approach would be beneficial. 

Forefront’s approach is designed to add its team’s manufacturing expertise to fill gaps in its customers’ 
product development process. For example, Forefront maintains a database of approved materials 
which includes a full range of medical-grade polymers. While the best material will vary depending on 
application, cost considerations and desired functionality, the product development team is often able 
to recommend pre-approved materials choices to reduce product development time. Using materials 
that have previously been tested and approved within the regulatory environments associated with the 
product can cut 4-5 months from a product development cycle. This can help expand available materials 
options in projects where new materials are needed to achieve functionality, fit or competitive 
advantage goals. 

Forefront’s in-house rapid prototyping capabilities support the product validation process while hard 
tooling is in development.  This prototyping capability includes SLS and MJM systems for rapid 
prototyping, enabling a more comprehensive early stage review of product components than achievable 
in computer simulation alone. 

Forefront also addresses the challenge of distance among product development teams typically present 
in offshore product development and manufacturing efforts. Its U.S. Technical Center utilizes the same 
software tools present in its Singapore Design Center and China full-scale commercial tool room. This 
enables teams to communicate in a time zone convenient to customer design teams and supports U.S-
based face-to-face meetings. 

This combination of materials and manufacturing expertise helps drive innovation that counters some of 
the potential issues that use of an alternative material can create. For example, to support a 
requirement for kink-proof tubing, Forefront’s team developed a process to mold a special metal coil 
into the tube to provide enough flexibility and softness to protect a patient’s airway while also providing 
a protected chamber for retracting foreign objects. 

Forefront is also a leader in developing innovative solutions that increase product functionality through 
the use of new materials combinations. In another case, Forefront’s team designed a microbore 
extrusion that included stripes of conductive material to enable the tubing to be location tracked by the 
treating physician during procedures. To fabricate the product the team developed a co-extrusion 
process. 

The Cost Equation 

Alternative materials such as PU are more costly than PVC. Having a contract manufacturer capable of 
identifying cost reductions that lower total cost is one way to address that. In some cases, it may be a 
process enhancement that reduces the amount of material used. In other cases, it may be reduction in 
another area of cost. As a vertically-integrated contract manufacturer, Forefront typically provides a 
complete manufacturing and logistics solution for its customers. One example of a logistics cost 
reduction solution involved a product that included infusion lines used in a drug delivery system. The 
bags used with infusion lines were supplied by two manufacturers in Europe. Forefront’s team 
suggested to the customer that sourcing the entire set of four bags and infusion lines in Asia with 
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Forefront could eliminate redundant logistics costs, increase visibility into inventory levels, improve 
quality and reduce production costs. The customer had been pleased with Forefront Medical’s 
performance on the infusion lines and agreed to the transfer the entire project.  

The new process reduced total cost of the set by 40%. The primary driver of cost savings was reduction 
in transportation and inventory costs. In the original model, raw roll form material was being shipped to 
two European manufacturers. Forefront Medical was shipping infusion sets to these manufacturers, as 
well.  The manufacturers were then shipping final product to the customer. Raw material and finished 
goods inventory was spread over three suppliers. This increased the number of transactions the 
customer’s supply chain management personnel needed to manage, plus made it more difficult to 
maintain real-time visibility into raw materials, work-in-process and finished goods inventory status. In 
the revised model, the customer’s team places orders with Forefront Medical. Forefront’s team 
manages the raw material supply base and optimizes ordering and stocking practices to minimize 
transportation and inventory carrying costs. The complete set ships to the customer. 

As these examples illustrate, a changing regulatory environment drives the need for innovative 
solutions. Aligning with a contract manufacturer partner capable of applying expertise in ways that take 
time out of the product development cycle, develop specialized processes and/or recommend 
alternative strategies to reduce total cost can help minimize the impact of regulatory initiatives that 
otherwise increase product cost. Additionally, the innovation that results from these types of 
collaborations can also provide unique forms of competitive advantage. 
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About Forefront Medical Technology 
Forefront Medical Technology is a global medical device contract manufacturer with five locations. 
Singapore is Forefront's headquarters, as well as home to our Design Engineering Center and specialty 
manufacturing. JiangSu and Xiamen, China, are additional manufacturing locations and are also China 
FDA Registered. Shanghai, China and Farmington, CT USA are regional Business Development offices 
which assure our technical sales teams are close to our customers for local, responsive assistance. 
 
We have developed extensive capabilities with laryngeal mask airways, diagnostic devices, drug delivery 
systems, enteral feeding catheters, infusion sets, wire reinforced tubes, optically clear components, 
patient monitoring devices and other specialty products. Each of our locations has state of the art 
manufacturing capabilities that include class 100K clean rooms for extrusion and injection molding, 
complimented by class 10K clean rooms for assembly. 
 
Forefront Medical's integrated technical approach provides customers the total manufacturing solution 
and global supply chain. Our facilities are TUV ISO 13485:2016 and FDA Registered. Forefront is a wholly 
owned subsidiary of VicPlas International Ltd, who is listed on the SGX Main Board, Singapore stock 
exchange. 
 
Visit  http://forefrontmedical.com/ to learn more about our capabilities. For a confidential review of your 
project, please complete our enquiry form at: http://forefrontmedical.com/contact-us/, email us at: 
appl_dev@forefrontmedicaltechnology.com, or call +1 (860) 255-7610 (Europe and America’s) / +86 21 6062 7177 
(Asia). 
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