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Informatics initiativeInformatics initiative

•• NIH Fogarty Center’s ITMI program (‘98NIH Fogarty Center’s ITMI program (‘98--’05)’05)
–– informatics training in subinformatics training in sub--Saharan AfricaSaharan Africa
–– focus on educating a small # of African fellowsfocus on educating a small # of African fellows

•• Indiana proposal: use informatics to supportIndiana proposal: use informatics to support
–– a model EMR at the Mosoriot Rural Health Center a model EMR at the Mosoriot Rural Health Center 
–– use it to support clinical care and researchuse it to support clinical care and research
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Why Mosoriot?Why Mosoriot?

•• Closest rural health center to Eldoret (25 km)Closest rural health center to Eldoret (25 km)
•• FullFull--service primary care health centerservice primary care health center

–– adult medicineadult medicine
–– pediatrics, well childpediatrics, well child
–– antenatal, family planning, STIantenatal, family planning, STI
–– 2020--bed inpatient unitbed inpatient unit

•• Progressive leaders Progressive leaders →→ interested in an EMRinterested in an EMR
•• Small enough to accomplish our goalsSmall enough to accomplish our goals







Conceptualizing the MMRS Conceptualizing the MMRS 

•• Understand current care processes, needsUnderstand current care processes, needs
•• Identify inefficiencies in careIdentify inefficiencies in care
•• Anticipate problems with conversion to EMR Anticipate problems with conversion to EMR 
•• Get input from Mosoriot personnel Get input from Mosoriot personnel 

–– approaches to design and implementationapproaches to design and implementation
–– likely problems, barrierslikely problems, barriers
–– potential solutionspotential solutions
–– feeling of ownership feeling of ownership →→ buybuy--in!in!



Patient arrivesPatient arrives
at Mosoriot at Mosoriot 

CheckCheck--inin
WindowWindow

Antenatal Antenatal 
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Well ChildWell Child
Clinic Clinic 

LogbookLogbook
Blue bookBlue book

Laboratory Laboratory Pharmacy Pharmacy 

FinancialFinancial
OfficeOffice

LogbookLogbook
Blue bookBlue book

TestTest
ResultsResults

DrugsDrugs
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Patient leavesPatient leaves
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PaymentsPayments

Logbook: visit #, name,Logbook: visit #, name,
visit reasonvisit reason



Conceptualizing the MMRS Conceptualizing the MMRS 

•• Design decisionsDesign decisions
–– keep it simple, inexpensive keep it simple, inexpensive →→ sustainablesustainable
–– run on a single microcomputerrun on a single microcomputer
–– multiple redundant power sourcesmultiple redundant power sources
–– frequent backfrequent back--up of dataup of data
–– program in MSprogram in MS--AccessAccess®®



Designing the MMRS Designing the MMRS 

•• StructureStructure
–– registration moduleregistration module







Designing the MMRS Designing the MMRS 

•• StructureStructure
–– registration moduleregistration module
–– paper encounter formpaper encounter form





Designing the MMRS Designing the MMRS 

•• Structure of the MMRS = modularStructure of the MMRS = modular
–– registration moduleregistration module
–– paper encounter formpaper encounter form
–– data entry moduledata entry module





Designing the MMRS Designing the MMRS 

•• StructureStructure
–– registration moduleregistration module
–– paper encounter formpaper encounter form
–– data entry program data entry program 
–– data dictionarydata dictionary





Designing the MMRS Designing the MMRS 

•• StructureStructure
–– registration moduleregistration module
–– paper encounter formpaper encounter form
–– data entry program data entry program 
–– data dictionarydata dictionary
–– report modulereport module





Implementing the MMRSImplementing the MMRS

•• Time lineTime line
–– Jan Jan to Sept 2000 to Sept 2000 →→ program initial systemprogram initial system
–– Sep to Dec 2000 Sep to Dec 2000 →→ Mosoriot computer trainingMosoriot computer training
–– Dec to Feb 2001 Dec to Feb 2001 →→ install and pilot test MMRS install and pilot test MMRS 
–– February 3, 2001 February 3, 2001 →→ turn on MMRSturn on MMRS
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Implementing the MMRSImplementing the MMRS

•• Time lineTime line
–– Jan Jan to Sept 2000 to Sept 2000 →→ program initial systemprogram initial system
–– Sep to Dec 2000 Sep to Dec 2000 →→ Mosoriot computer trainingMosoriot computer training
–– Dec to Feb 2001 Dec to Feb 2001 →→ install and pilot test MMRS install and pilot test MMRS 
–– February 3, 2001 February 3, 2001 →→ turn on MMRSturn on MMRS
–– May 2001 May 2001 →→ redesign MMRS, patient flowredesign MMRS, patient flow

add checkadd check--out computer linked to main MMRS out computer linked to main MMRS 
close a gate, preventing patient back exitsclose a gate, preventing patient back exits
have Mosoriot employee direct patientshave Mosoriot employee direct patients
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Implementing the MMRSImplementing the MMRS

•• Time lineTime line
–– Jan Jan to Sept 2000 to Sept 2000 →→ program initial systemprogram initial system
–– Sep to Dec 2000 Sep to Dec 2000 →→ Mosoriot computer trainingMosoriot computer training
–– Dec to Feb 2001 Dec to Feb 2001 →→ install and pilot test MMRS install and pilot test MMRS 
–– February 3, 2001 February 3, 2001 →→ turn on MMRSturn on MMRS
–– May 2001 May 2001 →→ redesign MMRS, patient flowredesign MMRS, patient flow
–– July 2001 July 2001 →→ paper system discontinuedpaper system discontinued
–– February 2004 February 2004 →→ 103,910 visit records entered 103,910 visit records entered 

for more than 50,000 individual patients for more than 50,000 individual patients 



Mosoriot Visits by MonthMosoriot Visits by Month
February 2001 to February 2004February 2001 to February 2004
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MMRS data (2 years)MMRS data (2 years)

# Visits# VisitsClinic Site at MosoriotClinic Site at Mosoriot

146146Inpatient WardInpatient Ward
395395STI ClinicSTI Clinic

5,7325,732Family Planning ClinicFamily Planning Clinic
6,2426,242Antenatal ClinicAntenatal Clinic

10,25710,257Paediatric Clinic (Paediatric Clinic (>>5)5)
11,94611,946Children Under 5 ClinicChildren Under 5 Clinic
22,10322,103Adult Medicine ClinicAdult Medicine Clinic



MMRS data (2 years)MMRS data (2 years)

3,3233,323BrufenBrufen544544Worms (Worms (unspecunspec.).)
3,7663,766PiritonPiriton618618LacerationLaceration
4,4434,443DepoproveraDepoprovera629629AmebiasisAmebiasis
4,7254,725AmoxicillinAmoxicillin700700MyalgiaMyalgia
4,7534,753Penicillin, oralPenicillin, oral791791Wound (Wound (unspecunspec.).)
7,8517,851Quinine, oralQuinine, oral938938TonsilitisTonsilitis
8,0588,058Penicillin, injectedPenicillin, injected964964GastroenteritisGastroenteritis
8,7698,769Quinine, injectedQuinine, injected1,3291,329Septic woundSeptic wound
11,55011,550FansidarFansidar8,4798,479URIURI
24,94424,944ParacetamolParacetamol17,49517,495MalariaMalaria

# Visits# VisitsDrugsDrugs# Visits# VisitsDiagnosesDiagnoses



MMRS data (2 years)MMRS data (2 years)

1,117,580 (21%)1,117,580 (21%)5,272,6055,272,605Total ChargesTotal Charges

424,630 (42%)424,630 (42%)1,011,7271,011,727Test ChargesTest Charges

692,691 (17%)692,691 (17%)4,260,3984,260,398Drug ChargesDrug Charges

Amount PaidAmount PaidChargesCharges



Effects on patients and cliniciansEffects on patients and clinicians

•• Patient time (minutes per visit)Patient time (minutes per visit)
–– waiting: 21 waiting: 21 →→ 13 minutes13 minutes
–– with provider: 12 with provider: 12 →→ 5 minutes5 minutes
–– registering: 1.8 registering: 1.8 →→ 2.5 minutes2.5 minutes
–– total time per visit: 42 total time per visit: 42 →→ 32 minutes32 minutes

•• Clinician time (% of workday)Clinician time (% of workday)
–– with patients: 33% with patients: 33% →→ 16%16%
–– with other staff: 23% with other staff: 23% →→ 8%8%
–– personal activities: 15% personal activities: 15% →→ 46%46%
–– searching for information: 7% searching for information: 7% →→ 3%3%



Evolving the MMRS Evolving the MMRS 

•• Add visit checkAdd visit check--in to registration screenin to registration screen
•• Use tabs rather than screen scrolling Use tabs rather than screen scrolling 
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•• Add fields requested by MMRS staff to Add fields requested by MMRS staff to 

encounter form and data entry screens encounter form and data entry screens 





Evolving the MMRS Evolving the MMRS 

•• Add visit checkAdd visit check--in to registration screenin to registration screen
•• Use tabs rather than screen scrolling Use tabs rather than screen scrolling 
•• Add fields requested by MMRS staff to Add fields requested by MMRS staff to 

encounter form and data entry screens encounter form and data entry screens 
•• Add fields specific to prospective studiesAdd fields specific to prospective studies

–– outcomes of acute respiratory infectionsoutcomes of acute respiratory infections
–– epidemiology of injuriesepidemiology of injuries



So what?



AdministrativeAdministrative uses of MMRS datauses of MMRS data

•• From 2 weeks From 2 weeks →→ 1 hour to produce monthly 1 hour to produce monthly 
MOH reports (#1 among rural health centers)MOH reports (#1 among rural health centers)

•• Document drug useDocument drug use →→ order refills earlierorder refills earlier
•• Quantify amount of free care provided Quantify amount of free care provided →→

increased funding from the Kenyan MOHincreased funding from the Kenyan MOH
•• MOH advisory committee recommended that MOH advisory committee recommended that 

the MMRS be used in all rural health centersthe MMRS be used in all rural health centers



ClinicalClinical uses of MMRS datauses of MMRS data

•• Noted a village with too few children being Noted a village with too few children being 
vaccinated vaccinated →→ nurse sent to intervene: nurse sent to intervene: 
vaccinate, educatevaccinate, educate

•• Noted a village with too many STIs Noted a village with too many STIs →→ nurse nurse 
sent to intervene: treat, educatesent to intervene: treat, educate

•• Noted many dog bites in one area Noted many dog bites in one area →→ rabid rabid 
dog found biting dogs, humans dog found biting dogs, humans →→ destroyeddestroyed



New challenge: HIV/AIDSNew challenge: HIV/AIDS

•• New needsNew needs
–– greater number of clinics greater number of clinics 

MosoriotMosoriot
Moi Teaching and Referral HospitalMoi Teaching and Referral Hospital
adults and pediatricsadults and pediatrics

–– muchmuch more detailed data required more detailed data required 
focus on a specific disease focus on a specific disease 
data for both treatment data for both treatment andand preventionprevention
more data required by funding agencies more data required by funding agencies 
(MTCT(MTCT--Plus, PEPFAR, etc.)Plus, PEPFAR, etc.)



New challenge: HIV moduleNew challenge: HIV module

•• New needsNew needs
•• New New approachesapproaches

–– central database not located at either cliniccentral database not located at either clinic
–– paper encounter forms entered daily then paper encounter forms entered daily then 

returned to clinic returned to clinic →→ permanent paper recordpermanent paper record



HIV moduleHIV module

•• Intensive initial and followIntensive initial and follow--up data on all up data on all 
patients visiting HIV clinicspatients visiting HIV clinics

–– chief complaintchief complaint
–– exposure risks (patient, spouse)exposure risks (patient, spouse)
–– past history, review of systemspast history, review of systems
–– physical examinationphysical examination
–– tests performed (with results)tests performed (with results)
–– problem listproblem list
–– drugs prescribeddrugs prescribed
–– subsequent appointmentssubsequent appointments







HIV moduleHIV module

•• Intensive initial and followIntensive initial and follow--up data on all up data on all 
patients visiting HIV clinicspatients visiting HIV clinics

•• ComputerComputer--generated summary with remindersgenerated summary with reminders





HIV moduleHIV module

•• Intensive initial and followIntensive initial and follow--up data on all up data on all 
patients visiting HIV clinicspatients visiting HIV clinics

•• ComputerComputer--generated summary with remindersgenerated summary with reminders
•• In the first 33 months, 4950 patients were In the first 33 months, 4950 patients were 

enrolled and made more than 30,000 visitsenrolled and made more than 30,000 visits



Patients and ART by site (N=4950)Patients and ART by site (N=4950)

1091098%8%131334%34%9696ChulaimboChulaimbo

29290%0%1139%39%2828NaitiriNaitiri

49490%0%2245%45%4747AmakuraAmakura

1381380%0%1140%40%137137WebuyeWebuye

187187----0052%52%187187Burnt ForestBurnt Forest

34934921%21%292956%56%320320TurboTurbo

1008100815%15%13013051%51%878878MosoriotMosoriot

3081308119%19%54954963%63%25322532Moi HospitalMoi Hospital

TotalTotalOn ARTOn ARTChildrenChildrenOn ARTOn ARTAdultsAdultsSiteSite



HIV clinic dataHIV clinic data

3.7 (3.7 (++ 2.3)2.3)3.7 (3.7 (++ 2.9)2.9)Children (n)Children (n)
0%0%1%1%≥≥ 33
21%21%26%26%22
79%79%73%73%Wives (n) 1Wives (n) 1

81%81%83%83%MarriedMarried

68%68%65%65%FemaleFemale
36 (36 (++ 8)8)36 (36 (++ 9)9)Age (years Age (years ++ SDSD))

MosoriotMosoriot
(rural)(rural)

Moi HospitalMoi Hospital
(urban)(urban)DemographicsDemographics



HIV clinic dataHIV clinic data

32%32%30%30%Suspect spouse of extramarital sexSuspect spouse of extramarital sex

30%30%21%21%Spouse deceasedSpouse deceased

3%3%4%4%Condom useCondom use

1.3 1.3 1.11.1Sexual partners (average)Sexual partners (average)
19%19%17%17%Extramarital sexual relationsExtramarital sexual relations
33%33%37%37%Sexual encounters during last 6 monthsSexual encounters during last 6 months

4%4%6%6%Spouse known HIVSpouse known HIV--positivepositive

11%11%25%25%Patient aware of spouse’s HIV statusPatient aware of spouse’s HIV status

20%20%38%38%Spouse aware of patient’s HIV statusSpouse aware of patient’s HIV status

MosoriotMosoriotMoi HospMoi HospHIV Exposure HIV Exposure HxHx, Risk Factors, Risk Factors



HIV clinic dataHIV clinic data

12%12%ExertionalExertional dyspneadyspnea
16%16%DiarrheaDiarrhea
18%18%Chest painChest pain
21%21%ArthralgiaArthralgia
31%31%ChillsChills
39%39%FeverFever
56%56%FatigueFatigue
59%59%Weight lossWeight loss

Symptoms on Initial VisitSymptoms on Initial Visit



HIV clinic dataHIV clinic data

4%4%HepatomegalyHepatomegaly
7%7%SplenomegalySplenomegaly
7%7%Kaposi’s sarcomaKaposi’s sarcoma
7%7%Abnormal breath soundsAbnormal breath sounds
10%10%LymphadenopathyLymphadenopathy
10%10%Temporal muscle wastingTemporal muscle wasting
13%13%Oral Oral candidiasiscandidiasis (thrush)(thrush)
17%17%RashRash
57 kg57 kgWeight (average) Weight (average) 

Findings on Initial Physical ExamFindings on Initial Physical Exam



HIV clinic dataHIV clinic data

18%18%Pneumonia on chest xPneumonia on chest x--rayray
26 26 AlanineAlanine aminotransferase (IU)aminotransferase (IU)

245,000 245,000 Platelet countPlatelet count
48004800White blood cell count White blood cell count 
10.5 10.5 Hemoglobin Hemoglobin 
1694 1694 Total lymphocyte countTotal lymphocyte count
117 117 CD4 count (ART patients)CD4 count (ART patients)
215 215 CD4 count (average)CD4 count (average)

Initial Laboratory Test ResultsInitial Laboratory Test Results



HIV clinic dataHIV clinic data

10%10%14%14%MetronidazoleMetronidazole

1%1%4%4%EfavirenzEfavirenz

17%17%9%9%FluconazoleFluconazole

45%45%48%48%TrimethoprimTrimethoprim--sulfasulfa
54%54%48%48%IsoniazidIsoniazid
88%88%92%92%ARV adherence ARV adherence >> 95%95%

22%22%37%37%NevirapineNevirapine
23%23%39%39%StavudineStavudine
23%23%40%40%LamivudineLamivudine

MosoriotMosoriot
(N=294)(N=294)

Moi HospMoi Hosp
(N=790)(N=790)Initial Drug TherapyInitial Drug Therapy



Change in Weight: 1000 on ARTChange in Weight: 1000 on ART

Raw data (male) Raw data (female)
Predicted data (male) Predicted data (female)
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Raw data (male) Raw data (female)
Predicted data (male) Predicted data (female)
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Next stepsNext steps

•• Add 3 district hospitals at Teso, Kitale, and Add 3 district hospitals at Teso, Kitale, and 
KapenguriaKapenguria
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Next stepsNext steps

•• Add 3 district hospitals at Teso, Kitale, and Add 3 district hospitals at Teso, Kitale, and 
KapenguriaKapenguria

•• Enter data in HIV clinics using wireless tablet Enter data in HIV clinics using wireless tablet 
computers computers →→ flowsheets, care promptsflowsheets, care prompts

•• Extend the AMRS to communityExtend the AMRS to community--based health based health 
workers on handworkers on hand--held devicesheld devices

•• Extend the AMRS to HIV clinics in other subExtend the AMRS to HIV clinics in other sub--
Saharan Africa countries Saharan Africa countries 

–– software downloaded by clinics in Ethiopia, Kenya, software downloaded by clinics in Ethiopia, Kenya, 
Mozambique, Namibia, Nigeria, Rwanda, South Mozambique, Namibia, Nigeria, Rwanda, South 
Africa, Tanzania, Uganda, ZimbabweAfrica, Tanzania, Uganda, Zimbabwe



Next stepsNext steps

•• Move the AMRS to the InternetMove the AMRS to the Internet
–– more sophisticated data structuremore sophisticated data structure
–– Web server accessible from anywhereWeb server accessible from anywhere
–– migrate from MSmigrate from MS--Access to SQL server… Access to SQL server… 



Next stepsNext steps

•• Move the AMRS to the InternetMove the AMRS to the Internet
–– more sophisticated data structuremore sophisticated data structure
–– Web server accessible from anywhereWeb server accessible from anywhere
–– migrate from MSmigrate from MS--Access to SQL server… Access to SQL server… 

•• Ultimate goal Ultimate goal →→ international network of HIV international network of HIV 
clinics toclinics to

–– enhance coordination of HIV/AIDS careenhance coordination of HIV/AIDS care
–– perform collaborative research on costperform collaborative research on cost--

effective  treatment of HIV/AIDS and assess effective  treatment of HIV/AIDS and assess 
outcomes and prevention efforts outcomes and prevention efforts 





Lessons learnedLessons learned

•• Clinical information systems are possible in Clinical information systems are possible in 
even the most resourceeven the most resource--constrained placesconstrained places

•• CollaborationCollaboration with established informatics with established informatics 
programs is a mustprograms is a must

•• Primary goals Primary goals →→ sustainabilitysustainability of the EMR,  of the EMR,  
independenceindependence of the developing countryof the developing country

•• Start Start smallsmall and build to and build to serve local needsserve local needs
•• AnticipateAnticipate challenges and prepare for themchallenges and prepare for them
•• Maintain hope and enthusiasmMaintain hope and enthusiasm



Hope does not lie in a way out, Hope does not lie in a way out, 
but in a way through.but in a way through.

Robert FrostRobert Frost


