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Goal

We would like to create a computer integrated therapeutic hypothermia machine for animal model experiments. The features of this device include:

· Active temperature control with desired target temperature and duration;

· Integration with current TDT experimental data acquisition system 
TDT offers a number of versatile, user-programmable DSP-based systems for real-time stimulus generation and data acquisition featuring System 3 line of real-time processors. Systems with 24-bit Sigma-Delta A/D and D/A converters offer unparalleled precision and signal-to-noise ratios while those with 16-bit PCM converters are best-suited for applications that require minimal group delay.  (http://www.tdt.com/workstations/DataAcquisition.htm);
· Portability for easy use and future clinical translation application;
· High control precision (0.1°C) and high cooling speed over other cooling methods;
· Temperature data logging for future reference. 

Background & Significance 
Cardiac arrest (CA) is the leading cause of deaths in the United States [1]. The survival rate after CA is generally low: only 2-9% following out-of-hospital CA [2]. Poor functional outcomes, such as coma or persistent vegetative state, are prevalent among survivors with only 3-7% survivors resuming normal functioning [3]. Devastating neurological complications induced by CA and early reperfusion are recognized as the main cause of short-term and long-term mortality and morbidity [4]. While various neuroprotective strategies have failed to improve the outcome statistics for CA, the neuroprotective effect of mild therapeutic hypothermia was confirmed in various animal models and human clinical trials [5]. 

Current medical methods to induce therapeutic hypothermia include both noninvasive and invasive methods. Invasive methods include cooling catheters and cold saline injection. Noninvasive methods available are water cooling blankets, cooling air bags, ice packs and alcohol spray. None of them have computer integrated active temperature control, and they could not maintain a desired temperature (usually 32-33°C) for desired long duration (6-24hours).  The Johns Hopkins Therapeutic Hypothermia Group uses a fan to blow the rats while spraying alcohol on rats’ body during rat experiments. The problem with this cooling method is that the temperature monitoring requires lots of attention and time from operators, and there exists temperature overshoot and automatic temperature rewarming on rats under this device’s temperature modulation.

Our device will be the first therapeutic hypothermia machine designed for optimal temperature control on animal model experiments. It may also have translational potential for inducing therapeutic hypothermia on patients. 
Technical Approach 
We will use a Y-shaped catheter to induce the blood flow from the femoral artery, carrying the blood through a cooling zone made from peltier coolers and then over a micromotor all the way back to the femoral vein. The peltier coolers are under control of a microcontroller to send out currents of different amplitudes; the temperature of the peltier coolers change linearly with input current amplitude. The micromotor to pump the blood from the femoral artery back to the vein is also under the control of the microcontroller, adjusting the cooling speed via its turning rate. The microcontroller communicates with Matlab software through serial ports.  
Deliverables
· Minimal
A therapeutic hypothermia machine with active temperature control without temperature data logging;
· Expected

A therapeutic hypothermia machine with active temperature control with separate temperature data logging from the current TDT data acquisition system;
· Maximal

A therapeutic hypothermia machine with active temperature control and with temperature data logging integrated with the current TDT data acquisition system. 
Responsibilities

Kevin: 
· Design microprocessor programming for active control of cooling pumps and peltier coolers as well as communication with Matlab through serial port; 

· Conduct temperature data logging programming in Matlab; 
· Mechanical design for the therapeutic hypothermia machine.

Xiaoxu: 

· Integrate this therapeutic hypothermia machine and the current TDT data acquisition system; 

· Design and apply animal protocol for later device testing and troubleshooting;

· Conduct animal experiments for device testing and troubleshooting.
Timelines (Key Dates)

Feb. 11th-Feb. 17th: Order parts and project design refinement;

Feb. 17th-Feb, 24th:  Build up the pump;
Dependencies & Problem Solving Plan
· Budget: Supported by Dr. Nitish Thakor
	Item
	Estimated Price ($)

	Microprocessor
	400

	Peltier cooler
	40*2

	Thermo-probe
	50

	Micro-motor
	30

	Plastic stock
	50

	Rat
	50*4

	Shipping
	100

	TOTAL
	<1000


· Medical Consultant: 
Dr. Matthew Koenig, Assistant Professor of Neurology, Neurosurgery and Anesthsiology & Critical Care Medicine. Johns Hopkins Hospital.
· Technical Help: 

Chris Brown, Technician in the Department of Biomedical Engineering, JHU. 
Chris Chiang, an undergraduate summer intern in Dr. Nitish Thakor’s lab. 
Management Plan
· 40-50hours per week on the project (teamwork);

· Weekly meeting with Dr. Nitish Thakor: Mon, 11:00am.
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