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Announcements

* Assignment 5 is live due on 11/20/24. Please follow the instructions from Artem’s last class for
the assignment

* Project Checkpoint #5 will be live next week (due on 11/27) — LCA Analysis of your projects

 Lab Demonstrations next week:
* We will meet in class at 3 pm on Monday and Wednesday. Please be on time!
* Classwill splitinto 4 groups of 6-7 students

 There will be 4 different demos covered across both classes in different parts of the Kaplan
Lab

* Finals:

* Presentations on Dec 2, 4 and 9t". Slots will be communicated via email
* Please upload slides the night before on canvas.
* Finalreport due Dec 16t
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What are your favorite applications so far from what
we’ve discussed?



Overview

The environmental impact of healthcare

Evolution of Healthcare: A material science perspective

Design challenges for healthcare materials

Sustainable Approaches

Innovations in sustainable materials for healthcare



Healthcare has Adverse Ecological Impact

Greenhouse gas emissions, 2018
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Scope 3

All other supply-chain emissions including:

« Water and waste

« Energy

« Transport

« Finance, insurance, administration, and public health
« Testing and research

« Construction

« Other manufacturing

« Information and computer technology, equipment, and services
« Plastics, rubber, textiles, and paper

« Medical supplies

« Medical devices

« Pharmaceuticals and chemicals

« Food

« Other

Scope 2

Emissions from direct purchases of energy

Scope 1

Direct emissions from health care facilities

Worldwide health sector
contributes 4.6% to the
total GHG emissions

Majority of the emissions
come through the
production and
transportation of goods

Medical consumables
further contribute to waste
streams


https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change
https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change

Types of Material Waste Generated by Healthcare

; N .
/ LS " S~ | * Consumables: single use
& %y G0 - ARS catheters, |V, syringes and

\ needles etc
. \
\\ ' « PPE: Gloves, masks, head
, covers, scrubs, lab coats
etc.

+ Packaging: Drug and
consumable packaging



https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change
https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change
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https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change
https://www.commonwealthfund.org/publications/explainer/2022/apr/how-us-health-care-system-contributes-climate-change

Medical Equipment Evolved from Reusable to
Single-use :

* Medical equipment and PPE was made of
reusable materials like glass, metals and



Medical Equipment Evolved from Reusable to
Single-use

THIS END ATTACHES TO THE DRAINAGE BAG OR VALVE

THIS END SITS IN THE BLADDER |
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- * Medical equipment and PPE was made of
reusable materials like glass, metals and
cotton

* Itis now replaced by synthetic single-use
materials
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Key Advantages of Synthetic Materials In
Biomedical Applications

* Low cost

e Sterility

e Comfortable/ easyto use

* Higher patient compliance

e Safety

* Biocompatibility/ non-immunogenic

* Higher shelf-life of stored patient samples and
drugs

 Easytransport
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Sterility is the Biggest Concern with Reusable
Materials

ALL surgical equipment must be free of -
* Human fluids/ tissue remains
* Pathogens
* Cytotoxic orimmunogenic chemicals

* Single-use materials are sterilized and packaged
in a way to maintain sterility

* FDA has strict regulations for single-use items
that are reused

e Reusable materials must be decontaminated and
sterilized prior to each use
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Materials

Design Challenges

New Approaches

Conclusions

terilization of Reusable Medical Devices
edious & Expensive

Pl O\

€7D INSTRUMENT CARE CHART

PRE-TREATMENT

Large, non-delicate instruments may be soaked in a
corrosion inhibiting detergent (like Alconox - WPI #13740)
when other cleaning methods are not practical. Rinse and
dry your instruments after soaking them.

Dry in

P

at

LUBRICATION

Using a surgical instrument |ubricant (WP1 #500126),
lubricate all
retaining retractors, etc.

CAUTION: Do not use WD-40, oil or other industrial
lubricants.

that have any I ]
ction such as scissors, hemostats, needle holders, self

AUTOCLAVING

e during.a ng

sding may hinder steam

INSPECTION

Inspect all instrument surfaces to ensure they are
visibly clean and free of stains and tissue. Inspect each
instrument for proper function and condition

instruments

If the ins

STERILIZATION

COLD STERILIZATION

Most cold sterilization sof eq

ed chemica
s than the 20-mi
disinfected (clean and free of most
tionis accep ince disinfectior
0 rendler the instruments

nta

CLEANING

Mix a product such as Alconox (WPl # 13740) according
to the manufacturer's directions and use to it wash the
instruments.

Use a microbrush to remove debris from the hinged area
of scissors, forceps, hemostats, ronguers, needle holders

STORAGE

STORING YOUR INSTRUMENTS

nstruments

Id be stored in a clear

and retractors.

Use a microbrush to remove the debris from the box lock
area and the ratchet of hemostats and needle holders.

Use a microbrush to clean the delicate tips of tweezers.

Use a microbrush to remove debris from all moving parts
of retractors.

Brown/Orange Jigh pH

Use a stiff brush to clean the tip serrations and handle Dark Brown Low pH

serrations of dressing forceps and needle holders. Bluish/Black Reverse plating due to mixed metals during cleaning process
Use a stiff brush to clean the teeth of tissue forceps. Multicolor Excessive heat

Brush delicate instruments carefully and handle them
separately from general instruments, Ultrasonic cleaningis Black
recommended for delicate instruments like micro scissors
(also known as Vannas scissors).

STAIN GUIDE FOR STAINLESS STEEL

Stain color Cause

Water droplets drying on the surface
Contact with ammonia
Excessi

ive use of rust remover solution
Dried-on blood or bi

o-debris

Although stainless steel is corrosive resistant, it can still rust
and/or stain if it is handled improperly. To determine if a
discoloration is rust or just a stain, erase the discoloration
with a pencil eraser. If there is pitting in the metal under the
discoloration, it is corrosion. If the discoloration is removed,
it was just a stain.

—

* Multiple steps involved in the sterilization process must be rigorously checked for

uality control
* Energy and cost intensive
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The Risk of HAls is a Serious Healthcare Concern

associated infections that MOST COMMON: %“é}

STAPHYLOCOCCUS AVREUS X5 URINARY CATHETERS

patients get during or shortly
after receiving healthcare

S URINARY TRACT INFECTIONS

Y, S OTHER COMMON PATHOGENS < |
) ESCHERICHIA COLI %

ENTEROCOCC! SURGICAL PROCEDVRES
80 6 CANDIDA L> SURGICAL SITE INFECTIONS D <

* Drug-resistant pathogens more

likely to be encountered in | PREVENTION CENTRAL VENOUS CATHETERS
: i
healthcare settings &= e
S 2 = £ goweie Ui e
* Ste rl le eq u I p me nt m ay be APPROPRIATE ROUTINE

ANTIMICROBIAL USE DISINFECTION

contaminated with pathogens
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Risk of Immunogenicity Minimized TheE‘m,ut,onof

use of Sustainable Materials Surgical Gloves

1947
* Materials utilized in healthcare settings must be non-toxic and @ ® &tﬁpﬁd"g“

and c hm al
not cause immune reactions

| ator

* E.g-Latexgloves vs. powder-free nitrile gloves @ !?psdef
o s g Igl ve
* Natural materials such as latex may cause immune reactions
in patients and healthcare works 1990s
@ © 'ictlp avg:d lg'emd |nt
* Powder gloves also cause increased sensitivity and greater

risks for infections

——

- Medline creates
{T' —(o) next g eeeee tion
urgical glove
Powde Iatex- and
celerator-fre



Materials for Drug Packaging and Transport must
ensure Stability and Efficacy =

e Safe Transportation — shatter-proof, not sensitive
to temperature and light

* Free of harmful chemicals that leach into drug -
BPA

* Non-reactive to drug formulations

* Preserves efficacy | | Rk

. e . . . ‘ & Smallpox and Monkeypox
¢ MII"III’T]IZGS contamination ;:? _ B Vaccine, Live, Non-replicating

JYNNEOS®

- i~ Suspension for subcutaneous injection

* Most prescription medication containers are
not recyclable due to risk of contamination
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Material Properties are Crucial for Performance of
Medical Devices |

* Material properties such as stiffness, transparency,
charge, oxygen permeability, dictate their
applicability for fabricating medical devices

* E.G-PVC blood bags vs. Glass
* Flexible
* Shatter-proof
* Oxygen permeable
* Sterile
* Cheap

18



The Disposal of Medical Waste is Energy and

| abor Intensive SHARPS BIOHAZARD

Red Sharps Container Red Container or Red
Liner in Container
* Medical waste is likely to be contaminated by - e [ I o vosamodes
U U in.etc | %
* Harmful chemicals (chemotherapy, drugs etc) Y Bioken Giass o Meade
vR VIV Tubi v Gl
» Pathogens L e
v Trocars v Aprons
v Guide Wires v Wipes
. . . v Other Sh v Packagi
» Sorting of waste requires prior knowledge and care s TR

s =
©
* Waste sorted by contamination type and risk during ﬁ i [

disposal RCRA HAZARD PHARMACEUTICAL RADIOACTIVE

« E.g: Bio- sharps bins have to be incinerated while e i e e > Radioactive Symbol. ()
H H H vH do eds (RCRA ill v Fluorine-18 (F-18). 110 minutes hatt-ife.
liquid waste is bleached VHaiparialdoses (FCRA) ¥ mjectabes e (e
v Hazardous bulk meds v Antibiotics Vv lodine-131 (I-131). s days hotite.
v P-listed drugs, packaging Vv Strontium-89 (Sr-89). sz days hatie.
. . . . . v Bulk chemo V Iridium-192 (Ir-192). 74 days hattste.
* Specialized equipment needed for decontamination 4 Pathological st toesincny ¥ Cobalt:60 (Co-60). s
== g
* Disposal post decontamination is single stream == = o
E 7y :




Generator Responsibility

Step 2 - Packaging & Labeling

I




How do we Improve Sustainability in Healthcare?

* Reducing the bio-burden of medical equipment — Innovations to improve
sterility

Energy efficient decontamination processes
* Biodegradable packing materials for single-use consumables

* Use of bio-based polymers for medical applications



Class Discussion:

* Using sustainable materials in healthcare.
* Discuss the following in groups:

* What are some biomedical applications where sustainable materials
may be introduced?

* What types of sustainable materials may be utilized for biomedical
applications?

 What are the salient features of these materials?

* What are some limitations that need to be addressed?

e Discuss with the class



Bio-based Polymers are Promising Alternatives

* Biopolymers are biodegradable and
bioresorbable

* Water-based, non-toxic processing
strategies

* Biocompatibility and low immunogenicity

* Versatile functionality possible




Sustainable Materials may be Engineered to Impart
Favorable Material Properties [l === P2

Preparation of protein
P P agents FAiC” “CFy FiC” CFs W OH EMIM X

. . . pe . ] solutions 2. dialysis against PRI AR DMBIM’ CI
* Physical or chemical modifications, use of bio- bufler ysiem KoV iy
ol . . . (1) (ILi) additives - blends - composites
based additives, novel processing and fabrication s -
methods to achieve desired properties controlling materis) e S
properties (1L,ii) chemical modification
] m; OOOH;. O COoH ;:vm-:?:?;)og::::mol moioc;:;(o.g.
* |ldeal Strategies mustbe -
) o ™ (11Lii) (11L,iii)
* Fossil-fuel free/ reduced (i T ‘b
* Energy efficient el I
* Biodegradable i (1) vy
* Biocompatible %
’ Non-tOXIC (IVii) pmo‘::m mnwlmu:::mmm
. - (V) LU o enzymes, etc.) or
e Sterile/ sterilizable Y et | (- xro e v e
avi -alcohols - high pressure
post-treatment g whelical & g & jraeet - humidity - mechanical stretching

to N]ust propemes ! raeomcol — “ enrched - lemperature

Source:



https://onlinelibrary.wiley.com/doi/full/10.1002/adsu.202000167

Sustainable Materials that Enhance Sterility

* Materials that minimize
microbial contamination by

> S

»X

preventing adhesion, killing on : ) . Ve
contact or release antimicrobial 00" 2 ¥ o
X )L ~ -
agents OO S
\ - I o g Biocide-releasing |
J ' - ' biocidal polymers polymers

\ i

Low surface energy
Electrostatic repulsion Y

e Minimize the risk of HAIls

Steric repulsion e .
| >rere repus! ) Killing action

¥

* Reduced need for lengthy and FijsreiciBiociton
tedious sterilization processes PRSI ESs
Antifouling Antimicrobial
Source: https://www.mdpi.com/1 -1944/14/12/3167

* Energy efficient
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https://www.mdpi.com/1996-1944/14/12/3167

Antibacterial Surfaces are Increasmgly Common

* Contains antimicrobial agents in the paint —
 Copper/ silver
* Antimicrobial polymers
* Naturally antimicrobial additives
(phytochemicals)

* |deal for hospitals and high contact areas to
reduce airborne and surface-borne

pathogens - T -
SILVERSHIELD' LAPISSHIELD" ASCERA
L Fe a t u re S ° SilverShield® is a range of silver- LapisShield™ is a heavy-metal- Coming from chemistry inspired
° based antibacterial technologies free antimicrobial technology by nature, Ascera™ is a
that offers improved quality and sustainable antibacterial

for coatings. The proven

. L t ~. |
OW C O S formulations eliminate up to stability for water-based coating technology designed for solvent-
99.9% of bacterial growth. systems. based coating systems.
e E to cl
daSy 10 Cclean

e Durable
e Reduced decontamination needs
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Surgical Screws Coated with Anti-Fouling Protein,
Prevents Bacterial Contamination

a) b] Bare R Coated screw

Bright field

. .' : ] Bare scre W
1 A incubated with
U EELE: (= F Brilliant blue
ﬂ o »
'. .'H‘\ . Coated screw
. bated with
|' R Brilliant blue
r B .
n-“ b Hydhrcrpl?nhc
4 Antifouling
* & &
Protein Film
Extracted screw
incubated with
Brilliant bl

* Minimizes contamination and the need for sterilization techniques
* Green processing and packaging options 27



Sustainable Materials to Improve Shelf-life and
Administration Strategy N ——

* Shelf-life: . o
* Reduce packaging needs ¢ . &
* Prolong storage duration 5 > -

* Minimize need for cold storage ENTERAL PARENTERAL TOPICAL INHALATION

* Maintain efficacy Sublngual  Subewtaneous necton_ lngillation Gon nhatation

Rectal Intravenous injection Irrigation Nebulization

Intradermal injection
Local injection

 Administration Strategy:
* Minimize dosages — smart/ programmable delivery

* Minimal material usage
* Optimize route of administration — better patient

compliance

28



Silk Microneedles for Transdermal Vaccine

Deli dim d Shelf-lif
elivery and Improved Shelf-life N cc
/_ VA X tg'mc ogies
Native Silk Extraction of Combination with Material Final Product
Fibers Silk Fibroin Target Molecules Formatting

* Single dosage - Microneedle delivery enables sustained release of vaccine ensuring

effective immune response
 Simplified shipping and storage - silk protects sensitive compounds even at room

temperature
* Biodegradable biopolymer-based approach .



Bioresorbable Materials as Alternatives to Non-

biodegradable Materials

* Bio-based fabrication strategies
* Fewer medical interventions

* Reduced likelihood of infections
* Improved wound-healing

* Improved patient compliance

Materials

Encapsulation

Wireless
Data/Power
RF Us LigWm
P

Z A
-— &

Trigger
Mechanism

uv Heat NIR

L0 &
i = =

Fabrication

/

Patterning
Etching
Deposition

Printing

o

Patterning
Etching
Deposition
Printing

Lithography
Shadow Mask
Laser engraving
Wet Etching
Electro-chemical
Plasma-based

Electroplating
Spin Coating
Vapor deposition
Transfer printing
Micro-contact
Inkjet printing

PorousSi  Silk
A
st e Bioresorbable IMDs
Mg 2n
Pressure Neural
POAD.FRNBIA Sensor 9 lecirode
si sGe Ll
510,  Cellulose Chemical Temperature
PBS PGS Sensor Sensor
Polyanhydride Wax x
Collagen  SiO;
Extraction Surgery Implantation
| Conventional | Bioresorbable
IMDs IMDs

o O

No extraction surgery

rs ", _'. :-
e
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Bioresorbable Cardiac Stents

Drug-eluting stent
Antiproliferative

e PLLA (poly-L-lactic acid) based polymer | PN
used for fabricating stents L |
i // P B \—Pulye.r coating
. with drug

* Rate of resorption easily controlled

Bioresorbable stent

Bioresorbable
polymer with drug

* Better outcomes that drug-eluting stents
due to natural expansion of blood vessels

* Key Advantages:
* Reducing number of procedures
Superior performance

31



Bacterial Cellulosic Wound Dressings are Superior

to Traditional Strategies

Salient Features:
 Hydrated
 Flexible—moldable

* Oxygen permeability
* Ability to load therapeutics for
wound-healing

Biodegradable alternative to
traditional methods

BC Wound dressing BC wound dressing
as a Facial Mask on thumb Foot

BC Wound dressing on hand
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Biodegradable Packaging Materials for Medicine

Water-resistant, paper-based
packaging materials for pills

* Compostable and recyclable
* Bio-based water repellent coating

* Easyto clean

YParcel

HEALTH

33



Fluorinated Silk as an Alternative for Storing
Platelets

-------------------------------------------

Bacterial
Contamination
L))

Platelet Activation

* Hydrophobic silk coating prepared e
by chemically modifying -— §
perfluorocarbons onto silk | &

— Platelet Preservatio
. . . o "' . servation :
* Coatingis anti-fouling ( I ° %
17 ¢ B :
&‘ i = B e
XC .= ®
. . . € cxX | & Anti-fouling:
* Prevents bacterial contamination xc.\ B o g
. - —® :
and platelet adhesion and Hydrophobic || —CX | & Y
Silk (H-silk) N— W e e |

aggregation
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Hydrophobic Silk is Prepared by Chemical
M Od Ifl Cat I O n ' <o . " Sik Fibroin Composiion

J for amino acids of interest
i oy Amino Acid %
7ol T Z‘fj(Df oo
 Hydrophobic silk coating prepared sz s
= Fluorinated (FL) Silk Fluorinated
by chemically modifying T on N st GF, GF, CF, ':1“;1?;%,30 cr,
perfluorocarbons onto silk @
CF
(i) (“i)T o
101 Carb ItdSIk Aminated Silk /\/NH 2 =
* Hydrophobicity comparable to ertorate s ca _ACFICFs
cs /(CF)GCFs
Teflon ﬁ% HzN/\“}?‘ co /(CF)7CF3
* Teflon is widely used in blood- Amine-modified co

WCA =43 + 5° WCA = 68:t3 WCA = 103112 WCA = 108:t1° WCA = 125 + 3°

contacting devices due to
hydrophobicity | |L‘.| _ﬂjw
P —
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H-Silk Prevents Microbial Contamination and
Platelet Activation

Uncoated Native

* No microbes adhered to Hsilk indicating anti-fouling behavior

* Platelets preserve discoid morphology indicating low activation

* Improved shelf-life of platelets stored in ambient conditions with low risk of
contamination 36

S. aureus




Conclusions

* Thereis a need for sustainability in
healthcare

* Challenges are associated with cost,

biocompatibility, sterility and material
properties

* Biopolymer-based materials are emerging
alternatives

Biopolymer Metropolis: The Living City
Artwork made using Gemini, a Large Language Model by Google.
Generated June 4, 2024.
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