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Overview


•	 Challenges and opportunities for global 

health informatics (eHealth) 

•	 The PIH-EMR system in Peru 

•	 The background for OpenMRS 

•	 The OpenMRS platform 

•	 Evaluation of medical information systems


•	 Systematic review of evaluations 



Typical problem:


•	 Can HIV and MDR-TB care be delivered 

1.	 In settings with limited or absent 

infrastructure?


2.	 To thousands or tens of thousands of 

patients?


3.	 Over long periods of time? 

4.	 With outcomes equivalent to ARV treatment in 
the US? 

5.	 At a “manageable” cost? 



Status of Global Health Informatics 


• Rapid development over the last 2 years 

– Bellagio meeting on e-Health in July 2008


• Driven by the coincidence of: 

– need for better Global Health Delivery 

– increased resources for health system 

strengthening such as the Global Fund 

– more effective, robust, low-cost technologies 



Partners In Health Model of Care


•	 Access to health care for all people 

•	 Creation of long-term development by partnering 

with local people and communities 

•	 Use of community health workers to grow a local 

and sustainable work force 

•	 Addressing the effects of poverty including poor 

nutrition, water, and housing 

•	 Drawing on the resources of the world’s elite 
medical and academic institutions and on the 

lived experience of the world’s poorest and 

sickest communities 



Directly observed therapy in Haiti 



Chronic disease management


•	 Identifying patients requiring treatment 

•	 Starting patients on the correct medication 

•	 Ensuring stable and economical supply of 

medication 

•	 Ensuring compliance with treatment 

•	 Monitoring treatment progress and outcomes 

and addressing adverse events promptly 



Core Functions of e-Health Systems


• Clinical care and quality improvement


• Monitoring and reporting 

• Drug supply management 

• Research 



Example: MDR-TB in Lima, Peru


•	 Highest incidence of TB in 
South America 

• 40,000 patients treated 

with DOTS per year


•	 > 3% have MDR-TB 

•	 Require up to 9 drugs to 
treat MDR-TB 

DOTS = directly observed therapy   

short course 



PIH-EMR System in Peru 


• Secure web-based EMR 

• Operational since 2001 

• Usable with low-speed dialup connections


• Bilingual (Spanish/English) 

• 50,000+ patients tracked 

• 13,000 patients treated for MDR-TB 

Fraser HSF, et al. Evaluating the impact and costs of deploying an electronic medical record 

system to support TB treatment in Peru. Proc AMIA Symp  2006: 264-268 
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Requirements for general purpose

medical record system


•	 Simple to setup 

•	 Multiple computing platforms 

•	 Local users can create EMR forms and reports 

•	 Web based (but can also be run locally) 

•	 Open standards - HL7, LOINC, SNOMED, ICD10 

•	 Fully open source 

– supported by a community of programmers 

– using best ideas and software from many projects


•	 Able to be setup, modified and owned by the countries 
where we work, not just a “present from the US” but a full 
transfer of technology, skills and ownership 



OpenMRS: 

a modular, open source, EMR platform


•	 Developed as a collaboration of PIH, the Regenstrief 

Institute and South African MRC 

•	 Uses concept dictionary for data storage 

•	 Modular design simplifies adding new functions and linking 

to other systems 

•	 Supports multiple languages 

•	 Released with open source license (April 2007) 

•	 Core of paid programmers with growing community support


•	 www.openmrs.org 

Partners In Health Regenstrief Institute Medical reseach 
council SA 



The concept dictionary




OpenMRS sites - fall 2010


Image of Google Maps showing locations of OpenMRS sites in Uganda, Congo, Kenya, 

Tanzania, and Malawi, has been removed due to copyright restrictions. 



Rwanda health indicators


•	 A small central African country: 

–	 Population 9 M people 

–	 Highest population density in Africa, 85% rural 

•	 Achieved rapid economic growth since genocide in 

1994, but still has very poor health outcomes: 

–	 Life expectancy 38-44 years 

–	 Infant mortality 152/1000 

–	 Maternal mortality 1071/100K 

–	 Medium income $230 

–	 HIV prevalence 3% 

–	 Malaria prevalence 46% 



OpenMRS at PIH 

sites in Rwanda


• Currently used for 12 PIH –

supported health centers


• Data for patients with HIV, TB and now heart failure

•	 Over 10,000 patients tracked (Sept. 2009) 

•	 Team of Rwandan data officers trained to enter 
data, ensure quality & produce reports 

• Clinicians lookup of electronic patient summaries 

•	 8 sites have their own server, 6 remote sites 
maintain a synchronized copy of the entire database 

•	 Many new research and clinical applications 

•	 Primary care version is under development 



Physician looking up ARV patient




Potential components of integrated national 

eHealth architecture in Rwanda 
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Government of Rwanda EMR roll out


•	 The Government of Rwanda is committed to 
having a strong national EMR program 

•	 MoH has announced that OpenMRS will be used 
for the national roll out to health centers and small 
hospitals 

•	 MoH wants a non-disease specific system which:

– Can assist in the management of all outpatients 

– Will also continue to be used for HIV management


•	 Detailed rollout plan being developed at present 



Developer training, Rwanda 


•	 We are running a training program in Kigali for computer 
science graduates 

•	 One year, mentored training course 

–	Web development 

–	Java programming 

–	OpenMRS programming 

–	Medical informatics 

•	 Ten students graduated last week 

•	 They will support OpenMRS rollout 
as well as building software development capacity in 
Rwanda 

International Development Research Center




Community: OpenMRS Wiki 



Disease-specific EMR (MDR-TB)




Previous drug prescriptions and 

decision support tools


Alternative alerts and warnings view




MDR-TB treatment history

flowsheet




Image of Google Maps mash-up with OpenMRS has been 

removed due to copyright restrictions. 

Credit: Owais Ahmed, Aamir Khan


OpenMRS-Google Maps–SMS-Integration, 

Karachi




TB in homeless patients in Los Angeles


Credit: Monica Waggoner




Research Data Coordination 

Credit: 

Dave Thomas 

Courtesy of Dave Thomas. 

Used with permission. 



Adaptive Turnaround Documents


Credit: Vibha Anand, Paul Biondich Credit: Child Health Informatics Research and Development Lab 

(CHIRDL) and Children's Health Services Research (CHSR) Program. 

Courtesy of Vibha Anand, Paul Biondich. Used with permission. (Regenstrief)



Testing touch screen patient registration

in Rwinkwavu, Rwanda


© The Rockefeller Foundation. All rights reserved. This content is excluded from our Creative Commons license.

For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


Synchronization


•	 We created a new component to allow bi-

directional synchronization between OpenMRS 

instances 

•	 Uses limited internet capability (soon to be 

usable with USB memory stick) 

•	 6 sites in Rwanda are now synchronizing 

•	 Working on a general version, requires 

modification to the data model 



Security and confidentiality of 

medical data


•	 Patient data is highly sensitive in all 

countries – HIV in Africa a key example 

•	 We encrypt data transfers with SSL 

•	 Staff receive training in patient data and 

security management 

•	 All logins and page views can be audited


•	 Government policy on health data 

ownership and control are required 



Challenges for OpenMRS 

deployments


•	 Reliability and support for equipment, 
power supplies and software 

•	 Training 

•	 Data management and quality control


•	 Evaluation 



Technical challenges


•	 Online-offline data use and synchronization


•	 Building complex applications with modular 

architectures 

•	 Rapid data entry from clinical staff 

•	 Simple drug order entry 

•	 Reporting from EAV data models 

We welcome opportunities to share the work 

of building open and interoperable systems 

and expanding collaboration. 



Evaluation of Global Health 

Informatics Projects




Why Evaluate?


•	 Quality of care 

•	 Efficiency and economics 

•	 Evidence based medicine 

•	 Advance the science of Medical 
Informatics 



5 Levels of Evaluation (Stead et al)


1. Problem definition


2. Bench testing 

3. Field trials: observational


4. Field trials: interventional


5. Long term follow-up 



Evaluation Types


•	 Formative Evaluation 

1.	 Determine important functionality of and improve 

system 

2.	 More qualitative methods 

3.	 Usually performed by implementers 

•	 Summative Evaluation 

1.	 Determine benefits and sustainability of system 

2.	 More quantitative methods 

3.	 Usually performed by outside researchers 
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Palm Project: Study Design 


Controlled study


• (A) Prospective


• (B) Historical 



Palm Project: Study Results 

    Median processing time        Frequency of Errors 

* p<0.001 
† p<0.001 

Intervention 
Districts 

days (n) 

Control 
Districts 

days (n) 

Pre-Palm  
30.5 (4876)* 

 
30.8 (5954) 

Post-Palm  
7.7 (2890)*† 

 
22.7 (3263)† 

 * p < 0.001 
 ‡ p = 0.055 

* 

*‡ 

‡ 

Joaquin Blaya, PhD, Harvard-MIT HST program 



Palm Project: Study Results


•	 Work Efficiency 

– 66% reduction in collection and processing time 

•	 Users’ Preference 
–	 All users wanted to end study and expand use of 

system 

–	 All users felt system was perceived positively by 

health center personnel 

–	 Cost of moving system to new sites 



PDA system, cost analysis


•	 The total cost and time to develop and 

implement the intervention - US$26,092 

and 22 weeks (add on to EMR). 

•	 The cost to extend the system to cover 

nine more districts - $1125 

•	 Cost to implement collecting patient 

weights - $4107. 

Blaya et al, INT J TUBERC LUNG DIS 12(8):921–927 



Drug Sensitivity Lab Data Flow 

Yagui et al. Int J Lung Dis 2006 

Baseline problems with DST data 
 

- 10% of results took > 60 days to arrive at clinic 

 

- 16% of patients waited > 100 days to start 

treatment 

 

-  (17%) of DSTs were duplicates 



E-CHASQUI logo removed due to copyright restrictions. 

Laboratory Reporting System 


1.	 Connects laboratories to health centers 

–	 Email notifications to health center


personnel


2.	 Tools to improve data quality 

3.	 Reporting functions for laboratory 

personnel 

cluster randomized controlled trial of 1846 

patients recently completed 

Joaquin Blaya, PhD student, Harvard-MIT HST program




eChasqui study results: error rates


•	 Intervention HCs showed: 

– 82% less errors compared to controls in reporting for 

drug susceptibility tests 

(2.1 vs. 11.9%, p<0.001) 

– 87% fewer errors compared to controls for cultures 

(2.0 vs. 15.1%, p<0.001) 

•	 eChasqui allowed missing results to be viewed 

online: 

–	 these accounted for at least 72% of all errors  

•	 66% of control and 55% of intervention HC users 

responded they were missing at least 10% of 

paper results 

Blaya J et al, Int J Tuberc Lung Dis. 2010 Aug;14(8):1009-15 



MDR-TB Drug Regimen Design




Evaluation of impact of order entry 

system on drug data accuracy


•	 Prospective and historical controlled study 

•	 Drug regimen quality and timeliness were surveyed 

in two districts in Lima, Peru 

•	 Drug errors per patient 

Callao (EMR)   Lima Este (control) 

Before 17.4%* 8.6%** 

After 3.1%* 6.9%** 

*P= 0.0075 **P= 0.66,  

Choi S, et al. Proc. Medinfo2004, 11: 202-206




Stock Card




Pharmacy and Warehouse 

Stock Tracking


Reduction in product-days of stocked out medication 

(daily report – a method of triangulation) 

System was set up in 2005 but scaled in 2006.


Prod. Days stocked out 

Q1 2006 

1569 

Q4 2006 

634 (P<0.001) 

Prod. Days 60,608 

2.6% 

58,576 

1.1% 

Berger L,  et al, Proc. AMIA SYMP. 2007:46-50 




“Stop the Stock-outs”, Kenya


•	 Led by Health Action International, Oxfam 

and local civil society organizations 

•	 “Stop the Stock-outs” used a system 
developed by Frontline SMS 

• Patients to send text messages to a server 

if the drug they had been prescribed was 

stocked out at the clinic’s pharmacy 

•	 Data is linked to mapping software 

http://www.scidev.net/en/news/software-allows-public-to-map-medicine-shortages-.html 

http://www.scidev.net/en/news/software-allows-public-to-map-medicine-shortages-.html


“Stop the Stock-outs”


•	 The group was able to map the levels of 

stockouts of essential medications in more 

than 100 clinics in Kenya 

•	 Stockouts rates of 50-60% were 

documented for essential medications 

•	 This data was publicized and led to the 

Kenya parliament voting for increased 

funding for drug supply 

– The system is also being used in Malawi, 

Zimbabwe and Uganda 



Supporting HIV treatment




Consequences of Inadequate Patient

Tracking for PMTCT and ARV programs


“Thus, 12 months after delivery, only a fraction (19% in 
one study in Malawi) of HIV positive mothers who 
received antiretroviral drugs will attend health services 
to have their infant tested for HIV.” 

“Clearly, this may have lethal consequences for those 
children who become HIV positive.” 

(Reithinger et al, BMJ June 1st 2007) 

A review in 2007 of adult HIV treatment programs in Africa 
estimated that only 61% of patients were still in care 2 
years after starting treatment. (Other studies suggest 
~85%) 

(Rosen S, PLoS Med 2007 Oct 16;4(10):e298) 



Clinical Alerts (Rwinkwavu, Rwanda)




CD4 Access, Rwinkwavu, Rwanda


•	 We evaluated whether the ID physicians 

had access to the latest CD4 count for 

their patients in Rwinkwavu, Rwanda 

•	 The physicians record the result they have 

on the follow-up form based on paper lab 

result forms 

•	 We checked if they were up to date before 

and after a new lab component was added 

to the EMR to generate results forms 



Results – Access to CD4 counts


•	 The proportion of CD4 counts conducted 

within the past 60 days but unknown to the 

clinician at the time of consultation was: 

•	 24.7% in the pre-intervention period 

•	 16.7% in the post intervention period 

•	 This is a 32.4% reduction in CD4 loss 

(p=.002) 

•	 We are now extending direct clinician 

access to the EMR 

Amoroso et al, Stud Health Technol Inform. 2010; : 



Physician looking up

Evaluation 4: 

 ARV patients 









Evaluation of PDA system for Home

Based Care at AMPATH in Kenya


•	 Developed a Palm Pilot PDA application, 

very similar technology to Peru TB study 

•	 Data collected: 

–	 patient registration, HIV testing, TB screening, 

maternal care, vaccinations


•	 Reported data on 14,648 households, 40,111 

patients, mean of 12 new patient records per day 

•	 899 (45%) pregnant women not receiving AN care


•	 693/1131 (61.3%) HIV+ patients never been tested


•	 User satisfaction was high, technical issues rare 

•	 Cost to cover 2 million patients, $0.15/patient 

Were et al, Stud Health Technol Inform. 2010;160:525-9.




Broader evaluation perspectives




An evaluation of the District Health 

Information System in rural South Africa


•	 Outcomes: assessed data quality, the utilisation for 

facility management, perceptions of work burden, and 

usefulness of the system to clinic staff. 

•	 Results. A high perceived work burden associated 

with data collection and collation 

•	 Some data collation tools were not used as intended. 

•	 There was good understanding of the data collection and 

collation process but little analysis, interpretation or 

utilisation of data. 

•	 Feedback to clinics occurred rarely 

A Garrib, et al , SAMJ , Vol. 98, No. 7, p 549-552 



DHIS


•	 In the 10 clinics, 2.5% of data values were missing, 

and 25% of data were outside expected ranges 

without an explanation provided. 

•	 There was no computerisation of data collection and 

no facility for electronic submission of data in any clinic. 

•	 Clinic staff and supervisors reported that even if the data 

did not look correct, checking it was rarely done due to 

lack of time. 

•	 Little analysis of data occurred at the clinic or by 

clinic supervisors. 

•	 Data were not discussed in staff meetings nor 

analysed by them. 



Malawi Patient Management System

(Baobab)


•	 Touch screen data entry system 

•	 Low cost, robust flat screen terminals

•	 Large numbers of patients registered 

(>300,000) 

•	 May be best example of direct data 
entry system in a developing country 

Report CDC Malawi, presented at PHIN2009




“Mateme” Touchscreen Registration 

Credit: Jeff Rafter (Baobab), 

Evan Waters (PIH) 

Courtesy Jeff Rafter and Evan Waters. Used with permission. 



CDC Pilot Study: Objectives


•	 The pilot EDS will be evaluated using a set of criteria:

–	 Usability 

–	 Sustainability 

–	 Reliability 

–	 Availability 

–	 Accessibility 

–	 Maintainability 

–	 Deployability 

•	 Impact of the introduction of the EDS being assessed 
at multiple user levels 

–	 Clinician 

–	 Health facility 

–	 MOH 



Systematic review of 

evaluation studies


Blaya, Fraser, Holt, Health Affairs 2010, 29;2: 244-251


Surveyed 2043 articles and reports 
Used 45 in final analysis 



Summary of the Key Studies


eHealth Category Qualitative Quantitative 

Descriptive 

Studies 

Controlled 

Studies 

Electronic Health Record (EHR) 5 1 5 

Laboratory Information Management Systems (LIMS) 0 1 2 

Pharmacy Information Systems 4 2 3 

Patient Registration or Scheduling Systems 1 0 2 

Monitoring, Evaluation and Patient Tracking Systems 0 2 4 

Clinical Decision Support Systems (CDSS) 1 0 3 

Patient Reminder Systems 0 1 3 

Research or Data Collection Systems 5 1 11 

TOTAL 15 8 32 



Findings of the Review


Key functions supported by “initial” evidence: 

•	 Tracking patients through treatment initiation, monitoring 
adherence, and detecting those at risk for loss to follow-up 

•	 Decreasing time to create administrative reports 

•	 Tools to label or register samples and patients 

•	 Collection of clinical or research data using PDAs 

•	 Reduction in errors in laboratory and medication data 

•	 Reminding patients of health care actions 



What has been invested in eHealth?


•	 Recent world bank study showed that over 

$480M has been awarded to ehealth projects by 

World Bank for current projects 

•	 3 other major development agencies also 

funding at high levels: 

–	 USAID 

–	 PEPFAR 

–	 GFATM 

•	 Little if any evaluation has been carried out on 

those projects 



Collaborators and Funders 

•	 Partners In Health 

•	 Regenstrief institute 

•	 Medical Research Council, South Africa 

•	 World Health Organization 

•	 US Centers for Disease Control 

•	 Brigham and Women hospital 

•	 Harvard Medical School 

•	 University of KwaZulu-Natal 

•	 Millennium Villages Project 

•	 International Development Research 

Centre, Ottawa 

•	 Rockefeller Foundation 

•	 Fogarty International Center, NIH 

•	 Boston Consulting Group 

•	 Google Inc 



Patient Tracking Patient Set




PIH-EMR history


•	 2001 web based EMR system to support 

the scale up of MDR-TB treatment in Peru 

•	 2003 created a version of PIH-EMR to 

support HIV treatment in rural Haiti 

•	 2004 made the decision to create a new, 

general and flexible platform to build EMR 

systems for developing countries 

•	 OpenMRS first used in early 2006 in 

Kenya and then Rwanda and South Africa 



Methods used in Malawi


•	 Surveys, semi-structured interviews with system users, 
including facility level health care workers and central level 
staff involved in M&E/supervision. 

•	 Time-flow analyses (pre- and post-introduction of system) 

•	 Analysis of information entered onto patient master cards 

and into the electronic system to assess the accuracy of 
information entered. 

•	 Technical review of system 

•	 System logs of problems (e.g. power or system outages, 
etc.) 

Found that 70% of clinicians preferred the touch screen 
system to the paper system 



South Africa (HUPA) Study 

HIV Counselors ask a series of questions 

leading to a patient assessment.


Courtesy Neal Lesh Courtesy of Neal Lesh. Used with permission. 
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