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Summary
An inexpensive telemedicine solution for a single site primary care provider in remote
Ecuador was developed, allowing integration of electronic data and images from
computer stations in each of the clinic’s patient encounter areas.

Introduction
Primary care is the base that permits all the rest of health care. The work product of
the primary care center includes the generation and utilization of vast amounts of
information. The primary care center generates the prime records of incident care and
longitudinal care. The primary caregiver also generates the information needed for
specialty referral and consultation to make that patient encounter effective and efficient.
The primary care center consumes huge amounts of information for decision support and
refinement of patient care plans. In this era of information science, it is inevitable that
this huge amount of information would be rendered digital to facilitate orderly
management and flow.
Once the information is digital it may be put into a relational database called an
electronic health record. Such a record can serve for documentation, storage, retrieval and
transmission. Electronic health records are very much in the ascendancy in the US. The
Department of Health and Human Services released an outline for a 10 year timeline for
construction of a national health information infrastructure in July of 2004.1 The
infrastructure will find systems of records that are intelligible to many caregivers, reduce
errors, and allow access in the office or from other sites as needed for patient care.
Multiple demonstration projects have been launched.2 A position paper published in the
Journal of the American Medical Informatics Association in 2003 anticipated the demand
for national electronic records. However, the authors noted that only about 55% of
primary care offices in the US used such electronic records.3 However, a study by the
AMA found in 2002 that some 85% of offices had networked computers and 35% were

electronically connected to outside sources.4 Therefore, the primary care offices in the US
are primed for the rapid spread of electronic records in the next few years as they become
the standard of care.
The utility of such records in primary care has been abundantly documented.5-7
Concern about costs has certainly made the adoption of electronic records somewhat slow
but the cost-benefit of such a record can be readily demonstrated.8 Enticements have been
available but the response has been tentative at best as in the case of the experience in
recent demonstration programs in Massachusetts and Hawaii.9 With only two participants
after nine months in Hawaii and an optimistic expectation of 10-15 participating doctors
out of 150 in the Massachusetts program, the medical community seems reluctant to take
the next steps in electronic office management. Still, it is clear that digital information is
the present and electronic data management is the future for US medicine. Greater
familiarity with potential electronic systems and products and greater national
standardization will accelerate implementation. Also greater experience reported in the
primary community will certainly make the practitioner a better consumer of new
services. There are very low-cost alternatives, for example,10 and practical uses that
recognize long established practices such as handwriting 11 and standard ways for
billing.12 Implementation is not so much a matter of imposition of a novel approach to
patient care and office culture as a way to transform the existing and familiar to
electronic and easily stored.
Electronic information is much more widely used in European practice than in the
US. In the European Union nearly 30% of primary care physicians were using electronic
medical records in 2002.13 By 2004, 85% of primary doctors in Denmark communicated

electronically with hospitals, pharmacies and health authorities.14 The importance of
electronic records to empower patients was singled out as a huge and achievable
advantage in a German study.15 Acceptance of the records was preceded by extensive
testing to prove the validity and utility of such records in practice.16,17
The electronic record also facilitates telemedicine consultation. If the information can
be transmitted to hospital, health authority and insurer, the same technology can put the
information at a consultant’s office to prepare for store and forward telemedicine or a
videoconference. The use of telemedicine in primary care has been extensively studied
and the cost benefits are more and more evident.18, 19
If electronic medical records are rapidly becoming the norm for medicine in the
developed world, it would seem appropriate to consider electronic resources for evolving
medical system in the developing world. If paper records have been declared
inappropriate and below the standard for developed countries, it seems highly
inappropriate to continue to implement paper records in the developing world. Electronic
medical records, in fact, are highly useful in the developing world and are not more
expensive than paper records when the general efficiencies are recognized. These
efficiencies would include resources management, prescription, reduction of duplicative
testing, etc. The Mosoriot medical record system has been very favorably evaluated in
rural Kenya and studied over a period of many years. 20, 21 The special requirements for a
district health management information system have been recently described for Kenya
as well.22 Telemedicine has been linked to electronic records with clear enhancement of
resource conservation and access to care. 23, 24

In this study, a primary clinic in rural Ecuador was studied for design and
implementation of an electronic medical record utilizing a Local Area Network (LAN)
and telemedicine.
The Clínica Luxemburgo in Macas, Ecuador, serving the province of Morona
Santiago, contributes to the healthcare of approximately 20,000 individuals. The
population consists of people of indigenous and mixed ethnicities, living in mostly rural
conditions. Directed by a family physician, the clinic also staffs a secretary, a nurse, a
dentist, an obstetrician, and a laboratory specialist.
Through agreements with the Medical Informatics and Technology Applications
Consortium (MITAC), the Clinic has expanded into the realm of telemedicine. As
previously described,25 the clinic contains basic equipment for computerized medical
record-keeping, ultrasonography, and image capture from various sources. Similar to the
work of Hannan, et al., the original system was designed to be resource appropriate and
to meet the needs of the users.26,27 Initial acceptance of the system 25 led to enthusiasm
for expansion.
This study was undertaken to validate the implementation and expansion of a simple
electronic medical record for use in primary care in rural Ecuador.

Materials and Methods
The clinic setup consists of separate rooms for each part of the patient encounter,
each with its own computer (Figure 1). The clinic entrance contains the office of the
Estadística (the office administrator) where all of the patient paper records are kept, and
appointments are set. This office contains a 1.7 GHz Pentium 4 computer running
Windows® XP with 256 MB of RAM. Basic patient information and demographics are
entered by the Estadística. This room also houses the paper files for each patient seen in
the clinic.
After checking in with the Estadística, the patient is seen by the Enfermera (Nurse),
where visit specific visit information and vitals are entered into another computer. This
computer has a 1.7 GHz Celeron processor with 512 MB of RAM and 120 GB of hard
drive storage. Basic patient visit information is entered in the nurse’s office, including the
current vitals for the patient and the chief complaint.
Patients proceed from the nurse’s office to the main exam room, where they are seen
by the general practitioner, with exam results and orders entered into another computer
(Figure 2). This computer has a 2.4 GHz Pentium 4 processor with 512 MB of RAM and
75 GB of hard drive storage. The standard patient history and physical occur here, as well
as any ultrasound imaging needed. The ultrasound in use by the Clinic, a SonoSite®
180PLUS portable ultrasound (SonoSite, Inc., Bothell WA), exports video and images to
the multimedia workstation through a Belkin® USB VideoBus II video capture module
(Belkin Corp., Compton, CA). The video was saved in monochrome NTSC format.
Depending upon the need for further diagnostic testing, the patient may proceed to
colposcopy or the laboratory. The laboratory contains a 448 MHz Pentium III driven

computer with 96 MB of RAM and 15 GB of hard drive storage space. Images and video
of microscopy are captured with a MiniVID USB MV110-U eyepiece camera
(LWScientific, Tucker, GA) and transferred through the Belkin USB video capture
module for digitization and archiving using Microsoft Windows Movie Maker software
(Redmond, WA).
Connectivity between network nodes in the clinic was accomplished by commercial
off the shelf wireless 802.11 b/g hardware. A NETGEAR® Model WGR-614 wireless
access point-router (NETGEAR, Santa Clara, CA) was setup in the main examination
room. The connection from the NETGEAR WGR 614 router to the master computer in
the examination room was hard wired with 5 meters of CAT-5 cable. NETGEAR model
MA311 802.11b Wireless PCI adapters were installed in all of the remaining desktop
computers in the clinic. The 802.11b wireless connections allow data to flow between the
colposcopy suite, medical laboratory, nurses’ office and the Estadística seamlessly. All
connections between computers were peer to peer and utilized shared mapped drives to
share patient information.

Results
The EMR applied in this study proved remarkably robust. The platform chosen
conformed to the paper records used by the clinic before. The clinic staff received
training in the use of the program during a single visit to Ecuador of one week and the
director of the clinic spent one additional a week in the US reviewing the deign of the
record and another week reviewing the implementation. This period of adaptation was
surprisingly brief. Yet the record proved to be sufficiently intuitive and simple that there
was no learning curve or hiatus in its use as seen in Table 1. The clinic director is quite
facile in computer usage and could support his network with the aid of engineers in the
remote area with no other computer support. The laboratory in Richmond provided
considerable interaction with the clinic in early trials to refine the program and analyze
any issues. The number of issues was remarkably few and the program has continued to
be robust and the archives secure. The server has been secure and no data have been lost.
The software allows easy retrieval and entry of subsequent visits but the format is not
especially easy for transferring a small part of the record for consultation of an
established patient. However, as the record stands it is an open format Spanish record that
was promptly shown to have utility in a primary care setting with little training. The
utilization of the record is noted in Figure 3 and Table 1. The vast majority to new
patients enrolled into the clinic over the period of the study were entered using the record.
The clinic volume is considerable for the single family physician. Of the records
placed into the EMR format (875) some 70% (610) were transferred electronically
elsewhere for one purpose or another. This could have been for teleconsultation (379 or
43%) or for the purpose of teaching or evaluation of the technology. The nature of the

practice of this clinic vis-à-vis primary care is indicated in Table 1 where 753 patients or
19% of the total patients seen in this time frame were referred from another site. This
referral practice does not alter the character of primary responder in that many referrals
come from the far jungle or very primitive medical environments and the Clinica
Luxemburgo is a rather well equipped primary care unit for which triage efforts may
include small dispensaries or very primitive practice settings.
The very large number of ultrasound exams done (1870) reflects the clinical
ability of Dr Leon and the reputation of his clinic for ultrasound consultation. Many of
the exams were follow-up exams but 629 or 34% were entered into an EMR format. Of
those 478 or 76% were sent out for second opinion in an arrangement made with the
Richmond center. The quality of the ultrasound image was quite acceptable and could
take the form of a static image captured by the ultrasound machine or a video clip after
compression on site. The ultrasound unit was also used in true portable mode flying to
remote villages to perform examinations. These images were stored on a camcorder and
transferred into a medical record back at the clinic (Figure 4).
The network proved very robust and has required essentially no maintenance in
well over a year. The integration of the various parts of the clinic into a single electronic
record proved not only feasible but rather popular with the clinic staff. The cameras and
recorders were introduced to the clinic with onsite training in their use and required no
external maintenance. The quality of the microscopic images was excellent and easily
retrieved from the files of the EMR. The ultrasound images have been mentioned but it
should be added that all ultrasound images were stored as compressed video although

many were sent out for second opinion as static images. The wireless LAN had no
problems with interference.
The data are clear in that the networked telemedicine unit had appropriate for the
clinical need and that utilization was very high. Cost can be divided into development
and implementation. Numerous trips were made to Ecuador and to the United States in
order to understand the clinical reality of the clinic, its practices and customs and the
spectrum of solutions. Software development was laborious and therefore, rather
expensive but essentially all of it was done within the telemedicine laboratory at VCU.
After development the lowest cost solutions were assembled. Integration of the unit was
tested exhaustively in the laboratory before deployment. Low cost modem Internet was
used with a store and forward mode. Connectivity costs were minimal in that the clinic
utilized Internet anyway for e-mail and medical information access. The basic unit costs
under 15,000 USD excluding the ultrasound that costs over 20,000. One could say that
with a 15,000 basic cost the 486 telemedicine patients cost almost 30USD each.
However, the robustness of the system predicts that ultimate unit cost over five years
(assume a conservative 500 per year) would be under a dollar per consult. Therefore, the
implementation of telemedicine in a networked primary care setting in with EMR is not
an overwhelming addition to operational costs. There has been no calculation of the
savings in efficiency for the clinic but prior studies cited above suggest this is the real
benefit from EMR and electronics in the office.
Thus, the results strongly support thee utility, utilization and favorable costs of the
networked EMR telemedicine primary office in remote Ecuador. Indeed, since the
termination of the study the clinic continues to use the materials and processes with full

vigor. Therefore, it could be said that after observing over the period of a year since the
study was closed that it shows every sign of being sustainable.

Discussion
Patient management is increasingly a matter of information management. The amount
of information available and necessary for medical decisions is enormous and the amount
of information that may accumulate over time in longitudinal care of primary care issues
may easily pass hundreds of pages and scores of diagnostic images. Electronic records
handling digital information are essential for coherent patient management. Primary care
physicians and other health workers in the developing world are even more vulnerable to
lack of information than those in highly developed medical centers because print libraries
are not as available, consultations are difficult and the physicians are almost always in
short supply and in need of better systems to support patient care.
In this study, a primary care practice in a rural community in the jungle of eastern
Ecuador looked out to the far jungle to provide patient care and up the mountains for
movement of patients for tertiary care. The clinic was organized around a LAN and a
Spanish electronic medical record to bring data from laboratory, imaging, special
examinations, patient encounters and administration into a coherent and easily used
medical record. Despite the high volume pf patients being seen by a single physician, the
record was extensively used to facilitate referral and follow-up. The utility, utilization
and cost of the system were analyzed and the advantage of the system easily proven.
Extrapolation of this system to similar primary care settings is easily accomplished and
modification of the system for specific needs is not difficult considering how little effort
was needed to create this particular system de novo. Planners for primary care in the
developing world should seriously consider the low-cost and benefits of using electronic
records in even remote settings. There is no obvious barrier to extending the norms of

electronic information management well beyond the information rich countries of Europe
and North America to support care.
While networking solutions may more easily be integrated for a single physician
practice than in larger groups, patient encounter volume is generally lower; therefore,
database population and utility studies may be of a more protracted time course. As
previously discussed,26-31 design of systems for electronic medical care should focus on
the activities, needs and resources of the end-user.
The benefits of electronic information handling in medicine are undeniable.
Electronic symptom diaries 32-33 may provide more complete information from the
patient. Electronic medical records may provide improvements in legibility, medico legal
documentation and overall quality of care. 34-38 Wang et al. show substantial financial
incentives for use of electronic medical records in primary care, 39 of concern within all
health systems.
Hindrances to implementation exist, such as cost and time requirements. Bates et al.
call for incentives to encourage transition to electronic records.40 Implementation requires
time for transition from paper to electronic records, often requiring duplication of the
workload and raising questions of inconsistencies.41-42
Great efforts must be made to ensure the security of systems, especially in developing
countries, where the expertise and infrastructure necessary for network security is, often,
not in place.

Acknowledgements

The authors wish to thank all members of the staffs of….. ……the MITAC, and
Clinica Luxemburgo. We would like to thank Ms. Chasity Roberts for her editorial
assistance. This work was funded in part by a grant from NASA.

References

1. United States Department of Health and Human Services HHS Fact Sheet – HIT
Report at-a-Glance. <http://www.hhs.gov/news/press/2004pres/20040721.html>
Last accessed March 22, 2005.
2. Finkelstein JB. HHS outlines plan to increase national adoption of health
information technology. American Medical News August 9, 2004.
<http://www.ama-assn.org/amednews/2004/08/09/gvsb0809.htm> Last accessed
March 1, 2005.
3. Bates DW, Ebell M, Gotlieb E, et al. A proposal for Electronic Medical Records
in U.S. Primary Care. J Am Med Inform Assoc 2003 Jan-Feb;10(1):1-10.
4. Chin, T. More than a third of medical practices are electronically connected
American Medical News January 14, 2002. <http://www.amaassn.org/amednews/2002/01/14/tesb0114.htm> Last accessed March 1, 2005.
5. Adams WG, Mann AM, Bauchner H. Use of an electronic medical record
improves the quality of urban pediatric primary care. Pediatrics 2004;111(3):
626-632.
6. Porcheret M, Hughes R, Evans D, Jordan K, et al. Data quality of general
practice electronic health records: the impact of a program of assessments,
feedback and training. J Am Med Inform Assoc 2004; 11:78-86.
7. Thiru K, Hassey A, Sullivan F. Systematic review of scope and quality of
electronic patient record data in primary care. BMJ 2003;326:1070.
8. Wang SJ, Middleton B, Prosser LA, et al. A cost-benefit analysis of electronic
medical records in primary care. Am J Med 2003;114:397-403.
9. Chin T. EMR enticements: What will it take? American Medical News
December 13, 2004. <http://www.amaassn.org/amednews/2004/12/13/bisa1213.htm> Last accessed March 1, 2005.
10. Chambliss ML, Rasco T, Clark RD, et al. The mini electronic medical record: A
low-cost, low-risk partial solution. J Fam Pract 2001 Dec;50(12):1063-5.
11. Arvary GJ. The limited use of digital ink in the private-sector primary care
physician’s office. J Am Med Inform Assoc 1999 Mar-Apr;6(2):134-42.
12. Stausberg J, Koch D, Ingenerf J, et al. Comparing paper-based with electronic
patient records: Lessons learned during a study on diagnosis and procedure codes.
J Am Med Inform Assoc 2003 Sept-Oct;10(5):470-477.

13. Chin T. Americans trail much of Europe in adopting electronic medical records.
American Medical News September 2, 2002. <http://www.amaassn.org/amednews/2002/09/02/bisf0902.htm> Last accessed March 1, 2005.
14. Nohr C, Andersen SK, Vingtoft S, Bernstein K, Bruun-Rasmussen M.
Development, implementation and diffusion of EHR system in Denmark. Int J
Med Inform 2005;74(2-4):229-234.
15. Ueckert F, Goerz M, Ataian M, Tessmann S, Prokosch HU. Empowerment of
patients and communication with health care professional through an electronic
health record. Int J Med Inform 2003 Jul;70(2-3):99-108.
16. Hassey A, Gerrett D, Wilson A. A survey of validity and utility of electronic
patient records in a general practice. BMJ 2001 Jun 9;322(7299):1401-1405.
17. Hippisley-Cox J, Pringle M, Cater R, et al. The electronic patient record in
primary care-regression or progression? A cross sectional study. BMJ 2003 Jun
28;326(7404):1439-43.
18. Whitten PS, Mair FS, Haycox A, et al. Systematic review of cost effectiveness
studies of telemedicine interventions. BMJ 2002 Jun 15;324(7351):1434-7.
19. Roine R, Ohinmaa A, Hailey D. Assessing telemedicine: A systematic review of
the literature. CMAJ 2001;165(6):765-71.
20. Hannan TJ, Rotich JK, Odero WW, et al. The Mosoriot medical record system:
design and initial implementation of an outpatient electronic record system in
rural Kenya. Int J Med Inform 2000;60:21-28.
21. Rotich JK, Hannan TJ, Smith FE, et al. Installing and implementing a computerbased patient record system in Sub-Saharan Africa: The Mosoriot medical record
system. J Am Med Inform Assoc. 2003 Jul-Aug;10(4):295-303.
22. Odhiambo-Otieno, GW. Evaluation criteria for district health management
information systems: lessons from the Ministry of Health, Kenya. Int J Med
Inform. 2005 Jan;74(1):31-8.
23. Martinez A, Villarroel V, Seoane J, del Pozo F. A study of a rural telemedicine
system in the Amazon region of Peru. J Telemed Telecare 2004;10(4):219-225.
24. Doarn C, Fitzgerald S, Rodas E, Merrell RC. Telemedicine to Integrate
Intermittent Surgical Services into Primary Care. Telemed J E Health 2002
Spring;8(1):131-137.

25. Cone S, Hummel R, Leon J, Merrell R. Installation, Implementation and
Evaluation of a Novel Fixed Telemedicine Station in the Remote Ecuadorian
Rainforest. 2005.
26. Hannan TJ, Rotich JK, Odero WW, Menya D, Esamai F, Einterz RM, Sidle J,
Smith F, Tierney WM. The Mosoriot medical record system: design and initial
implementation of an outpatient electronic record system in rural Kenya. Int J
Med Inform 2000 Oct;60(1):21-8.
27. Rotich JK, Hannan TJ, Smith FE, Bii J, Odero WW, Vu N, Mamlin BW, Mamlin
JJ, Einterz RM, Tierney WM. Installing and implementing a computer-based
patient record system in sub-Saharan Africa: the Mosoriot Medical Record
System. J Am Med Inform Assoc 2003 Jul;10(4):295-303.
28. Beuscart-Zephir MC, Anceaux F, Crinquette V, Renard JM. Integrating users'
activity modeling in the design and assessment of hospital electronic patient
records: the example of anesthesia. Int J Med Inform 2001 Dec;64(2-3):157-71.
29. Arvary GJ. The limited use of digital ink in the private-sector primary care
physician's office. J Am Med Inform Assoc 1999 Mar;6(2):134-42.
30. Bodenheimer T, Grumbach K. Electronic technology: a spark to revitalize
primary care? JAMA 2003 Jul 9;290(2):259-64.
31. Reuss E, Menozzi M, Buchi M, Koller J, Krueger H. Information access at the
point of care: what can we learn for designing a mobile CPR system? Int J Med
Inform 2004 May;73(4):363-9.
32. Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient
compliance with paper and electronic diaries. Control Clin Trials 2003
Apr;24(2):182-99.
33. Begg A, Drummond G, Tiplady B. Assessment of postsurgical recovery after
discharge using a pen computer diary. Anaesthesia 2003 Nov;58(11):1101-5.
34. Hippisley-Cox J, Pringle M, Cater R, Wynn A, Hammersley V, Coupland C,
Hapgood R, Horsfield P, Teasdale S, Johnson C. The electronic patient record in
primary care--regression or progression? A cross sectional study. BMJ 2003 Jun
28;326(7404):1439-43.
35. Mikkelsen G, Aasly J. Narrative electronic patient records as source of discharge
diagnoses. Comput Methods Programs Biomed 2003 Jul;71(3):261-8.
36. Friedman C, Sturm LK, Chenoweth C. Electronic chart review as an aid to
postdischarge surgical site surveillance: increased case finding. Am J Infect
Control 2001 Oct;29(5):329-32.

37. Rohrig R, Junger A, Hartmann B, Klasen J, Quinzio L, Jost A, Benson M,
Hempelmann G. The incidence and prediction of automatically detected
intraoperative cardiovascular events in noncardiac surgery. Anesth Analg 2004
Mar;98(3):569-77, table.
38. Adams WG, Mann AM, Bauchner H. Use of an electronic medical record
improves the quality of urban pediatric primary care. Pediatrics 2003
Mar;111(3):626-32.
39. Wang SJ, Middleton B, Prosser LA, Bardon CG, Spurr CD, Carchidi PJ, Kittler
AF, Goldszer RC, Fairchild DG, Sussman AJ, Kuperman GJ, Bates DW. A costbenefit analysis of electronic medical records in primary care. Am J Med 2003
Apr 1;114(5):397-403.
40. Bates DW, Ebell M, Gotlieb E, Zapp J, Mullins HC. A proposal for electronic
medical records in U.S. primary care. J Am Med Inform Assoc 2003 Jan;10(1):110.
41. Mikkelsen G, Aasly J. Concordance of information in parallel electronic and
paper based patient records. Int J Med Inform 2001 Oct;63(3):123-31.
42. Stausberg J, Koch D, Ingenerf J, Betzler M. Comparing paper-based with
electronic patient records: lessons learned during a study on diagnosis and
procedure codes. J Am Med Inform Assoc 2003 Sep;10(5):470-7.

Table 1: Patients seen in the Clínica Luxemburgo over the period of nine months (09/03 - 06/04).

Totals
Patients seen in Clinic
Patients entered in EMR
Records sent elsewhere
Records sent for consultation
No. of U/S exams
U/S images saved to EMR
U/S images sent elsewhere
Patients impacted by telemedicine
Patients referred to Luxemburg

Percentage

3956
875
610
379
1870
629
478
486
753

22%
70%
43%
47%
34%
76%
12%
19%

Clinic LAN Setup

Nurse
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Exam

Laptop

OB/GYN
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Figure 1: Diagram of Clinic setup with WLAN in place, connecting variety of computers in different
patient care areas.

Figure 2: Desktop computer setup in main office in Macas, Ecuador clinic, displaying connection to
ultrasound view screen and WLAN transmitter.
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Figure 3: Patient Visits to Clinica Luxemburgo.
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