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Abstract

Clinical documentation and health information portability pose unique challenges in urban and rural
areas of India. This article presents findings of a pilot study conducted in a primary health center in rural
India. In this article, we focus on primary care in rural India and how a portable health record system
could facilitate the availability of medical information at the point of care. We followed a geriatric cohort
and a maternal cohort of 308 participants over a nine-month period. Physician encounters were entered
into a web-based electronic health record. This information was made available to all study participants
through a short messaging service (SMS). Additionally, 135 randomly selected participants from the
cohort were issued a USB-based memory card that contained their detailed health records and could be
viewed on most computers. The dual portability model implemented in the pilot study demonstrates the
utility of the concept.
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Introduction

The quality of healthcare depends on many factors, including timely availability of a patient’s
medical information. A wide gap in healthcare services exists between rural and urban areas of India.
More than 70 percent of healthcare providers are concentrated in urban settings, which house less than 30
percent of the overall population.* Also, literacy rates vary between rural and urban areas in India. Rural
areas report a literacy rate of 68.9 percent, whereas urban areas report 85 percent.? However, mobile
phones have high penetration rates in rural as well as urban areas of the country. Of the total telecom
subscriber base in India, close to 94 percent are wireless subscribers.® A new mobile connection can be
attained and activated for as low as 15 cents per month.* Therefore, the use of low-cost, easy-to-use
technologies using mobile telephony may help bridge some of the gaps in patient-provider interactions.

Traditionally in India, patient medical records have been paper based and continue to be confined to
the facility that the patient has attended. Because of the nature of the healthcare system in India, which
includes primary, secondary, and tertiary healthcare facilities spread across both government and private
sectors, the options of healthcare providers are practically endless.” What might have started off as a few
lines of medical notes are transformed into multiple records spanning several hundred pages over a
patient’s lifetime. From the perspective of the physician, availability of information in a timely manner
would have a substantial impact on patient outcomes. Since the introduction of the electronic health
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record (EHR) in developed countries, substantial improvements have been made in the cost and quality of
care,® although the same cannot be said in resource-constrained settings. No conclusive data regarding
adoption rates of EHRs in India are available. This lack of data can be attributed to challenges such as
long implementation time, security and privacy issues, user resistance to adoption, complex
organizational environment, overpopulation, and lack of resources and infrastructure.”®

The healthcare system in India is highly dichotomous because of the country’s economic disparities.
Although some secondary and tertiary care organizations have adopted state-of-the-art healthcare
information technology (IT) systems, a vast majority have only basic, legacy information systems in
place, if any.'® A majority of healthcare providers in India still use paper-based documentation. Even less
information regarding the use of EHRSs in a primary care setting is available. Some of the major
challenges to implementation of EHRs in primary care in India include the paucity of funds for healthcare
IT infrastructure and development, lack of technical standards, and lack of appropriate initiatives from
public health governance authorities.™

Earlier attempts to implement EHRs or computerized health information systems in the primary care
setting in India have been made. For example, in 1990, a primary care informatics project was initiated in
the district of Bhorugram,? in the state of Rajasthan, India. The objective of this project was to collect
information regarding maternal and child health. This project resulted in improvements in maternal and
child health outcomes such as increased acceptance of antenatal services and marked improvement in
immunization status, among others. However, the current state of this program is not known. An earlier
attempt to introduce EHRSs in the primary care setting resulted in a system that has been operational in
rural India since 1988. This project is the Comprehensive Rural Health Services Project at Ballabgarh in
the state of Haryana, run by the All India Institute of Medical Sciences in New Delhi.” This system has
been operational for more than two decades. Its success can be attributed to steady national and
international funding.

Similar initiatives in the states of Tamil Nadu'* and Maharashtra™ have received substantial funding
from the respective governments of their state and have resulted in successful implementation. For
example, the system implemented in the state of Tamil Nadu connects more than 1,589 primary health
centers, 267 secondary care hospitals, and 17 medical colleges. However, the system is integrated only
across the government-owned facilities. Although these systems are mostly hospital information
management systems rather than complete EHRs, they include the basic EHR functionalities that are
necessary for current patient care and continuity of care. All these initiatives, however, have been limited
to implementation of a computerized medical record and have not attempted to address issues related to
data portability and accessibility by healthcare providers and patients themselves.

Pilot projects using smart cards that store patient information have been attempted in countries such
as the United States,*® Australia,” Turkey,® Taiwan,'® and Sweden.?® Most of these projects found that
smart cards were conceptually effective in capturing health data but were not a very efficient tool for
portability because of barriers such as lack of infrastructure, low consumer confidence, competing and
ever-changing standards, and high operating costs.?*

Given these issues, the situation warrants a health record system that is simple enough for adoption by
primary care physicians and hospitals. Portability was also necessary because of the multiplicity of
healthcare providers and healthcare facilities and for maintaining the patient care continuum. We
addressed some of these challenges in a field experiment that was conducted in a rural primary healthcare
center in southern India. The aim of this experiment was to evaluate the feasibility of implementing an
EHR system and deploying a data portability solution using a USB-based health card and mobile-based
Short Messaging Service (SMS) messages. This article presents a descriptive account of the process of
design, development, and implementation of a multimodal data portability solution in a rural primary
health center in rural India.
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Methods

The study was conducted at the Community Health Training Centre (CHTC) of St. John’s Medical
College in Bangalore, India. The CHTC is situated in a village called Mugalur, approximately 20 miles
from the city of Bangalore. This center also serves as the rural outreach center for the medical college.
The CHTC provides primary care and has facilities to conduct normal deliveries and minor surgical
procedures. It provides basic medical facilities to a population of approximately 25,000 either at no cost
or for a nominal fee. This population consists of people living in Mugalur and 35 surrounding villages.
Besides a general outpatient clinic, special clinics are conducted on designated days of each month by
specialists from the medical college. The special clinics include ophthalmology, otorhinolaryngology,
obstetrics, gynecology, pediatrics, oncology, neurology, geriatrics, and psychiatry, among others. The
study was conducted over a nine-month period between April and December 2011.

The study participants included patients attending (1) the geriatric clinic and (2) the Maternal and
Child Health (MCH) clinic. The participants at the MCH clinic included antenatal and postnatal women.
These groups were chosen specifically because of a relatively large pool of patients with regular follow-
up. All patients who attended these clinics and who were willing to participate in the study were enrolled.
A written informed consent was obtained from all participants prior to enrollment.

Clinic workflows were studied, and interviews were conducted with the physicians and multipurpose
health workers as well as with the village chairman and his wife. In rural settings in India, the village
chairman, also known as a Sarpanch in parts of northern India, is a representative chosen by the people of
the community to represent them publicly. By virtue of the chairman’s position, his wife represents the
female population of the community. The chairman and his wife, besides being key opinion figures,
represent the collective voice of the citizens and influence the behavior of the people in the community.
Discussions with them helped in designing a solution that addressed the needs of the village community.

On the basis of these inputs, a solution (named iVaidya) consisting of three components, namely a
browser-based EHR, a USB-based memory card (see Figure 1), and an interactive SMS feature, was
developed using open-source tools. The EHR was the primary component of patient data input. The
application was developed in a way that emulated the health center’s workflow. This information was
made accessible to the physician through a secure login. The EHR was designed to collect the following
information:

General information collected from both cohorts
e Demography
e Socioeconomic details
e Literacy status
e Problem list
e Blood group
e Family and social history
e History of past hospitalization
e History of present illness
e Examination
e Lab investigations (requested and results)
e Medications prescribed

Information specific to the geriatric cohort
¢ Functional status (vision, hearing, mobility, bowel and bladder incontinence)
e Activities of daily living
e Mental status examination
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Information specific to the maternal cohort
e Present and past obstetric history

o Complete obstetric examination

e Risk factors identified

e Anthropometry

e Immunization status and schedule

Two data entry clerks (DECs) were recruited from the local community and trained on medical
terminologies two months prior to the study’s initiation. They had studied up to the 10th grade and had
reading and writing skills in English and up to three regional languages (Kannada, Telugu, and Tamil).
They had also undergone basic computer skills training at a local training center. We chose to hire DECs
S0 as not to interfere with the physicians’ workflow and interaction with patients.

To achieve data portability, an interactive SMS-based system and a USB-based memory card were
implemented. All study participants were given access to the SMS functionality by registering a valid
mobile number in the EHR. In addition to demographic information, patients could access key health data
such as their problem list, recent investigations, and medication list using their mobile phones.

Randomly chosen participants from the two cohorts were additionally issued a USB-based memory
card. The USB-based memory card was used to synchronize and store patient details from the EHR
database. The card was designed in a way that allowed the contents to be read on any computer that had a
Windows operating system.

Workflow

All patients were issued a token number on a first-come, first-served basis and would wait for their
turn. While the patients waited, their vital signs would be noted and entered into a notebook that belonged
to them. The patient was required to bring this notebook during every visit to have the information
updated. The physicians would subsequently document their findings, orders for investigations, and
medication prescriptions in this notebook. Prior to the implementation of the system described in this
article, the patient’s notebook was the only record of the patient’s medical information. This notebook,
being a physical copy, was susceptible to damage and degradation over time, yet it was the only
portability solution for the patients.

The patient was required to hand the notebook to the DECs, who would transcribe its contents into
the appropriate sections of the EHR. As a one-time process, the DEC would enter the patient’s
sociodemographic information and a valid mobile number that belonged to either the patient or anyone
from the patient’s family. A welcome message would be sent confirming the patient’s registration. Upon
completion of transcription, the DEC would insert the USB card into the computer and synchronize the
information onto it. The card would be issued to the patient. At this point, the DEC would instruct the
patient regarding the use of the SMS system and would explain how the card could be used if the patient
wished to see a private or government practitioner outside the CHTC. An information sheet in the
regional language was also issued to the patient as a reference should the patient wish to use the system at
any point. A poster was also put up at the clinic for the patients’ reference.

SMS System

Whenever patients wished to access their information, they were required to type a specific alphabetic
code and send the SMS to a toll-free number from their registered mobile number. For example, to access
the medications list, the patient would key in the letter d. When the server received this request, it would
query the database and send an appropriate response. Depending on the length of the text, the message
would be sent as either a single text message or multiple text messages. A list of the codes and the queries
they execute is given in Table 1. The number could be updated if the patient decided to change the mobile
number.
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USB-based Card Solution

In cases where the patient wanted to see a private or government practitioner outside the CHTC, the
practitioner could use the card to look up the patient’s health data. The card could be used on any
Windows-based computer that had a standard USB 2.0 port. An application that would automatically
open a browser window displaying basic information about the patient, such as name, age, sex, and blood
type, was programmed on the card. Should the physician wish to access detailed information such as
present and past history, investigations, and treatment, the patient would have to authorize access by
typing in a user ID and password known only to the patient.

Unique to the maternal cohort was the presence of a mother-child link that allowed the details of the
child, such as immunization and growth history, to be linked to the mother’s record. In effect, this link
meant that we did not have to issue another card to the child.

A detailed workflow of the solution can be seen in Figure 2.

The study was performed on two distinct groups, that is, the geriatric and the maternal cohorts. Each
group was further subdivided into two portability subgroups. One group received the USB card and the
SMS solution, whereas the other group received only the SMS solution.

On the basis of the availability of the USB cards from a vendor, we sourced 135 such cards and
randomly issued them to participants in the geriatric and maternal cohorts. Because of the limited
availability of the USB cards, we used a sealed-envelope technique to decide whether a study participant
would receive the USB card. Those who did not receive the card were allocated to the SMS-only group.

Results

Data from 308 participants from the study site and surrounding villages were analyzed. Of these
participants, 233 participants belonged to the geriatric cohort and 75 belonged to the maternal cohort (see
Table 2). The 75 participants in the maternal cohort included only the pregnant women and postnatal
mothers. The details of the children of the postnatal mothers were linked to their mother’s 1D through the
mother-child link. Data from 45 such children were collected via the mother-child link. Of the 135 USB
cards, 86 were issued to the geriatric cohort and 49 were issued to the maternal cohort. All study
participants were given access to the SMS functionality (see Table 3).

The EHR was able to capture, store, and retrieve patient details. The EHR was successful in creating
a community-level database that had deep insights into the community’s sociodemographic as well as
medical profile. For example, analysis of the medical data revealed that 171 study participants (55.5
percent) did not know their blood type. Ninety-seven participants (31.5 percent) reported not to have any
allergies, whereas 67 participants (21.75 percent) did not know if they had any allergies.

The commonly diagnosed noncommunicable diseases in the geriatric cohort included diabetes
mellitus, hypertension, osteoarthritis, cataract, and gastritis , among others (see Figure 3).

Within the maternal cohort, the place of delivery was available from 18 participants (24 percent). Ten
women underwent deliveries in private hospitals, seven delivered at home, and one delivered in a
government hospital (see Table 4). About 51 percent of the deliveries were assisted vaginal delivery or
normal vaginal delivery, followed by C-sections (7 percent). The data also revealed that 80 percent of the
babies registered in the EHR (n = 45) were breastfed, of which 75 percent received their first feed
immediately after birth (see Table 5). Average duration of breastfeeding was 7 months. Besides clinical
information, analysis of sociodemographic parameters of the maternal cohort also revealed that only 5
percent (n = 4) were illiterate, while 41 percent (n = 30) had completed high school. From an
epidemiological and health resource planning perspective, these data, which were previously difficult to
extract from books and ledgers, are now available on demand and can be retrieved with ease.

This information is important from an epidemiological perspective of the local community. It gives
insights into the health-seeking behavior and healthcare needs of the community. Until the development
and implementation of this solution, access to this information was restricted and time consuming. Such
data could be found only in the books and ledgers maintained by the staff at the CHTC. Anyone
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requesting to see such data usually had to wait until the CHTC staff were free from their responsibilities
for the day. Collation of data manually also made data entry errors likely.

Health Card Usage

The compliance of the patients in bringing the health card during every visit was initially poor (< 20
percent). By involving the DECs, healthcare workers, and community leaders in educating the patients
regarding the card’s usefulness, we achieved almost 100 percent compliance by the third clinic visit. The
DECs could update the card with the patient’s current health data after each visit. The update was
confirmed by opening and visualizing the contents of the card using a web browser.

SMS Usage

There were 83 instances of patients accessing their details through SMS by ten registered users. Of
these, five users belonged to the geriatric cohort and five to the maternal cohort. Six female participants
and four male participants utilized the SMS service (see Table 6). While seven of these participants were
in the group with access to the USB card plus SMS service, only three of these participants were in the
SMS-only group (see Table 7).

Of the SMS usage, 61 percent was attributed to accessing demographic details, 34 percent was to
access health issues, and 5 percent was to access current medication details. No requests for lab results
were received. The system logs indicated that all message requests were honored and appropriate
responses were delivered to the intended recipients.

Discussion

This pilot study is unique because it explores the use of low-cost, readily available, and easy-to-
implement technologies using open-source development tools to address health information storage and
portability issues in a resource-constrained setting. Also, the clinic’s workflows remained relatively
unaffected because training the DECs was easy. Compliance with updating the health card was higher
among the participants attending the MCH clinic. This finding could be attributed to the higher level of
education of these participants.

However, the biggest challenge was the frequent power interruptions. A 2 kVA uninterrupted power
supply (UPS) unit was available to support the computer that hosted the EHR and database for up to 2
hours. However, because of the increased frequency and duration of power cuts especially during the
monsoons, the UPS unit began to fail. By the end of the study, it provided only 10 minutes of power. A
total of 112 hours of work per DEC were lost as a result of the electricity crisis alone. This problem
highlights the challenges in the operations and maintenance of such systems in resource-constrained
settings. This problem also has implications for the rates of adoption by end users because of issues
related to consistency, reliability, and availability of the information due to the factors mentioned above.
However, these problems can easily be addressed by adopting alternative or renewable energy sources.

In our discussions with the healthcare providers, we also found that there seems to be a belief within
the local community that the presence of computer hardware between the patient and the doctor during
the consultation might adversely affect the patient’s faith in the doctor and hence the final outcome of the
treatment. This concern can be dispelled by conducting group sessions with the participants to create
awareness and explain the benefits of using this technology.

Lastly, the epidemiological data captured thus far is of immense value to community health
professionals engaged in patient care—related activities in and around the health center. The data
previously captured in paper notebooks were not easily accessible for any further analysis; however, the
data now available in an electronic, analyzable format will be subsequently studied and used to improve
administration as well as clinical outcomes.
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Conclusion

Prior to the pilot study, patients’ medical information was recorded in a notebook that was given back
to the patient. The patient had to produce this book during subsequent visits. In many instances, it was
difficult to retrieve past medical details because of inconsistent charting during patient visits, illegible
handwriting, and degradation of the notebooks due to years of use. With the introduction of the EHR,
health card, and SMS service, this issue was completely resolved because standardized templates were
available to chart information, most of the content was selection based, and data could be stored
perpetually and could also be backed up and retrieved in the event of a disaster. Most importantly, the
CHTC now has a complete patient record, which previously did not exist. Also, on the basis of the data
from the SMS system, we now know the frequency and nature of information that was requested by the
patients. This health data—seeking behavior was previously unknown and can be an area for further
studies with regard to mobile health interventions.

On the basis of the pilot study, we believe that such a system can be easily replicated across all
healthcare settings. However, the early and successful adoption of such systems depends on a
combination of people, technology, and processes.

Study Limitations

The data portability model discussed here is unidirectional in that it only allows visualization of the
patient’s health data. Any updates to the data had to be performed at the data entry center located within
the CHTC. Also, although the mother-child link enabled capture of the child’s immunization status and
anthropometric data within the mother’s card, no mechanism existed to retrieve these data through SMS.

Data portability on the USB cards was 100 percent. However, the usefulness of the health card for
accessibility in other care provider settings could not be established because most of the patients did not
visit any other healthcare providers for their medical needs.

Other limitations include the availability of the USB-based cards. Because we could only procure 135
such cards, we had to randomly allocate them among the geriatric and maternal cohorts. Finally, having a
valid mobile number was a prerequisite for participating in the study. We were therefore unable to
explore the possibility of including a portability subgroup who had access to the USB card only.

Scope of Future Studies

This pilot study explored the feasibility of deploying a multimodal strategy to collect health data from
the community and make the data accessible at the point of care. As a next step to generate data regarding
information portability, we would want the system to capture usage statistics for the USB card, such as
the number of times that the card was used and the sections within the patient chart that were accessed by
the healthcare provider at the remote location. We would also want the SMS system to be able to retrieve
immunization status and anthropometric data of the children through the mobile number used by the
mother. Also, to make the USB card truly portable, we would want healthcare providers outside of the
CHTC to be able to enter data and store data on this card, which the patient could then bring back to the
CHTC to synchronize the data with the rest of the patient’s health information.
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Table 1

Association between the Codes and the Response Sent from the Server

Code Response

A Demographic details

B Problem list

C Results of last updated tests and investigations
D Last updated pharmacy prescription list
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Table 2

Study Participant Characteristics

Cohort n Male Female Mean Agein Years
Geriatric 233 109 124 67 (M), 63 (F)
Maternal 75° 0 75 24

Total 308 109 199

% Includes only the pregnant women and postnatal mothers. Additional data from 45 children
belonging to the postnatal mothers were captured during the course of the study.
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Table 3

Portability Cohort Distribution

USB Card

and SMS SMS Only Total
Geriatric cohort 86 147 233
Maternal cohort 49 26 75

Total 135 173 308
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Table 4

Place of Delivery (n = 27)

Place of Delivery Number of
Deliveries
Private hospital 10
Home 7
Government hospital 1
Not known 9

Perspectives in Health Information Management, Summer 2014
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Table 5

Breastfeeding in Newborns

Time of First Breastfeeding Number

Immediately after birth 30
Within 48 hours
Later than 48 hours
Bottle fed

O W w




16 Perspectives in Health Information Management, Summer 2014

Table 6

SMS Service Usage among Male and Female Study Participants

Female Male Total
Geriatric cohort 1 4 5
Maternal cohort 5 0 5

Total 6 4 10
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Table 7

SMS Facility Usage by Portability Group

USB Card

Plus SMS SMS Only Total
Geriatric cohort 3 2 5
Maternal cohort 4 1 5

Total 3 3 10
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Figure 1

USB-based Memory Card

@ Mugalur Community Health Training Centre
2 !
St. John's National Academy of Health Sciences
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Figure 2
System Workflow
——— .
Patient registration
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Confirmation
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|
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N\ Patient data
) i ported to USB
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J
|E Patient data
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E follow-up visit
— PR

Application frontend on a PC used as the primary interface for data input
On-site server for storing data

Dataretrieval from the server using a simple mobile phone by means of SMS
USB-based health card that can be connected to the PC to download patient data
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Figure 3

Disease Conditions among the Geriatric Study Population

Anemia I G.b%
| |

Hypothyroidism | I8.3%
Asthma | 3.3%

|
Obesity | 8.3%

COPD N 9.5%
Gastritis —_I 13.1%
Cataract NN 14.3%
Osteoarthritis _| 15/5%
Hypertension :_ 64.3%

DM I 65,5 %

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Abbreviations: COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus.
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