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ABSTRACT
....................................................................................................................................................

Objective Efficient, effective health care requires rapid availability of patient information. We designed, implemented, and assessed the impact of a
primary care electronic medical record (EMR) in three rural Kenyan health centers.
Method Local clinicians identified data required for primary care and public health reporting. We designed paper encounter forms to capture these
data in adult medicine, pediatric, and antenatal clinics. Encounter form data were hand-entered into a new primary care module in an existing
EMR serving onsite clinics serving patients infected with the human immunodeficiency virus (HIV). Before subsequent visits, Summary Reports
were printed containing selected patient data with reminders for needed HIV care. We assessed effects on patient flow and provider work with
time-motion studies before implementation and two years later, and we surveyed providers’ satisfaction with the EMR.
Results Between September 2008 and December 2011, 72 635 primary care patients were registered and 114 480 encounter forms were com-
pleted. During 2011, 32 193 unique patients visited primary care clinics, and encounter forms were completed for all visits. Of 1031 (3.2%) who
were HIV-infected, 85% received HIV care. Patient clinic time increased from 37 to 81 min/visit after EMR implementation in one health center and
56 to 106 min/visit in the other. However, outpatient visits to both health centers increased by 85%. Three-quarters of increased time was spent
waiting. Despite nearly doubling visits, there was no change in clinical officers’ work patterns, but the nurses’ and the clerks’ patient care time de-
creased after EMR implementation. Providers were generally satisfied with the EMR but desired additional training.
Conclusions We successfully implemented a primary care EMR in three rural Kenyan health centers. Patient waiting time was dramatically length-
ened while the nurses’ and the clerks’ patient care time decreased. Long-term use of EMRs in such settings will require changes in culture and
workflow.

....................................................................................................................................................

INTRODUCTION
Health care is an information business that requires effective and effi-
cient capture, storage, management, and communication of patient
data.1 Electronic medical records (EMRs) may increase the quality and
efficiency of care in both developed2 and developing countries.3,4

Many of these potential improvements in care come from supporting
day-to-day patient management and clinical decisions.5 However,
progress towards this goal has been slow, especially in resource-con-
strained environments.

Capturing coded data during clinical encounters may be easier in
developing countries where electronic and even long-term paper re-
cords are largely nonexistent and health care is often delivered by
nurses and clinical officers, similar to US physicians’ assistants,
whose work is amenable to evidence-based guidelines.6 Moreover,
ministries of health (MOH) in developing countries often require their
care facilities to collect and report a core set of data from patient visits
to track expenditures and monitor key outcomes. Therefore, establish-
ing EMRs in developing countries provides an opportunity to define a
core dataset specific to the care being delivered to serve local health
care providers, to local health systems, and to governmental authori-
ties funding and overseeing them.

In 2001, we established an EMR in a moderate-sized rural health
center in Mosoriot, Kenya.7–9 Although similar to prior clinical and re-
search databases deployed in sub-Saharan Africa,10 to our knowledge,
this was sub-Saharan Africa’s first true ambulatory EMR. Paper encoun-

ter forms mainly had check boxes and fill-in-the-blank fields (See
Figure 1 in online supplementary material) for clinicians to record physi-
ologic data, diagnoses, and treatments. Clinicians completed these
forms while delivering care, and check-out clerks entered the data into
the EMR before patients left the health center. Over time, the clinical
staff added data elements to the encounter forms that assisted care de-
livery and clinic management. The data collected were limited to demo-
graphic information, reasons for visits, vital signs, family planning
(counseling and method), ancillary services used (laboratory, radiology),
antenatal care information (last menstrual period, estimated data of de-
livery, gestational age, etc.), child welfare (immunizations), final diagno-
ses, treatment, return visits and referrals, and financial information (See
Figure 1 in online supplementary material). Space was provided for free
text notes but was rarely used. After data were entered into the EMR,
encounter forms were given to patients for their permanent records. No
local paper charts were maintained at Kenyan MOH health centers.

In late 2001, Mosoriot’s EMR was expanded to capture data for
HIV clinics established by the Academic Model Providing Access to
Healthcare (AMPATH), a collaboration including Moi University School
of Medicine, Moi Teaching and Referral Hospital (MTRH), and Indiana
University.11,12 The minimalist primary care EMR became the AMPATH
Medical Record System (AMRS) and captured extensive information on
HIV-infected patients’ demographics, historical and physical findings,
health risk behaviors, tests, diagnoses, and treatments.13 Four sepa-
rate encounter forms were developed for initial and return visits for
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adult and pediatric patients. The initial form was extensive (six pages),
but the follow-up two-page form (printed on both sides of one sheet of
paper, see Figure 2 in online supplementary material) could be com-
pleted in 1–2 min.

In 2004, the World Health Organization convened African and
western HIV experts to develop a core dataset for outpatient HIV
care.14 This guided the AMRS’ evolution, significantly expanding the
variety and depth of data collected. Due to the increasing size and
complexity of the AMRS, its initial MS-Access

VR

platform became inad-
equate. Consequently, collaborators from the Regenstrief Institute,
Partners in Health,15 and the Medical Research Council of South
Africa16 created a new open-source EMR platform called OpenMRS
that was based on Regenstrief’s EMR model17 and used a Java inter-
face over a MySQL platform.18–20 We successfully installed OpenMRS
in all AMPATH sites and six hospitals and health centers in Tanzania
and Uganda.21 OpenMRS has attracted a global community of devel-
opers and implementers who have implemented it in more than 40
countries (Figure 1).19 OpenMRS is being implemented in all Ministry
of Health venues in Kenya as well as in Rwanda, Tanzania, Uganda,
Mozambique, Bangladesh, and the Philippines.

In 2007, in response to demands from patients and their commu-
nities, AMPATH expanded to include patients with chronic noncommu-
nicable diseases including heart disease and its risk factors,
pulmonary disease, diabetes, cancer, and mental health.22 Working
with clinicians in these specialty areas, we developed and imple-
mented clinic-specific OpenMRS encounter forms and data manage-
ment modules for each of these specialty clinics.

In 2008, AMPATH decided to further expand its mission and
provide primary care in selected health centers with AMPATH
clinics. To help coordinate primary and HIV care in these clinics, we
developed and implemented a primary care OpenMRS module. In this
article, we answer the questions: was the primary care EMR used for
all patients and visits, and what was its impact on patient flow,
provider work, and user satisfaction in three rural health centers in
western Kenya.

METHODS
Study Setting
This project was approved by Indiana University’s Institutional Review
Board and Moi University’s Institutional Research Ethics Committee
from October 2007 through December 2011 during which time
AMPATH grew from 19 clinics and 61 000 enrolled patients to more
than 50 clinics and 455 000 enrolled patients. Visits increased from
650 000 in 2007 to 4.9 million in 2011. Three rural health centers
within 50 km of AMPATH’s headquarters in Eldoret, Kenya – Mosoriot,
Turbo, and Burnt Forest – were selected for this study as were the pe-
diatric and antenatal clinics at MTRH in Eldoret, which have been de-
scribed previously.23,24 Rural health centers in Kenya provide
ambulatory care to defined populations. Clinics are typically run by
nurses and clinical officers, similar to US physicians’ assistants.
Physicians are rare. Rural health centers provide a wide range of pre-
ventive care (e.g., childhood immunizations, family planning) and re-
productive health services (e.g., antenatal clinics, labor, and delivery)
and treat mostly injuries and acute illnesses (e.g., malaria flares, re-
spiratory infections, and gastroenteritis). Chronic disease care is
uncommon.

Mosoriot serves a catchment population of approximately 60 000
persons. Turbo serves a catchment population of 72 500 while
Burnt forest serves a catchment population of more than 170 000.
During this study, due to increasing patient visits, both Mosoriot
and Burnt Forest were upgraded to sub-district hospitals. All
three health centers contained AMPATH HIV clinics that used the
AMRS, but only Mosoriot had previously captured any primary care
data electronically.7–9

Defining the Core Dataset for Primary Care
The scope of data collected balanced the information needs of health
center providers, care managers, governmental regulators, and re-
searchers against clinician time required to record those data.
Therefore, we first defined the purposes the data would serve: (1) re-
porting clinic activity to Kenya’s MOH; (2) supporting clinicians

Figure 1: OpenMRS implementation sites.
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delivering primary care; (3) aiding health center management; and (4)
facilitating quality improvement and research.

The MOH had the most direct impact on the data collected. It em-
ployed all clinic personnel and had established data reporting require-
ments for MOH facilities nationwide. Previously, providers entered visit
data into log books located in the check-in office; the adult medicine,
pediatric, antenatal, and family planning clinics; and in the laboratory,
pharmacy, and financial office. Each visit had a unique number that
reset to one each year; there were no unique patient identifiers.
Returning patients were issued a new visit number. Consequently, pa-
tient data could not be aggregated across multiple visits. No local pa-
per charts were maintained. Every month, clinic personnel collected
the logbooks and hand-entered counts of visits to each clinic, diagno-
ses, vaccinations, tests performed, drugs dispensed, etc. onto stand-
ard MOH report forms.

For the primary care module, we adopted AMPATH’s unique pa-
tient identification number.20 Identifiers include patient’s name – first
(Christian), middle (Kenyan), and last (tribal) – mother’s first name,
gender, date of birth, and whether the birthdate was known or esti-
mated. Once registered, each patient was given a laminated card that
included his or her name and identification number (Figure 2), which
used a check digit to assure typing accuracy.25

Designing the Encounter Forms
We met separately with clinicians in each clinic – pediatric, adult medi-
cine, and antenatal – to review the MOH reports and other information

the clinicians desired for patient management. Initially, we intended to
design separate forms for each clinic, i.e., pediatric under 5 years, pedi-
atric over 5 years, adult medicine, antenatal, family planning, sexually
transmitted infections, etc. However, except for the antenatal clinic, the
information required for each clinic was similar and could be recorded
on one two-sided form similar to those AMPATH clinicians had com-
pleted millions of times and found easy to navigate.20 We created a sep-
arate form for the antenatal clinics which had unique and extensive data
needs. We iteratively tested and revised each form with clinicians and
staff. We also vetted the forms with AMRS data technicians to maximize
ease of data entry and minimize errors. The resulting primary care and
antenatal encounter forms are shown in Figures 3 and 4 in the online
supplementary material.

Clinic Workflow
When an unregistered patient presented to a health center’s check-in
window, the clerk recorded registration data on the appropriate en-
counter form and printed and laminated an AMRS identification card.
The clerk recorded the clinic(s) the patient would visit that day, who
referred the patient, and the presenting problem(s). The nurse re-
corded vital signs and handed the encounter form to the patient to
carry to the appropriate clinic(s).

Clinic personnel recorded observations and care provided in the
form’s appropriate boxes. Clinicians could also write supplemental
notes by hand in a comment box. Laboratory technicians entered test
results. At the bottom of page two, the clinicians recorded the visit
diagnoses, drugs given or prescribed, referrals, and return
appointments.

The patient then carried the encounter form to the pharmacy to
receive prescribed drugs, after which the pharmacist checked
the form’s “Picked Up” box. For unavailable drugs, they checked the
“Out of Stock” box and instructed the patient to return later. Next, the
patient visited the financial officer who recorded charges and

Figure 3: AMPATH clinic locations at the beginning of this
study.

Figure 2: AMRS identification card (front and back).
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payments on the form. Finally, the patient visited the check-out window
and received return appointment and referral slips, if indicated.
Completed encounter forms were placed in a box where two data entry
clerks typed the information into the AMRS. A Quality Management
Clerk reviewed a random 5% of the forms for data entry errors. Once
the data from the form had been entered into the AMRS, which typically
took 1–2 days to a week, the form was placed in a box for placement in
the patient’s paper chart which, to simplify storage and retrieval, was
stored in a bin labeled with the last two digits of the ID number.

Previously registered patients would present their AMRS ID cards
to the check-in clerk who would put the name and ID number on a
blank encounter form. For patients forgetting or losing their ID card,
clerks searched the AMRS computer. After check-in, the clerk printed
a Summary Report of prior AMRS data (Figure 5 in the online supple-
mentary material) and clipped it to the encounter form, which was
handed to the patient who then proceeded to appropriate clinics and
offices. We originally planned to have patients carry their paper charts
to clinics so prior encounter forms would be available. However,

Figure 4: Results of the primary care module user satisfaction survey.

RESEARCH
AND

APPLICATIONS
Tierney WM, et al. J Am Med Inform Assoc 2016;23:544–552. doi:10.1093/jamia/ocv074, Research and Applications

547

http://jamia.oxfordjournals.org/lookup/suppl/doi:10.1093/jamia/ocv074/-/DC1
http://jamia.oxfordjournals.org/lookup/suppl/doi:10.1093/jamia/ocv074/-/DC1


providers were concerned about workflow and confidentiality, and be-
cause they found Summary Reports so useful, the charts remained in
the chart room unless clinicians requested them.

Generating Reports
Each month, a clerk generated the MOH reports for the previous
month via the AMRS’ reporting utility. These reports, which simulated
the MOH’s paper reporting form previously completed by hand, were
generated when all encounter forms from the previous month had
been entered into the AMRS. The AMRS also contained a search pro-
gram with which providers could display patient data in tabular form,
which could be printed if desired.

As mentioned above, at check-in a clerk generated a Summary
Report for each returning patient (Figure 5 in the online supplementary
material) that contained identifying information, pregnancy status,
summary problem list, and medications. Also included were the most
recent encounters with date, primary diagnosis, and drugs/vaccines

prescribed. In addition, there were listed prior vital signs and test re-
sults, and, for HIV patients, reminders for indicated tests and treat-
ments, which have increased AMPATH clinicians’ adherence to care
guidelines.26

Evaluation
We performed time-motion studies of both patients and clinicians
in Burnt Forest and Turbo using the same methods we had previously
used in Mosoriot9 and two sites in Uganda.27,28 We did not perform
a time-motion study in Mosoriot because we had replaced their exist-
ing EMR. The pre-EMR time-motion study was performed January–
March 2008. The post-EMR time-motion study was performed
January–March 2010. A research assistant met the first patient enter-
ing the health center each day, explained the study, and asked if
he could follow the patient. Using Android

VR

smartphones, research as-
sistants silently followed consenting patients, noting and time stamp-
ing each new activity from a pre-established list. No patient identifiers

Figure 4: Continued.
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were stored. When the patient left the clinic, that time was noted.
The research assistant then approached the next patient entering
the health center. This study continued for 2 months or until a mini-
mum of 200 patients had been included from each health center dur-
ing the pre- and post-EMR implementation phases of the time-motion
study.

We summed patient activities into seven categories: registration/
check-in, with clinicians, in the laboratory, in the pharmacy, other
care-related activities, other noncare related activities (including per-
sonal activities), and waiting. We calculated the total time in each of
these categories for each visit and used Wilcoxon nonparametric tests
to assess differences before and after EMR implementation, accepting
a two-tailed P< 0.05 as significant. Because health care delivery and
EMR implementation and use differed between venues, we performed
separate analyses for Burnt Forest and Turbo.

We also performed time-motion studies of providers at Burnt
Forest and Turbo. The research assistant met the provider as he or
she entered the facility and followed him/her for the entire day. We
studied all clinical officers, nurses, and clerks and followed each
provider for at least 2 days, more for providers working shorter
workdays. The number of each type of provider was small; we
maintained anonymity by recording the provider’s type but not
name. There were seven categories of provider activities: administra-
tion, direct patient care, indirect patient care (e.g., completing paper-
work), total patient care (combination of direct and indirect), noncare
related activities, personal activities, and waiting. Because the num-
ber of hours worked per day varied greatly both within each type of
provider and between provider types, we calculated the time for
each work category as a percent of their working day. As with pa-
tients, we assessed differences between before and after EMR im-
plementation with nonparametric Wilcoxon tests to accommodate
skewed data.

Finally, using a survey instrument we developed and used for EMR
implementations in Uganda,27,28 we assessed EMR users’ familiarity
with computers (scored via a Likert scale from 1¼ never to 4¼ occa-
sional to 7¼ expert), frequency of use of the components of the pri-
mary care module (scored from 1¼ never to 4¼ sometimes to
7¼ several times per day), and their satisfaction with the AMRS, en-
counter forms, and Summary Reports (from 1¼ never to 4¼ it varies
to 7¼ always). In December of 2011, we administered the question-
naire to providers at Turbo and Burnt Forest clinics. We also adminis-
tered the survey to providers in the pediatric and MTRH’s antenatal
clinics where the primary care module was also implemented at the
same time but whose EMR use data have been reported else-
where.23,24 Because the number of some types of providers was
small, we maintained anonymity by not recording venue. Hence, we
report user satisfaction data for Turbo, Burnt Forest, Mosoriot, and
MTRH’s pediatric and antenatal clinics.

RESULTS
The AMRS Primary Care Module was successfully implemented at all
three rural health centers in September 2008. Because MOH reporting
data were captured only on the encounter forms, once implemented at
a health center, the primary care encounter forms were used for all
patient visits without exception. Table 1 shows the number of patients
registered and visits made to each site from September 2008 through
December 2011. The 72 635 primary care patients registered made
114 480 visits. The number of patients visiting the three health centers
increased substantially during the study: from 404/month in the first 6
months to 749/month in the last 6 months, an 85% increase.
Encounter form data were usually entered into the AMRS the same
day as a visit or the next day, but almost always within a week.
However, two or three times a year the data entry clerks got behind
due to holidays, illness, leave, etc. When such backlogs occurred, ad-
ditional clinic personnel were assigned to catch up.

Because one goal of the primary care module was to coordinate
care between the primary care clinic and the HIV clinic at each site,
for the last year studied (2011), we assessed the number of patients
using both primary care and HIV clinics at each site (Table 2). Only 3%
of the registered primary care patients had HIV clinic visits. However,
85% of the HIV-infected patients visiting primary care also visited an
HIV clinic, and almost 10% of HIV clinic patients also had primary care
visits in 2011, providing opportunities for enhancing care coordination.

Results for patient time-motion assessments are shown in
Tables 3–5. At Burnt Forest, all patient times were significantly longer
after EMR implementation except for time with the clinician. Overall
time in clinic increased by 44 min (118%), with the majority (32 min)
spent waiting. In Turbo, all times were significantly greater after EMR
implementation except for time in the lab and pharmacy. Overall time

Table 1: Primary Care Patients Registered and Encounter
Forms Completed from September 2008 through December
2011

Study Health Centers Unique
Patients
Registered

Visits Made
from September
2008 through
December 2011

Mosoriot Rural Health Center 33 795 52 040

Burnt Forest Rural Health Center 16 213 31 214

Turbo Rural Health Center 22 627 31 226

Total, All Health Centers 72 635 114 480

Table 2: Patients Visiting Study AMPATH Primary Care and HIV/AIDS Clinics in 2011

Primary Care Patients HIV/AIDS Clinic Patients

Study Health Centers Total Unique
Patients Seen

Those Seen Who
Were HIVþ, n (%)

HIVþ Patients Visiting
an HIV Clinic, n (%)

Total Unique
Patients Seen

Visiting a Primary
Care Clinic, n (%)

Mosoriot Rural Health Center 12 286 373 (3.0) 299 (80) 3050 299 (9.8)

Burnt Forest Rural Health Center 8586 202 (2.3) 170 (84) 2054 170 (8.3)

Turbo Rural Health Center 11 321 456 (4.0) 408 (89) 4196 408 (9.7)

Total: All Health Centers 32 193 1031 (3.2) 949 (85) 9300 877 (9.4)
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Table 3: Time-Motion Study of Burnt Forest and Turbo Patients

Burnt Forest Patients Turbo Patients

Activity Category Pre-EMR
(n¼ 205)a

Post-EMR
(n¼ 297)a

P-value Pre-EMR
(n¼ 260)a

Post-EMR
(n¼ 191)a

P-value

Registration 0 (0) 1.7 (2.7) <.0001 0.3 (0.9) 1.7 (2.1) <.0001

Time with clinician 6.6 (8.3) 4.4 (6.0) <.0001 5.4 (7.1) 7.9 (5.9) <.0001

Time in lab 0 (0) 0 (1.4) .0019 0 (0.2) 0 (0) .5519

Time in pharmacy 0.4 (1.8) 2.2 (2.2) <.0001 1.3 (2.7) 0.8 (2.0) <.0001

Other care related activities 2.7 (6.3) 3.7 (4.3) <.0001 2.6 (6.3) 3.4 (6.9) .0001

Other non-care related activities 0.4 (3.8) 9.2 (30) <.0001 2.2 (8.2) 6.6 (30) <.0001

Waiting 22 (35) 54 (47) <.0001 42 (49) 82 (104) <.0001

Total time in clinic 37 (44) 81 (61) <.0001 56 (63) 106 (122) <.0001

aMinutes: median (inter-quartile range). Columns do not add up to 100 due to skewness of the data.

Table 4: Time-Motion Study of Burnt Forest Providers

Clinical Officers Nurses Clerks

Activity Category Pre-EMR
(n¼ 3)a

Post-EMR
(n¼ 13)a

P-value Pre-EMR
(n¼ 9)a

Post-EMR
(n¼ 17)a

P-value Pre-EMR
(n¼ 5)a

Post-EMR
(n¼ 18)a

P-value

Administrative 2 (4) 1 (4) 0.7915 2 (3) 0 (1) 0.0558 5 (2) 6 (12) 0.6328

Total patient care 26 (5) 34 (9) 0.2447 57 (27) 13 (10) 0.0015 30 (12) 41 (8) 0.0609

Direct patient care 13 (3) 20 (6) 0.1596 20 (12) 7 (7) 0.0700 11 (4) 19 (4) 0.0705

Indirect patient care 11 (6) 12 (7) 0.4322 15 (13) 3 (5) 0.0044 14 (3) 21 (8) 0.0148

Noncare activities 48 (31) 37 (12) 0.1596 34 (15) 43 (28) 0.0872 37 (19) 26 (15) 0.3252

Personal 26 (33) 23 (7) 0.7915 2 (6) 26 (14) 0.0010 25 (7) 19 (9) 0.2915

Waiting 0 (12) 7 (4) 0.4322 22 (11) 11 (16) 0.2149 5 (4) 4 (3) 0.8539

aPercent of workday: median (inter-quartile range). EMR¼ electronic medical record. Columns do not add up to 100 due to skewness of the data.

Table 5: Time-Motion Study of Turbo Providers

Clinical Officers Nurses Clerks

Activity Category Pre-EMR
(n¼ 7)a

Post-EMR
(n¼ 23)a

P-value Pre-EMR
(n¼ 7)a

Post-EMR
(n¼ 15)a

P-value Pre-EMR
(n¼ 6)a

Post-EMR
(n¼ 17)a

P-value

Administrative 0 (0) 1 (5) .0538 0 (2) 0 (1) .8889 11 (15) 7 (11) .3210

Total patient care 32 (28) 41 (12) .1803 45 (20) 25 (23) .0141 42 (8) 45 (5) .3548

Direct patient care 15 (11) 21 (8) .3592 20 (27) 8 (5) .0054 16 (4) 20 (3) .0245

Indirect patient care 13 (7) 12 (7) .8841 11 (4) 4 (5) .0046 18 (5) 21 (4) .4293

Non-care activities 30 (26) 33 (12) .8841 39 (21) 46 (33) .1199 34 (14) 30 (11) .3909

Personal 22 (33) 19 (9) 0.4391 15 (10) 23 (11) .0259 6 (12) 18 (7) .0245

Waiting 2 (3) 7 (5) 0.0091 13 (17) 12 (14) .6766 6 (10) 5 (3) .3210

aPercent of workday: median (inter-quartile range). EMR¼ electronic medical record. Columns do not add up to 100 due to skewness of the data.
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in Turbo increased by 50 min (89%), again with the majority of the dif-
ference spent waiting (40 min).

Results for time-motion studies of Burnt Forest and Turbo providers
are presented separately for clinical officers, nurses, and clerks. As
shown in Table 4 for Burnt Forest, there were no differences in pre- vs
post-EMR implementation activities for clinical officers, although there
was a trend towards spending more time in direct patient care and wait-
ing and less time in noncare related activities. Burnt Forest nurses spent
80% less time in patient care post-EMR implementation, with a con-
comitant 13-fold increase in personal time (P< .01 for both). Clerks
trended towards spending more time post-EMR in patient care activities,
with significantly less time in indirect care. However, the patient visits
increased substantially and the number of each provider type more than
doubled between pre- and post-EMR implementation. Such staffing
changes undoubtedly effected provider work.

Time-motion study results for Turbo clinicians are shown in
Table 5 below. Turbo clinical officers spent significantly more time per
day waiting after EMR implementation, but otherwise there were no
significant workday differences. Nurses in Turbo spent 60% less time
after EMR implementation in direct and indirect patient care (P> .01
for both) and 50% more time in personal activities (P¼ .02). Turbo
clerks spent 25% and 67% more of their workday after EMR imple-
mentation in direct patient care and personal activities, respectively
(P¼ .02). Again, visits increased and providers more than doubled af-
ter EMR implementation.

We sent surveys to 74 providers at Turbo, Burnt Forest, and
MTRH’s pediatric and antenatal clinics. Of 50 anonymous responses
received (68%), 35 (70%) were women. Respondents included 15 re-
cords officers, 14 nursing officers, 8 clinical officers, 5 data assistants,
3 physicians, 2 administrators, 1 laboratory technician, 1 nutritionist,
1 pharmacy technician. Survey results for all providers are shown in
Figure 4. Respondents reported a wide range of familiarity with com-
puters. They used the encounter forms frequently but varied consider-
ably in their use of the patient Summary Reports and seldom sought
additional patient information from the EMR. They generally found the
AMRS both useful and reliable with a positive impact on patient care,
although there were dissenters. Opinions varied concerning its effects
on workflow, with no consensus on the adequacy of training. Most
agreed that more training would be helpful. Overall, satisfaction with
the AMRS was fairly high, with 60% of respondents scoring it 6–7 on
the 7-point scale. Yet almost a quarter of respondents rated it 1–3.

There were divergent opinions regarding the encounter forms,
with half giving them an overall rating of 6 or 7; yet a quarter gave
an overall rating of 1. Most respondents found the encounter forms easy
to use and did not slow them down. Opinions varied on whether they re-
quired too much information. Almost two-thirds of respondents felt that
the encounter forms increased the quality of care (scores 6–7). There
was a wide range of opinions on the encounter forms’ availability, and
most respondents agreed that more training would be helpful.

There was less satisfaction with the Summary Reports, only 44%
gave them an overall rating of 6–7. Respondents generally felt the
summaries improved care but varied on whether the summary infor-
mation was complete and easy to understand. Respondents also dif-
fered widely on their reliance on the summaries for patient care.

DISCUSSION
We successfully designed and implemented a comprehensive primary
care EMR in three rural Kenyan health centers that captured information
for clinical care, health center management, and MOH reporting. We col-
laborated with the Kenyan clinicians to design their EMR system with
encounter forms that were designed by them rather than imposing a

foreign system on them. This design process took many months and re-
quired many rounds of developing and field-testing the encounter forms.
It eventually yielded forms that the clinicians felt were easily navigated
and enhanced data entry through the use of tick boxes and single word/
number entries. Very little writing was required.

However, the time-motion studies showed that patient time in
the health centers increased dramatically after EMR implementation.
This could have been due to the failure of the health centers to adapt
their workflow to the new information system, especially in light of the
increasing demand for clinical services. The number of patient visits
per month increased dramatically between the pre- and post-EMR pe-
riods, as did the number of health center staff. Yet the facilities did not
expand their physical footprint, which could have led to crowding and
disruption of patient flow as evidenced by the increase in patient wait-
ing time at both health centers. It is unclear from our before-and-after
time-motion study whether increased traffic or the EMR contributed to
the increase in patient time. The EMR had limited effects on physician
work but may have reduced the time nurses and clerks spent in pa-
tient care activities which both declined (and personal time increased)
despite increasing patient visits. However, these differences could
have been due to increased numbers of providers post-EMR.
Regardless, because health care is an information business,1 imple-
menting EMRs can be expected to change health care delivery, and
implementers must anticipate and ameliorate adverse effects on
workflow.

The greatest barrier to creating and implementing the primary care
module and was the rural health centers’ existing patterns of care.
There were no prior patient charts due to the dearth of chronic disease
management that would have required longitudinal data. Also, most
clinicians found the patient summaries adequate for providing past
visit information. Clinicians neither wanted nor needed paper charts,
and because staffing issues resulted in piles of data-entered but
unfiled encounter forms, we eliminated the charts and stored all com-
pleted encounter forms chronologically in a single box. It remains to
be seen whether avoiding charts and relying on patient summaries
will suffice if, as expected, the prevalence of non-communicable,
chronic conditions needing care increases in sub-Saharan Africa.29,30

This study had important limitations. We studied a single health sys-
tem (AMPATH) in one East African country. Results may not generalize
to other venues. There were dramatic increases in patient visits and pro-
viders in the study clinics during the study, which confounded the time-
motion study results. We also made no attempt to assess the impact of
the EMR on the quality of care. Nevertheless, the primary care module
was successfully implemented in heavily used clinics in a resource-con-
strained environment and is an available tool for capturing clinical data
as the size and scope of their health care delivery evolves.

Effective and efficient patient care management requires informa-
tion. Improving information capture and flow should allow low-re-
source countries to deliver the most care and realize the best
outcomes possible for the restricted funds available for health care.
EMRs can enhance the timely capture and use of key medical data by
providers and health system managers. Much additional research and
development is needed before EMRs can be most useful, fully imple-
mented into developing countries’ health care settings, and used to
manage and improve patient care.
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