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Abstract

Introduction

To address workforce shortages and expand access to care, we developed a telemedicine
program incorporating existing infrastructure for delivery of cardiovascular care in Gulu,
Northern Uganda. Our study had three objectives: 1) assess feasibility and clinical impact 2)
evaluate patient/parent satisfaction and 3) estimate costs.

Methods

All cardiology clinic visits during a two-year study period were included. All patients received
an electrocardiogram and echocardiogram performed by a local nurse in Gulu which were
stored and transmitted to the Uganda Heart Institute in the capital of Kampala for remote
consultation by a cardiologist. Results were relayed to patients/families following cardiolo-
gist interpretation. The following telemedicine process was utilized: 1) clinical intake by
nurse in Gulu; 2) ECG and echocardiography acquisition in Gulu; 3) echocardiography
transmission to the Uganda Heart Institute in Kampala, Uganda; 4) remote telemedicine
consultation by cardiologists in Kampala; and 5) communication of results to patients/fami-
lies in Gulu. Clinical care and technical aspects were tracked. Diagnoses and recommenda-
tions were analyzed by age groups (0-5 years, 6—21 years, 22-50 years and > 50 years). A
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mixed methods approach involving interviews and surveys was used to assess patient satis-
faction. Healthcare sector costs of telemedicine-based cardiovascular care were estimated
using time-driven activity-based costing.

Results

Normal studies made up 47%, 55%, 76% and 45% of 1,324 patients in the four age groups
from youngest to oldest. Valvular heart disease (predominantly rheumatic heart disease)
was the most common diagnosis in the older three age groups. Medications were prescribed
to 31%, 31%, 24%, and 48% of patients in the four age groups. The median time for consul-
tation was 7 days. A thematic analysis of focus group transcripts displayed an overall accep-
tance and appreciation for telemedicine, citing cost- and time-saving benefits. The cost of
telemedicine was $29.48/visit.

Conclusions

Our data show that transmission and interpretation of echocardiograms from a remote clinic
in northern Uganda is feasible, serves a population with a high burden of heart disease, has
a significant impact on patient care, is favorably received by patients, and can be delivered
at low cost. Further study is needed to better assess the impact relative to existing standards
of care and cost effectiveness.

Introduction

Cardiovascular disease (CVD) remains a leading cause of global mortality [1] and a major con-
tributor to reduced quality of life [2]. CVD accounts for 7-10% of all adult medical admissions
to hospitals in Africa, with heart failure contributing 3-7% [3]. Although CVD is experienced
at younger ages in low-middle income countries (LMICs) [4], access to echocardiography
remains limited, delaying diagnosis and subsequent management [5, 6].

While cardiologists trained in echocardiography provide care in capital cities throughout
sub-Saharan Africa, 80% of the population lives in rural settings [7]. Specialists in rural areas
are rare, resulting in long waiting times, substantial transportation costs, and high out-of-
pocket payments, limiting universal access to care [3, 8, 9]. Decentralization of care through
task shifting has demonstrated promise for improving access in this setting [10]. Task shifting
can improve care by increasing access, decreasing cost, and freeing higher-level providers to
engage in more complex tasks [11]. The combination of task shifting and innovative telemedi-
cine (that can overcome challenges from limited bandwidth), primarily tele-echocardiography,
can provide remote populations in LMICs expanded access to medical services [10, 12].

The Uganda Heart Institute (UHI) in Kampala is the sole provider of advanced cardiovas-
cular diagnosis and treatment in Uganda and oversees cardiac care at regional hospitals
throughout the country [13]. UHI has prioritized regionalization of care, including electrocar-
diography (ECG) and echocardiography, to centers in Northern, Western, and Eastern regions
of Uganda with the hope of reaching 12-13 sites in the next five years [14]. In Gulu, located six
hours north (by road) of Kampala, access to ECG and echocardiography is available at Gulu
Regional Referral Hospital (GRRH). Currently, human resources remain a challenge, with car-
diologists performing outreach clinic visits for one to two days on a quarterly basis at most. To
address the shortage of cardiologists and limited numbers of outreach clinics, we developed a
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telemedicine program at GRRH, incorporating existing task shifting infrastructure previously
established for clinical care and research for rheumatic heart disease (RHD) and heart failure.

Our study had three objectives: 1) assess the feasibility and clinical impact of implementing
a telemedicine solution for cardiovascular care delivery, 2) evaluate patient-/parent- satisfac-
tion with telemedicine, and 3) estimate the costs of telemedicine-based regionalization of car-
diovascular care in Uganda.

Methods

Study setting

This study was conducted between December 1, 2017 and January 31, 2020 at the GRRH inpa-
tient ward and outpatient cardiology clinic, located 332 km from the capital city of Kampala.
GRRH is staffed by two medical officers (post graduate residents) and one internal medicine
physician in the medical ward, and one medical officer in the children’s ward.

The Research and Ethics Committee at Makerere University School of Medicine and the
institutional review board at Children’s National Hospital approved this study. Waiver of con-
sent was used for research objective 1 of this study as it was addressed by review of data from
an established clinical program. For objectives 2 and 3, consent and assent were obtained from
parents and patients prior to focus groups. All written consent materials were provided in the
local language (Acholi) and consent/assent were obtained in the local language as well. Partici-
pant information was de-identified during analysis to ensure anonymity and privacy was
maintained.

Clinical telemedicine consultation

The study leveraged existing personnel and operations that were in place at the cardiology
clinic at GRRH. This includes two nurses, a research assistant, local physician, and a telemedi-
cine consult coordinator. One nurse (JK) had extensive experience, over five years performing
echocardiograms on hand held ultrasound devices. She demonstrated competence in knowl-
edge of RHD, cardiomyopathy, hypertensive heart disease and other common adult cardiac
conditions under direct observation by UHI and Children’s National cardiologists. She
received an additional week of onsite training by UHI and Children’s National cardiologists in
echocardiography assessment of congenital heart disease. An administrative support person in
Kampala supported scheduling of UHI cardiologists for consultation. Imaging the World pro-
vided IT support for implementation of technology in Gulu and Kampala and training of Gulu
and UHI staff.

All outpatient and inpatient cardiology visits during the study period were included using
the following telemedicine process (Fig 1: Operational workflow diagram):

1. Intake A GRRH nurse collected type of visit (new or follow-up), patient demographics,
chief complaint, past medical history, physical examination findings (performed by nurse),
and medications. Additional data collected included time missed from work/school and
distance traveled. Intake data including ECGs (smart phone photo) were entered into RED-
Cap [15], a web-based electronic data capture system by nurse and administrative staff at
GRRH (S1 File).

2. Diagnostic testing ECGs and echocardiograms were performed on all new patients and fol-
low-up patients when recommended on the prior visit

a. Electrocardiograms Standard 12 Lead ECGs were recorded (General Electric MAC
5000, Milwaukee, WI, USA) on paper
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Fig 1. Operational workflow. This figure depicts the operational flow for a patient from intake through final disposition. Steps 1, 2 and
5 take place in Gulu, step 3 takes place in the cloud (data uploaded in Gulu and downloaded in Kampala) and step 4 takes places at
Uganda Heart Institute in Kampala. Abbreviations: ECG-electrocardiogram.

https://doi.org/10.1371/journal.pone.0255918.9001

b. Echocardiograms Studies were performed using Philips Lumify (Philips, Bothell, WA,
USA), an ultrasound transducer connected by to a Windows-based tablet (Samsung S2
or S4) that operates Lumify software that is publicly available for download at no cost.
The tablet is battery powered with an average use time of 4 hours from prior experience.
A backup tablet and transducer were available to ensure no downtime. Focused echocar-
diogram protocols (2D and color Doppler loops and still frames) were utilized. S2 File
shows the echocardiography protocol including recommended views for both pediatric
and adult studies.

3. Echocardiography transmission Echocardiograms were transmitted utilizing an estab-
lished telemedicine technology solution that is compatible with Lumify provided by Imag-
ing the World [16]. We have used this system to successfully compress DICOM
echocardiography images from multiple low bandwidth sites in Uganda [12]. Each study
was transferred via wireless connection from the echocardiography machine to a notebook
computer with proprietary VICAT compression software (Fig 2). The compressed images
were automatically uploaded to a Cloud Server (Amazon Web Services) via USB data SIM
card. The virtual server was located in Germany with a second physical back up mirrored
server in the United States (Data Realm, Phoenix, AZ, USA). Images were available to UHI
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Fig 2. Telemedicine technical flow. This figure depicts the digital flow for the telemedicine process. Abbreviations: DICOM-Digital Imaging and Communications in
Medicine; GSM-Global System for Mobile Communications; MPEG-Moving Picture Experts Group; PACS-Picture Archival and Communication System; US-
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https://doi.org/10.1371/journal.pone.0255918.9002

cardiologists for viewing and making measurements using a PACS workstation (McKesson,
Vancouver, British Columbia). UHI providers were required to access images via the server
in Germany.

Telemedicine consultation At the end of each visit, the staff at GRRH communicated with
the consult coordinator at UHI that a telemedicine consultation had been performed via
closed loop SMS or WhatsApp message for elective consultations. Telemedicine consulta-
tion was conducted through asynchronous review of REDCap database (clinical data and
ECG) and echocardiograms (McKesson). Five staft cardiologists (EO, IS, TA, PL, JN) from
UHI supervised consultation services with additional support from UHI cardiology fellows.
The goal for routine consultations was to have a final report completed by a UHI cardiolo-
gist within one week. Direct communication with the cardiologist took place for urgent
inpatient consultations.

Patient/Parent communication The nurse at GRRH communicated preliminary results to
patients and families immediately after the visit and updated them with final treatment and
follow-up recommendations after the final consultation was entered into REDCap by UHI
cardiologists. A local physician at GRRH wrote medicine prescriptions that were recom-
mended by UHI cardiologists. The telemedicine process did not include direct verbal com-
munication between UHI physicians and patients/parents in Gulu.
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For clinical data analysis, patients were divided into four age groups: 0-5, 6-21, 22-50, and
>50 years old. Diagnoses, medical management, patient disposition, distance traveled, and
time missed from work/school were compared between groups. Additional diagnostic details
were described for patients with congenital and valvular heart disease. Comparisons between
age groups were made using chi-square or Fisher exact test for categorical variables and Wil-
coxon-Mann-Whitney test for continuous variables; statistical significance was defined as a p
value < 0.05. Turnaround times and technical issues including upload and download times
were tracked throughout the study.

Patient/parent satisfaction

A mixed methods approach involving interviews and surveys was used to collect data on
patient perception. Staff members trained in qualitative research methods first conducted
three focus groups with eight to twelve patients and patient parents to collect narratives on the
patient experience. The 40 individuals who were purposively invited to participate in the
group were identified by the GRRH clinic staff based on heterogeneity (age group) and their
average or above-average responsiveness to the clinic’s reminder calls. The focus group discus-
sion guide, which consisted of eight thematic questions and fourteen suggested follow-up
questions was developed by the investigator team to investigate acceptability of the telemedi-
cine intervention [17]. The research staff who conducted the focus groups in the field reviewed
and modified the guide with the investigators to assure cultural appropriateness and promote
a conversational tone. Focus group moderators were invited to modify the discussion guide as
unanticipated themes emerged in the conversation. Audio recordings of the focus groups con-
ducted in the participants’ primary language (Acholi) were professionally translated and tran-
scribed into English prior to analysis. In addition, a 20-question survey modified from
published telemedicine quantitative research instruments [17] was used to assess participants’
perceptions of telemedicine and measure preference for telemedicine when compared with
regular in-person clinic visits. Surveys were administrated verbally by the research team and
responses were collected on paper then entered into REDCap.

The focus group transcripts were coded and analyzed using qualitative description research
methods [18]. Four members of the research team who did not conduct the focus groups inde-
pendently analyzed the transcripts with inductive coding methods in Microsoft Word. Team
members independently created codes for the first transcript and identified recurrent patterns
and themes. The team convened to compare and combine their codes and themes into an iter-
ative codebook, which was used as a guide in coding subsequent transcripts. When team mem-
bers disagreed on a proposed code, the group discussed the code until reaching consensus to
either include or remove codes from the master codebook. As the master codebook was
refined, the team clustered related codes into hierarchical frames and themes. We used
descriptive statistics to summarize demographic data. Frequency calculations were utilized in
surveys that evaluated patients’ preferences to telemedicine when compared with regular clinic
visits.

Cost analysis

We estimated the healthcare sector costs of telemedicine-based cardiovascular care. Costs
borne by the healthcare system were categorized into those related to the facility, equipment,
disposables, and personnel. The costs for this analysis were based on building telemedicine on
the foundation of preexisting infrastructure and a nurse competent in performing echocardi-
ography. The costs of developing an outpatient clinic and training a sonographer are not
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Table 1. Diagnoses.

Diagnosis
Normal*
Congenital Heart Disease
Valve/Rheumatic Heart Disease
Hypertensive Heart Disease
Dilated /Ischemic Cardiomyopathy
Pericardial Disease
Right Heart Disease
Arrythmia

Aortic aneurysm

included in this analysis. We estimated costs in Uganda Schillings and converted to US dollars
using 2019 conversion rate (3,500 Uganda Schilling = 1 US dollar) [19]. Equipment costs
incorporated straight-line depreciation over the estimated lifetime of the equipment. Person-
nel costs were estimated using the time-driven activity-based costing (TDABC) approach [20],
based on direct observation and reporting by program staff. Costs borne by patients were esti-
mated from surveys and focus groups as part of objective 2. Our analysis of telemedicine costs
excluded the cost of services that existed prior to telemedicine, i.e., those necessary for the gen-
eral operations of the cardiology clinic regardless of whether telemedicine was available.

Results
Telemedicine clinical care and feasibility

A total of 1,324 patients utilized telemedicine services during the 2-year study period; includ-
ing 140 children between 0 and 5 years old, 424 patients between 6 and 21 years old, 360
patients between 22 and 50, and 400 patients over the age of 50. The vast majority of visits,
1,285 (97%) were new patient visits. There were 33 urgent, inpatient consultations. There were
a higher proportion of females in patients over 21 years old (61%) than in patients 21 years old
and younger (52%, p < 0.001).

Diagnoses by age group are shown in Table 1. Normal studies made up 47%, 55%, 76% and
45% of patients in the four age groups from youngest to oldest (p < 0.0001 comparing 22-50
group to each other group, other comparisons NS). Congenital heart disease was the most
common diagnosis in the under 5 group and valvular heart disease (predominantly RHD) was
the most common diagnosis in the older three age groups. Hypertensive heart disease and car-
diomyopathy were also common in the oldest age group. The most common congenital heart
defects were ventricular septal defect (n = 20), atrial septal defect (n = 16), atrioventricular sep-
tal defect (n = 12), patent ductus (n = 9), complex congenital defects (n = 8, including double
outlet right ventricle, Ebstein anomaly, truncus arteriosus, single ventricle) and tetralogy of
Fallot (n = 6). The vast majority 123/155 (79%) of patients 50 years and younger with valvular
heart disease had RHD. Conversely, only 7/73 (9.6%) patients over age 50 with valvular heart
disease had RHD. Specific RHD diagnoses included latent RHD (n = 19), mild RHD (n = 26),
moderate RHD (n = 25), severe RHD (n = 58) and repaired RHD/valve replacement (n = 2).
Of those with mild, moderate, or severe RHD, 51 had isolated mitral regurgitation, 12 had iso-
lated mitral stenosis, 7 had isolated aortic insufficiency and 39 had mixed valve disease.

Recommendations for medication and follow-up are shown in Table 2. Medications were
prescribed to 31%, 31%, 24%, and 48% of patients in the four age groups (p < 0.001 when

0 to 5 years (n = 140) 6 to 21 years (n = 424) 22-50 years (n = 360) Over 50 (N = 400)
66 (47%) 233 (55%) 275 (76%)" 181 (45%)
65 (46%) 56 (13%) 2 (0.6%) 1(0.3%)
4(2.9%) 123 (29%) 28 (7.8%) 73 (18%)
0 4(0.9%) 17 (4.7%) 58 (15%)
3(2.1%) 4(0.9%) 21 (5.8%) 56 (14%)
0 3(0.7%) 7 (1.9%) 5 (1.3%)
2 (1.4%) 1(0.2% 8 (2.2%) 17 (4.3%)
0 0 2 (0.6%) 8 (2.0%)
0 0 0 1(0.3%)

'p < 0.0001 comparing 22-50 age group to each other group for normal diagnosis.

https://doi.org/10.1371/journal.pone.0255918.t001
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Table 2. Medications and disposition.

Medication

None

Penicillin

Heart Failure

NSAID
Anti-hypertensive
Anti-arrhythmic

Lipid lowering
Anti-coagulation
Disposition

Discharge

Outpatient follow-up
Telemedicine follow-up
Admission to regional hospital

Transfer to national tertiary hospital

0 to 5 years (n = 140) 6 to 21 years (n = 424) 22-50 years (n = 360) Over 50 (N = 400)

97 (69%) 291 (69%) 275 (76%) 206 (52%)"
1 (0.7%) 76 (18%) 6 (1.7%) 2 (0.5%)
41 (29%) 96 (23%) 44 (12%) 115 (29%)
1(0.7%) 7 (1.7%) 7 (1.9%) 30 (7.5%)
2 (0.5%) 41 (11%) 76 (19%)
11 (3.1%) 5 (1.3%)
1(0.3%) 5 (1.3%)
8 (2.2%) 23 (5.8%)
61 (44%)° 208 (49%) 252 (70%)* 160 (40%)>
47 (34%) 164 (39%) 56 (16%) 167 (42%)
6 (4.3%) 39 (9.2%) 26 (7.2%) 36 (9%)
6 (4.3%) 9 (2.1%) 17 (4.7%) 25 (6.3%)
20 (14%)* 4 (0.9%) 9 (2.5%) 12 (3.0%)

1p < 0.001 comparing over 50 age group to each other group for medication recommendation.

’p < 0.0001 comparing 22-50 age group to each other group for discharge recommendation.

*p = 0.01 comparing 6-21 age group to over 50 age group for discharge recommendation.

*p < 0.001 comparing 0-5 age group to each other group for transfer to national hospital.

https://doi.org/10.1371/journal.pone.0255918.t002

comparing oldest age group to all other groups, other comparisons NS). Heart failure medica-
tions were the most common in all age groups, with diuretics and angiotensin converting
enzyme inhibitors prescribed most frequently. Penicillin prophylaxis was the second most
commonly prescribed medication in the 6-21-year age group and anti-hypertensive medica-
tions were second most common in the older age group. Youngest and oldest patients were
less likely to be discharged from follow-up: 44%, 49%, 70% and 40% in the 4 age groups respec-
tively (p < 0.0001 when comparing 22-50 age group to all other groups, p = 0.01 when com-
paring 6-21 age group to oldest age group, other comparisons NS). The youngest age group
had the highest rate of transfer to tertiary care center (p < 0.001 when compared to each of the
other groups).

There was a skewed distribution of travel distance, with the average (37 km) being signifi-
cantly higher than the median distance traveled (18 km). Families of patients in the youngest
age group traveled the farthest (median 32 km, IQR 58 km), followed by older children
(median 19.5 km, IQR 29 km), older adults (median 19.5 km, IQR 41 km, and younger adults
(median 6 km, IQR 42 km). All comparisons except older children vs. older adults were statis-
tically significant. Only 29% (388/1324) of all patients/families reported taking time off of
work or school for the appointment: 6%, 34%, and 20%, and 36% respectively across the 4 age
groups.

There were no technical failures due to interruption in upload service from Gulu or mal-
functioning telemedicine software or hardware. One of the echocardiography transducers had
to be replaced in month 13 of the study, but this did not result in any interruption in perfor-
mance of echocardiograms. There was a 5 week down-time period in Kampala due to hard-
ware malfunction in month 15 of the study. Adult studies contained between 15-20 loops and
3-4 still frames with files sizes ranging from 80-100 MB. Pediatric studies contained 18-25
loops and 4-6 still frames with files sizes ranging from 100-125 MB. Upload times per study
session (all studies done in a given day) ranged from 60 minutes to 6 hours and took place
overnight. If upload was interrupted due to temporary internet network outages, the upload
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Table 4. Preferences for type of care delivery.

Table 3. Attitudes about telemedicine consultation.

Yes No Unsure
Comfortable with telemedicine? 59 (98.3%) 1(1.7%) 0 (0%)
Telemedicine improved access to care? 57 (95.5%) 1(1.7%) 2 (3.3%)
Understood diagnosis given by telemedicine? 56 (93.3%) 3 (5.0%) 1(1.7%)
Understood treatment recommended by telemedicine? 49 (81.7%) 8 (13.3%) 3 (5.0%)
Questions answered by clinician during visit? 55 (91.8%) 3 (5%) 2 (3.3%)
Seen more quickly through telemedicine 56 (93.3%) 4(6.7%) 0 (0%)
Results delivered quickly through telemedicine? 53 (88.3%) 6 (10.0%) 1(1.7%)
Shorter distance traveled with telemedicine visit? 57 (95.5%) 2 (3.3%) 1(1.7%)
Missed less time from school/work with telemedicine? 56 (93.3%) 2 (3.3%) 2 (3.3%)
Spent less money on visit with telemedicine? 56 (93.3%) 3 (5.0%) 1(1.7%)

https://doi.org/10.1371/journal.pone.0255918.t1003

would resume from where it was interrupted when internet access was restored. Download
times in Kampala averaged 20-30 minutes per study in the first half of study period and 5 to
10 minutes in the second year when internet speed improved (change in internet service pro-
vider). Studies were downloaded by a consult coordinator in Kampala. Once downloaded, the
physicians were able to view studies seamlessly, however they could only view one study at a
time. Physicians spent approximately 30 minutes per consultation including reviewing echo-
cardiograms, reviewing REDCap information and completing consultation reports in RED-
Cap. The median turn-around time was 7 days (IQR 13 days) with 23% of studies interpreted
within 48 hours, 54% interpreted within 7 days and 70% interpreted within 10 days. The
skewed distribution of turnaround time was related to downtime and recovery periods.

Patient/parent satisfaction

Surveys were administered to 26 parent/guardians and 34 adult patients, and 30 participants
(out of 40 who were invited) engaged in three different focus groups (8-12 per group). All par-
ticipants completed the surveys; one participant left one question blank. Table 3 reflects
response rates to a question directly about participants’ perceptions of telemedicine and
Table 4 reflects response rates to questions comparing telemedicine to standard care (after
encounter was completed). Detailed responses to focus groups with thematic coding are shared
in S3 File.

Benefits and acceptance of telemedicine. A thematic analysis of focus group transcripts
displayed an overall acceptance and appreciation for telemedicine, citing cost- and time-saving

Telemedicine visit at GRRH Physician visit at GRRH No difference Unsure
Easier to schedule an appointment 55 (91.7%) 1(1.7%) 1(1.7%) 3 (5.0%)
Shorter waiting time 42 (70.0%) 4 (6.7%) 9 (15.0%) 5(8.3%)
Appointment time more convenient 56 (93.3%) 0 (0%) 2 (3.3%) 2 (3.3%)
Less time being uncertain about diagnosis 53 (88.3%) 1(1.7%) 4(6.7%) 2 (3.3%)
Results available more quickly 53 (88.3%) 1(1.7%) 5(8.3%) 1(1.7%)
Which do you spend less time travelling for appointments 48 (80%) 10 (16.7%) 1(1.7%) 1(1.7%)
Stay closer to come 56 (93.3%) 2 (3.3%) 2(3.3%) 0 (0%)
Miss less school/work 40 (66.7%) 13 (21.7%) 6 (10%) 1(1.7%)
Spend less on food & travel 50 (83.3%) 1(1.7%) 9 (15.0%) 0 (0%)
More anxiety surrounding the appointment 26 (43.3%) 8 (13.3%) 14 (23.3%) 11 (18.3%)

https://doi.org/10.1371/journal.pone.0255918.t004
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benefits, with some participants encouraging the expansion of telemedicine to rural communi-
ties. As described by one participant, “if I were to go to Mulago it would be too costly in terms of
transport and other additional costs. As peasant farmers we barely have [the] money they may
need and sometimes it may lead to death”. Results from the surveys support major themes iden-
tified from the focus groups. 98.3% of respondents felt comfortable with telemedicine. Com-
pared to where they would traditionally receive a cardiology consultation or check-up, 95.5%
felt they had traveled a shorter distance, 93.3% felt they had missed less time from school/work
and spent less money on their health visit and 88.3% felt their results were available more
quickly. When compared with regular clinic visits, 93.3% of survey respondents reported hav-
ing more convenient appointment times and 88.3% reported spending less time being uncer-
tain about their diagnoses. Overall, 95.5% felt telemedicine improved their access to care.

Concerns with telemedicine. While the surveys and focus groups displayed an overall
acceptance and appreciation for telemedicine, participants did voice reservations around this
new platform of healthcare. Although 93.3% of survey respondents reported understanding
their diagnosis, only 81.2% reported understanding their suggested treatment plan. Themes
also emerged surrounding participants’ reported concerns with a lack of physician contact and
overall trust in the telemedicine system, with one participant stating, “One bad thing about tele-
medicine is that, you do not have a physical interaction with your doctor to explain more of what
you feel or how you feel. And secondly using telemedicine may [cause one to] lose hope since you
are not seeing the doctor directly so how can [you] believe it. ..” Participants also reported tech-
nical limitations and uncertainty with application with regard to emergency care.

Cost analysis

Table 5 shows the annual costs of each item and estimates of the percent of costs utilized by
the telemedicine (as an increment from prior clinical operations) are provided. Based on an
annual telemedicine volume of 720 visits per year utilized in this study, the cost of telemedicine
was $29.48/visit. Some of the costs are fixed (cloud hosting per study and percentage of Kam-
pala cardiologist time) while others would decrease (in terms of cost/per study) with increased
utilization. It is estimated that the capacity listed below could accommodate up to 200 visits
per month or 1,920 annual visits. If this optimal capacity were utilized, the cost/visit would
decrease to approximately $16.00 per patient visit. Separate from telemedicine costs, the charge
for ECG and echocardiogram at GRRH was $5.40 and $8.20 USD respectively and mean medi-
cation costs were $2.00. Average personal out-of-pocket expenses for transportation, meals
and accommodation were $4.42, $0.26 and $0.07 respectively. Only 20 patients reported any
costs related to lodging.

Discussion

This paper is the first to describe the clinical characteristics, technical implementation,
patient/parent satisfaction and cost of telecardiology in a low-income African country. In this
setting, we show that telecardiology feasible, serves a population with a high burden of heart
disease, has a significant impact on patient care, is favorably received by patients and parents,
and can be delivered at low cost. Nearly half of all patients in our study had abnormal findings,
with an even higher rate among children 5 years and younger and those over 50. Additionally,
telemedicine excluded disease for a significant number of patients avoiding unnecessary treat-
ment, stress, and travel. One third of patients received at least one medication and subsequent
follow-up was recommended in more than half of all patients. RHD was one of the most com-
mon diagnoses in our cohort and likely accounts for the preponderance of females in the mid-
dle age groups. The potential for telemedicine to positively impact the lives of young adult
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Table 5. Costs of telemedicine care delivery (based on 720 annual visits per year).

Amortized Telemedicine Equipment costs*
Echo Probes (2)

Echo tablets (2)

VICAT Notebook (2)

Recurring Telemedicine Technology Costs
Airtime

Cloud hosting: Subscription

Cloud hosting: Per study fee

Telemedicine Technology Support Staff
Technical support person: Uganda
Technical admin person: Uganda

Technical team travel

Local Clinic Costs

Office Supplies

Utilities

Rent

Staff

Echo Nurse

Clinic Nurse

Gulu consult coordinator/Admin Support
Gulu House Officer

Kampala consult coordinator/Admin Support
Kampala Cardiologist (N = 5)

Total Cost/Patient Visit (720 annual visits)

Cost Life Span (years) Annual cost” % for telemed Cost/Visit
$16,000 6 $2,667 75% $2.78
$1,000 3 $333 100% $0.46
$1,600 3 $533 100% $0.74
Cost/month Months Annual cost % for telemed Cost/Visit
$50 12 $600 75% $0.63
$44 12 $528 100% $0.73
$1.00
Cost/hour Hours/month Annual cost % for telemed Cost/Visit
$12 12 $1,728 100% $2.40
$12 4 $576 100% $0.80
$600 100% $0.83
Cost/month Months Annual cost % for telemed Cost/Visit
$150 12 $1,800 25% $0.63
$100 12 $1,200 25% $0.42
$1,000 12 $12,000 10% $1.67
Annual Salary % for telemed Cost/visit
$9,640 25% $3.35
$5,200 25% $1.81
$3,480 50% $2.42
$12,000 5% $0.83
$6,960 25% $2.42
$32,000x 5 2.5% $5.56
$29.48

*Assuming straight-line depreciation of capital expenses over the life-time of the equipment.

https://doi.org/10.1371/journal.pone.0255918.t005

women with heart disease is a significant benefit of this program [21]. Focus group and survey
findings suggest that the majority of patients and families would have experienced major
financial hardship in traveling to the capital if telemedicine had not been available, resulting in
delayed diagnosis and treatment.

The management of cardiovascular disease requires access to specialists for accurate diag-
nosis and timely initiation of therapy. Cardiologists trained in echocardiography have made
diagnosis available at referral centers in capital cities throughout sub-Saharan Africa [7]. How-
ever, available healthcare human resources are limited and unequal physician distribution
exacerbates the mismatch between supply and demand: 80% of physicians live in urban areas,
whereas 80% of the population is rural [22]. Decentralization of care holds promise for
improving access. Our findings apply telemedicine to successful strategies previously used in
other East African Countries. In Rwanda, a strategy employing portable echocardiography and
simplified algorithms for diagnosis and initial management of heart failure has been developed
and utilized in several district hospitals since 2006 [5]. Evaluation of the program structure
concluded that training nurses in simplified protocols and basic echocardiography is a poten-
tially successful approach to decentralized care for this vulnerable population.

Our clinical findings highlight the case burden of cardiovascular disease seen in a referral
clinic in Sub-Saharan Africa. Hypertensive disease, RHD, and dilated cardiomyopathies
account for over 75% of cases of heart failure in Africa [9, 23]. Congenital heart defects are also
an important cause of morbidity and mortality in the young, especially in children under 5
years of age [24, 25]. Over 40 million people worldwide are living with RHD and RHD is
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responsible for over 300,000 deaths and 10 million disability adjusted life years each year [1].
The prevalence remains very high in Sub-Saharan Africa. Between 15 and 40 of 1,000 children
have evidence of early RHD when penicillin prophylaxis has the potential to prevent late com-
plications [26, 27]. Unfortunately, many patients present late with heart failure as young
adults, secondary to advanced heart valve disease [28, 29]. We and others have shown that task
shifting of focused echocardiography to well-trained and supervised non-physician workers
with limited focused training is feasible for diagnosis of RHD in Uganda and other LMIC’s
[30-32]. Using telemedicine to complement task shifting holds the potential to allow cardiolo-
gists in tertiary care centers to provide daily consultative services to patients with cardiovascu-
lar disease.

While many publications describe telemedicine use for echocardiography interpretation,
education, and training [33-45], none have evaluated its clinical implementation for cardio-
vascular disease in a low-income country. Telehealth can be a powerful tool to facilitate care of
patients with heart disease around the globe. Sharing of images via cloud-based technology
can advance research and clinical collaboration for endemic heart disease [30]. More rapid,
portable, and innovative uses of tele-echocardiography can provide remote populations in
Uganda and other LMICs expanded access to medical services. These include enhanced data
compression technology [46], novel training methods for international support [47], and the
use of personal devices such as smartphones for near-instantaneous image review [48]. We lev-
eraged technology that is already working throughout Uganda in collaboration with the NGO,
Imaging the World [16, 49].

Overall, the general acceptance and belief in the telemedicine system suggests ample poten-
tial to integrate telemedicine with the current healthcare system. However, some aspects of
healthcare remain unchanged by telemedicine, such as patient anxiety while waiting for test
results and suboptimal understanding of treatment and diagnosis. In addition, participants
often referred to telemedicine as “the machine” during focus groups, suggesting that there
could be a gap in provider communication and patient understanding. More education (that
includes local language and cultural context) on the actual telemedicine system and live virtual
interactions with a physician could help bridge this gap.

While some studies have focused on costs of cardiac care delivery in LMIC’s [50-55], there
is very little published on evaluating costs of telecardiology in low-resource settings [56]. In
the rural Uganda context, the most critical question is assessment of incremental costs of tele-
medicine compared with the status quo, which, in many cases, means limited or no access to
cardiovascular specialists. Eberly and colleagues evaluated the costs of integrated, decentralized
chronic care for non-communicable diseases in rural Rwanda [57]. Labor, medications, and
laboratory testing were the largest components of healthcare costs. Some of per-patient costs
would decline with increased utilization of telemedicine. For instance, information technology
support would cost less per encounter if the technician time were supporting multiple sites
simultaneously.

Limitations

Even though our study had a significant number of patients, we do not provide comparison
between populations served by telemedicine and those served by standard of care. Usual care
often requires travel to the national referral hospital for accurate cardiovascular diagnostics
and treatment. An assessment of how many patients actually do this was beyond the scope of
this study. Further studies are required to compare outcomes in similar populations at risk for
heart disease with and without access to telemedicine. Our study utilized a well-trained nurse
who had superior echocardiography skills for a wide range of heart disease and was very
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comfortable with technical aspects of telemedicine. Scaling this program on a national basis
would involve a dedicated effort (and incur additional programmatic costs) to train additional
staff. Sustainability would require continuous availability of health workers trained in echocar-
diography. In centers that are understaffed, task shifting and telemedicine may pull needed
resources from other activities such as inpatient care, outpatient clinics, and administrative
responsibilities. Our feasibility and turn-around data highlight that availability of tertiary care
physicians could also be an important rate-limiting step as demand increases.

Our cost analysis is limited only to assessment of costs of telemedicine; more extensive anal-
yses (including long-term savings from averted complications) would be required to compre-
hensively examine the cost-effectiveness of telemedicine. Cardiovascular disease often affects
young individuals in Africa; early diagnosis and treatment may therefore produce long-term
gains in quality of life and survival, and reductions in healthcare expenditures. Future eco-
nomic evaluations of telemedicine must also account for averted productivity losses due to dis-
ability or premature mortality, which can be substantial, particularly for conditions like RHD
and congenital heart disease that affect children and young adults.

Conclusions

The large burden of cardiovascular disease in LMIC'’s is greatly exacerbated by delayed diagno-
sis and treatment. Our data show that store and forward transmission of echocardiograms
from a remote clinic in northern Uganda for review at a tertiary care center in Kampala (more
than 300 km away) is feasible, serves a population with a high burden of heart disease, has a
significant impact on patient care, is favorably received by patients and parents, and can be
delivered at low cost. Further study is needed to better assess the impact relative to existing
standards of care and cost effectiveness. This program has the potential to be deployed on
national scale in an affordable manner, potentially resulting in a dramatic impact on outcomes,
with high patient satisfaction.
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