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Background: Hyperinsulinemic clamp

● Plasma insulin rate is raised and held 
at 120 μU/mL via constant insulin 
infusion

● Glucose is infused and blood glucose 
levels are measured; GIR adjusted

● Measures insulin sensitivity in patient

● Patients: Pre-diabetics, diabetics, those 
with endocrine & metabolic disorders

Defronzo et al., 1979



Refresher: Problem Statement

● In hyperinsulinemic clamp studies, Dr. Luther adjusts GIR on the fly based on his 
clinical judgment

● This can lead to inaccurate adjustments which can affect subject safety and data 
validity

● Some people claim that an algorithmic approach works, but no one Dr. Luther has 
talked to has been successful

● We will develop an algorithm that allows researchers to perform  
these studies in a more controlled manner



Refresher: Needs Assessment → Provider 
Interface

1. Should be simple to understand 
2. Should include inputs for all possible variables the physician may want to 

change: target glucose level, insulin clamp level, demographic data, time of 
experiment

3. Given patient demographics and history, should simulate the glucose level 
over time, prior to clinical testing



Refresher: Needs Assessment → Provider

Algorithm

1. Should calculate the amount of glucose uptake based on the constant insulin 
infusion rate the physician specifies

2. Depends on actual glucose infusion rate (not suggested)
3. Should output a recommended glucose infusion rate that accounts for the 

time delay in measuring glucose level from blood sample (t-1)



Refresher: Needs Assessment → Provider 

Timing

1. Runtime -- should provide physician with proper glucose infusion rate (GIR) 
within 10 seconds of inputting the current glucose level

2. Should include an easy to navigate UI for immediate data entry



Refresher: Needs Assessment → Patient

Safety

1. Ensure that glucose levels do not exceed or drop below safe levels, as 
determined by the physician

2. Measurements need to be taken every 5 minutes to ensure glucose levels are 
where they should be. If not, the program should alert the physician (future 
iteration)

3. Must run smoothly so that no bugs interrupt the program



Refresher: Needs Assessment → System

Applicability and cost

1. Should be applicable to different physicians and different hospitals 
performing the same studies

2. Should be open source
3. Results from these studies should lower healthcare costs in the future



Progress: Multiple Regression Analysis



Progress: First Iteration

● Relying on current algorithm for first iteration of algorithm
○ GIR = ((Gd-Gi)(10)((0.19)(body weight))/((Ginf)(15)) + (((SMi-2)(Gd)(FMi-1))/Gi)

■ Gd = desired plasma glucose concentration (mg/dL), 95

■ Gi = actual plasma glucose concentration (mg/dL)

■ Body weight in kg

■ Ginf = glucose concentration in infusate (mg/mL)

■ SMi = metabolic component: SMi = (SMi-2)(FMi)(FMi-1)

■ FMi = Gd/Gi

○ Will use our linear regression model to set the initial GIR



Progress: GUI

● Will take inputs and 

generate a predicted GIR

● Once closed, file will 

save to MATLAB 

workspace and an excel 

file



Code: GUI



Progress: Exporting to Excel 

- Currently, data is manually 
recorded and transferred to 
Excel Sheet Template

- Implement code into GUI that 
exports data when closing out 
of GUI

- Add button to export to Excel 
without closing out of GUI



Gantt Chart



Our pump

CareFusion BD Alaris Pump 
Module with Guardrails MX 
software suite



Pump Functionality

● Central side of controller will allow us to add units (sets) for infusion

● Ability to infuse four different drugs at different rates

● Can add four different infusion units for individual infusions

● Can continuously or intermittently deliver infusions

● Guardrails software helps to reduce risk of medication error

● Interface between pump module and PC unit



Pump Concerns (Dr. Luther)

● How to make sure that Dr. Luther is controlling just the one pump and not a 
pump down the hall

● Getting check-off or approval from VUMC device personnel (will need to get 
them involved early)

● Once the connection between CPU and pump is made, there needs to be a 
requirement for manual override should something go wrong

● FDA clearance or approval for testing phase 



Pump interfacing: External vs. internal
● Directly with Alaris pump (external)

○ Microcontroller controlled by an external 
circuit that interfaces with pump tubing 
coming from Alaris

○ Seems to be repetitive (since Alaris system 
controls pump as is)

● Internally programming Alaris pump 
itself

○ If able to take advantage of software, could 
potentially implement our algorithm within 
the pump itself



Pump interfacing: Start new

● Microcontroller that controls glucose source directly

○ Syringe pump

○ Potentially program using Arduino  

95
High
97  



Next Steps

● Familiarization with machine learning

○ Meeting with Dr. Kunda a week from next Wednesday

● Finalize first iteration of algorithm and use in clinical trial (not 
directly on patient, but side by side)

● Obtain new sources of data 

● Begin working on pump interface design/prototype (meeting 
with Dr. Luther after this)



Questions?


