
Abstract:
Pediatric patients in resource-limited
settings are often at high risk of severe
manifestations or complications of
tropical infectious diseases. Health
care providers in these settings often
lack access to basic diagnostic ima-
ging. Point-of-care ultrasound is one
modality that may improve the care of
these children by bringing portable
imaging technology to the bedside. To
use ultrasound effectively, the clinician
must have both the ability to obtain and
interpret images and an understanding
of the context and presentation of the
disease in question. We discuss the
utility of point-of-care ultrasound in a
variety of pediatric tropical infectious
diseases with dual purposes: first, to
introduce practitioners with prior ultra-
sound experience to ways to apply
preexisting knowledge in different con-
texts and, second, to introduce provi-
ders in low-resource settings to a
diagnostic modality that can be easily
learned with discrete protocols and
may improve their care of vulnerable
patients.
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ccess to advanced imaging plays a major role in the
health care gap that exists between the wealthiest and
Apoorest countries. High-resource countries routinely
rely on computed tomography and magnetic resonance

imaging, whereas many clinicians in resource-limited settings
(RLS) do not have access to basic radiographic capabilities. The
portable ultrasound (US) machine bridges the gap by bringing
more advanced imaging technology to the patient's bedside. US is
not a panacea, and those of us who advocate for its widespread use
must realize that new technological tools must be applied
appropriately. Knowing how a technology will function in the
context where it is being applied is a vital part of maximizing
benefit and preventing harm.

There is a growing body of literature on the use of US in RLS for
the adult patient,1-7 including for tropical infectious diseases.1,2,8
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TABLE 1. Selected pediatric tropical infectious
diseases and associated point-of-care US

examination.

Infectious Disease POCUS Examination

Tuberculosis FASH, thorax
Pneumonia Thorax
Dehydration Inferior Vena Cava
Dengue FAST, right upper quadrant
Malaria Ocular
Schistosomiasis Urinary, right upper quadrant
Rheumatic Heart Disease Cardiac
Tropical Myopyositis Skin and soft tissue
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There is also an increasing body of literature
documenting the use of point-of-care ultrasound
(POCUS) in the pediatric population.9-12 Very little
addresses the unique challenges and opportunities for
POCUS use in children where tropical infectious
diseases are endemic. A pediatric focus on tropical
diseases in RLS is worth addressing for several
reasons. An increasing number of practitioners are
receiving pediatric-focused POCUS training in high-
resource countries and are interested in applying that
training to patient care in RLS. Many of those who
teach POCUS for pediatrics in RLS are less familiar
with the tropical disease implications of specific US
findings. Finally, equipping clinicians who are work-
ing full-time in areas of tropical diseases requires a
degree of familiarity with some of the common
conditions that they are likely to encounter.

The goal of this article is to 2-fold. For those with
prior POCUS experience, it is intended to be a
primer for specific diseases presentations in areas
where tropical diseases are endemic. It is also meant
to be a guide for clinicians who live and work in RLS
to highlight how US might apply to their daily
clinical work. Therefore, we have structured the
article around the use of US for infectious diseases
that have unique or predominant pediatric
implications.

This is not meant to be the definitive work on
pediatric US or tropical disease. We present a
perspective on how US might be contextualized
and conceptualized differently based on the diseases
that plague children around the world. We hope that
this will advance the discussion in asking not just
what US can do but how it can more clearly help
clinicians in RLS make the best decisions for their
patients given the burden and prevalence of disease.

The topics covered are a result of our combined
experiences over the past 30 years, performing,
teaching, and researching US use in RLS. These
topics address common pediatric infectious disease
challenges in RLS and the evaluation of these
diseases based on previously established POCUS
protocols (Table 1). There are not many new US
skills to be learned; rather, the unique US appear-
ance of these disease presentations must be recog-
nized. In the end, we hope to encourage pediatric
POCUS application and highlight context-specific
teaching based on the local needs of the population
where it is being used.

TUBERCULOSIS
Pediatric tuberculosis (TB) perhaps best epito-

mizes the diagnostic dilemma of an infectious disease
presentation in RLS. Although uncommon in high-
resource settings, TB is the single leading infectious
cause of death worldwide.13 An estimated 1 million
children developed TB in 2017, and children are at
higher risk of rapid dissemination and death, espe-
cially if young, malnourished, or immunocompro-
mised.13-15 Early diagnosis and treatment are the
mainstay of TB control, but diagnosis is a particular
challenge in children. As opposed to adults, children
with TB present with vague signs and symptoms.
Children have more difficulty producing adequate
sputum samples, and when the sputum is analyzed
with molecular techniques, it is less likely to be
positive even when children are infected.13,16,17 As a
result, diagnosis often relies on clinical, historical,
and radiologic findings.15,17,18 There is a small but
growing body of literature documenting the utility of
POCUS for children with pulmonary TB (PTB) and
extrapulmonary TB (EPTB).

Although PTB remains the major focus of most
adult and pediatric TB efforts, the traditional
distinction between PTB and EPTB is less clear in
children.19 Recent studies indicate that findings of
abdominal TB can be present in up 40% of children
with clinical TB and an inconclusive chest radio-
graph, which is a very common occurrence in high-
prevalence TB settings.16,19,20 This means that, in
many cases where TB is suspected clinically, US
imaging demonstrating signs of EPTB can help
providers diagnose and treat more appropriately.

The Focused Assessment with Sonography in
HIV-associated TB (FASH) examination is a POCUS
protocol designed to detect signs of EPTB in adult
patients co-infected with HIV.21 It was modeled on
the focused assessment with sonography for trauma
(FAST) examination and looks for common findings
(Table 2) in abdominal and disseminated TB.21 It
can be taught rapidly to clinicians in RLS who have
limited prior US experience.22 In adult populations,



TABLE 2. Ultrasonographic findings on FASH
examination suggestive of EPTB in populations

with high prevalence of HIV and TB.

Ultrasonographic Finding

Pleural effusion
Pericardial effusion
Hepatic or splenic microabscesses
Ascites
Periaortic lymphadenopathy
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the FASH examination is primarily helpful in patients
with known HIV and suspected TB co-infection.21 In
children with PTB, FASH has demonstrated utility,
regardless of HIV status.16,19,20 Children with con-
firmed or suspected PTB have an increased rate of
FASH findings, most commonly pleural effusion and
abdominal lymphadenopathy (Figure 1), relative to
those in whom TB is not suspected.20

In pediatrics, the FASH is an encouraging adjunct to
TB care. Many children with negative FASH imaging
will still have isolated pulmonary TB with the
associated diagnostic challenges. Thoracic US findings
in PTB vary widely and overlap with those of
pneumonia.23-25 In one of the few studies specifically
examining chest US in pediatric patients with
suspectedTB, consolidations and pleural interruptions
were the most common finding. Children with
Figure 1. Ultrasonographic findings of EPTB by FASH examination. A
anterior to the vertebral body (VB); transverse view.B, Splenic microab
confirmed TB were more likely to have unilateral
pleural effusions, and consolidations were less likely to
resolve after initial treatment.17 Unfortunately, based
on studies to date, US findings are not specific enough
to clearly differentiate children with pneumonia from
PTB. In those with high clinical suspicion for TB,
unilateral effusions, and persistent consolidation, TB
should be strongly considered, specifically in those
with unilateral US findings. Thoracic US evaluation for
TB inRLShasmany applications for future research to
identify more specific findings in high-risk patients.26

One way to increase the yield of thoracic US in TB
may be mediastinal evaluation. Mediastinal lymph-
adenopathy with or without parenchymal findings is
the hallmark of pediatric primary TB.27 Up to two
thirds of pediatric TB patients with a negative chest x-
ray (CXR) result may have lymphadenopathy on US,
and a simplified POCUS protocol for mediastinal
lymphadenopathywas recently described.28,29 Use of
this specific protocol needs to be evaluated further
but, it may improve pediatric PTB diagnosis.30

POCUS use in children with suspected TB has high
interreader reliability, is feasible, can be taught and
learned quickly, and may be a useful adjunct in the
diagnosis and treatment of children withmediastinal,
pulmonary, and especially EPTB.17,20,21,31 Children
with suspicion for PTB should undergo POCUS
evaluation for mediastinal and EPTB where possible.
Additionally, because US findings seem to resolve
with adequate treatment, POCUS may be useful in
assessing response to therapy.20,28
, Periaortic lymphadenopathy (*) surrounding the aorta (Ao) and
scesses (white arrows) viewed with linear probe.
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PNEUMONIA
Although TB is the single leading cause of

infectious disease death in all age groups, pneumo-
nia is the leading cause of death for those less than 5
years of age.32,33 Approximately 2 children die each
minute from pneumonia, and 99% of those deaths
are in RLS.34 In these settings, children can present
with a febrile illness for a myriad of reasons.
Delaying antibiotics in young children with pneu-
monia can be potentially life-threatening, especially
those who are malnourished. To encourage more
aggressive treatment for pneumonia, the World
Health Organization (WHO) released guidelines
that increased the sensitivity of diagnosis at the
cost of lower specificity.32,35 Because of the low
specificity, the WHO guidelines do not differentiate
well between pneumonia requiring antibiotics and
other respiratory or systemic febrile illnesses.32

CXR has been the diagnostic imaging modality of
choice. However, the availability of CXR at the
initial point of contact for patients in RLS is limited,
and even when available, it is not perfect in
diagnosing pediatric pneumonia.

There are several benefits to using lung US in
children including decreased radiation, decreased
cost, and decreased length of stay.35,36 Multiple
studies have demonstrated that lung US has similar
sensitivities and specificities when compared to
CXR. Two recent meta-analyses compared lung US
to CXR and found US to have an increased
sensitivity and a similar specificity.36,37 When
compared to the current syndromic approach of
the WHO guidelines, lung US was found to have both
an increased sensitivity and specificity.35 In anoth-
er study in RLS, consolidation on lung US had a
sensitivity of 88.5% and a specificity of 100% when
compared to radiographically confirmed pneumo-
nia, and any abnormality seen on lung US had a
sensitivity of 92.2% and specificity of 95.2% when
compared to radiologically confirmed pneumonia.38

Thoracic US differs from solid organ US in that
image interpretation is based on the artifacts
created by the interaction of US waves with either
normal air-filled or consolidated lung (Figure 2).
There are many nuances to thoracic US which are
beyond the scope of this article but have been
covered well in other publications.39-41 Although
there is some complexity to lung US, many studies
have shown that it can be used by trainees and
general practitioners, rather than US experts, to
diagnose pneumonia.35,36,38,42,43 In each case,
training involved some classroom time combined
with hands-on teaching by an expert and was
accomplished in less than a day.
Lung US does have some limitations. Because
imaging relies on the pleural interface, a consolida-
tion that does not contact the pleuramight bemissed.
Differentiating between consolidations and atelecta-
sis can be challenging in acutely ill patients.35,38,44

One option to help providers is artificial intelligence
(AI) built into US software. Although still in its
infancy, AI might someday be able to help differen-
tiate normal and abnormal lung. Early studies leave
room for optimism,with onePeruvian study reporting
a sensitivity of 90.9% and a specificity of 100% using
AI to identify pediatric pneumonia.45

There is still much work to be done to improve the
care of pediatric pneumonia patients throughout the
world. US is just one link in the diagnostic and
therapeutic chain, but early studies, although small,
are encouraging. A large multicenter study, the
Pediatric Pneumonia Lung Ultrasound Study, is
currently evaluating lung US for pneumonia diag-
nosis in RLS. Results from this study are to be
published shortly and will provide more definitive
answers on the application of US for pneumonia.
DIARRHEA AND DEHYDRATION
Fluid management in children with tropical

infectious diseases is a significant challenge, con-
founded by high rates of chronic malnutrition.
Diarrhea is the clearest example of the challenge
of fluid management in tropical infections. Every
year, acute diarrhea in children causes approxi-
mately 130 million outpatient and inpatient visits
and 1.5 million deaths.46,47 Children with large
gastrointestinal fluid losses require rapid assess-
ment and treatment, leading to questions about the
optimal way for clinicians to assess dehydration
severity. Most patients should be given oral rehy-
dration solutions, but some will require more
aggressive intravenous resuscitation and hospitali-
zation, depending on severity.

Assessing the degree of dehydration is challenging
because no particular clinical signs, symptoms, or
laboratory testing has adequate accuracy in detecting
pediatric dehydration.46 In addition, most children
needing rehydration therapy are not assessed by a
pediatrician.48 Thus, there is a need for a tool that
could help all clinicians decide on the optimal fluid
strategy for children. US has been studied in the
evaluation of dehydration severity.Onemeasurement,
the inferior vena cava (IVC)–aorta ratio, which
compares the diameters of the IVC and aorta at the
same anatomic level, was thought to be a good
candidate for a simple POCUS protocol. Initial studies
using a cutoff of 0.8 for the IVC-aorta ratio showed only



Figure 2. A, Thoracic US. Normally aerated lung and pleura (white arrows) seen with linear probe between two ribs (R) with linear probe.B,
Consolidation with air bronchograms (white arrows) indicating pneumonia with linear probe.
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mediocre test characteristics with sensitivities be-
tween 67 and 86% and specificities between 56 and
71%.49,50 These studies were done in high-resource
settings where chronic malnutrition and dehydration
are less common. When looking at studies in RLS, the
IVC-aorta ratio performed worse.46,51,52 Methodology
for each study and type of US probe used differed but
results were similar. In a Bangladeshi prospective
cohort study using nurse-obtained measurements, the
aorta-IVC ratio was inaccurate when assessing for
dehydration.46 Another study in 3 Rwandan hospitals
reported that the aorta-IVC ratio had a sensitivity of
93% but with a specificity of only 59% for severe
dehydration.51 One of the largest studies to date on
children with diarrhea done in Bangladesh reported
that the aorta-IVC ratio did not increase sensitivity or
specificity when assessing dehydration.48
Given the challenge of acute diarrhea and
dehydration, more studies of POCUS should be
done. Fluid management and volume status assess-
ment are an ongoing challenge in every area of
medicine, and this population is no exception.
Although a single cutoff value that could be easily
assessed would be extremely useful, the current
literature does not support this approach. The best
evidence to date does not support using the aorta-
IVC ratio to decide how best to resuscitate an
acutely or chronically dehydrated child in RLS.

DENGUE
Dengue is an arthropod-born virus transmitted

throughout the tropics by the Aedes mosquito and
carries a high burden of disease in RLS.53 Because
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many patients are not overtly symptomatic and the
disease itself can vary from a mild illness to life-
threatening shock, it is difficult to quantify its
impact. A 2013 study estimated between 284
million and 528 million dengue infections occur
each year; of these, approximately 96 million
manifest clinically.54 The 2017 global burden of
disease study reported that dengue contributed
0.12% to the total global burden of disease based
on disability-adjusted life-years.55

The primary burden of severe disease falls on
children, who initially present with a mild viral
illness but can decompensate quickly and dramat-
ically. POCUSmay potentially identify those most at
risk. Although most children recover after the
febrile phase, it is during defervescence that some
may acutely worsen and develop severe dengue or
dengue shock syndrome. The warning signs in each
case involve plasma leakage.56 Since plasma leakage
is the primary driver of the pathophysiology behind
worsening dengue infections, a tool to visualize
extravascular fluid would be invaluable.57 US can
easily visualize free and extravascular fluid resulting
in edema, so it can help identify those who need
more aggressive support.

Several studies have evaluated US use to detect
plasma leakage into tissues and body cavities in both
adult and pediatric patients.58-64 Although the
sample sizes are small, themes helpful for the
treating clinician emerge.

US use in dengue is primarily focused on identify-
ing extravascular fluid. The traditional physical
examination findings of free fluid such as ascites
and pleural effusions can be easily detected byUS and
are markers of more severe illness.57,58,60,62,65

Current studies highlight that gallbladder wall
edema (Figure 3) is significantly correlated with
severe dengue infection.58,59,62 Several studies have
Figure 3. Ultrasonographic findings suggestive of severe dengue infect
on US. A normal gall bladder wall measures b3 mm.
also identified different patterns of gallbladder wall
edema in patients with dengue.62 In particular, the
honeycomb pattern of wall thickening may be most
predictive of severe infection.62,63

A focused abdominal and thoracic US to detect
free fluid (ascites, pericardial effusion, and pleural
effusion) involves the same techniques used in the
FAST examination, obviating the need to learn a
new examination. Although more technically ad-
vanced, gallbladder US is also frequently taught in
POCUS curricula.3,7 Gallbladder POCUS can help to
identify patients with gallbladder wall thickening
which is an early and relatively specific sign of
plasma leakage in a patient with severe dengue.63

The majority of studies evaluating the use of US for
dengue have involved hospitalized patients with
known disease. No studies have evaluated US use by
community clinicians to risk stratify children at an
earlier stage of illness. US could be used in commu-
nity clinics in patients with fever and suspected
dengue. Testing for dengue by serology is difficult to
implement in many practice environments. In
general, clinicians are left with their history and
physical examination to determine if a child is at risk
for severe dengue. US could identify early signs of
plasma leakage missed by examination and help
determine which children should be monitored
closely or hospitalized. Further studies are needed
in this population to more clearly evaluate the
efficacy of US at an early stage of illness.

MALARIA
Malaria and dengue are the 2 vector-borne

diseases with the most significant impact on
children. Although malaria afflicts both adults and
children, children bear the brunt of the associated
morbidity and mortality. The WHO estimated that
ion. Gall bladder wall thickening measured to 4.48 mm by calipers
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there were 219 million cases and 435 000 deaths
from malaria in 2017, with children younger than 5
years accounting for 61% of deaths.66

Malaria often presents as a nonspecific fever and
is difficult to distinguish in its early stages from
other febrile illnesses. Adult patients who live in
hyperendemic areas may present with only fever
and general malaise. In young children or adults not
previously infected, the disease can result in life-
threatening organ damage. Many other diseases in
malaria-endemic regions can produce similar symp-
toms of fever, headache, rash, confusion, seizure,
renal failure, and shock.67,68 Advanced testing is
often not available in regions where the malaria
burden is highest. Rapid diagnostic tests can be
helpful, but the presence of parasites does not
directly translate into severity of disease. In areas of
high transmission, asymptomatic parasitemia can
be as high as 70%.69,70 An imaging modality allowing
clinicians to accurately risk stratify patients with
suspected or proven malaria would be extremely
helpful.

Plasmodium falciparum is responsible for the major-
ity of the mortality associated with malaria.66 P
falciparum causes end-organ dysfunction as a result of
the malaria parasite sequestering in end organs such
as the brain, liver, lungs, kidneys, and spleen. US
protocols evaluating each of these organs in other
diseases processes already exist and have been
applied to pediatric malaria patients to try and
identify unique findings.

A recent literature review analyzed the applica-
tion of US by organ system.71 The authors conclud-
ed that although there are several ultrasonographic
abnormalities seen in malaria, particularly liver and
spleen size, there is no clear correlation between
Figure 4. Periportal fibrosis (white arrows) surrounding the portal vein
(Ao), and vertebral body (VB) are labeled for orientation.
these findings and severity of infection. There may
be a role for transcranial Doppler based on some
limited and conflicting studies.72-74 The only finding
that showed some promise was the evaluation of
optic nerve sheath diameter (ONSD) in children
with proven cerebral malaria.75 In this study, an
enlarged ONSD was a marker for more severe
disease. A recent study in Benin reported similar
results.76

Based on current literature, US has limited utility
in malaria patients. In areas highly endemic for
malaria, the clinician might use US to search for
other sources of fever but should not expect findings
that would be diagnostic of malaria. There may be
utility in evaluating patients in whom there is a
strong suspicion for cerebral malaria by performing
ONSD measurement. Performing ONSD measure-
ment has been used in other POCUS protocols, and
there is some suggestion that it may help in RLS
with patients with increased intracranial pressure
(author [DK] personal communication; currently
unpublished data). Performing ONSD is somewhat
more complex than basic examination but is still
well within the range of the average clinician.

SCHISTOSOMIASIS
Unlike dengue and malaria, where acute infec-

tions are life threatening, schistosomiasis is a
parasitic infection where the burden of disease
accumulates with increased exposure and duration
of infection. Schistosomiasis affects an estimated
250 million people worldwide and can cause
significant morbidity including anemia, wasting,
and stunting.77,78 Infections acquired early in life
can have significant consequences for development
(*) in a patient infected with intestinal schistosomiasis. IVC, aorta
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and can be life threatening by early adulthood.
Delays in antiparasitic therapy early in the infection
can result in unfavorable clinical outcomes.78

The immune response to the eggs rather than the
adult worm drives morbidity. US is particularly well
suited to identify the immune response in infected
patients. Adult worms can live in the bladder venous
plexus (Schistosoma hematobium) or mesenteric ve-
nules (S mansoni, S japonicum, S intercalatum) and
cause disease. Eggs can become trapped either in
the bladder wall or in portal or pulmonary capillary
beds, resulting in chronic inflammation and fibrosis.
These fibrotic changes are readily visualized on US,
and the WHO has published standardized US
protocols and scoring systems for both intestinal
and urogenital schistosomiasis.77 In the case of
intestinal schistosomiasis, the WHO protocol eval-
uates periportal fibrosis (Figure 4) and portal
hypertension, whereas the urogenital protocol
evaluates bladder wall thickening and resulting
hydronephrosis. Both scoring systems are based
primarily on US findings and can grade the severity
of disease.79 US can also evaluate the response to
treatment with praziquantel. Patients with lower
Figure 5. A, Echocardiographic signs of RHD (Nunes).90 Parasterna
calipers) of the anterior mitral valve leaflet (white arrow). B, Apical 4-cha
by color Doppler. C, Parasternal short-axis view demonstrating aortic va
view demonstrating aortic regurgitation jet (white arrow) by color Dopp
severity of infection as graded by US can have
improvement or resolution of mild periportal
fibrosis and urinary lesions after treatment.79,80

For patients with higher disease severity, treatment
is less likely to result in improvement. Thus, US
could be helpful in screening high-risk pediatric
populations to identify disease early and target
treatment to prevent irreversible complications
such as esophageal varices or squamous cell
carcinoma of the bladder. (Figure 5.)

The WHO protocols are widely used and accept-
ed.81,82 They were not initially designed for practic-
ing clinicians and can be more detailed and time
consuming than a standard POCUS examination.1,8

Several simplifications and adaptations to the WHO
protocols have been proposed to allow for POCUS
application by nonspecialists.1,2,81 Initial investiga-
tions into these modifications suggest that even
novice clinicians and first-year medical students
can obtain adequate images with high sensitivity
and specificity after short training courses.83,84

Little data exist on US use specifically for
pediatric schistosomiasis. However, many studies
evaluating the WHO protocols were performed in a
l long-axis view demonstrating thickening ( 3 mm measured by
mber view demonstrating mitral regurgitation jet 2 cm (white arrow)
lve thickening and irregularity (white arrow). D, Apical 5-chamber
ler.



TABLE 3. Scoring system for risk stratification
for progression of RHD in children (Nunes). 90

Variable Points

Mitral valve
Anterior leaflet thickening 3 mm 3
Excessive leaf tip motion 3
Regurgitation jet 2 cm 6

Aortic valve
Irregular or focal thickening 4
Any regurgitation 5
Total

TABLE 4. Progression-free survival at 1, 2, and
3 years by score (Nunes).

Points Survival Rates 1 y 2 y 3 y

0-6 Low risk 100% 100% 93%
6-10 Intermediate risk 98% 93% 70%
N10 High risk 90% 60% 47%
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mixed population of children and adults. For both
screening protocols and current research, the WHO
criteria are applied regardless of age. Current
research is investigating the validity of a more
user-friendly POCUS protocol for schistosomiasis
that might allow clinicians to readily identify
patients with early or mild lesions amenable to
treatment and those with advanced lesions requir-
ing specialty follow-up.

RHEUMATIC HEART DISEASE
POCUS of the heart and pericardium is extremely

useful in children in RLS for the evaluation of
pericardial effusion; cardiomyopathies; and, in
certain areas of the world, endomyocardial fibrosis.
Its greatest value, however, may be in the assess-
ment of rheumatic heart disease (RHD) in areas of
medium to high prevalence for RHD. The World
Heart Federation (WHF) estimates that 33 million
people worldwide are affected with RHD, with
320 000 deaths annually, many in adolescents or
young adults.85 The prevalence of RHD in children
varies dramatically with geography, with the prev-
alence in westernized countries low, less than 5 per
100 000 people. In Africa, the Middle East, and
Central and South Asia, a substantial percentage of
school-aged and adolescent children show echocar-
diographic signs of disease, with a prevalence of 4-10
per 1000 persons. The prevalence is even greater
than 10 per 1000 in several Pacific locations.86

Some of these children are asymptomatic without a
history of acute rheumatic fever, and some do not
have cardiac murmurs, making screening by aus-
cultation alone ineffective.87

Echocardiography remains the tool of choice for
the detection of early and moderate to severe RHD.
85 Handheld US machines and traditional standard
portable machines are much superior to ausculta-
tion, with handheld machines having good sensitiv-
ity and specificity compared to standard echo.87-89

The WHF has published criteria for the diagnosis of
RHD in children and for the classification of RHD
into 3 distinct categories: normal, borderline, and
definite.89 These diagnostic criteria are widely
accepted.89,90 The WHF defined these categories
using 2-dimensional echo, color Doppler, and
continuous wave criteria.90 By defining RHD using
continuous wave and color Doppler, only higher-end
machines, which are often unavailable in RLS, could
be used to classify RHD in children.

Recently, it has been suggested that the WHF
echo criteria be simplified to only 5 criteria using
just 2D echo (Table 3 and Figure 5).91,96 This makes
the diagnosis and classification of RHD less compli-
cated. These images can be obtained on most
machines and by clinicians with limited echo
training and experience.91,92 By assigning a score
to each of the positive criteria, children can be
stratified into low, intermediate, and high risk for
adverse outcome (Table 4).

Any clinician delivering care in RLS, especially
areas with a high prevalence of RHD in children, can
expect to be confronted with children in various
stages of RHD. The simplified criteria for the
diagnosis and stratification of RHD in children
make it possible for those with limited experience
and limited resources to accurately diagnose and
risk stratify children with (and without) RHD and
refer those at high risk for progression for interven-
tion or to an appropriate higher level of care.93,94
TROPICAL PYOMYOSITIS
US evaluation of soft tissue abnormalities in RLS

overlaps significantly with scanning in resource-rich
settings. The evaluation of lymph nodes, soft tissue
masses, foreign bodies, abscesses, and cellulitis is
essentially the same. One soft tissue abnormality
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that is rarely seen in temperate climates, but
common in tropical settings, is tropical pyomyositis
(TP). TP is found primarily in immunocompetent
children and is responsible for up to 4% of pediatric
hospital admissions in tropical countries, but the
diagnosis is frequently elusive and made at the time
of hospital admission only 25% of the time.95,96 TP is
a soft tissue abscess most often surrounding or
encasing the large muscles of the lower extremity
and pelvic girdle, especially the quadriceps and
iliopsoas muscles, but can also involve muscles of
the upper extremity and limb girdle.97,98 Its
pathophysiology is poorly understood, but it does
not arise from contiguous infections of skin, bone, or
other soft tissues.97,99

The most common presentation is fever and
painful limping or refusal to use the affected limb
without a history of substantial injury.99,100 Al-
though there is usually fever, temperature may be
normal, and the abscess site may not be red, warm
to touch, or fluctuant.100,101 TP may present
similarly to a variety of musculoskeletal and soft
tissue pathologies. A 3-phase evolution of TP has
been described in the literature.96,98 The first is the
invasive phase with painful swelling of the area and
fever with or without erythema. The area will be
described as “wooden” on palpation. Result of US
evaluation of the area in the first phase is usually
normal. In the second phase, at 2-3 weeks, an
abscess forms surrounding the muscle with severe
systemic signs and symptoms. Classic signs of an
abscess, including erythema and fluctuance, may
still be lacking. However, US evaluation will dem-
onstrate an abscess, and aspiration by US guidance
will yield pus, frequently in enormous quantities in
the hundreds of milliliters. In the third phase, if the
abscess remains unrecognized or untreated, the
child develops signs of disseminated infection,
bacteremia, and sepsis.

Results of plain x-rays of the area in TP are normal
and only help to rule out bony abnormalities. US is
the primary method of imaging for TP because of its
availability, portability, and low cost in RLS.98,101-
104 TP has also been successfully demonstrated
using handheld US devices.105,106 MRI is the
imaging method of choice when TP is considered
likely and the result of the US examination is
normal; however, MRI is frequently not available in
RLS or may be too expensive for poor families.
99,102,107 US is also useful in directing aspiration of
the abscess in TP14 and in evaluating if the abscess
has been fully drained.108 The US findings of TP are
those of a large, deep abscess, best seen with a high-
frequency linear transducer. As with all abscesses,
there will be no Doppler color flow.
SUMMARY
POCUS is increasingly used to improve patient

care in adult and pediatric patients in various
settings around the world. It has a lack of radiation,
is portable, and has relatively low cost, making it an
ideal diagnostic modality for children in RLS. For
clinicians with prior POCUS training, some appli-
cations and findings with which they are already
familiar can be directly applied to patient care in
RLS, as in the diagnosis of pneumonia. Other
protocols take well-known examination and apply
them to new contexts, such as the FASH examina-
tion for EPTB, the search for extravascular fluid in
severe dengue, TP, and screening for RHD. For
clinicians working in RLS, relatively simple POCUS
applications may be a valuable adjunct to diagnosis
or risk stratification and may be worth the invest-
ment in equipment and training. Further research is
needed in many areas to clarify to role of POCUS
and its diagnostic accuracy in the hands of bedside
clinicians, such as in schistosomiasis, and US may
not be as helpful as hoped in some disease processes
and settings, such as in dehydration and malaria.
The authors believe that with appropriate knowl-
edge of the clinical context and specific disease
processes and adequate training in the modality
itself, POCUS can be used to improve the care of
children around the world.
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