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Hospital-acquired infections (HAIs)

and chemical resistance

How they impact design and performance of medical devices

Medical devices must not only keep pace with
advances in technology—they must adapt to the
increased use of aggressive disinfectants.

A medical device only safeguards patients and saves lives
if it works.

In today's health care environment, it is becoming more
common to see medical devices that don't work satisfactorily.
They are unable to do their job—or fail prematurely—because
of environmental stress cracking (ESC) or other defects
resulting from exposure to disinfectants and other chemicals.

With a focus on patient safety, today's health care
professionals are more motivated than ever to prevent
HAIs. This trend drives not only hospitals but also the
growing number of ambulatory and outpatient settings.
Reduced reimbursements for patients who are readmitted
because of HAIs provides even more motivation to use
stronger disinfectants—and use them more often.

The good news: HAI control efforts are achieving positive
results. Thanks to improved hygiene and aggressive
disinfection and sterilization protocols, the Centers for
Disease Control and Prevention (CDC) HAI Progress Report
describes significant reductions for nearly all infections.!

The bad news: Aggressive disinfectants, disinfectant wipes,
and sterilization take a high toll on devices molded with
commonly used polymers. Brand owners are addressing this
challenge by using polymers with a higher level of chemical
resistance. The selection of these high performance materials
early in the design process is one of the most critical
considerations for the future of patient safety.?
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What are HAIs?

A hospital-acquired infection (HAI) is a patient infection that
is not present or incubating at the time of admission. It often
includes infections that appear after the discharge date.

These infections occur during treatment either in a hospital
or another health care setting—and can occur eitherin a
patient or a health care worker. Nonhospital settings include:

» Outpatient settings such as ambulatory surgical centers or
dialysis facilities

* Long-term care settings such as nursing homes, rehabilitation
centers, or home health care

The most serious HAls involve “superbugs,” such as methicillin-
resistant Staphylococcus aureus (MRSA), vancomycin-resistant
enterococci (VRE), and Clostridium difficile (C. diff).

"“Healthcare-associated Infections (HAI) Progress Report.” Centers for Disease
Control and Prevention. Website. Updated 23 Mar. 2015. Available at
http://www.cdc.gov/HAl/progress-report/index.html. Accessed 22 July 2015.

2“Devices Safeqguard Patient Safety Only When They Work.” Web blog post. Medical
Design Technology. 76 Mar. 2015. Available at http://www.mdtmag.com/
blogs/2015/03/devices-safeguard-patient-safety-only-when-they-work. Accessed
31July 20175.



How HAIs increase the cost
of medical care

In addition to the value of patient safety and the cost in
human lives, HAls add costs to the health care industry
through:

* Increased mortality and morbidity
* Longer hospital stays

 Reduced reimbursements for hospitals with excess
readmissions—which are considered hospital mistakes

In 2009, Medicare (through the Centers for Medicare and
Medicaid Services [CMS]) began refusing to pay for some
readmissions resulting from HAls. Beginning in 2012 as part
of the Affordable Care Act, CMS's readmissions reduction
program has been lowering reimbursements to hospitals with
excess readmissions, including HAls. Beginning October 1,
2014, hospitals face an additional 1% reduction in Medicare
reimbursement payments if their HAl-related readmission
rate is within the top quartile (25%) of all applicable hospitals
relative to the national average.?

The need for more powerful disinfectants

In collaboration with the CDC, CMS concluded that five types
of HAls are preventable when proper disinfection and aseptic
clinical protocols are followed. They are:

e Catheter-associated urinary tract infections (CAUTI)
e Surgical site infections (SSI)
e Central line-associated bloodstream infections (CLABSI)

Clostridium difficile (C. diff) infections (CDI)

Ventilator-associated pneumonia (VAP)

The top CDC recommendations to prevent HAls are available
in a fact sheet at http://www.cdc.gov/HAI/pdfs/hai/top-cdc-
recs-factsheet.pdf.*

Hospitals are preventing these infections through diligent
environmental cleaning and sterile protocols. Often, they rely
on frequent use of isopropyl alcohol (IPA), IPA + chlorhexidine,
bleach, and other aggressive chemical disinfectants. Many
applications require sterilization with ethylene oxide (EtO) or
gamma irradiation, especially to control pathogens that are
resistant to traditional disinfectants.

The increased use of disinfectants creates opportunities for
them to attack the appearance, performance, and life cycle
of many classes of medical devices.

342 CFR Parts 405, 412, 413, etc. Department of Health and Human Services, Centers
for Medicare & Medicaid Services (CMS). Fed Reg. 79:163 (22 Aug 2014) p. 49864.
“Healthcare-Associated Infections (HAls): Top CDC Recommendations to Prevent

Healthcare-Associated Infections. Website page. Available at http://www.cdc.gov/
HAl/prevent/top-cdc-recs-prevent-hai.html. Accessed 24 Aug 20175.

Chemical resistance at work—
medical infusion devices

Medical infusion devices provide good examples of the wide range of
ways chemical resistance can protect aesthetics, clarity, performance,
and life cycle of the device.

e They must withstand constant exposure to blood and lipids.

e Multiuse devices are repeatedly cleaned with aggressive
disinfectants.

e Catheter hubs and connectors that have near-patient or skin contact
are frequently disinfected, which can lead to cracking or clouding.

e Device housings are exposed to the stresses of repeated handling—
especially multiport devices.

Device housings are soaked with disinfectants, which dull device

finishes and break down the protective housing, leading to shorter
useful lives for pumps and monitors and lower quality perceptions from
patients and health care purchasing.

e Infusion devices are exposed to an increasing number of harsh
oncology drugs and their carrier solvents.

e |n devices requiring assembly or secondary operations, chemical
compatibility with bonding solvents and adhesives is important.

e A premium is placed on devices that do not shift color or lose
functionality following sterilization with EtO or gamma irradiation.

Testing polymers for chemical resistance

Engineered polymers have gained popularity by offering
many advantages over other material options, including
design and color flexibility, aesthetic appeal, lightweight
and portability, toughness, corrosion resistance, and clarity.

When determining which polymer offers the properties
you need, consider chemical resistance as a function of
three factors:

1. The polymer used in the device
2. The drugs and disinfectants contacting the device
3. The stress applied to the device

Polymers that have a low level of compatibility with a chemical
can become brittle prematurely, exhibit ESC, and fail under stress.



Tables 1and 2 present the results of two studies comparing
the chemical resistance of common clear polymers. Each
study uses a three-step testing method, illustrated at right,
where flex bars molded from different polymers were
exposed to various disinfectants for 24 hours while being
held under 1.5% strain. After exposure, the flex bars were
impacted with a pendulum hammer to measure the energy
required to break them.

Comparisons of impact property retention for clear parts
when exposed to chemical disinfectants (Table 1) and common
disinfectant wipes (Table 2) follow.
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Step 1 Select jig with polymer bar (%" x 0.5" x 5").

—— e —

Step 2 Load sample on the selected strain jig.

A

Step 3 Apply chemical on sample for 24 h.
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Step 4 Measure impact energy to break.

Table 1— Residual property evaluation: Impact properties vs. chemical disinfectants

Povidone-iodine | Wonder Woman™ Envirocide® CaviCide® SPOR-KLENZ®
Control 10% (iodine) (IPA) (IPA, EG ether) (IPA, EG ether) (hydrogen peroxide)
Material (joules) % Retention of impact energy to break
Eastman Tritan™
copolyester MX711 4.4 103+ 4 103 +3 110+ 3 108 + 4 96 + 3
(standard)
fritan MX731 43 91+38 101+ 1 100+ 3 106+ 7 101 1
(high flow)
PC (high flow) 5.3 1131 78 £ 44 55+ 54 53 + 46 104 + 1
PC (standard) 5.4 114 +1 31+ 39 7+4 32+ 44 103+ 1
PC (lipid resistant) 5.5 116 + 4 79 + 42 76 + 45 78 + 45 108 £ 5
Impact modified 43 66+ 38 4210 110£5 89 + 21 90 + 30
styrenic
= 80% retention = 60% retention < 60% retention

Table 2— Residual property evaluation: Impact properties vs. chemical disinfectant wipes

Sani-Cloth® AF Il Sani-Cloth®
(benzyl quat, Sani-Cloth® HB Bleach Sani-Cloth® Plus | Super Sani-Cloth®

Control DPG ether) (benzyl quat) (hypochloride) (IPA benzyl quat) (IPA quat)
Material (joules) % Retention of impact energy to break
Eastman Tritan™
copolyester MX711 4.4 109 + 3 1M2+2 101+ 3 114 £ 1 101+ 3
(standard)
Jritan MX731 43 10422 109+ 2 116+ 2 116+ 1 100 + 2
(high flow)
PC (high flow) 5.3 4+ 65 + 37 68 + 45 95+ 5 87 + 4
PC (standard) 5.4 BECRI 34 + 43 87 £ 55 72 £ 55 110 =3
PC (lipid resistant) 5.5 3x0 €)= 9 117 £1 103 94 + 47
Impact modified 43 2912 109 + 27 104 £ 1 10+ 1 912
styrenic

= 80% retention = 60% retention < 60% retention




For additional results of tests comparing

compatibility with oncology drugs and carrier
solvents or color shifting after sterilization with
EtO or gamma irradiation, contact 844-4-TRITAN.

Studies also compared opaque polymers commonly used in
many medical device housings. Table 3 shows the results
against medical disinfectants.

Table 3—Tritan MXF121, Eastman MXF221, and competitive opaque materials against medical disinfectants

Sani-Cloth® Sani- Sani-Cloth® Virex® TB Wonder
AF I Cloth® HB Super Plus (ether, Woman™
(benzyl quat, |  (benzyl Sani-Cloth® | (IPAbenzyl | CaviCide® | Opti-Cide® 3 benzyl Wipes
Control | _DPPG ether) quat) (IPA quat) quat) (IPA, ether) | (quat, IPA) quat) (IPA)
Chemical (joules) % Retention of impact energy to break
Fastman Tritan 48 942 951 87 +2 100 £ 2 951 905 90£1 | 10422
MXF121 copolyester
Eastman MXF221 5.2 93+4 92 +2 83+ 1 96 + 3 OSEEES 92+3 94 +2 ez 5
PC/PBT 53 OEEN7 97 =1 91+8 162 12+£5 57 + 45 8+3 8122
PC/polyester 1 5.5 5+x0 55+ 48 75+ 28 82 74 9112 61 61
PC/polyester 2 5.8 13+1 95+ 1 26 =1 25+ 1 8+2 27 £2 1Mx2 25%5
PC/ABS 1 6.8 203 42 +3 16 £ 1 71 %22 21+3 84 + 13 151 12+2
PC/ABS 2 6.6 6%1 48 + 20 42 + 37 5+x0 5+x0 64 + 21 Break on jig 6%2
PVC 4.5 46 = 36 101 =1 18+2 100+ 0 1000 45 + 36 19252 81+ 39

> 80% retention > 60% retention < 60% retention

Results show that Eastman polymers for the medical market
have overall high chemical resistance under stress. Both the
clear and opaque formulations exhibit excellent retention of
impact properties when tested against chemical and medical

disinfectants. These polymers also exhibited high or medium
compatibility with all screened chemical wipes, with the
exception of the phenolic chemicals—and higher chemical
resistance than competitive polymers tested.

Safety Data Sheets providing safety precautions that should be observed when handling and storing Eastman
Chemical Company (“Eastman”) products are available online or by request. You should obtain and review the
available material safety information before handling any of these products. If any materials mentioned are not
Eastman products, appropriate industrial hygiene and other safety precautions recommended by their manufacturers
should be observed.

EASTMAN

The results of insight-

It is the responsibility of the medical device manufacturer (“Manufacturer”) to determine the suitability of all component
parts and raw materials, including any Eastman product, used in its final product to ensure safety and compliance with
requirements of the United States Food and Drug Administration (FDA) or other international regulatory agencies.

Eastman Corporate Headquarters
P.O.Box 431
Kingsport, TN 37662-5280 U.S.A.

U.S.A. and Canada, 800-EASTMAN (800-327-8626)
Other Locations, +(1) 423-229-2000

Eastman products have not been designed for nor are they promoted for end uses that would be categorized

either by the United States FDA or by the International Standards Organization (ISO) as implant devices. Eastman
products are not intended for use in the following applications: (1) in any bodily implant applications for greater
than 30 days, based on FDA-Modified ISO-10993, Part 1, “Biological Evaluation of Medical Devices" tests (including
any cosmetic, reconstructive, or reproductive implant applications); (2) in any cardiac prosthetic device application,
regardless of the length of time involved, including, without limitation, pacemaker leads and devices, artificial hearts,
heart valves, intra-aortic balloons and control systems, and ventricular bypass assisted devices; or (3) as any critical
component in any medical device that supports or sustains human life.

www.eastman.com/locations

For manufacturers of medical devices, biological evaluation of medical devices is performed to determine the potential
toxicity resulting from contact of the component materials of the device with the body. The ranges of tests under FDA-
Modified ISO-10993, Part 1, “Biological Evaluation of Medical Devices” include cytotoxicity, sensitization, irritation or
intracutaneous reactivity, systemic toxicity (acute), subchronic toxicity (subacute), implantation, and hemocompatibility.
For Eastman products offered for the medical market, limited testing information is available on request. The
Manufacturer of the medical device is responsible for the biological evaluation of the finished medical device.

The suitability of an Eastman product in a given end-use environment is dependent on various conditions including,
without limitation, chemical compatibility, temperature, part design, sterilization method, residual stresses, and
external loads. It is the responsibility of the Manufacturer to evaluate its final product under actual end-use requirements
and to adequately advise and warn purchasers and users thereof.

© 2017 Eastman. Eastman brands referenced herein are trademarks of Eastman or one of its subsidiaries or
are being used under license. The ® symbol denotes registered trademark status in the U.S.; marks may also be
registered internationally. Non-Eastman brands referenced herein are trademarks of their respective owners.
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