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Abstract

Background: There is overlap between pathological mitral regurgitation seen in borderline
rheumatic heart disease using World Heart Federation echocardiography criteria and physio-
logic regurgitation found in normal children. One possible contributing factor is higher rates of
anaemia in endemic countries. Objective: To investigate the contribution of anaemia as a poten-
tial confounder in the diagnosis of rheumatic heart disease detected in echocardiographic
screening. Method/Design: A novel Server 2012 data warehouse tool was used to incorporate
haematology and echocardiography databases. The study included a convenience sample of
patients from 5 to 18 years old without structural or functional heart disease that had a hae-
moglobin value within 1 month prior to an echocardiogram. Echocardiogram images were
reviewed to determine presence or absence of World Heart Federation criteria for rheumatic
heart disease. The rate of rheumatic heart disease among anaemic and non-anaemic children
according to gender- and age-based norms groups was compared. Results: Of the 935 patients
who met the study inclusion criteria, 406 were classified as anaemic. There was no difference in
the rate of echocardiograms meeting criteria for borderline rheumatic heart disease in anaemic
(2.0%, 95% CI 0.6-3.3%) and non-anaemic children (1.3%, 95% CI 0.3-2.3%). However, there
was a statistically significant increase in rates of mitral regurgitation of unclear significance
among anaemic versus non-anaemic patients (8.6 versus 3.6%; p =0.0012). Conclusion:
Anaemia does not increase the likelihood of meeting echocardiographic criteria for borderline
rheumatic heart disease. Future studies should evaluate for the correlation between anaemia
and mitral regurgitation in endemic settings.

Rheumatic heart disease is not a disease of the past. It remains a disease of the poor, the dis-
advantaged, and those who lack regular access to both preventative care and advanced cardiac
care. With worldwide prevalence at 33.4 million and 319,000 deaths each year, it is a significant
contributor to the global burden of cardiac disease — particularly in the sub-Saharan Africa,
South Asia, and Oceania.! Clinical cases in these regions commonly present with advanced dis-
ease, usually beyond the window of being able to benefit from penicillin prophylaxis.>~ Early
detection of rheumatic heart disease is therefore a high priority.>” The 2012 World Heart
Federation diagnostic criteria for rheumatic heart disease provide a standardised evidence-based
approach to echocardiography diagnosis of rheumatic heart disease that includes borderline and
definite rheumatic heart disease categories.® Patients with subclinical rheumatic heart disease
(disease that is detected prior to any clinical symptoms) are potential candidates for early inter-
vention with monthly penicillin injections.”~'! This effort to prevent progression of the disease,
however, is not universally accepted.

Multiple screening studies in children using World Heart Federation criteria have revealed a
prevalence of rheumatic heart disease of up to 4%, with pathological mitral regurgitation making
up the largest proportion of borderline cases.!'->* One of the challenges in the interpretation of
screening echocardiograms is the potential overlap between borderline rheumatic heart disease
and normal physiologic mitral regurgitation. Publications from the United States and Australia
evaluating World Heart Federation criteria in low-risk populations provide support for these
criteria not simply identifying normal physiologic mitral regurgitation.?>?® There may, however,
be other contributing factors to the presence of echocardiography-detected mitral regurgitation
in endemic countries that would lead to an over-diagnosis of borderline rheumatic heart disease.
One such consideration is the high prevalence of anaemia in the same geographical regions
where rheumatic heart disease is most prevalent. Anaemia affects 27% of the world’s population,
and 89% of the burden is in developing countries.””*® The age-standardised prevalence rate
(per 100,000) of anaemia in the Sub-Saharan Africa is estimated to be 36,315, compared to
16,773 in high-income North America.?”
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The cardiovascular response to chronic anaemia includes
elevated preload from an increase in blood volume and decreased
systemic vascular resistance. This combination leads to a signifi-
cant increase in cardiac output.?’ As a result, there is increased
presence of mitral regurgitation in the setting of a structurally
normal mitral valve.*® There have been no studies addressing if
anaemia contributes to the findings of rheumatic heart disease
on echocardiography, potentially confounding the use of World
Heart Federation criteria in anaemic patients. As the World
Heart Federation criteria emphasise ruling out other causes of
mitral regurgitation before diagnosing rheumatic heart disease,
then it may be necessary to rule out anaemia prior to making the
aforementioned diagnosis. Given the World Health Organization
estimate that one-quarter of school-age children worldwide are
affected by anaemia, diagnostic overlap between anaemia and
rheumatic heart disease is inevitable. *!

The primary aim of this study is to determine if the presence of
anaemia increases the likelihood of an echocardiography diagnosis
of borderline rheumatic heart disease using World Heart
Federation criteria in a population of children in the United
States without other structural or functional heart disease who
are referred for both echocardiography and haemoglobin. The sec-
ondary aim is to identify other variables that could potentially con-
tribute to borderline rheumatic heart disease on echocardiography.

We employed a cross-sectional retrospective study design based
on historical data from patients referred for echocardiography
and haemoglobin at Children’s National Health System from
1 January, 2013 to 31 December, 2015. All echocardiograms
and haemoglobin values were identified by study date and
integrated by patient medical record number into a Structured
Query Language server database (Philips Healthcare Research,
Cambridge, Massachusetts, United States of America). Retro-
spective studies using the Structured Query Language-based
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database are approved by the Institutional Review Board
at Children’s National Health System. This study received
Expedited status from the Institutional Review Board.

A snapshot of the database was imported onto a local server for
analysis and data extraction. Date of study, patient demographics,
including age, race, and gender as well as study indication and
blood pressure were extracted from the echocardiography data-
base, and haemoglobin was extracted from the laboratory database
and incorporated into the analytics client.

All subjects between the ages of 5 and 18 years who had
haemoglobin performed within 30 days of echocardiography were
eligible for inclusion. Subjects with any congenital or acquired
functional or structure heart disease were excluded, as were
post-procedural patients (e.g. radiofrequency ablation), and those
with inflammatory conditions (e.g. Kawasaki Disease). The only
exception is that trivial tricuspid or pulmonary insufficiency was
not in the exclusion criteria. Hypertension was only used as an
indication if systolic or diastolic blood pressure was greater than
or equal to the 95th percentile based on age, gender, and height-
based norms.*

The final study population was categorised as anaemic or non-
anaemic, based on age and gender-based normative data, with
anaemia as defined by a haemoglobin value less than the 2.5 per-
centile.*® Echocardiography images were then reviewed to deter-
mine the presence or absence of World Heart Federation
criteria for rheumatic heart disease. World Heart Federation crite-
ria, which are based upon morphologic and Doppler findings, are
shown in Table 1.8 This includes measuring length of mitral regur-
gitation jet on colour Doppler on parasternal long axis and apical
four chamber views. Subjects who had mitral regurgitation jets just
under the 2.0 cm cutoff for rheumatic heart disease (1.5-1.9 cm)
were classified as mitral regurgitation of unclear significance.
A registered paediatric cardiac sonographer performed the initial
image review, and the second review was performed by a
board-certified paediatric cardiologist. When discrepancies
occurred between the first two reviews, a third reviewer, also a

Table 1. Overview of World Heart Federation diagnostic criteria of rheumatic heart disease for patients 20 years or younger

Borderline RHD criteria (one of the following)

Definite RHD criteria (one of the following)

>2 morphologic features of RHD of mitral valve without pathologic
MR or MS

Pathologic MR and >2 morphologic features of RHD of the mitral valve

Pathologic MR

MS mean gradient > 4 mmHg

Pathologic AR

Pathologic AR and >2 morphologic features of RHD of the aortic valve

Borderline disease of both the aortic and mitral valve

Pathologic MR (all of the following)

Pathologic AR (all of the following)

Seen in two views on colour Doppler

Seen in two views on colour Doppler

In at least one view, colour Doppler jet length >2 cm

In at least one view, colour Doppler jet length >1 cm

Velocity >3 m/s for one spectral Doppler envelope

Velocity >3 m/s for one spectral Doppler envelope

Pan-systolic jet in at least one spectral Doppler envelope

Pan-systolic jet in at least one spectral Doppler envelope

Abnormal MV morphology (at least two of the following)

Abnormal AV morphology (at least two of the following)

Anterior MV leaflet thickening >3 mm

Irregular or focal thickening

Chordal thickening

Coaptation defect

Restricted leaflet motion

Restricted leaflet motion

Excessive leaflet tip motion during systole

Prolapse

AR = aortic regurgitation; AV = aortic valve; MR = mitral regurgitation; MS = mitral stenosis; MV = mitral valve; RHD = rheumatic heart disease.
Modified from Remenyi et al. World Heart Federation Criteria for echocardiographic diagnosis of rheumatic heart disease - an evidence-based guideline Nature Reviews Cardiology 2012.
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Table 2. Study population demographics

Anaemic (n = 406) Non-anaemic (n =529)

Age

Pre-pubertal (5-11) 179 (44%) 220 (42%)

Pubertal (12-16) 165 (41%) 217 (41%)

Post-pubertal (17-18) 62 (15%) 92 (17%)
Gender

Male 187 (46%) 291 (55%)
Female 219 (54%) 239 (45%)
Race

Caucasian 84 (21%) 171 (32%)
Black 269 (66%) 275 (52%)
Others 53 (13%) 83 (16%)

board-certified paediatric cardiologist, acted as tiebreaker. All
reviewers have extensive experience in the echocardiographic diag-
nosis of rheumatic heart disease using World Heart Federation
criteria.

The study population represents a convenience sample avail-
able through our database query. Two-tailed Fisher’s exact tests
were used to compare categorical data including presence or
absence of borderline rheumatic heart disease and mitral regurgi-
tation of unclear significance between anaemic and non-anaemic
patients. Unpaired two-tailed t-test was used to compare continu-
ous, normally distributed variables and two-tailed Mann-Whitney
U-test to compare continuous variables that were not normally
distributed. p-Values less than 0.05 were considered statistically
significant.

Over 300,000 haemoglobin tests and 60,000 echocardiograms were
available for data extraction in the database. Of the 1325 unique
subjects who met the inclusion criteria based on age and paired
haemoglobin and echocardiograms within 30 days, 290 were
excluded based on the presence of underlying cardiac disease.
This left 935 subjects in the study population. Of the total study
population, 43% (406 of 935) were categorised as anaemic and
57% (529 of 935) were not anaemic. The relative frequencies of
gender, age, and race among anaemic and non-anaemic study
subjects are displayed in Table 2.

Table 3 shows the comparison of prevalence of borderline rheu-
matic heart disease and mitral regurgitation of unclear significance
between anaemic and non-anaemic subjects. All patients identified
to meet borderline rheumatic heart disease criteria did so by the
finding of pathologic mitral regurgitation. The prevalence of
borderline rheumatic heart disease was not statistically different
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between anaemic (n=38, 2.0%, 95% CI 0.6-3.3%) and non-
anaemic subjects (n = 7, 1.3%; 95% CI 0.3-2.3%). There was a signifi-
cantly higher rate of mitral regurgitation of unclear significance
in anaemic versus non-anaemic subjects (8.6 versus 3.6%,
p=0.0012). Table 4 shows the breakdown of haemoglobin, blood
pressure, and demographic variables by category of anaemia and
presence or absence of borderline rheumatic heart disease. There
was no difference in age, race, gender, or haemoglobin between sub-
jects with and without borderline rheumatic heart disease. There was
anon-significant trend towards higher systolic blood pressure in sub-
jects with borderline rheumatic heart disease (p = 0.064).

A breakdown of frequency of echocardiographic indication for
the total population as well as the anaemic and non-anaemic
cohorts is provided in Table 5. The most common indication
for echo among our study population was cancer and cancer treat-
ment at 32.4%, followed by arrhythmias/abnormal electrocardio-
gram at 17.2%, and then murmur at 9.8%. Sickle cell disease
and hypertension were the fourth and fifth most common indica-
tions for echo, respectively. Among anaemic patients, those
with hypertension as the indication for echocardiogram were
statistically more likely (37.5 versus 4.0%) to have borderline rheu-
matic heart disease (p =0.0042). Among non-anaemic patients,
the indication of murmur made finding borderline rheumatic heart
disease more likely (42.9 versus 11.5%, p = 0.040).

The early diagnosis of rheumatic heart disease holds promise for
crucial public health intervention to mitigate the impact of this dis-
ease.!” However, the significance of finding borderline rheumatic
heart disease by echocardiography screening in endemic regions
using the 2012 World Heart Federation criteria remains
uncertain.>*-%” Establishing that the World Heart Federation crite-
ria can effectively distinguish between variants of normal and true
early rheumatic heart disease is an important component in
justifying the possible role echocardiography screening as a public
policy tool. Multiple studies have shown that borderline rheumatic
heart disease is much less likely to be found in low-risk popula-
tions, helping to support the validity of the World Heart
Federation criteria.”>?® Our study adds additional important data
to support this concept. The main finding of this study is that
anaemia does not likely correlate with enough mitral regurgitation
to increase the prevalence of borderline rheumatic heart disease on
echocardiography.

Anaemia is found in relatively high rates in the same geographic
distributions as rheumatic heart disease.!””?® Contributors to
higher rates of anaemia include nutritional deficiencies, most com-
monly iron deficiency, and sickle cell disease.”® Malaria and other
parasitic infections also contribute to higher rates of anaemia in
low- and middle-income countries. There is significant overlap
in the prevalence and years lived with disability maps when com-
paring a 2016 paper on global burden of anaemia®” and a 2017

Table 3. Comparison of borderline rheumatic heart disease and mitral regurgitation of unclear significance between anaemic and non-anaemic subjects

Anaemic (n = 406)

Non-anaemic (n = 526)

n Prevalence (95% Cl) n Prevalence (95% Cl) p
Borderline RHD 8 2.0% (0.6-3.3%) 7 1.3% (0.3-2.3%) 0.44
MRUS 35 8.6% (5.9-11.4%) 19 3.6% (2.0-5.2%) 0.0012

MRUS = mitral regurgitation of unclear significance; RHD = rheumatic heart disease.
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Table 4. Haemoglobin, blood pressure, and demographic variables by anaemia and rheumatic heart disease status

Anaemic patients Non-anaemic patients All patients

Borderline RHD (n=8) Normal (n=398) Borderline RHD (n=7) Normal (n=522) Borderline RHD (n=15) Normal (n=920)

Haemoglobin 102 +1.1 9.7+1.7 13.1+ 0.8 132+1.2 116 +1.8 11.7+23
Systolic blood pressure 116 +11.8 109 + 14.7 121 + 18.0 112 + 14.6 118 + 14.7* 110 + 14.7*
Age 13.0+5.1 11.8 £3.9 14.0 £ 4.0 123 +39 13544 12.1+39
Gender (female) 5 (63%) 214 (54%) 3 (43%) 235 (45%) 8 (53%) 449 (49%)
Race

Caucasian 1 (13%) 83 (21%) 1 (14%) 170 (33%) 2 (13%) 253 (28%)
Black 7 (87%) 264 (66%) 5 (71%) 270 (52%) 12 (80%) 534 (58%)
Other/unknown 0 51 (13%) 1 (14%) 82 (13%) 1 (7%) 133 (14%)

RHD = rheumatic heart disease.
All comparisons not significant, except:
*p = 0.064 systolic blood pressure borderline RHD versus normal in entire study cohort.

Table 5. Frequency of echocardiogram indication for study population

Anaemic (n = 406)

Non-anaemic (n = 529)

Indication for echo Total (n =935) Borderline RHD (n=8) Normal (n =398) Borderline RHD (n=7) Normal (n =522)
Sickle cell/anaemia 77 (8.2%) 1 (12.5%) 65 (16.3%) - 10 (1.9%)
Cancer/chemotherapy 303 (32.4%) 1 (12.5%) 126 (31.7%) 1 (14.3%) 175 (33.5%)
Hypertension* 50 (5.3%) 3 (37.5%) 16 (4.0%) 1 (14.3%) 30 (5.7%)
Murmur** 92 (9.8%) 1 (12.5%) 28 (7.0%) 3 (42.9%) 60 (11.5%)
Chest pain 36 (3.9%) 1 (12.5%) 10 (2.5%) = 25 (4.8%)
Syncope 42 (4.5%) 1 (12.5%) 10 (2.5%) - 32 (6.1%)
Arrhythmia/abnl ECG 161 (17.2%) - 52 (13.1%) 1 (14.3%) 108 (20.7%)
Syndrome 33 (3.5%) = 13 (3.3%) 1 (14.3%) 19 (3.6%)
Pericardial disease 38 (4.1%) - 25 (6.3%) - 13 (2.5%)
Fever 32 (3.4%) = 18 (4.5%) = 14 (2.7%)
Renal disease 15 (1.6%) - 12 (3.0%) - 3 (0.6%)
All others 56 (6.0%) = 23 (5.8%) = 33 (6.3%)

ECG = electrocardiogram; RHD = rheumatic heart disease.

For the purposes of analysis, where more than one indication for echo was given, only the primary reason was included.

*p =0.0042 for hypertension association with borderline RHD in anaemic patients.
**p = 0.040 for murmur association borderline RHD in non-anaemic patients.

paper on global burden of rheumatic heart disease.! Given
that anaemia increases cardiac output, there is the potential for
mitral regurgitation on echocardiography among the anaemic
population.**? This physiologic principle begs the question about
the potential impact of anaemia on assessment of degree of mitral
regurgitation using World Heart Federation criteria in children
undergoing screening echocardiography for rheumatic heart
disease in endemic regions.

Our study aims to fill this knowledge gap and shows that the
presence of anaemia does not result in echocardiograms that meet
the World Heart Federation diagnostic criteria for borderline
rheumatic heart disease in this low-risk population. However, as
expected based on physiology, anaemia does increase the likeli-
hood that measurable mitral regurgitation is present on otherwise
normal echocardiograms in children. This information is very
important in validating the use of a 2.0 cm mitral regurgitation
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colour Doppler jet length cutoff as part of the criteria for pathologi-
cal mitral regurgitation.® Our data suggest that a lower cutoff
would result in higher rate of positive studies in anaemic patients.

The secondary analyses showing increased rates of borderline
rheumatic heart disease among non-anaemic patients with mur-
mur and anaemic patients with hypertension as primary indica-
tions for echocardiography are not surprising. A recent study
from the United Kingdom showed a 26% increase in the likelihood
of mitral regurgitation for every 20 mmHg increment increase in
systolic blood pressure.*® Furthermore, concurrent anaemia and
hypertension may make pathologic mitral regurgitation even more
likely. Measurement of blood pressure in a screening setting may
not be feasible, and correlating the actual blood pressure during the
exact time of echocardiography image acquisition is even more
challenging. Nonetheless, blood pressure is a necessary component
to accurately interpret an echocardiogram. A future study to
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further separate out the overlap between borderline rheumatic
heart disease and physiologic mitral regurgitation secondary to
hypertension would be beneficial.

Rheumatic heart disease is the leading global cause of cardio-
vascular morbidity and mortality in children and young adults.!
Inattention to rheumatic heart disease continues to play a key role
in the unacceptably slow progress in reducing its global bur-
den.®”* The 2012 World Heart Federation criteria, based on
existing evidence and expert consensus, have made a significant
contribution to the field of rheumatic heart disease. There have
been dozens of publications and tens of thousands of children
screened in low- and middle-income countries using these stand-
ardised set of echocardiography parameters widely accepted by
global rheumatic heart disease experts.!®-1115-19.21-24,34.35,40-60
Several of these publications focus on task-shifting and other ways
to increase the practicality of echocardiography-based screening in
endemic regions. While there are opportunities for improving and
refining the two-dimensional and Doppler criteria in the World
Heart Federation rheumatic heart disease echocardiography guide-
lines, the critical importance of these guidelines in the fight against
rheumatic heart disease cannot be overstated. Our study adds an
additional important piece of information in interpretation of
these guidelines.

Several limitations exist in our study. The overall rate of border-
line rheumatic heart disease in anaemic and non-anaemic groups
was higher than in other studies in low-risk populations.?>?® Only a
small fraction of patients undergoing haemoglobin or echocardi-
ography testing had both studies performed within the time period
that we were able to extract data from and met our inclusion
criteria. Our convenience sample of 935 subjects resulted in only
15 subjects who met World Heart Federation criteria for rheumatic
heart disease. It is possible that a larger sample size with more
positive studies might have detected a significant difference
between anaemic and non-anaemic subjects.

Furthermore, it is likely that the patient population of this study
may be sicker than a typical paediatric population, by nature of the
fact that patients received both an echocardiogram and a haemo-
globin assessment in a short period of time. For example, the rate of
anaemia and the proportion of patients with cancer in our study
population are both higher than in the general population. This
selection bias limits the generalisability of our study to the general
population in both endemic and low-risk settings. As this was a
retrospective study, it was not possible to mitigate any selection
bias that resulted from our study design.

Many screening studies utilise handheld echocardiography with
lower cutoffs for mitral regurgitation jet length.!®°*3* Qur study is
based on review of echocardiograms performed on full functional
echocardiography machines and cannot be extrapolated to hand-
held echocardiography. Our study was not powered to assess the
impact of hypertension and the intersection of hypertension and
anaemia on echocardiographic findings. At best, our data provide
support for further study of this finding.

Most significantly, this study was conducted with a low-risk
population, whereas the patients most impacted by anaemia,
rheumatic heart disease, and the potential intersection of the
two reside in endemic (high-risk) settings with different aetiologies
for anaemia. The echocardiographic findings must be interpreted
differently depending on the setting and patient circumstance.
Additionally, most data that inform the diagnosis and manage-
ment of rheumatic heart disease are from endemic settings.
Applying the data to the low-risk population of this study is solely
for exploratory thought. This study was to support interpretation
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of ongoing rheumatic heart disease screening studies; it was not
meant to diagnose subjects in the study with rheumatic heart dis-
ease. Conversely, the data obtained from this study in a low-risk
population may not apply in the high-risk settings where rheu-
matic heart disease is most prevalent. Ideally, this study would
be repeated as part of a prospective study in an endemic region
with patient matching that included simultaneous echocardiogra-
phy and haemoglobin. This limits the applicability of our findings.

In conclusion, the presence of anaemia makes mitral regurgita-
tion more likely, but not to the degree at which it would meet
World Heart Federation criteria for the diagnosis of borderline
rheumatic heart disease. Our data support investigating this
question prospectively in a high-risk region, to more definitively
determine the contribution of anaemia to the presence of border-
line rheumatic heart disease on screening echocardiography.

We would like to acknowledge the support of Philips
Healthcare Research for providing the relational database tools for this study.

This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

None.
This paper is in compliance with all ethical standards.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Informed consent was
waived due to retrospective study design.

1. Watkins DA, Johnson CO, Colquhoun SM, et al. Global, regional, and
National Burden of Rheumatic Heart Disease, 1990-2015. N Engl ] Med
2017; 377: 713-722.

2. Zuhlke L, Karthikeyan G, Engel ME, et al. Clinical outcomes in 3343 children
and adults with rheumatic heart disease from 14 low- and middle-income
countries: two-year follow-up of the Global Rheumatic Heart Disease
Registry (the REMEDY Study). Circulation 2016; 134: 1456-1466.

3. Okello E, Longenecker CT, Beaton A, Kamya MR, Lwabi P. Rheumatic
heart disease in Uganda: predictors of morbidity and mortality one year
after presentation. BMC Cardiovasc Disord 2017; 17: 20.

4. Okello E, Wanzhu Z, Musoke C, et al. Cardiovascular complications in
newly diagnosed rheumatic heart disease patients at Mulago Hospital,
Uganda. Cardiovasc ] Afr 2013; 24: 80-85.

5. Zuhlke L, Engel ME, Karthikeyan G, et al. Characteristics, complications,
and gaps in evidence-based interventions in rheumatic heart disease: the
Global Rheumatic Heart Disease Registry (the REMEDY study). Eur
Heart ] 2015; 36: 1115-1122a.

6. Remenyi B, Carapetis J, Wyber R, Taubert K, Mayosi BM, World Heart
Federation. Position statement of the World Heart Federation on the
prevention and control of rheumatic heart disease. Nat Rev Cardiol
20135 10: 284-292.

7. Carapetis JR, Zuhlke L, Taubert K, Narula J. Continued challenge of rheu-
matic heart disease: the gap of understanding or the gap of implementation?
Global Heart 2013; 8: 185-186.

8. Remenyi B, Wilson N, Steer A, et al. World Heart Federation criteria for
echocardiographic diagnosis of rheumatic heart disease—an evidence-based
guideline. Nat Rev Cardiol 2012; 9: 297-309.

9. Zuhlke LJ, Karthikeyan G. Primary prevention for rheumatic fever:
progress, obstacles, and opportunities. Global Heart 2013; 8: 221-226.
10. Zuhlke L, Engel ME, Lemmer CE, et al. The natural history of latent rheu-
matic heart disease in a 5 year follow-up study: a prospective observational

study. BMC Cardiovasc Disord 2016; 16: 46.


https://doi.org/10.1017/S1047951119000404

Cardiology in the Young

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nascimento BR, Nunes MC, Lopes EL, et al. Rheumatic heart disease echo-
cardiographic screening: approaching practical and affordable solutions.
Heart 2016; 102: 658-664.

Marijon E, Ou P, Celermajer DS, et al. Prevalence of rheumatic heart
disease detected by echocardiographic screening. N Engl J Med 2007;
357: 470-476.

Paar JA, Berrios NM, Rose JD, et al. Prevalence of rheumatic heart disease
in children and young adults in Nicaragua. Am ] Cardiol 2010; 105:
1809-1814.

Beaton A, Okello E, Lwabi P, et al. Echocardiography screening for
rheumatic heart disease in Ugandan schoolchildren. Circulation 2012;
125: 3127-3132.

Beaton A, Lu JC, Aliku T, et al. The utility of handheld echocardiography
for early rheumatic heart disease diagnosis: a field study. Eur Heart J
Cardiovasc Imaging 2015; 16: 475-482.

Engel ME, Haileamlak A, Zuhlke L, et al. Prevalence of rheumatic heart
disease in 4720 asymptomatic scholars from South Africa and Ethiopia.
Heart 2015; 101: 1389-1394.

Weinberg J, Beaton A, Aliku T, Lwabi P, Sable C. Prevalence of rheumatic
heart disease in African school-aged population: extrapolation from echo-
cardiography screening using the 2012 World Heart Federation Guidelines.
Int J Cardiol 2016; 202: 238-239.

Ploutz M, Lu JC, Scheel J, et al. Handheld echocardiographic screening for
rheumatic heart disease by non-experts. Heart 2016; 102: 35-39.

Sims Sanyahumbi A, Sable CA, Beaton A, et al. School and community
screening Shows Malawi, Africa, to have a high prevalence of latent
rheumatic heart disease. Congenit Heart Dis 2016; 11: 615-621.
Shung-King M, Zuhlke L, Engel ME, Mayosi BM. Asymptomatic rheumatic
heart disease in South African schoolchildren: implications for addressing
chronic health conditions through a school health service. S Afr Med ] 2016;
106: 761-762.

Yadeta D, Hailu A, Haileamlak A, et al. Prevalence of rheumatic heart dis-
ease among school children in Ethiopia: a multisite echocardiography-
based screening. Int J Cardiol 2016; 221: 260-263.

Engelman D, Wheaton GR, Mataika RL, et al. Screening-detected
rheumatic heart disease can progress to severe disease. Heart Asia 2016;
8: 67-73.

Engelman D, Kado JH, Remenyi B, et al. Screening for rheumatic heart dis-
ease: quality and agreement of focused cardiac ultrasound by briefly trained
health workers. BMC Cardiovasc Disord 2016; 16: 30.

Beaton A, Aliku T, Dewyer A, et al. Latent rheumatic heart disease:
identifying the children at highest risk of unfavorable outcome.
Circulation 2017; 136: 2233-2244.

Clark BC, Krishnan A, McCarter R, et al. Using a low-risk population to
estimate the specificity of the World Heart Federation criteria for the diag-
nosis of rheumatic heart disease. ] Am Soc Echocardiogr 2016; 29: 253-258.
Roberts K, Maguire G, Brown A, et al. Echocardiographic screening for
rheumatic heart disease in high and low risk Australian children.
Circulation 2014; 129: 1953-1961.

Kassebaum NJ, Collaborators GBDA. The global burden of anemia.
Hematol Oncol Clin North Am 2016; 30: 247-308.

Kassebaum NJ, Jasrasaria R, Naghavi M, et al. A systematic analysis of
global anemia burden from 1990 to 2010. Blood 2014; 123: 615-624.
Lonsdorfer ], Bogui P, Otayeck A, et al. Cardiorespiratory adjustments
in chronic sickle cell anemia. Bull Eur Physiopathol Respir 1983; 19:
339-344.

Ahmed S, Siddiqui AK, Sadiq A, et al. Echocardiographic abnormalities in
sickle cell disease. Am ] Hematol 2004; 76: 195-198.

McLean E, Cogswell M, Egli I, Wojdyla D, de Benoist B. Worldwide preva-
lence of anaemia, WHO Vitamin and Mineral Nutrition Information
System, 1993-2005. Public Health Nutr 2009; 12: 444-454.

National High Blood Pressure Education Program Working Group on
High Blood Pressure in C and Adolescents. The fourth report on the diag-
nosis, evaluation, and treatment of high blood pressure in children and
adolescents. Pediatrics 2004; 114: 555-576.

Sills RH. Useful normal laboratory values. In: Practical Algorithms in
Pediatric Hematology and Oncology. Sills RH; Series Editor: Hochberg Z
(eds.) Karger, New York, 2003: 106.

https://doi.org/10.1017/51047951119000404 Published online by Cambridge University Press

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

867

Colquhoun SM, Kado JH, Remenyi B, et al. Echocardiographic screening
in a resource poor setting: borderline rheumatic heart disease could be a
normal variant. Int J Cardiol 2014; 173: 284-289.

Godown ], Beaton A. Handheld echocardiography: a new tool for
rheumatic heart disease screening in the developing world? Transl
Pediatr 2015; 4: 252-253.

Roberts K, Colquhoun S, Steer A, Remenyi B, Carapetis J. Screening for
rheumatic heart disease: current approaches and controversies. Nat Rev
Cardiol 2013; 10: 49-58.

Zuhlke L, Mayosi BM. Echocardiographic screening for subclinical
rheumatic heart disease remains a research tool pending studies of impact
on prognosis. Curr Cardiol Rep 2013; 15: 343.

Rahimi K, Mohseni H, Otto CM, et al. Elevated blood pressure and risk of
mitral regurgitation: a longitudinal cohort study of 5.5 million United
Kingdom adults. PLoS Med 2017; 14: e1002404.

Carapetis JR, Zuhlke LJ. Global research priorities in rheumatic fever and
rheumatic heart disease. Ann Pediatr Cardiol 2011; 4: 4-12.

Saxena A, Zuhlke L, Wilson N. Echocardiographic screening for rheumatic
heart disease: issues for the cardiology community. Global Heart 2013; 8:
197-202.

Aliku T, Sable C, Scheel A, et al. Targeted echocardiographic screening for
latent rheumatic heart disease in Northern Uganda: evaluating familial risk
following identification of an index case. PLoS Negl Trop Dis 2016; 10:
e0004727.

Beaton A, Aliku T, Okello E, et al. The utility of handheld echocardiography
for early diagnosis of rheumatic heart disease. ] Am Soc Echocardiogr 2014;
27: 42-49.

Beaton A, Nascimento BR, Diamantino AC, et al. Efficacy of a standardized
computer-based training curriculum to teach echocardiographic identifica-
tion of rheumatic heart disease to nonexpert users. Am J Cardiol 2016; 117:
1783-1789.

Beaton A, Okello E, Aliku T, et al. Latent rheumatic heart disease: outcomes
2 years after echocardiographic detection. Pediatr Cardiol 2014; 35:
1259-1267.

Bhaya M, Beniwal R, Panwar S, Panwar RB. Two years of follow-up
validates the echocardiographic criteria for the diagnosis and screening of
rheumatic heart disease in asymptomatic populations. Echocardiography
2011; 28: 929-933.

Bradley-Hewitt T, Dantin A, Ploutz M, et al. The impact of echocardio-
graphic screening for rheumatic heart disease on patient quality of life.
J Pediatr 2016; 175: 123-129.

Engelman D, Kado JH, Remenyi B, et al. Focused cardiac ultrasound
screening for rheumatic heart disease by briefly trained health workers: a
study of diagnostic accuracy. Lancet Global Health 2016; 4: €386-394.
Engelman D, Mataika RL, Kado JH, et al. Adherence to secondary antibiotic
prophylaxis for patients with rheumatic heart disease diagnosed through
screening in Fiji. Trop Med Int Health 2016; 21: 1583-1591.

Engelman D, Okello E, Beaton A, et al. Evaluation of computer-based
training for health workers in echocardiography for rheumatic heart
disease. Global Heart 2017; 12: 17-23.

Godown J, Lu JC, Beaton A, et al. Handheld echocardiography versus
auscultation for detection of rheumatic heart disease. Pediatrics 2015;
135: €939-944.

Huang JH, Favazza M, Legg A, et al. Echocardiographic screening of rheu-
matic heart disease in American Samoa. Pediatr Cardiol 2018; 39: 38-44.
Lopes EL, Beaton AZ, Nascimento BR, et al. Telehealth solutions to enable
global collaboration in rheumatic heart disease screening. ] Telemed
Telecare 2018; 24: 101-109.

Lu JC, Sable C, Ensing GJ, et al. Simplified rheumatic heart disease screen-
ing criteria for handheld echocardiography. ] Am Soc Echocardiogr 2015;
28: 463-469.

Mirabel M, Bacquelin R, Tafflet M, et al. Screening for rheumatic heart dis-
ease: evaluation of a focused cardiac ultrasound approach. Circ Cardiovasc
Imaging 2015; 8.

Nascimento BR, Beaton AZ, Nunes MC, et al. Echocardiographic preva-
lence of rheumatic heart disease in Brazilian schoolchildren: data from
the PROVAR study. Int J Cardiol 2016; 219: 439-445.


https://doi.org/10.1017/S1047951119000404

868

56. Ploutz M, Aliku T, Bradley-Hewitt T, et al. Child and teacher acceptability
of school-based echocardiographic screening for rheumatic heart disease in
Uganda. Cardiol Young 2017; 27: 82-89.

57. Saxena A. Task shifting rheumatic heart disease screening to non-experts.
Lancet Global Health 2016; 4: €349-350.

58. Sims Sanyahumbi A, Sable CA, Karlsten M, et al. Task shifting to clinical
officer-led echocardiography screening for detecting rheumatic heart
disease in Malawi, Africa. Cardiol Young 2017; 27: 1133-1139.

https://doi.org/10.1017/51047951119000404 Published online by Cambridge University Press

59.

60.

J.H. Klein et al.

Zachariah JP, Samnaliev M. Echo-based screening of rheumatic heart
disease in children: a cost-effectiveness Markov model. ] Med Econ
2015; 18: 410-419.

Zuhlke L], Engel ME, Nkepu S, Mayosi BM.Evaluation of a focussed
protocol for hand-held echocardiography and computer-assisted ausculta-
tion in detecting latent rheumatic heart disease in scholars. Cardiol Young
2016; 26: 1097-1106.


https://doi.org/10.1017/S1047951119000404

	Effect of anaemia on the diagnosis of rheumatic heart disease using World Heart Federation criteria
	Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


