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Healthcare Industry Overview



* Cognizant, How the IOT is Transforming Medical Devices, May 2016

Today’s Medical Devices are Increasingly
Electric                         Smarter                         Connected



Challenge: System Complexity

• Understand and optimize performance
• Eliminate late-stage integration failures
• Improve collaboration among design disciplines
• Enhance or reduce physical testing
• Accelerate innovation

Digital System Prototyping



Design Still Happens in Silos

Each discipline has its’ own set of tools, processes, and expertise.
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2011 2013 2015 2017

(2010 -2012)

“failures in product design and 
manufacturing process control 

caused more than half of all 
product recalls”

“At 22.8%, software issues
were the top cause of recalls 

for the ninth quarter in a row”

“The most frequent causes for recalls are 
related to device design, software, and non-
conforming material or component issues.”

Recall Trends



http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm209042.htm

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

Infusion Pump Safety

http://diyabetimben.com/diyabet-muzesi/
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Insulin Pump Model



What is Diabetes?

diabetes image from https://i.ytimg.com/vi/SCCb5GqhnrI/maxresdefault.jpg
Pump image from http://www.medtronicdiabetes.com/products/minimed-530g-diabetes-system-with-en

• Insulin is a hormone created 
by 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 pancreas by 
injecting insulin under the skin 
throughout the day.

https://i.ytimg.com/vi/SCCb5GqhnrI/maxresdefault.jpg
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Drug Delivery Sub-System
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ROM

Family of Structural Fluid Simulations

Pressure-Flow Analysis of Tube Bending



Q

bend

∆Pkink

REQUIREMENT:
if Psensor > Pthreshold
then (

imotor = 0;
warn patient; )Psensor =  ∆Pcath +  ∆Pcannula + ∆Pkink

∆Pcath = 𝟏𝟏𝟏𝟏𝟏𝟏𝝁𝝁𝝁𝝁𝑳𝑳𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄
𝝅𝝅𝑫𝑫𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄

𝟒𝟒

∆Pcann = 𝟏𝟏𝟏𝟏𝟏𝟏𝝁𝝁𝝁𝝁𝑳𝑳𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄
𝝅𝝅𝑫𝑫𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝟒𝟒

Insulin Pump – ROM Behavior
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Couple the device 
model to a patient 
predictive model of 

glucose 
metabolism.

Drug Delivery Sub-System



Pharmacokinetics (PK)
• PK refers to absorption, distribution, 

metabolism, and elimination 
(ADME) of a substance.

• The PK process involves the 
following steps:
• Drug is introduced at the injection site
• Drug is absorbed into the plasma
• Drug is in equilibrium with other tissues
• Either drug or metabolite are eliminated 

from tissues

• Each of these can be modeled using 
ODE’s, with constants determined 
from clinical data.

Drug Injection at
Administration Site
Drug is absorbed

Drug in Plasma

Drug distributes 
to other tissues

Drug 
metabolized

Substance (drug and/or
metabolite) is eliminated

Drug in Tissues

Drug 
eliminated



Virtual Patient Model
Two-compartment insulin model

Two-compartment glucose model

Insulin effectiveness

• The patient model requires a 
mathematical representation of the 
relevant physics.

• The model should capture insulin 
metabolism as well as the ability of 
insulin to effect glucose uptake into 
cells.

• Researchers and industry typically 
rely on 
pharmacokinetic/pharmacodynamics 
(PK/PD) modeling to represent these 
processes.

Unknowns: τ1, τ2, CI, p2, SI, GEZI, EGP, VG, τM

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769900/pdf/dst-03-1047.pdf


Virtual Patient Model
- Model Training

Two-compartment insulin model

Two-compartment glucose model

Insulin effectiveness

CLINICAL DATA

establish patient parameters

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2769900/pdf/dst-03-1047.pdf


Virtual Patient Model
- Prediction

Two-compartment insulin model

Two-compartment glucose model

Insulin effectiveness

KNOWN patient parameters

DIGITAL PHYSIOLOGICAL TWIN
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Connected Care 
Platforms
• Companies are providing web-based 

platforms for patients and clinicians to 
view carbohydrate intake, blood glucose 
levels, and pump data.

• The intent is to help patients make more 
informed decisions about their disease 
management.

www.incose.org/glrc2018 29

https://www.medtronicdiabetes.com/products/carelink-personal-diabetes-software



 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.

Conclusions
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