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Abstract
Background

Rheumatic heart disease (RHD) is a major cause of premature death in low and middle-
income countries. The greatest barrier to RHD control is neglect of the disease in national
health policies and a lack of prevalence data that might inform control efforts. Myanmar is
making remarkable progress against many infectious diseases, but there are almost no data
to define the clinical burden of RHD in the country. This prospective audit was performed in
an adult medical ward of a tertiary-referral hospital in Yangon, to gain an insight into the
prevalence of RHD in Myanmar.

Principal findings

All patients admitted to the ward between May 1, 2016 and April 30, 2017 were eligible for
enrolment. RHD was confirmed in 96 patients who were admitted on 134 occasions, repre-
senting 1.1% of the 12,172 adult medical admissions during the study period. This com-
pared with 410 (3.4%) admissions with HIV and 14 (0.1%) with malaria. Patients with RHD
had a median age of 44 years (interquartile range: 35-59); 70 (73%) were female. Only one
patient had ever had surgery despite 79 (82%) meeting criteria for intervention; 54 (56%)
patients were not receiving any regular clinician review. Prior to hospitalisation only 18
(19%) patients were receiving regular penicillin. Only 8 (19%) of the 42 women <50 years
were using contraception. Of 49 patients who had been hospitalised previously, 22 (45%)
were receiving no regular therapy. During the study three (3.1%) patients died, and 28
(29%) were lost to follow-up. Of the 65 (68%) alive and retained in care, 21 (32%) were still
experiencing moderate-severe RHD-related symptoms at the study’s end.

Conclusions

There is a significant and unmet clinical burden of RHD in Myanmar. A national RHD program-
me would improve patient care, reducing morbidity and mortality from this preventable disease.
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Background

Rheumatic heart disease (RHD) is preventable, but globally in 2015 it was responsible for
almost 320,000 deaths and the loss of 10.5 million disability-adjusted life years [1]. Incomplete
data collection in the low and middle-income countries most affected by RHD means that its
burden may be even greater [2, 3]. Underestimating the prevalence of RHD leads to its neglect
in national health policies and is one of greatest barriers to countering the disease [4].

Myanmar is at a critical time in its history and its newly elected government faces enormous
challenges in improving the health of its people [5, 6]. In some areas, there has been significant
progress. The Global Fund to treat AIDS, Tuberculosis and Malaria (GFATM) has provided
over USD 500 million in financial support to Myanmar and this has led to some remarkable
gains [7]. In the last decade, deaths from malaria in Myanmar have fallen by up to 90%, while
deaths related to human immunodeficiency virus (HIV) and tuberculosis have fallen by over
50% [8, 9]. While the financial support of the GFATM has been essential for this success, the
fact that Myanmar has a government sponsored national programme for the control of all
three diseases has permitted targeted, coordinated and effective deployment of the available
resources [8, 10, 11].

However, despite a recognition among practicing clinicians that RHD is common in Myan-
mar, the disease’s clinical burden in the country is poorly defined [12-15] and efforts to
address the disease lack the systematic and multifaceted approach that is being taken in the
national programmes to control malaria, HIV and tuberculosis.

This clinical audit was performed to provide a detailed description of the clinical character-
istics and presentation of adults with RHD in Myanmar, as well as the challenges of recognis-
ing and treating the condition in the country’s under-resourced public health system. By
defining the clinical burden of RHD, the study also had the goal of raising awareness of the dis-
ease in Myanmar and to provide support for the development of a national response.

Methods

The study was performed between May 1, 2016 and April 30, 2017 at Insein General Hospital,
a university-affiliated, tertiary referral hospital in Yangon, the largest city in Myanmar. The
hospital serves Insein Township which has a population of 305,283 people, including 240,175
people aged 15 years or over [16].

Every patient admitted to the adult medical ward of the hospital during the study period
was eligible for inclusion. Patients were assessed on admission to hospital and were enrolled in
the study if there were clinical signs of RHD (an audible murmur, new atrial fibrillation or
new pulmonary congestion) on examination. Study doctors then reviewed the patient’s prior
medical record, collected a focussed medical history using a dedicated pro forma, performed a
physical examination and requested an electrocardiogram (ECG), a chest x-ray (CXR) and an
echocardiogram. There are no on-site echocardiography services at Insein General Hospital
and so patients were referred to the cardiology department at North Okkalapa General Hospi-
tal, the nearest public service, 7.6 kilometres away. The presence of RHD was defined using
World Heart Federation criteria for echocardiographic diagnosis of rheumatic heart disease
[17] and a requirement for surgery was defined using European Society of Cardiology criteria
[18]. Suitability for percutaneous balloon mitral valvulotomy (PBMV) was determined using
the Wilkins score [19]. Patients enrolled in the study were followed up in the medical outpa-
tients and by telephone if the patients failed to attend outpatients.

Data were recorded in an electronic database (S1 Dataset) and were analysed using statisti-
cal software (Stata 14.0).
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Ethical approval for the study was granted by the Human Research Ethics Committees of
the University of Medicine 2, Yangon and the Menzies School of Health Research, Darwin,
Australia. As the study was purely observational, both committees waived the requirement for
informed consent.

Results

During the twelve months of the study period, there were 160 patients admitted to the adult
medical ward with clinical signs suspicious for RHD. There were 96 (60%) patients with echo-
cardiographically-confirmed RHD, 22 (14%) patients were not able to receive an echocardio-
gram, while 42 (26%) had an echocardiogram which suggested a diagnosis other than RHD
(Fig 1). Only the 96 patients with confirmed RHD were included in the analysis. Their baseline
characteristics are presented in Table 1.

The 96 patients were admitted on 134 occasions, representing 1.1% of the 12172 adult med-
ical admissions during the study period. This compared with 975 (8%) patient admissions with
tuberculosis, 410 (3.4%) patient admissions with HIV-related illness and 14 (0.1%) patient
admissions with malaria over the same time. The RHD patients’ median age was 44 years
(interquartile range: 35-59, range: 14-82) (Fig 2); 70 (73%) were female.

History

Forty (42%) patients had a history compatible with a diagnosis of past acute rheumatic fever
(ARF), and of these, 21 (53%) had a history consistent with recurrent ARF, although with lim-
ited access to echocardiography and laboratory testing, no patient had a confirmed diagnosis
satisfying Jones’ criteria [20]. Indeed, only eight (20%) of these 40 patients had received a pre-
vious echocardiogram and in only four (10%) were the echocardiogram findings documented
in their medical record.

12172 hospitalisations

160 patients with clinical
features suspicious
for RHD

[ ]

42 another diagnosis on
22 did not have echocardiography:
echocardiography 8ischaemic heart disease
8 dilated cardiomyopathy,
6 degenerative aortic valve
disease,
96 patients with S mitral valve prolapse,
confirmed RHD on Satrial septal defect,
echocardography 2 pulmonary hypertension,
2 heart failure with diastolic
dysfunction,
1 cotriatrium,
1 extracardiac mass
compressing right ventricle,
1 hypertrophic obstructive
cardiomyopathy,
1 pericardial effusion,
1 pulmonary stenosis,
1 no abnormality detected.

|

65 alive and in care at
3 died follow up 28 lost to follow up
44 asymptomatic

21 ongoing symptoms

Fig 1. Cohort diagram showing screening, enrolment and the results of follow-up of the cohort.

https://doi.org/10.1371/journal.pone.0192880.g001
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Table 1. Baseline characteristics of the cohort.

Characteristics of the cohort at enrolment

Female (number, %) 70 (73%)
Age (years) 44 (35-59)
History of ARF 40 (42%)
Any ARF treatment 40 (42%)
Complete ARF treatment * 3 (3%)
Prior echocardiogram 12 (13%)
Prior hospitalisation for RHD symptoms 49 (51%)
Prior stroke 11(11%)
Prior surgical intervention 1(1%)
Prior pregnancy 56/70 (80%)
Prior hospitalisation for RHD symptoms during pregnancy 8/70 (14%)

All values represent number (%) or median (interquartile range)
ARF: acute rheumatic fever; RHD: rheumatic heart disease

? Echocardiogram, penicillin prophylaxis and at least annual review.

https://doi.org/10.1371/journal.pone.0192880.t001

Of the 96 patients, 49 (51%) had been hospitalised for RHD-related symptoms previously;
eleven (11%) had had a previous stroke, three (27%) of whom had continuing severe disability.
Of the 70 women, 56 (80%) had been pregnant, 8 (14%) of whom had required hospitalisation
during pregnancy. There were 79 (82%) patients with daily symptoms from their RHD; the
commonest symptom was shortness of breath on exertion, which was present in 72 (91%) of
those with daily symptoms. In 41 (57%) this was New York Heart Association class III or
greater. A single patient had received surgical intervention in the form of mitral valve repair.

Access to regular medical review

Among the cohort, 42 (44%) patients were receiving regular review by a general practitioner
and 31 (32%) were receiving regular specialist review. Only three (3%) patients had regular
cardiology review and only one (1%) had seen a cardiothoracic surgeon. There were 54 (56%)
patients who were not receiving any regular clinician review.

Number ¢

of cases
6
a
0

1419 2024 2529 3034 3539 4044 4549 5054 5559 60-64 6569 7074 7579
Age (years)

Fig 2. Age of patients in the cohort on enrolment.

https://doi.org/10.1371/journal.pone.0192880.g002
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Medication prior to hospitalisation

Prior to hospitalisation 18 (19%) patients were receiving regular penicillin as ARF prophylaxis
(13 orally, 5 intramuscularly); this included 11/62 (17%) patients >40, 7/34 (21%) of patients
<40 years of age and 12/40 (30%) patients with a history of ARF.

Nine patients were receiving anticoagulation—all warfarin—all of whom were having inter-
national normalised ratio (INR) monitoring at least monthly. However, only two (18%) of the
eleven patients who had previously had a stroke were anticoagulated. There were 23 (24%)
patients receiving an agent for rate control of atrial fibrillation, although only six (26%) of
these 23 were also receiving warfarin. Of the 49 patients previously hospitalised with symp-
toms related to RHD, 22 (45%) were not receiving any regular medical therapy for the
condition.

Only 8 (19%) of the 42 women younger than 50 years of age were using contraception; 4 of
5 of the women of child bearing age who had previously been hospitalised during pregnancy
were not using contraception.

Clinical presentation

Of the 96 patients, 88 (92%) had cardiovascular symptoms on presentation (dyspnoea, palpita-
tions, peripheral oedema or syncope). The commonest reasons for admission were atrial fibril-
lation with a rapid ventricular response (29 cases (30%)) and pulmonary congestion (28 cases
(29%)). There were eight (8%) patients admitted with a stroke, only one (13%) of whom was
receiving anticoagulation. One patient (1%) was admitted with infective endocarditis. Five
(7%) women were pregnant on admission. Non-cardiovascular diagnoses on admission
included pneumonia and exacerbation of chronic obstructive pulmonary disease. On admis-
sion, 60 (63%) patients were in atrial fibrillation or atrial flutter, 30 (50%) of whom were tachy-
cardic (heart rate >100 beats per minute). There were 50 (52%) patients with clinical evidence
of pulmonary congestion (crepitations on auscultation), 6 (6%) of whom had an oxygen satu-
ration on room air of less than 90%). Most patients (54 (56%)) had poor dentition. The other
findings on physical examination are presented in Table 2.

Electrocardiography findings

All but 2 of the 96 patients had an abnormal electrocardiogram (ECG). The most common
abnormalities were right axis deviation (present in 61 (64%)) and atrial fibrillation (present in
59 (61%)); one patient was in atrial flutter). The other ECG findings are presented in Table 3.

Chest X-ray findings

All 96 patients had a CXR performed, in all but 5 (95%) it was abnormal. The most common
abnormalities were an increased cardio-thoracic ratio (present in 86 (90%)) and evidence of
left atrial enlargement (present in 64 (67%)). The other CXR findings are presented in Table 3.

Echocardiography findings

Of the 96 patients, 92 (96%) had mitral valve involvement; in 38 (41%) the aortic valve was also
involved, while in 54 (59%) the mitral valve was involved in isolation. Only 4 (4%) patients had
the aortic valve in isolation. Rheumatic involvement of the pulmonary or tricuspid valve was
not reported in any patient. Of the 92 patients with mitral valve involvement, 67 (73%) had
severe mitral stenosis, severe mitral regurgitation or both. A Wilkins score was calculated in 22
patients: the median (range) score was 11 (7-13). Of the 42 patients with aortic valve involve-
ment, 10 (24%) had severe aortic stenosis, severe aortic regurgitation or both. Overall 71 (74%)
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Table 2. Physical examination findings.

Physical examination finding

Systolic blood pressure (mmHg) 110 (100-130)
Diastolic blood pressure (mmHg) 70 (60-90)
Heart rate (beats per minute) 98 (79-116)
Respiratory rate (breaths per minute) 18 (16-20)
Oxygen saturation on room air (%) 97 (95-98)
Body mass index kg/m2 20.5 (18.4-22.1)
Atrial fibrillation 55 (57%)
Elevated jugular venous pressure 29 (30%)
Signs of pulmonary hypertension 56 (58%)
Both systolic and diastolic murmur 33 (34%)
Only systolic murmur 21 (22%)
Only diastolic murmur 42 (44%)
Signs of pulmonary congestion 50 (52%)
Hepatomegaly 16 (17%)
Ascites 3 (3%)
Peripheral oedema 15 (16%)
Poor dentition 54 (56%)

All values represent number (%) or median (interquartile range)

mmHg: millimetres of mercury

https://doi.org/10.1371/journal.pone.0192880.t002

Table 3. Findings of clinical investigations on enrolment.

ECG Number (%)
Normal 2 (2%)
Left axis deviation 12 (13%)
Right axis deviation 61 (63%)
Atrial fibrillation or flutter 60 (63%)
Right atrial enlargement 8 (8%)
Left atrial enlargement 25 (26%)
RBBB 7 (7%)
LBBB 0
Right heart strain/RVH 28 (29%)
Left heart strain/LVH 32 (33%)

CXR
Normal 5 (5%)
Increased cardiothoracic ratio 83/92
Left atrial enlargement * 64 (67%)
Pulmonary hypertension 64 (67%)
Pulmonary congestion © 23 (24%)
Pleural effusion 1 (1%)

Echocardiogram
Rheumatic mitral valve 92 (96%)
Rheumatic aortic valve 42 (44%)
Rheumatic pulmonary valve 0
Rheumatic tricuspid valve 0
Left atrial enlargement 79 (82%)

(Continued)
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Table 3. (Continued)

Left atrial diameter (mm) 51 (41-59)
Left ventricular ejection fraction (%) 58 (48-65)
Dilated right ventricle 20/67 (30%)
TAPSE (mm) 16 (14-22)
LVIDd (mm) 47 (43-54)
LVIDs (mm) 33 (29-38)
Estimated PASP (mmHg) 50 (37-65)
PHT likely ¢ 42/76 (55%)
Mitral stenosis 71 (74%)
Severe mitral stenosis © 51 (53%)
Mitral regurgitation 79 (82%)
Severe mitral regurgitation 21 (22%)
Aortic stenosis 17 (18%)
Severe aortic stenosis 3 (3%)
Aortic regurgitation 55 (57%)
Severe aortic regurgitation ° 9 (9%)
Mobile vegetation 1(1%)

mercury; PASP: pulmonary artery systolic pressure; PHT: pulmonary hypertension
* Straightened left heart border, double atrial shadow, splayed carina
® Prominent pulmonary arteries with peripheral pruning

© Upper lobe diversion, Kerley B lines, Oedema (alveolar shadowing)
4 Estimated PASP>50mmHg
¢ European Society of Cardiology criteria [18]

ECG: electrocardiogram; CXR: chest x-ray; LBBB: left bundle branch block; RBBB: right bundle branch block; RVH:
right ventricular hypertrophy LVH: left ventricular hypertrophy TAPSE: tricuspid annular systolic excursion; LVIDd:
left ventricular internal diameter (diastole); LVIDs: left ventricular internal diameter (systole); mmHg: millimetres of

<20 20.39

5 Severe AR
“ nsevereAs
30
2
10
o |
60+

https://doi.org/10.1371/journal.pone.0192880.t003

uSevereMR

nSevereMs

4059
Age group

Fig 3. Pattern of valve involvement by age in the cohort.

of the patients had severe valvular dysfunction and 79 (82%) met criteria for surgery or inter-
vention. The other echocardiographic features are presented in Table 3 with the pattern of
valve involvement by age presented in Fig 3.

https://doi.org/10.1371/journal.pone.0192880.9003

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018

7/14


https://doi.org/10.1371/journal.pone.0192880.t003
https://doi.org/10.1371/journal.pone.0192880.g003
https://doi.org/10.1371/journal.pone.0192880

@° PLOS | ONE

RHD in Myanmar

Management

Patients received diuretic therapy and, where indicated, negative chronotropic therapy. The
single patient with suspected endocarditis received empirical antibiotic therapy (based on clin-
ical findings and a mobile vegetation on echocardiography; facilities for blood cultures were
unavailable). Only 32 (53%) of the 60 patients known to be in atrial fibrillation or flutter were
discharged on anti-coagulation, this was usually due to the patients’ inability to afford the cost
of INR monitoring. All 96 patients were discharged on long-term penicillin. Of the 41 female
patients younger than 50 years of age, 14 (34%) were prescribed contraception on discharge.
There were four patients referred for cardiology follow up and four patients referred for car-
diothoracic surgical opinion. All the remaining patients had planned review in the specialist
medical outpatients’ department of the hospital.

Outcome and follow up

In the 12 months’ study period, three (3%) of the patients died. The first a 23-year-old woman
with severe mitral regurgitation and aortic regurgitation died from cardiogenic shock during
her second admission of the study period; the second, a 58-year-old man with moderate mitral
regurgitation died in cardiogenic shock during his second admission of the study period. The
third, a 60-year-old woman with severe mitral stenosis died suddenly at home one month after
discharge.

Twenty-three of the patients were readmitted during the study period; 16 were readmitted
once, three were admitted twice, three were readmitted three times and one was readmitted on
five occasions. After a median (IQR) of 298 (161-348) days of follow-up, 28 (29%) had been
lost to follow-up. Among the 65 who were alive in follow-up, 21 (33%) had ongoing symptoms
related to their RHD. None of the patients referred for a surgical opinion had received surgical
intervention during follow-up.

Discussion

This prospective clinical audit of adult medical admissions to a typical general hospital in
Myanmar, confirms the significant—and largely unmet—burden of RHD in the country. The
patients in this cohort were predominantly young adults with advanced RHD who were com-
monly neither receiving recommended secondary prophylaxis nor appropriate medical treat-
ment. Even after institution of medical therapy, ongoing disability and rehospitalisation was
common, emphasising the challenges of caring for patients with RHD where there is no access
to appropriate surgical care. The number of RHD presentations during the study period was
over six times that of malaria admissions and a third the rate of HIV-related hospitalisations.
However, unlike malaria and HIV, RHD receives very little funding in Myanmar’s health bud-
get and lacks an integrated national programme to co-ordinate the multifaceted care that is
necessary to reduce the burden of this preventable disease.

There is little doubt that this study significantly underestimates Myanmar’s true RHD bur-
den. Patients were identified through clinical examination alone and it is recognised that for
every clinically recognised case of RHD, there are up to ten subclinical cases [21, 22]. This is an
important caveat, as untreated patients with subclinical RHD have a significant risk of devel-
oping symptomatic disease [23, 24]. Furthermore, by recruiting only subjects with clinical
signs in a tertiary referral hospital setting, the study is less likely to identify patients with milder
disease, a fact supported by the observation that over 80% of the cohort met criteria for surgery
or intervention. Finally, RHD is a disease of poverty [25] and it is sobering to reflect that this
study was performed in Yangon, one of the wealthiest regions in the country [26]. It would be
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anticipated that disease prevalence in other regions would be even greater and access to care
far more limited [8, 27, 28].

The cohort’s annual mortality of 3.1% is within the range of 3.0-12.5% that is usually
reported for RHD from low and middle-income countries [29], although this is likely to be an
underestimate given the study’s loss to follow-up of almost 30%. Meanwhile, the important
complications of advanced RHD, namely atrial fibrillation, cardiac failure, stroke and preg-
nancy-related complications were all seen commonly. As in other studies, the burden of dis-
ease fell predominantly on younger people with the majority of patients in the cohort younger
than 50 years of age [30], while all of the deaths and almost three quarters of the strokes
occurred in patients 60 years of age or younger [1, 31].

The very high rate of atrial fibrillation (63%) in the cohort was especially notable [32] and
even this elevated figure is likely to be an underestimate given the high rates of subclinical
atrial fibrillation seen in RHD patients [33]. The frequency of atrial fibrillation is particularly
significant given the poor prognosis associated with this complication [34, 35] and-along with
the limited access to anti-coagulation—is almost certainly responsible for the high rate of dis-
abling stroke seen in the cohort [36]. The rate of significant obstetric complications was also
high: 17% of all the women in the study had experienced a significant obstetric complication
in a country where many women are unable to access optimal antenatal and reproductive
health services [37, 38]. Infective endocarditis was also seen, although it is an especially chal-
lenging condition to diagnose and manage in a public health system which has only limited
laboratory diagnostic support [39].

The delivery of health care in Myanmar remains fragmented and poor co-ordination of pri-
mary and specialist health services frequently results in patients failing to receive relatively
simple, inexpensive interventions that would be expected to improve symptoms and reduce
hospitalisations [40]. In this study over half of the cohort had a previous RHD-related hospita-
lisation, but 45% of these patients were not taking any medication at the time of their admis-
sion. Meanwhile, less than 20% of the patients with prior cerebrovascular event were on anti-
coagulation, only 20% of women of child bearing age were receiving contraception and only
23% of patients with a strong indication for penicillin were receiving it [41]. More than half of
the cohort had poor dentition, increasing their risk of infective endocarditis [42].

With the obvious challenges of delivering effective health care to patients with advanced
RHD in a resource-limited setting like Myanmar, the focus must be on how to prevent the
condition [43]. Secondary prevention-the regular prophylactic use of penicillin to reduce the
risk of recurrent ARF and progression of RHD-is the most cost-effective strategy to prevent
the disease and the easiest to implement [22, 44]. Secondary prevention requires case finding,
referral, registration, administration of penicillin and regular follow-up and is most efficiently
delivered within programmes that utilise a community-based registry [45]. A community
based strategy has already been shown to be highly effective in diseases such as malaria and
maternal and child health in Myanmar [8, 46, 47] and might be expected to be successful in
RHD as well [48, 49]. Integration of an RHD programme with existing primary-care networks
would be expected to defray the costs of such an approach [50]. This study’s high rate of loss to
follow-up demonstrates the limitations of a centralised model of care, although these issues are
not unique to Myanmar [43, 51].

Earlier recognition and initiation of therapy would be expected to improve outcomes. It is
notable that even in the context of a clinical study in a tertiary referral hospital in the country’s
largest city, almost 20% of the patients with clinical signs suspicious for RHD were unable to
have an echocardiogram. Greater access to echocardiography would facilitate not only the
diagnosis of RHD but would also assist the management of other cardiac diseases and has an
established role in the management of non-cardiac disease [52]. While the costs of unrestricted
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echocardiography services are prohibitive, other strategies including the use of handheld
devices may be a useful interim measure until, with the evolving health spending in the coun-
try, an expanded echocardiography service is feasible [40, 53].

The limited access to surgical care in the cohort is also striking. Out-of-pocket expenses for
valve replacement in Myanmar’s private health system are approximately USD8000, while
even at government hospitals out-of-pocket expenses are USD4000, meaning that surgery is
out of the reach of almost every Myanmar citizen (personal communication, Professor Mar
Mar Kyi). Although PBMYV is less expensive (out-of-pocket expenses: USD1000) a benefit
from this procedure is frequently short-lived [54]. It is also notable that with a median Wil-
kins echocardiographic score of eleven, PBMV in the cohort would be less successful 19,
35]. While analysis of the incremental cost-effectiveness suggested that building up valve sur-
gery services was not cost-effective in Africa [44], this analysis did not appear to consider the
potential for augmented cardiothoracic surgery services to improve the care of patients with
other health conditions. Indeed, in Myanmar, ischaemic heart disease, tuberculosis and lung
cancer are the second, sixth and ninth commonest causes of death in the country respec-
tively, and all may be expected to benefit from improved access to cardiothoracic surgical
care [9].

Myanmar is not the only country struggling with RHD, a disease of poverty associated with
overcrowding, poor sanitation, and other social determinants of poor health [1]. Although the
disease’s global prevalence is declining slightly, it remains relatively neglected when compared
to many of the other diseases that affect these populations [3]. Global mortality due to HIV,
tuberculosis and malaria is up to five times that due to rheumatic heart disease [55], but the
expenditure on research and development for these diseases is 500 to 1000 times that spent on
RHD [56].

So, what are the solutions? In 2015, a gathering of RHD experts in Addis Ababa released a
communiqué that addressed strategies to eradicate the disease in Africa [57]. It is notable that
many of the problems highlighted in that document-a lack of RHD surveillance, low utilisa-
tion of reproductive health services, centralisation of health services for RHD diagnosis and
treatment, poor access to surgical services and an absence of national multi-sectoral initiatives
on RHD prevention-were all seen in this Asian cohort. However, many of the potential solu-
tions offered in the Addis Ababa communiqué might be also relevant to Myanmar. These
include the decentralisation of the services used to diagnosis of RHD, the creation of prospec-
tive patient registries to quantify disease burden and track the progress of programme initia-
tives, improved access to reproductive health services for women with RHD, the development
of international partnerships to mobilise resources and build capacity, the establishment of
centres of excellence for essential percutaneous and surgical care of RHD and finally, the estab-
lishment of a national RHD programme to coordinate the cross-sectoral cooperation required
to address disease comprehensively [57].

Conclusions

A significant increase in funding in Myanmar has resulted in impressive recent progress
against diseases as different as malaria, tuberculosis and HIV, but this success would not have
possible without government-sponsored national programmes coordinating the implementa-
tion of effective disease control strategies. The successes of these ambitious national infectious
diseases programmes show what can be achieved in Myanmar with sustained financial, politi-
cal and scientific commitment. If an adequately funded national RHD programme were estab-
lished in Myanmar, there should be no reason that these principles cannot also be applied
successfully to address the significant burden of RHD as well.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018 10/14


https://doi.org/10.1371/journal.pone.0192880

@° PLOS | ONE

RHD in Myanmar

Supporting information

S1 Dataset. RHD Finalized DATA for PLoS One.xlsx.
(XLSX)

Acknowledgments

We would like to thank the medical & nursing staff of Insein General Hospital for their care of
the patients during the study.

Author Contributions

Conceptualization: Nan Phyu Sin Toe Myint, Josh Hanson.

Data curation: Nan Phyu Sin Toe Myint, Thu Ya Htut, Josh Hanson.
Formal analysis: Josh Hanson.

Investigation: Nan Phyu Sin Toe Myint, Ne Myo Aung, Myint Soe Win, Thu Ya Htut, Mar
Mar Kyi.

Methodology: Josh Hanson.

Supervision: Ne Myo Aung, Myint Soe Win, David A. Cooper, Myo Lwin Nyein, Mar Mar
Kyi, Josh Hanson.

Writing - original draft: Josh Hanson.

Writing - review & editing: Nan Phyu Sin Toe Myint, Myint Soe Win, Anna P. Ralph, David
A. Cooper, Josh Hanson.

References

1. Watkins DA, Johnson CO, Colquhoun SM, Karthikeyan G, Beaton A, Bukhman G, et al. Global,
Regional, and National Burden of Rheumatic Heart Disease, 1990-2015. N Engl J Med. 2017; 377
(8):713—-22. https://doi.org/10.1056/NEJMoa1603693 PMID: 28834488.

2. Zuhlke LJ, Steer AC. Estimates of the global burden of rheumatic heart disease. Glob Heart. 2013; 8
(3):189-95. https://doi.org/10.1016/j.gheart.2013.08.008 PMID: 25690495.

3. Marijon E, Celermajer DS, Jouven X. Rheumatic Heart Disease—An Iceberg in Tropical Waters. N Engl
J Med. 2017; 377(8):780—1. https://doi.org/10.1056/NEJMe 1705840 PMID: 28834468.

4. Rheumatic Heart Disease; Report by the secretariat. World Health Organization, 2017 May 2017. Exec-
utive Board 141st session; provisional agenda item 6.2.

5. Myanmar: can a new government give health to the people? Lancet. 2015; 386(10008):2030. https://
doi.org/10.1016/S0140-6736(15)01030-2 PMID: 26700378.

6. Saw YM, Win KL, Shiao LW, Thandar MM, Amiya RM, Shibanuma A, et al. Taking stock of Myanmar’s
progress toward the health-related Millennium Development Goals: current roadblocks, paths ahead.
Int J Equity Health. 2013; 12:78. https://doi.org/10.1186/1475-9276-12-78 PMID: 24025845; PubMed
Central PMCID: PMCPMC3847191.

7. The Global Fund; [cited 2017 27 August]. Available from: https://www.theglobalfund.org/en/portfolio/
country/?loc=MMR&k=b3d59122-9d71-4df9-ae0e-9e4b1b315de8.

8. MuTT, Sein AA, Kyi TT, Min M, Aung NM, Anstey NM, et al. Malaria incidence in Myanmar 2005—-2014:
steady but fragile progress towards elimination. Malar J. 2016; 15(1):503. https://doi.org/10.1186/
512936-016-1567-0 PMID: 27756394; PubMed Central PMCID: PMCPMC5069869.

9. Country profile: Myanmar: Institute for Health Metrics and Evaluation; 2016 [cited 2017 29 September].
Available from: http://www.healthdata.org/myanmar.
10. TB Country Profile; Myanmar: World Health Organization; 2015 [cited 2017 27 August]. Available from:
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%
2FEXT%2FTBCountryProfile&SO2=MM&LAN=EN&outtype=html.

11.  Global AIDS Response Progress Report Myanmar. Myanmar National AIDS Programme; 2015.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0192880.s001
https://doi.org/10.1056/NEJMoa1603693
http://www.ncbi.nlm.nih.gov/pubmed/28834488
https://doi.org/10.1016/j.gheart.2013.08.008
http://www.ncbi.nlm.nih.gov/pubmed/25690495
https://doi.org/10.1056/NEJMe1705840
http://www.ncbi.nlm.nih.gov/pubmed/28834468
https://doi.org/10.1016/S0140-6736(15)01030-2
https://doi.org/10.1016/S0140-6736(15)01030-2
http://www.ncbi.nlm.nih.gov/pubmed/26700378
https://doi.org/10.1186/1475-9276-12-78
http://www.ncbi.nlm.nih.gov/pubmed/24025845
https://www.theglobalfund.org/en/portfolio/country/?loc=MMR&k=b3d59122-9d71-4df9-ae0e-9e4b1b315de8
https://www.theglobalfund.org/en/portfolio/country/?loc=MMR&k=b3d59122-9d71-4df9-ae0e-9e4b1b315de8
https://doi.org/10.1186/s12936-016-1567-0
https://doi.org/10.1186/s12936-016-1567-0
http://www.ncbi.nlm.nih.gov/pubmed/27756394
http://www.healthdata.org/myanmar
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MM&LAN=EN&outtype=html
https://extranet.who.int/sree/Reports?op=Replet&name=%2FWHO_HQ_Reports%2FG2%2FPROD%2FEXT%2FTBCountryProfile&ISO2=MM&LAN=EN&outtype=html
https://doi.org/10.1371/journal.pone.0192880

@° PLOS | ONE

RHD in Myanmar

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Myo Thet H, Thein N, Nyan T, May Mon K. Prevalence of cardiovascular diseases in rural area of
Hmawbi and urban Yangon city. Asia Pac J Public Health. 1992; 6(4):188-94. https://doi.org/10.1177/
101053959200600403 PMID: 1345445.

Carapetis JR. Rheumatic heart disease in Asia. Circulation. 2008; 118(25):2748-53. https://doi.org/10.
1161/CIRCULATIONAHA.108.774307 PMID: 19106399.

Seckeler MD, Hoke TR. The worldwide epidemiology of acute rheumatic fever and rheumatic heart dis-
ease. Clin Epidemiol. 2011; 3:67-84. https://doi.org/10.2147/CLEP.S12977 PMID: 21386976; PubMed
Central PMCID: PMCPMC3046187.

Carapetis JR, Beaton A, Cunningham MW, Guilherme L, Karthikeyan G, Mayosi BM, et al. Acute rheu-
matic fever and rheumatic heart disease. Nat Rev Dis Primers. 2016; 2:15084. https://doi.org/10.1038/
nrdp.2015.84 PMID: 27188830.

The 2014 Myanmar Population and Housing Census. Department of Population, Ministry of Labour,
Immigration and Population, editor. The Republic of the Union of Myanmar.

Remenyi B, Wilson N, Steer A, Ferreira B, Kado J, Kumar K, et al. World Heart Federation criteria for
echocardiographic diagnosis of rheumatic heart disease—an evidence-based guideline. Nat Rev Car-
diol. 2012; 9(5):297-309. https://doi.org/10.1038/nrcardio.2012.7 PMID: 22371105; PubMed Central
PMCID: PMCPMC5523449.

Joint Task Force on the Management of Valvular Heart Disease of the European Society of C, Euro-
pean Association for Cardio-Thoracic S, Vahanian A, Alfieri O, Andreotti F, Antunes MJ, et al. Guide-
lines on the management of valvular heart disease (version 2012). Eur Heart J. 2012; 33(19):2451-96.
https://doi.org/10.1093/eurheartj/ehs109 PMID: 22922415.

Wilkins GT, Weyman AE, Abascal VM, Block PC, Palacios IF. Percutaneous balloon dilatation of the
mitral valve: an analysis of echocardiographic variables related to outcome and the mechanism of dila-
tation. Br Heart J. 1988; 60(4):299-308. PMID: 3190958; PubMed Central PMCID: PMCPMC1216577.

Gewitz MH, Baltimore RS, Tani LY, Sable CA, Shulman ST, Carapetis J, et al. Revision of the Jones
Criteria for the diagnosis of acute rheumatic fever in the era of Doppler echocardiography: a scientific
statement from the American Heart Association. Circulation. 2015; 131(20):1806—18. https://doi.org/10.
1161/CIR.0000000000000205 PMID: 25908771.

Marijon E, Ou P, Celermajer DS, Ferreira B, Mocumbi AQO, Jani D, et al. Prevalence of rheumatic heart
disease detected by echocardiographic screening. N Engl J Med. 2007; 357(5):470-6. https://doi.org/
10.1056/NEJM0a065085 PMID: 17671255.

Marijon E, Mirabel M, Celermajer DS, Jouven X. Rheumatic heart disease. Lancet. 2012; 379
(9819):953-64. https://doi.org/10.1016/S0140-6736(11)61171-9 PMID: 22405798.

Remond M, Atkinson D, White A, Brown A, Carapetis J, Remenyi B, et al. Are minor echocardiographic
changes associated with an increased risk of acute rheumatic fever or progression to rheumatic heart
disease? Int J Cardiol. 2015; 198:117-22. https://doi.org/10.1016/j.ijcard.2015.07.005 PMID:
26163902.

Zuhlke L, Engel ME, Lemmer CE, van de Wall M, Nkepu S, Meiring A, et al. The natural history of latent
rheumatic heart disease in a 5 year follow-up study: a prospective observational study. BMC Cardio-
vasc Disord. 2016; 16:46. https://doi.org/10.1186/s12872-016-0225-3 PMID: 26892774; PubMed Cen-
tral PMCID: PMCPMC4759741.

Essop MR, Peters F. Contemporary issues in rheumatic fever and chronic rheumatic heart disease. Cir-
culation. 2014; 130(24):2181-8. https://doi.org/10.1161/CIRCULATIONAHA.114.009857 PMID:
25602946.

Yangon Region Profile: UNICEF; [10 September, 2017]. Available from: https://www.unicef.org/
myanmar/Yangon_Region_Profile_Final.pdf.

Zaw PP, Htoo TS, Pham NM, Eggleston K. Disparities in health and health care in Myanmar. Lancet.
2015; 386(10008):2053. https://doi.org/10.1016/S0140-6736(15)00987-3 PMID: 26700385; PubMed
Central PMCID: PMCPMC4672190.

Mu TT, Sein AA, Soe C, Phyu Aung NP, Kyi TT, Hanson J. Rabies in Myanmar: Prevalent, Preventable
but not Prioritized. Am J Trop Med Hyg. 2017. https://doi.org/10.4269/ajtmh.17-0198 PMID: 28722601.

Remenyi B, EIGuindy A, Smith SC Jr., Yacoub M, Holmes DR Jr. Valvular aspects of rheumatic heart
disease. Lancet. 2016; 387(10025):1335—-46. https://doi.org/10.1016/S0140-6736(16)00547-X PMID:
27025439.

Lawrence JG, Carapetis JR, Griffiths K, Edwards K, Condon JR. Acute rheumatic fever and rheumatic
heart disease: incidence and progression in the Northern Territory of Australia, 1997 to 2010. Circula-
tion. 2013; 128(5):492-501. https://doi.org/10.1161/CIRCULATIONAHA.113.001477 PMID: 23794730.

Gunther G, Asmera J, Parry E. Death from rheumatic heart disease in rural Ethiopia. Lancet. 2006; 367
(9508):391. https://doi.org/10.1016/S0140-6736(06)68128-2 PMID: 16458755.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018 12/14


https://doi.org/10.1177/101053959200600403
https://doi.org/10.1177/101053959200600403
http://www.ncbi.nlm.nih.gov/pubmed/1345445
https://doi.org/10.1161/CIRCULATIONAHA.108.774307
https://doi.org/10.1161/CIRCULATIONAHA.108.774307
http://www.ncbi.nlm.nih.gov/pubmed/19106399
https://doi.org/10.2147/CLEP.S12977
http://www.ncbi.nlm.nih.gov/pubmed/21386976
https://doi.org/10.1038/nrdp.2015.84
https://doi.org/10.1038/nrdp.2015.84
http://www.ncbi.nlm.nih.gov/pubmed/27188830
https://doi.org/10.1038/nrcardio.2012.7
http://www.ncbi.nlm.nih.gov/pubmed/22371105
https://doi.org/10.1093/eurheartj/ehs109
http://www.ncbi.nlm.nih.gov/pubmed/22922415
http://www.ncbi.nlm.nih.gov/pubmed/3190958
https://doi.org/10.1161/CIR.0000000000000205
https://doi.org/10.1161/CIR.0000000000000205
http://www.ncbi.nlm.nih.gov/pubmed/25908771
https://doi.org/10.1056/NEJMoa065085
https://doi.org/10.1056/NEJMoa065085
http://www.ncbi.nlm.nih.gov/pubmed/17671255
https://doi.org/10.1016/S0140-6736(11)61171-9
http://www.ncbi.nlm.nih.gov/pubmed/22405798
https://doi.org/10.1016/j.ijcard.2015.07.005
http://www.ncbi.nlm.nih.gov/pubmed/26163902
https://doi.org/10.1186/s12872-016-0225-3
http://www.ncbi.nlm.nih.gov/pubmed/26892774
https://doi.org/10.1161/CIRCULATIONAHA.114.009857
http://www.ncbi.nlm.nih.gov/pubmed/25602946
https://www.unicef.org/myanmar/Yangon_Region_Profile_Final.pdf
https://www.unicef.org/myanmar/Yangon_Region_Profile_Final.pdf
https://doi.org/10.1016/S0140-6736(15)00987-3
http://www.ncbi.nlm.nih.gov/pubmed/26700385
https://doi.org/10.4269/ajtmh.17-0198
http://www.ncbi.nlm.nih.gov/pubmed/28722601
https://doi.org/10.1016/S0140-6736(16)00547-X
http://www.ncbi.nlm.nih.gov/pubmed/27025439
https://doi.org/10.1161/CIRCULATIONAHA.113.001477
http://www.ncbi.nlm.nih.gov/pubmed/23794730
https://doi.org/10.1016/S0140-6736(06)68128-2
http://www.ncbi.nlm.nih.gov/pubmed/16458755
https://doi.org/10.1371/journal.pone.0192880

@° PLOS | ONE

RHD in Myanmar

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44.

45.

46.

47.

48.

49.

Pourafkari L, Ghaffari S, Bancroft GR, Tajlil A, Nader ND. Factors associated with atrial fibrillation in
rheumatic mitral stenosis. Asian Cardiovasc Thorac Ann. 2015; 23(1):17-23. https://doi.org/10.1177/
0218492314530134 PMID: 24696100.

Karthikeyan G, Ananthakrishnan R, Devasenapathy N, Narang R, Yadav R, Seth S, et al. Transient,
subclinical atrial fibrillation and risk of systemic embolism in patients with rheumatic mitral stenosis in
sinus rhythm. Am J Cardiol. 2014; 114(6):869-74. https://doi.org/10.1016/j.amjcard.2014.06.016
PMID: 25086468.

Wang B, Xu ZY, Han L, Zhang GX, Lu FL, Song ZG. Impact of preoperative atrial fibrillation on mortality
and cardiovascular outcomes of mechanical mitral valve replacement for rheumatic mitral valve dis-
ease. Eur J Cardiothorac Surg. 2013; 43(3):513-9. https://doi.org/10.1093/ejcts/ezs213 PMID:
22621873.

Bouleti C, lung B, Himbert D, Messika-Zeitoun D, Brochet E, Garbarz E, et al. Relationship between
valve calcification and long-term results of percutaneous mitral commissurotomy for rheumatic mitral
stenosis. Circ Cardiovasc Interv. 2014; 7(3):381-9. hitps://doi.org/10.1161/CIRCINTERVENTIONS.
113.000858 PMID: 24782197.

Wang D, Liu M, Lin S, Hao Z, Tao W, Chen X, et al. Stroke and rheumatic heart disease: a systematic
review of observational studies. Clin Neurol Neurosurg. 2013; 115(9):1575-82. https://doi.org/10.1016/
j.clineuro.2013.06.017 PMID: 23890677.

Gender Equality and Women’s Rights in Myanmar—A Situation Analysis. Asian Development Bank
2016. Available from https://www.adb.org/sites/default/files/institutional-document/209596/gender-
equality-womens-rights-myanmar.pdf

Pilasant S, Kulpeng W, Werayingyong P, Tritasavit N, Yamabhai |, Teerawattananon Y, et al. Maternal
and child health voucher scheme in Myanmar: a review of early stage implementation. BMC Health
Serv Res. 2016; 16(1):600. https://doi.org/10.1186/s12913-016-1850-3 PMID: 27769242; PubMed
Central PMCID: PMCPMC5073954.

Thit SS, Aung NM, Htet ZW, Boyd MA, Saw HA, Anstey NM, et al. The clinical utility of the urine-based
lateral flow lipoarabinomannan assay in HIV-infected adults in Myanmar: an observational study. BMC
Med. 2017; 15(1):145. https://doi.org/10.1186/s12916-017-0888-3 PMID: 28774293; PubMed Central
PMCID: PMCPMC5543584.

Latt NN, Myat Cho S, Htun NM, Yu Mon S, Myint MN, Aoki F, et al. Healthcare in Myanmar. Nagoya J
Med Sci. 2016; 78(2):123-34. PMID: 27303099; PubMed Central PMCID: PMCPMC4885812.

The Australian Guideline for prevention, diagnosis and management of acute rheumatic fever and rheu-
matic heart disease (second edition) 2012. Available from https://www.rhdaustralia.org.au/arf-rhd-
guideline

Barco CT. Prevention of infective endocarditis: a review of the medical and dental literature. J Periodon-
tol. 1991; 62(8):510-23. https://doi.org/10.1902/jop.1991.62.8.510 PMID: 1920019.

Palafox B, Mocumbi AO, Kumar RK, Ali SKM, Kennedy E, Haileamlak A, et al. The WHF Roadmap for
Reducing CV Morbidity and Mortality Through Prevention and Control of RHD. Glob Heart. 2017; 12
(1):47—-62. https://doi.org/10.1016/j.gheart.2016.12.001 PMID: 28336386.

Watkins D, Lubinga SJ, Mayosi B, Babigumira JB. A Cost-Effectiveness Tool to Guide the Prioritization
of Interventions for Rheumatic Fever and Rheumatic Heart Disease Control in African Nations. PLoS
Negl Trop Dis. 2016; 10(8):€0004860. https://doi.org/10.1371/journal.pntd.0004860 PMID: 27512994;
PubMed Central PMCID: PMCPMC4981376.

McDonald M, Brown A, Noonan S, Carapetis JR. Preventing recurrent rheumatic fever: the role of regis-
ter based programmes. Heart. 2005; 91(9):1131-3. https://doi.org/10.1136/hrt.2004.057570 PMID:
16103536; PubMed Central PMCID: PMCPMC1769085.

Sommanustweechai A, Putthasri W, Nwe ML, Aung ST, Theint MM, Tangcharoensathien V, et al. Com-
munity health worker in hard-to-reach rural areas of Myanmar: filling primary health care service gaps.
Hum Resour Health. 2016; 14(1):64. https://doi.org/10.1186/s12960-016-0161-4 PMID: 27769312;
PubMed Central PMCID: PMCPMC5075211.

Wangmo S, Suphanchaimat R, Htun WM, Tun Aung T, Khitdee C, Patcharanarumol W, et al. Auxiliary
midwives in hard to reach rural areas of Myanmar: filling MCH gaps. BMC Public Health. 2016; 16
(1):914. hittps://doi.org/10.1186/s12889-016-3584-x PMID: 27586656; PubMed Central PMCID:
PMCPMC5007995.

Christopher JB, Le May A, Lewin S, Ross DA. Thirty years after Aima-Ata: a systematic review of the
impact of community health workers delivering curative interventions against malaria, pneumonia and
diarrhoea on child mortality and morbidity in sub-Saharan Africa. Hum Resour Health. 2011; 9:27.
https://doi.org/10.1186/1478-4491-9-27 PMID: 22024435; PubMed Central PMCID: PMCPMC3214180.

Chamberlain-Salaun J, Mills J, Kevat PM, Remond MG, Maguire GP. Sharing success—understanding
barriers and enablers to secondary prophylaxis delivery for rheumatic fever and rheumatic heart

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018 13/14


https://doi.org/10.1177/0218492314530134
https://doi.org/10.1177/0218492314530134
http://www.ncbi.nlm.nih.gov/pubmed/24696100
https://doi.org/10.1016/j.amjcard.2014.06.016
http://www.ncbi.nlm.nih.gov/pubmed/25086468
https://doi.org/10.1093/ejcts/ezs213
http://www.ncbi.nlm.nih.gov/pubmed/22621873
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000858
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000858
http://www.ncbi.nlm.nih.gov/pubmed/24782197
https://doi.org/10.1016/j.clineuro.2013.06.017
https://doi.org/10.1016/j.clineuro.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/23890677
https://www.adb.org/sites/default/files/institutional-document/209596/gender-equality-womens-rights-myanmar.pdf
https://www.adb.org/sites/default/files/institutional-document/209596/gender-equality-womens-rights-myanmar.pdf
https://doi.org/10.1186/s12913-016-1850-3
http://www.ncbi.nlm.nih.gov/pubmed/27769242
https://doi.org/10.1186/s12916-017-0888-3
http://www.ncbi.nlm.nih.gov/pubmed/28774293
http://www.ncbi.nlm.nih.gov/pubmed/27303099
https://www.rhdaustralia.org.au/arf-rhd-guideline
https://www.rhdaustralia.org.au/arf-rhd-guideline
https://doi.org/10.1902/jop.1991.62.8.510
http://www.ncbi.nlm.nih.gov/pubmed/1920019
https://doi.org/10.1016/j.gheart.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/28336386
https://doi.org/10.1371/journal.pntd.0004860
http://www.ncbi.nlm.nih.gov/pubmed/27512994
https://doi.org/10.1136/hrt.2004.057570
http://www.ncbi.nlm.nih.gov/pubmed/16103536
https://doi.org/10.1186/s12960-016-0161-4
http://www.ncbi.nlm.nih.gov/pubmed/27769312
https://doi.org/10.1186/s12889-016-3584-x
http://www.ncbi.nlm.nih.gov/pubmed/27586656
https://doi.org/10.1186/1478-4491-9-27
http://www.ncbi.nlm.nih.gov/pubmed/22024435
https://doi.org/10.1371/journal.pone.0192880

@° PLOS | ONE

RHD in Myanmar

50.

51.

52.

53.

54.

55.

56.

57.

disease. BMC Cardiovasc Disord. 2016; 16(1):166. https://doi.org/10.1186/s12872-016-0344-x PMID:
27581750; PubMed Central PMCID: PMCPMC5007824.

Smith Paintain L, Willey B, Kedenge S, Sharkey A, Kim J, Buj V, et al. Community health workers and
stand-alone or integrated case management of malaria: a systematic literature review. Am J Trop Med
Hyg. 2014; 91(3):461-70. https://doi.org/10.4269/ajtmh.14-0094 PMID: 24957538; PubMed Central
PMCID: PMCPMC4155545.

Petricca K MY, Haileamlak A, Seid E, Parry E. Barriers to effective follow-up treatment for rheumatic
heart disease in Jimma, Ethiopia: a grounded theory analysis of the patient experience Ethiopian Jour-
nal of Health Sciences. 2009; 19(1):39-44.

Arntfield RT, Millington SJ. Point of care cardiac ultrasound applications in the emergency department
and intensive care unit—a review. Curr Cardiol Rev. 2012; 8(2):98-108. https://doi.org/10.2174/
157340312801784952 PMID: 22894759; PubMed Central PMCID: PMCPMC3406278.

Engelman D, Kado JH, Remenyi B, Colquhoun SM, Carapetis JR, Donath S, et al. Focused cardiac
ultrasound screening for rheumatic heart disease by briefly trained health workers: a study of diagnostic
accuracy. Lancet Glob Health. 2016; 4(6):€386—94. https://doi.org/10.1016/S2214-109X(16)30065-1
PMID: 27198843.

Complications and mortality of percutaneous balloon mitral commissurotomy. A report from the National
Heart, Lung, and Blood Institute Balloon Valvuloplasty Registry. Circulation. 1992; 85(6):2014—24.
PMID: 1591821.

Murray CJ, Ortblad KF, Guinovart C, Lim SS, Wolock TM, Roberts DA, et al. Global, regional, and
national incidence and mortality for HIV, tuberculosis, and malaria during 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 2014; 384(9947):1005-70. https://doi.
org/10.1016/S0140-6736(14)60844-8 PMID: 25059949; PubMed Central PMCID: PMCPMC4202387.

Chapman N A-OL, Doubell A, Chowdhary V, Gurjav U, Ong M. Neglected disease research and devel-
opment: a pivotal moment for global health. Surry Hills, NSW, Australia: Policy Cures Research; 2016.

Watkins D, Zuhlke L, Engel M, Daniels R, Francis V, Shaboodien G, et al. Seven key actions to eradi-
cate rheumatic heart disease in Africa: the Addis Ababa communique. Cardiovasc J Afr. 2016; 27
(8):184—7. https://doi.org/10.5830/CVJA-2015-090 PMID: 26815006; PubMed Central PMCID:
PMCPMC5125265.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192880 February 21,2018 14/14


https://doi.org/10.1186/s12872-016-0344-x
http://www.ncbi.nlm.nih.gov/pubmed/27581750
https://doi.org/10.4269/ajtmh.14-0094
http://www.ncbi.nlm.nih.gov/pubmed/24957538
https://doi.org/10.2174/157340312801784952
https://doi.org/10.2174/157340312801784952
http://www.ncbi.nlm.nih.gov/pubmed/22894759
https://doi.org/10.1016/S2214-109X(16)30065-1
http://www.ncbi.nlm.nih.gov/pubmed/27198843
http://www.ncbi.nlm.nih.gov/pubmed/1591821
https://doi.org/10.1016/S0140-6736(14)60844-8
https://doi.org/10.1016/S0140-6736(14)60844-8
http://www.ncbi.nlm.nih.gov/pubmed/25059949
https://doi.org/10.5830/CVJA-2015-090
http://www.ncbi.nlm.nih.gov/pubmed/26815006
https://doi.org/10.1371/journal.pone.0192880

