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Background. In the context of a shortage of medical specialists, a medical referral app, designed for use on smartphones, was launched in
2014 for use by doctors in the public health service in South Africa.

Objectives. As this is a novel intervention, with potential to have an impact on the use of scarce resources, and because not much was known
about the use of the app, a descriptive study was undertaken to assess its adoption in Western Cape Government Health (WCGH) facilities.
Methods. Usage data of the app in WCGH facilities, in terms of referral and user numbers, were obtained from the date of its introduction
in 2014. In addition, all the referrals to WCGH facilities for July 2019, stripped of any identifying data of patients or doctors, were analysed
for origin, destination, outcome and response times. Descriptive statistics were used to analyse the data.

Results. Use of the app grew rapidly from 40 referrals per quarter to 16 437 per quarter after 5 years in use, with a cumulative total of
95 381 referrals. In July 2019, active users of the system included 913 sending doctors and 298 receiving doctors, representing 20 medical
specialties. The senders and receivers were representative of every level in the healthcare system, from clinic to tertiary hospital. In July 2019,
a total of 5 941 referrals were sent by means of the app to public facilities in Western Cape Province. Of the referrals, 80% were classified
as acute and 20% as non-urgent. The referral outcomes included 51% accepted for transfer, 19% accepted for a specialist appointment, and
13% concluded with advice alone without the need for a specialist appointment or patient transfer — this category accounted for 28% of
non-urgent referrals and 9% of acute referrals. In 50% of referrals, advice was given to the referring doctor, either as an additional or the
only outcome. The median response times were 9 minutes for acute referrals and 19 minutes for non-urgent referrals.

Conclusions. This study documents the scale-up of a mobile phone consultation and referral app from pilot phase to significant growth
in use across a resource-constrained healthcare system. In a large proportion of cases, advice was given to the referring doctor by means of
the app, frequently obviating the need for a specialist appointment or patient transfer. This finding demonstrates that a mobile app has the

potential to reduce the need for face-to-face specialist visits, thereby improving the use of scarce medical resources.
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The public health service in South Africa (SA), serving 85% of the
population, is based on a primary healthcare (PHC) model,!"! which
is in accordance with international best practice.’ Primary care
providers (PCPs) are supported by teams of specialists at referral
hospitals. However, the public health sector in SA is under-resourced
and beset by organisational inefficiencies.l®! Access to specialist care
is increasingly difficult owing to the inadequate number of specialists
to serve the needs of the population.**!

Referral systems have a significant impact on healthcare systems
and the use of resources, and have therefore been extensively
studied.® Extant studies have focused mainly on demand management
interventions to decrease the numbers of referrals, to prevent
unnecessary referrals of problems that could have been resolved at
primary care level, and to improve the quality or preparation of the
referrals received./*®! There has recently been an increase in the use of
secure web-based electronic referral systems in an effort to facilitate
and improve referrals.'”’ Many studies have shown a reduction in
avoidable, inappropriate and incomplete referrals, and high levels
of acceptability to those sending and receiving referrals by means
of electronic referral systems."*) These studies were conducted
in well-resourced settings such as the USA, Canada, the UK and
Europe. Studies of electronic referral systems in low-resource settings

have largely been confined to pilot projects.'"! However, with the
emergence of mobile technologies, there have been studies describing
projects piloting the use of mobile phone technology to facilitate
specialist referrals in low-resource settings.!'>'®! Doctors in resource-
constrained settings, often without easy access to computers at their
work stations, widely use instant messaging applications (primarily
WhatsApp) as an informal technological aid to the primary-specialist
care interface."”! A secure mobile referral application, Vula, has been
available to doctors working in public healthcare in SA since 2014,
starting with one specialty and growing gradually in scope and in
uptake.!'”!

In late 2018, Western Cape Government Health (WCGH), a
government body that provides healthcare for 6.5 million people,
awarded a tender for an electronic service to facilitate referrals to
medical specialists throughout the provincial health service (WCGH,
circular H13 of 2019, communication: Vula Mobile e-referral app).
WCGH provides healthcare through a network of 268 PHC facilities
(including clinics and community health centres), 34 district hospitals,
and 5 regional, 3 psychiatric and 3 tertiary referral hospitals.!!
Referrals to specialist departments have historically been arranged
primarily by means of telephone calls. Other referral channels in use
include email, web portals and the unofficial use of direct messaging
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applications, such as WhatsApp (WCGH,
circular H13 of 2019).

There is a lack of research on the use of
information and communication technology
solutions for referrals on a large scale in
resource-constrained settings, as few projects
make it out of the pilot phase. In addition,
there is a lack of research on the use of
mobile devices to facilitate referrals on a large
scale in any context. These knowledge gaps,
combined with the potential of a smartphone-
based referral application to positively impact
on the use of scarce healthcare resources,
provided good reasons to study the use of
a novel mobile referral app in the context
of the primary-specialist care network of a
large public health service. As not much was
known about the use of the app, a descriptive
study was required before impact studies
could be undertaken.

Methods

Ethics approval was granted by the
Research Ethics Committee: Humanities
of Stellenbosch University (ref. no. 10958).
Institutional approval to use the referral data
was obtained from WCGH and from Vula
Mobile.

A descriptive quantitative study was
undertaken. Data were extracted from
the Vula Mobile database (a PostgreSQL
relational database) with scripts written
specifically for these queries and exported
as Excel spreadsheets. Longitudinal usage
data of the app in Western Cape Province,
in particular referral and user numbers,
were obtained from the introduction of the
app in 2014 until July 2019. In addition,
all the Vula referrals to WCGH facilities
for July 2019, stripped of any identifying
data of patients or doctors, were obtained.
Referrals to WCGH facilities were included
regardless of whether they originated in a
public or private healthcare facility. Referrals
were analysed by a family physician for
origin, destination and response times.
In addition, each referral was categorised
according to its level of acuity. A referral
was categorised as acute if the patient’s
condition was imminently life threatening
or disabling, if the patient was considered
to be a danger to himself or others, or if the
referring doctor requested transfer of the
patient to the referring hospital. The case
was judged to be non-urgent if the referring
doctor requested an outpatient appointment
or requested advice for a condition that was
not imminently life threatening or disabling.
When the acuity of the case was not obvious
from reading the referral, it was classified as
indeterminate.

The outcome of each interaction was deter-
mined and categorised, and these categories
were then grouped into broader categories.
The transfer category consisted of patients
accepted for immediate transfer, internal
referrals or down-referrals (patients accepted
to a lower level of care), and patients
placed on a waiting list for a bed. The
appointment category included cases where
the receiving doctor advised the referring
doctor to arrange an outpatient appointment
for a patient or a date was provided for
an outpatient appointment or procedure.
The advice only category included cases
where the receiving doctor provided advice
on the diagnosis or management of the
patient, but did not arrange to see the
patient in person. The rejected/withdrawn
category included cases where the patient
required a specialist visit, but the doctor
who received the referral did not agree to
see the patient. This category also included
cases where the referring doctor withdrew
the referral because the patient refused
referral, absconded or died. The no response
category included the messages where no
response could be detected. However, it did
not include internal referrals (within the
same building) with no recorded response,
where it could reasonably be expected that a
response was made in person, so these cases
were categorised with the internal referrals
in the accepted category. The incomplete
category was created to mitigate the potential
categorising error for referrals where there
was a response, but the interaction between
doctors did not appear to reach a conclusion.

This may have been because the interaction
resumed outside of the app, e.g. by means
of a telephone call or instant messaging
conversation.

Descriptive statistics were used to analyse
the data.

Results

The Vula Mobile electronic consultation and
referral (eCR) application originated in the
Western Cape and commenced operations
in April 2014, initially receiving referrals
to one specialty, ophthalmology. Fig. 1
demonstrates the number of referrals sent
per quarter to WCGH facilities. Referrals
increased from 40 in the first quarter to
16 437 in the last quarter under review, after
5 years of operation. The cumulative total of
referrals sent by means of Vula to WCGH
during this period was 95 381.

Out of a total of 5 941 referrals sent to
WCGH facilities in July 2019, the facility
of origin of 8.9% of referrals (n=526) could
not be determined with certainty because
of doctors who had moved between
facilities and had not updated their Vula
profiles. Of the remaining 5 415 referrals of
certain origin, 71.8% (n=3 890) were sent
from non-specialist facilities, including
private practices, clinics, community
health centres (CHCs) and smaller district
hospitals. Of these referrals sent from non-
specialist facilities, 198 were sent from
private sector non-specialist facilities to
public facilities.

The 28.2% of referrals (n=1 525) that
were sent from specialist units represented
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Fig. 1. Number of referrals sent by means of Vula Mobile to facilities operated by Western Cape
Government Health, per quarter, 2014 - 2019. (Q1, Q2, Q3, Q4 = quarters 1, 2, 3 and 4.)
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18 sending specialties, with 63.8% of these referrals originating
from the specialty of emergency medicine.

In July 2019, referrals were made by means of Vula by 913 different
users, of whom 289 made only one referral each. The busiest referrer,
registered at a clinic in a deprived urban area, made 63 referrals. The
median (interquartile range (IQR)) number of referrals made per user
was 3 (1 - 8).

Referrals were received by 75 different units, representing 20
medical specialties in 17 facilities.

Most referrals (94.8%) were received at specialist hospitals of all
levels: tertiary, regional, and large district hospitals with specialist
units, as indicated in Table 1. The 5.2% of referrals that were received
at non-specialist facilities were either at specialist services hosted in
non-specialist facilities or at a district hospital emergency centre that
was not led by an emergency medicine specialist (and therefore not
classified as a specialist unit).

As shown in Table 2, referrals were received by 20 different
specialties, with emergency medicine leading by a large margin.
Orthopaedic surgery received the second highest number of referrals,
well ahead of other specialties.

Of the 74 specialist units that received referrals, 11 received only one.
The busiest unit, an emergency medicine unit covering both a large
district hospital and a CHC, received 724 referrals. The median (IQR)
number of referrals received per unit was 10 (3 - 93).

Referrals were received by 298 doctors. Forty-eight of the doctors
who received referrals received only one for the month, while the
busiest doctor, working in orthopaedic surgery in a large urban district
hospital, received 181 referrals by means of Vula in one month. The
median (IQR) number of referrals received per doctor was 11 (3 - 27).

Table 1. Referrals received according to the level of the
receiving facility

Referrals

Level of facility receiving referrals received, 1 (%)

Large district hospital with specialist units 2994 (50.4)
Tertiary hospital 1922 (32.4)
Regional hospital 573 (9.6)
District hospital 298 (5.0)
Psychiatric hospital 121 (2.0)
Tuberculosis hospital 22 (0.4)
Community health centre 11 (0.2)
Total 5941

Table 2. Percentage of the total number of referrals received
in July 2019, per specialty
Specialty receiving referrals

Referrals received, n (%)

Emergency medicine 2298 (38.7)
Orthopaedic surgery 1272 (21.4)
General surgery 662 (11.1)
Ophthalmology 500 (8.4)
Dermatology 310 (5.2)
Internal medicine 233 (3.9)
Psychiatry 166 (2.8)
ENT 105 (1.8)
Other 395 (6.7)
Total 5941

ENT = ear, nose and throat.

A summary of referral outcomes according to case acuity is presented
in Table 3. The category designated as transfer could be subdivided
into patients who were accepted for immediate transfer to a referral
unit (80.0%), those referred internally within a facility (14.9%),
patients put on a waiting list for a bed (4.9%), and down-referrals
(0.3%) - those referred from a higher to a lower level of care.

Of patients who were advised of the need for an appointment,
73.6% were given the appointment date by means of the app, and the
rest were advised the further step of contacting the unit to arrange
an appointment.

For 12.8% of referrals, the referring doctor received advice
regarding the diagnosis and/or the management of the patient
without arrangements being made for the patient to attend the
specialist unit as either an in- or outpatient. This outcome of advice
only was more common for non-urgent referrals than acute referrals.
Advice only was a frequent outcome for dermatology (44.4% of total
dermatology referrals), internal medicine (24.5%), ophthalmology
(23.4%) and orthopaedic (21.5%) referrals.

The reasons for referral rejection included recommendations to
refer to a different specialty (31.0%), a different level of care (26.2%)
or a hospital in a different area (7.6%). Other reasons included a lack
of inpatient capacity (8.8%), outpatient clinics being fully booked for
the year (12.1%), the rejection of Vula as a channel for that type of
referral (5.5%), and confusion about which doctor was on call (4.8%).

As well as the primary outcomes of referrals as described above,
doctors frequently gave advice to referring doctors in addition to
accepting them for transfer or giving an outpatient appointment. Of
the 5 506 referrals that received a response, 50.4% included advice
from the receiving doctor as the only or as an additional outcome.
This advice related to the diagnosis and management of patients and
navigation of the health system. For patients accepted for transfer,
advice was given on the initial treatment required before transfer.
In orthopaedic surgery referrals, this commonly included a review
of the X-rays, advice on manipulation and immobilisation of the
fracture, and a review of the post-reduction X-rays sent from the
treating doctor to the doctor in the orthopaedic unit. For patients
accepted for an appointment, advice was commonly given about
the investigations to be done before the appointment date. Health
systems advice was commonly given in the form of a review of the
legal documentation required for involuntarily admitted psychiatric
patients. The referring doctor was required to photograph and send
completed documents to the psychiatrist for review, frequently
resulting in corrections.

The time taken from when the referral was made to the first
response from the receiving doctor ranged from less than a minute
to 28 days, with a median (IQR) response time of 11 minutes overall
(3 - 40). For acute referrals the range was from less than a minute to
18 days, with a median (IQR) response time of 9 (3 - 35) minutes.
For non-urgent referrals, the response time ranged from less than a
minute to 28 days, with a median (IQR) response time of 19 (6 - 72)
minutes.

Discussion

This study describes the use of a versatile mobile health (m-health)
innovation in the patient referral process of a large public healthcare
service. What makes Vula unique is that it is designed for use on
smartphones, has been developed in a middle-income country,™"
and has successfully grown out of the pilot phase, where many
technological innovations in healthcare get stuck.'** Vula is, to
the knowledge of the researchers, the only mobile eCR in large-
scale use at present in any context. Its use has been found to be
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Table 3. Referral outcomes according to case acuity

Outcome Acute, n (%) Non-urgent, n (%) Indeterminate, n (%) Total, n (%)
Transfer 2997 (63.0) 31 (2.7) 1(5.9) 3029 (51.0)
Appointment 582 (12.2) 563 (48.3) 1(5.9) 1146 (19.3)
Advice only 437 (9.2) 321 (27.6) 0 758 (12.8)
Rejected or withdrawn 325 (6.8) 84 (7.2) 2 (11.8) 411 (6.9)
No response 299 (6.3) 128 (11.0) 8 (47.1) 435 (7.3)
Incomplete 119 (2.5) 38 (3.3) 5(29.4) 162 (2.7)
Total 4759 (80.1) 1165 (19.6) 17 (0.3) 5941

widespread in terms of range of specialties, facilities and levels of care,
and number of users. The app’s versatility has been demonstrated by
its role in facilitating access to care for both acute and non-urgent
cases, unlike most eCRs that are used exclusively for non-urgent
cases!'!l and a few that are used exclusively for acute cases.*"??! Even
though it is asynchronous in nature, Vulas suitability for acute referrals
is demonstrated both by the good response times achieved by the
receiving doctors and the dominance of emergency medicine as both a
receiving and referring specialty.

Analysis of referrals has shown that Vula enables a number of
interventions, the likes of which have previously been demonstrated
to be associated with improved referral processes. It facilitates direct
communication between the referring doctor and the relevant
specialist,® using an interactive medium that can share images
and is compliant with privacy legislation.?* It provides case-based
ongoing medical education and enables the screening of referrals for
completeness, appropriateness and urgency.”’ The extensive use of
Vulas interactive consultation functionality, as documented in the
present study, has allowed patients to be managed by PCPs, at the
facilities where they presented for care, aided by input from specialists
delivered by means of the app. The asynchronous nature of the
medium allows receiving doctors to respond to requests timeously,
but without the interruptions of telephone calls demanding immediate
attention. In a large number of cases, consultation by means of the app
removed the need for a face-to-face visit to a specialist unit, particularly
for cases of a less urgent nature. The screening of referrals performed
by means of Vula confirms its use as a demand management tool in
the patient-orientated supply network.” Its role in the screening of
referrals provides an opportunity for the prevention of inappropriate,
avoidable or inadequately prepared visits to specialist services, which
has the potential to improve the use of scarce and costly specialist
resources.!'”! This potential to reduce the need for in-person specialist
consultations is especially valuable in the context of social distancing
and restricted travel brought on by the COVID-19 pandemic.

Beyond its now documented roles in the provision of clinical care
and demand management, Vula has another role, as demonstrated by
this study. It provides a single database for the recording and analysis
of referrals, referral patterns and the remote consultation workload
throughout the service in which it operates. These data have until now
not been available in healthcare systems, especially in those that do not
use electronic medical records.

Study limitations

Owing to time and capacity constraints, this study was confined to
referrals sent to WCGH, although Vula is used in other provinces, in
the private sector and in Namibia. For the same reasons, the referral
context outside of the use of the app, such as the number of specialist
departments and users not using Vula for referrals, and the number

of referrals made in total within the healthcare system, could not be
included in the study.

The study, while describing the use of the app, does not address
the impact of the app on service utilisation, waiting times and patient
outcomes. It does not compare the app with other referral systems
and tools. It also does not address cost-effectiveness, user experience
or patient satisfaction, and does not cover the impact that the app has
had on the professional relationships between the different levels of
healthcare providers. The aspects not included in this study should be
considered important areas of research for further study.

Conclusions

This study documents the scale-up of a locally developed smartphone
referral and consultation application from pilot phase to use at
a commercial scale in a resource-constrained healthcare system.
This app enables direct communication between referring doctors
and the doctors on call for particular specialist units for that day.
It provides a secure and legally compliant platform for transferring
detailed patient information and images, both enabling and archiving
discussions between the referring and receiving doctors, without
the need for extensive information technology infrastructure. These
findings demonstrate significant ongoing growth in uptake by both
referrers and specialist teams for both acute and non-urgent cases. In
a large proportion of cases, advice was given to the referring doctor
by means of the app, frequently obviating the need for a specialist
visit. This study demonstrates that a smartphone app can be used as a
referral, consultation and demand management tool. It can facilitate
access to specialist input while reducing the need for face-to-face
specialist appointments or patient transfers. Remote specialist input
through use of a smartphone app has the potential to optimise the use
of scarce specialist resources while improving patient care at the point
of entry into the healthcare system.
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