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* Cogizant, How the IOT is Transformng Medical Devices, May 2016 a
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...are ultimately part of a system
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...with complex interactions.
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Challenge: System Complexity

« Understand and optimize performance

* Eliminate late-stage integration failures
 Improve collaboration among design disciplines
« Enhance or reduce physical testing
 Accelerate innovation

j> Digital System Prototyping
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Fluids Electronics Software

Structures

Each discipline has its’ own set of tools, processes, and expertise.
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Systems Modeling
— Model Flexibility, Reusability, and Interoperability
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System Model
Interoperability

Thousands of Built-in
Component Models

Interfaces with all ANSYS 3D Physics
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=== [DA Analyses of Product Recalls

Exhibit 11: Recall case codes by root cause

Reasons for recalls

Model recalls (case numbers), 2003-2009, N=4,391 W -=15% £ Recall causes assigned by FDA were tabulated for recalls classified during FY 2010 —

B 514% § FY 2012. These are listed in Figure 21 in decreasing frequency of use. Note that each

[ 1s% 2 recall has only one recall cause determination and uses FDA current terminology and

]
Total by i processes.
Postproduction product
Design Suppliers Manufacturing & change ctrl Other Unknown  attribute Fi gur e 21 .
2% 29% .
o 15% Recall reasons Number :
H o, o, I
Label 4% 3% 1% 8% - .
e ii Nonconforming Material/Component 429 |
Packaging 1% 3% 5% I _ i I
Process | 3% 2% % il Software Design(Device) 429 |
Reguiaton % = Il Device Design 425 |
o e o ' !
er Yo
unknown - Il Process Control 266 |l
| i i 1
Total b

value :trearx 1% ‘ 14% 24% 12% 10% 9% 100% 92”_1 Eo-rlf rlt-D-eflg rl'!§ Elgc:-tlgrl T Fr & F n -1 ﬂi - - I

Source: Data from RECS database

’Tai[ures in product design and manufactun’ng process “The most frequent causes fOl’ recalls are related to device design,
control caused more than half of all product recalls” software, and non-conforming material or component issues.”

1. from FDA Report “Understanding Barriers to Medical Device Quality” (2011)

=
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http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHTransparency/UCM388442.pdf
http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHReports/UCM277323.pdf

FDA NEWS RELEASE

For Immediate Release: April 23, 2010
Media Inquiries: Dick Thompson, 301 796 7566; dick.thompson@fda.hhs.gov

== |nfusion Pump Safety

Engineering in Healthcare FDA Launches Initiative to Reduce Infusion Pump Risks
Conference Agency calls for improvements in device design

...infusion pumps also have been the source of persistent safety problems. In the
past five years, the FDA has received more than 56,000 reports of adverse events ———
associated with the use of infusion pumps. Those events have included serious Q
injuries and more than 500 deaths. Between 2005 and 2009, 87 infusion pump
recalls were conducted to address identified safety concerns, according to FDA
data.

nmm 10:20 AM smn
Jarury 9, 2018 4250

The most common types of reported problems have been related to:

» software defects, including failures of built-in safety alarms;

» user interface issues, such as ambiguous on-screen instructions that lead to
dosing errors; and

» mechanical or electrical failures, including components that break under routine

use, premafure Baﬁery failures, and sparks or pump fires.

“many of the reported problems appear to be related to
deficiencies in device design and engineering”

http://diyabetimben.com/diyabet-muzesi/
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http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm209042.htm
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Insulin Pump Model
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-~ \Nhat is Diabetes?
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Conference

muscle &

e ° / ba l? ‘(‘){"( \-.
* Insulin is a hormone created by et cells

the pancreas. It is required for
sugar molecules (from the food
you eat) to move inside cells. ' ' “"’@
Patients with diabetes either
do not produce insulin (Type 1)
or do not use insulin the right
way (Type 2).

* Insulin pumps replace the
function of the pancreasby | ____ \
injecting insulin under the skin I T e e e
throughout the day.

Breakfast

diabetes image from https://i.ytimg.com/vi/SCCb5Gghnrl/maxresdefault.jpg
Pump image from http://www.medtronicdiabetes.com/products/minimed-530g-diabetes-system_—_y,vith-enlite
. -
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Pressure-Flow Analysis of Tube Bending

Non Linear Kink Deformed Geometry | Fluid volume extraction Detailed Flow
Prediction Export of kinked model Simulation Family of Structural Fluid Simulations
(kink angles & flow rates
= pressure drop) 160
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VIRTUAL PATIENT

Drug Delivery Sub-System
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Two-compartment insulin model

dlsc(®) __1 G ) * The patient model requires a
a1, 1 G mathematical representation of the
% LN SPVRLIS 2 relevant physics.
7 7

* The model should capture insulin
metabolism as well as the abllity of

Insulin effectiveness

Ll o L@+ paS, 10 O insulin to effect glucose uptake into
Two-compartment glucose model CE I IS )
O e * Researchers and industry typically rely
dt on pharmacokinetic/pharmacodynamics
Rty =Cu® . . (PK/PD) modeling to represent these
Ve Tn processes.

*Kanderian et al., Identification of Intraday Metabolic Profiles during Closed-Loop Glucose
Control in Individuals with Type 1 Diabetes, J Diabetes Sci and Tech, Vol. 3 (2009).
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Two-compartment insulin model

AR G (1)
dt T, > m
dl,(t 1 1
$=——-Ip(t)+—°lsc(t) 2
¢ T, T
Insulin effectiveness
dl_..(t
%()=_Pz Tppp(®)+ p, - S; - Ip(2) €)
Two-compartment glucose model
Gl _ —~(GEZI+1,,.) G(t)+ EGP+R,(t) @
: 1
RA(I)=CH—()2°2‘°3 Tm (5)
VG .rm

Virtual Patient Model

« Plasma glucose
= Model fit
== Model simulation

Glucose
(mg/dl)

B
g b I Experimental insulin delivery profile with — In silico simulation of
g e 95% i interval (shaded region) closed-loop insulin delivery
=T
E
c
= 2
@
£
CLINICAL DATA
C

« Plasma insulin
60- _ — Model fit
el . == Model simulated

L

AT

Plasma insulin
(WU/mi)
5

B Carbohydrates (CHO)
= Meal appearance

CHO (9) O

= - S SR T
8 12 16 20 24 28 32
Time (h)

(urwyjp/Bw)
leaN

*Kanderian et al., Identification of Intraday Metabolic Profiles during Closed-Loop Glucose
Control in Individuals with Type 1 Diabetes, J Diabetes Sci and Tech, Vol. 3 (2009).
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¢ Digital Twin Predictive Platform

Execution Layer
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» Chronic diseases and the aging population are placing
significant strain on healthcare systems, motivating the need for
more effective medical technologies.

* The risk (and failure) of medical devices has increased since
Incorporating new technologies and functionality, much of which
IS related to embedded software.

» Systems modeling can improve the robustness and safety of
today’s medical devices.

= Digital twins for implanted devices that include models of
human physiology (enabled by computer modeling) can
Improve treatment outcomes.
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Share your experiences at #HWGSEC
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