Cell Phone Applications for Clinical Diagnostic Therapeutic and Public Health Use by Front-Line Health Workers in Developing Countries
Health workers in remote areas of developing countries have demanding and low-paid jobs. In this environment, a lack of diagnostic devices and specialist support is the rule. One piece of technology is however omnipresent in these communities: mobile phones. The widespread penetration of mobile services in developing countries – mainly used for communication – provides an unprecedented opportunity to exploit the technology already sitting in front-line health workers’ pockets. Our aim is to equip and extend the devices’ capabilities towards a multifunctional diagnostic unit, making them useful for point-of-care diagnostic procedures. These will make front-line health workers’ work easier and more efficient, and will eventually improve the health status of the communities they serve. 

The requirements for these applications are:

1) They should address clinical problems which are both common and important – maternal and child care, pneumonia diagnosis, accurate prescribing for children, and others.
2) Wherever possible, no new recurrent or capital costs should be created. Developing country health services typically have per capita budgets of only a few dollars per year. New devices should be made as cheaply as possible, and applications should be distributed free of charge. No SMS, phone calls or data transfer should be required. Overall device costs should be consistent with currently purchased diagnostic equipment.
3) No reliance should be placed on distant experts for analysis or interpretation of data. In developing countries they either do not exist or are already fully occupied with their own work.
4) Applications should behave as much as possible like the typical functions of the mobile phone itself, so they require minimum training for new users. Application interfaces and logic should be available in local languages, with easy adaptation to new languages. 

Within these principles and constraints the project focuses on:

1) Building small applications to address common clinical issues:

a. Calculating drip rates for intravenous infusions. This application removes the need for either arithmetic or a wrist-watch for accurate drip rate settings.
b. Calculating important dates in pregnancy. This application allows for either a solar or lunar calendar, and calculates the current gestation as well as the expected date of delivery. This allows the midwife to assess foetal growth, and know when to suspect intrauterine growth retardation (or twins, if growth is faster than expected).
c. Facilitating the counting of respiratory and pulse rates, using a faster (and possibly more accurate) algorithm than the current practice of counting for 60 seconds. Acute respiratory infection causes the deaths of 2 million children each year (98% in developing countries) and the respiratory rate is a key clinical sign in its diagnosis.
d. Reminding patients on complex drug regimens which medications to take at which time. Patients under treatment for HIV or tuberculosis commonly have 4 or more different medications to take in different doses at different times of the day. This application acts as a timer/alarm, using digital photos taken with the phone’s own camera to illustrate which medications to take.
e. Providing information from the national prescribing formulary and calculating drug doses, especially for children. With this application the health worker has access to information about side-effects, contraindications and warnings, as well as dosing information. From the user’s choice of body weight, drug, indication and drug formulation it calculates exactly what to write on the prescription pad (including rounding to the nearest ¼ tablet where appropriate). An accompanying Microsoft Access database allows for adaptation to any country’s formulary.

2) Adding sensors and other circuitry to make existing mobile phones into diagnostic devices:

a. The "Nossal Oximeter" – a simple but functional pulse oximeter built at very low cost (around $20, compared with typical commercial models at $500 or more). This non-invasive method uses the absorption of light passed through the patient’s finger to measuring oxygen levels in the blood. It is the most accurate way to assess the severity of pneumonia in both adults and children.
b. An electrocardiogram (ECG) – including algorithms to automatically calculate respiratory and pulse rates. Cardiovascular disease is a leading cause of death in adults in developing countries, and at around $5 this device is dramatically cheaper than commercial alternatives (which typically cost many hundreds of even thousands of dollars).
c. A phonocardiogram. This device will make the diagnosis of pneumonia simpler by counting the respiratory and pulse rates automatically.

Release versions of most of the applications are available via http://www.ni.unimelb.edu.au/ResearchandActivities/Projects/CellPhoneApplications.html. Localisation features are built into all the applications: versions have already been released in English, Portuguese, French and Kiswahili, and other languages are in preparation.

Thorough field evaluations will be needed (and are currently being prepared), both to evaluate acceptability to the health workers themselves and to assess the impact on diagnostic and treatment efficiency and (eventually) health outcomes. Initial studies will concentrate on the health workers’ opinions of the devices and applications. Later studies will evaluate their use under field conditions and in day-to-day use.

The basic architecture using external sensors with pre-processing of data before passing it to an application running on the mobile phone will allow for both easy extensibility and the integration of different devices and applications. The mobile phone may become a major tool diagnosis and treatment in remote areas.
