Introduction

The concept of a mobile EKG system is a promising tool for several reasons.  First, the ability to remotely monitor at risk patients frees important hospital and nursing home resources.  Second, the details of the heart’s rhythm may change during different circumstances. By allowing health care professionals to gather a patient’s EKG data in a more relaxed and realistic environment, more accurate diagnoses of any irregular heart conditions may be obtained.  

All of the existing mobile EKG systems could potentially use the same amplification circuits for the EKG device.  The attributes of these products that pertain to mobility, however, are the ways in which they store and wirelessly transmit their obtained data.  This technical review will focus on the existing wireless techniques that have made some recent EKG systems mobile.
Current Applications

A few EKG systems have already used a variety of wireless data transfer techniques that allow them to function without being tethered to a curve plotting or monitoring station.  The CardioSen’C uses a cellular phone to transmit a recorded EKG reading to an analysis station [1].  The Notfall EKG, a research project, uses a Bluetooth connection to connect to a mobile phone [2].  Both of these methods allow for a user to run the EKG machine on their own.  If the patient believes there is an emergency, then these systems will send the EKG data to a remote monitor for analysis.  
Other mobile EKGs are pursuing GPS technology to track a patient’s location as well as heart rhythm [3]. The Welch Allyn Pocket ECG records EKG data and transfers it to a PC for later analysis [4].  Just as with the other designs, the mobility of this system allows the patient to interact in their normal environment. This broader range of activities and stresses produces a more representative sample of heart rhythm data.  The difference with this product, however, is that the Pocket ECG cannot send real time information wirelessly.

Underlying Wireless Technology
Most standard wireless technologies operate at 2.4 GHz [5].  The current standard transfer rate for Bluetooth technology is 721 kilobits per second (kbps).  Standard 802.11g wireless devices, however, transfer data at a rate of 54 megabits per second (Mbps) [6].  Both of these transfer rates are adequate for transmitting either raw heart rhythm data or fully processed EKG readouts.


Many cellular phones and wireless devices use Windows CE [4].  In this operating system, the data may be plotted using the C# programming language.  Raw heart rhythm data, however, would be a simple coordinate pair of digitized EKG readings.  If raw data is sent, a professional at a distant monitoring station can use a variety of coordinate plotting tools to analyze the raw EKG data.

Building Blocks

The necessary components of a mobile EKG are an amplification circuit with contacts, an analog to digital converter, a digital data storage device, and a means for digital data transmission.  Although there are numerous design possibilities for the amplification circuit, most of these designs can be interchanged without altering the functionality of the entire system.  The data acquisition, storage, and wireless data transfer blocks, however, determine the success of the entire system as a mobile device. 
A common EKG data acquisition requirement is the ability to sample the heart beat at no less than 120 Hz [5].  Other devices use a sampling frequency as high as 500 Hz [6].  Modern data acquisition cards can digitize data at a fast enough rate to allow for either of these sampling frequencies [6].  
The devices that will store information before being transmitted wirelessly are rather simple.  The products that use a cell phone for their wireless data transfer can use the cell phone’s memory to store the data before being sent. All other existing mobile EKG devices use a memory stick to manually transfer its data to a monitoring station [4]. Finally, the wireless data transfer block is composed of a cell phone modem, Bluetooth, or WIFI LAN.
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