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Abstract

Purpose of review To describe the imaging findings of

tuberculosis with different imaging modalities, as well as

the current usage and importance of imaging tuberculosis

in resource-limited settings.

Recent findings Primary pulmonary tuberculosis can

manifest as lung parenchymal disease, lymphadenopathy,

pleural effusion, and/or miliary disease. Differentiating

features of post-primary tuberculosis include cavitation,

bilateral tree-in-bud nodules, and an absence of lym-

phadenopathy. Extrapulmonary tuberculosis can involve

nearly any organ system, including the heart, central ner-

vous system, bones and abdominal organs. Many of these

findings can be demonstrated with radiography and ultra-

sound in low-resource settings.

Summary Tuberculosis remains prevalent in resource-

limited settings. It is important for clinicians working in

these areas to be familiar with both clinical manifestations

and imaging findings of tuberculosis to adequately combat

the disease. In order for imaging to help aid with diagnosis

and treatment of tuberculosis, there needs to be an

increasing focus on appropriate, low-cost imaging and

imaging education.
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Introduction

Mycobacterium tuberculosis is the leading infectious cause

of death globally, surpassing HIV/AIDS [1]. Tuberculosis

(TB) is notable for its communicability, ability to form a

latent disease state, and propensity to form drug-resistant

strains. The World Health Organization (WHO) approxi-

mates that there were 10 million new cases and 1.6 million

deaths related to TB in 2017 [1]. The WHO also estimates

that 1.7 billion people (23% of the world’s population)

have latent TB infections. These patients are at risk for

reactivation (post-primary) TB, which has the potential to

progress to localized destructive or disseminated disease.

In order to combat this, the WHO implemented an ‘‘End

TB’’ strategy that aims to decrease TB incidence rates by

4–5% per year [1]. While the global burden of TB has

decreased, it has not done so at a rate that would achieve

these goals [1].

Most cases of active and latent TB, as well as TB deaths,

are concentrated in developing countries. In 2017, the

incidence rate of new TB cases was 0.01% in most

resource-rich countries, compared to a rate of 0.5% in

resource-poor countries such as Mozambique, South Africa

and the Philippines [1]. Discrepancies are also apparent in

disease outcome between wealthy and developing nations.

Case fatality rate, for example, is significantly higher in

countries bearing the brunt of disease burden [1]. This

reflects the vast inequalities in healthcare access for TB

diagnosis and treatment. Additionally, the discrepancy is

likely larger than reported, as many of the nations with
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highest disease burden underreport disease [1]. Widespread

use of imaging to identify cases of TB is essential for

diagnosis and management of tuberculosis in resource-

limited settings.

Imaging Modalities Utilized in Resource-Limited
Settings

In the developed world, evaluation of pulmonary tubercu-

losis is largely accomplished with Computed Tomography

(CT). However, in the resource limited setting, there are

significant barriers to accessing more advanced imaging

techniques, and chest radiography, and increasingly chest

ultrasound, are more frequently utilized.

Radiography

The WHO estimates that two-thirds of the world’s popu-

lation does not currently have access to X-ray technology,

and there are many barriers to implementation [2, 3]. Some

of these barriers include that when new diagnostic imaging

technology reaches low-resource countries, the technology

is delivered to larger regional hospital centers first, leaving

the rural health care facilities lacking. When equipment

does reach these rural areas, staff is frequently not suffi-

ciently trained to properly use and service the machine,

rendering it unreliable [4, 5]. In order for a medical facility

to offer chest radiography to aid in diagnosing tuberculosis,

infrastructure specifications must be met. Standard sta-

tionary X-ray technology requires space for the X-ray

generator and detector, as well as a reliable power source

[6]. While these requirements may be trivial in hospitals in

resource-rich countries, underdeveloped countries often

have unreliable power grids and may need power genera-

tors to provide an adequate consistent power source [7].

Due to infrastructure limitations, many low-resource

facilities have turned to mobile X-ray units to acquire chest

radiographs. Companies like MinXray specialize in pro-

ducing lightweight portable X-ray machines that can be set

up in any room quickly and can easily be transported

between sites (MinXray, Inc. 2015, Fig. 1). In addition,

Delft imaging systems supplies portable X-ray units within

a mobile van that combines X-ray technology and Xpert

testing (Delft Imaging Systems, Fig. 2). These clinics help

overcome barriers associated with medical facility infras-

tructure, as well as the difficulties of widespread distribu-

tion to rural sites.

Computed Tomography

Computed tomography (CT) is another valuable tool in

diagnosis of pulmonary tuberculosis, and is complementary

to conventional chest radiography and CAD, particularly

when evaluating sequelae of pulmonary disease. The most

significant limitation of CT use in resource-limited settings,

however, is lack of access. A study conducted in South

Africa in 2015 showed that general X-ray units were the

most easily accessible resource throughout the country,

with approximately 35 units available per million people

[8]. CT was significantly less accessible, with 5 units

available per million people, with significant variation in

resource availability in different regions.

MRI

Due to its lack of ionizing radiation and improved contrast

resolution compared with CT, there has been increased

interest in utilization of magnetic resonance imaging (MRI)

in evaluation of the chest, especially in the pediatric pop-

ulation. However, in the resource limited setting, cost, lack

of availability and long procedure time often prove pro-

hibitive. While likely not useful in the initial diagnosis of

tuberculosis, if available MRI can be considered for

assessing treatment response during prolonged antibiotic

courses [9].

Ultrasound

Ultrasound (US) is more readily available than chest

radiography in resource-limited settings. It is also cheaper,

portable, and of course involves no radiation [10].

Fig. 1 MinXray portable X-ray
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Imaging of Tuberculosis with Chest Radiography

Primary Tuberculosis

Primary tuberculosis develops with initial exposure to

Mycobacterium tuberculosis and normally manifests as

lung parenchymal disease, lymphadenopathy, pleural

effusion and/or miliary disease. Parenchymal disease

characteristically presents as dense homogeneous consoli-

dation of any lobe, with lower and middle lobe predomi-

nance [11]. Multi-lobar consolidation is seen in

approximately 25% of patients [12]. These findings are

non-specific because lobar consolidation is much more

likely to be caused by bacterial pneumonia. TB can

sometimes be differentiated from bacterial pneumonia

when bulky lymphadenopathy is present, or the patient has

not responded to antibiotics [13]. Atypical infections,

notably fungal, should also be considered in these clinical

contexts. In addition to consolidation, in the pediatric

population, lobar or segmental atelectasis is common [4].

In about two-thirds of patients, parenchymal disease

resolves without permanent sequelae visible on chest

radiography. However in about 15% of patients, a

parenchymal scar that can calcify persists, called a Ghon

focus [11, 14] (Fig. 3).

Lymphadenopathy is seen in up to 96% of pediatric

patients and 43% of adults [5, 6]. In infants and young

patients, lymphadenopathy in the hilar and para-tracheal

region is one of the most important signs for diagnosing TB

in suspect patients [15, 16]. Lymphadenopathy is often

unilateral and may be the sole manifestation of primary

tuberculosis (Fig. 4). The most common location for lym-

phadenopathy is right paratracheal and right hilar [14].

Disseminated miliary disease affects between 1 and 7%

of patients, most often the elderly, infants, and the

immunocompromised [11]. Chest radiography is often

normal at the onset of symptoms, but within 6 months of

exposure hyperinflation and diffuse, evenly distributed

Fig. 2 Delft portable X-ray unit

schematic

Fig. 3 Chest radiograph of 78-year-old female with calcified Ghon

focus in the right lower lobe

Fig. 4 AP (a) and lateral (b) chest radiographs of a 20-month-old

male with bilateral peri-hilar adenopathy, consistent with pulmonary

tuberculosis
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2–3 mm nodules are seen with a slight lower lobe pre-

dominance [11] (Fig. 5).

Pleural effusion is also a common manifestation of

primary tuberculosis and like lymphadenopathy is often

unilateral and sometimes the sole manifestation of disease.

Pleural thickening and calcification may ensue [11],

sometimes resulting in significant contraction of the

hemithorax (‘‘fibrothorax’’) [17].

Post-primary Tuberculosis

Post-primary tuberculosis refers to reinfection or reactiva-

tion of tuberculosis [11]. Findings of primary and post-

primary tuberculosis may overlap. Differentiating features

of post-primary tuberculosis include an upper lobe pre-

dominant or lower lobe superior segment cavitary mass,

frequently with bilateral tree-in-bud nodules (representing

dissemination of infection via the airways), in the absence

of lymphadenopathy. The pulmonary parenchymal disease

often displays patchy, poorly defined consolidation in

apical and posterior segments of upper lobes [18],

demonstrated in Figs. 6 and 7. Cavities with thick irregular

walls are seen in approximately 50% of patients, eventually

leading to scar or emphysematous change [11]. Pleural

effusions are more common in primary tuberculosis but are

seen in about 18% of post-primary patients [11].

Chest Radiograph Analysis in Resource-Limited Settings

In addition to mobile X-ray technology increasing acces-

sibility of radiographic imaging to more resource-limited

areas, there have been recent technological advances in

diagnostic interpretation of chest radiographs with com-

puter aided diagnostic systems (‘‘CAD4TB’’) [19]. Delft

Imaging Systems has developed pattern recognition soft-

ware, now in its sixth edition, that analyzes chest radio-

graphs for findings associated with active pulmonary

tuberculosis [20]. CAD4TB software combines multiple

subsystems which analyze overall lung field shape (de-

tecting large pleural-based abnormalities), inflammatory or

Fig. 5 Chest radiograph of an 8-month-old female with a left upper

lobe pneumonia and uniformly distributed diffuse 1–3 mm micron-

odules, representing miliary tuberculosis

Fig. 6 Chest radiograph of an 87-year-old male with patchy opacities

in the right greater than left lungs, particularly in the upper lobes,

consistent with post-primary tuberculosis

Fig. 7 Chest radiograph of a 79-year-old male with bilateral patchy

opacities, right greater than left, with cavitary lesions in the right

upper lobe, consistent with post-primary tuberculosis

Fig. 8 a Example of adult normal chest radiograph (ai) and

CAD4TB Heat Maps (aii). b Example of adult abnormal chest

radiograph (bi) and CAD4TB Heat Maps (bii) with findings

concerning for pulmonary tuberculosis
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fibrotic textural abnormalities of the lung parenchyma or

pleura, and focal nodular abnormalities on chest radio-

graphs in suspected cases of pulmonary tuberculosis [21].

As seen in Fig. 8, the software then generates heat maps

that highlight radiographic findings associated with TB,

generating a score from 0 to 100 on abnormalities consis-

tent with TB. Computer aided detection software has been

proven in multiple studies to have a high sensitivity and

low-negative predictive value for pulmonary TB, allowing

for increased detection rates and targeted follow up diag-

nostic laboratory studies [22, 23]. In its most recent edition,

this technology is now available for the pediatric popula-

tion and has been approved for children as young as

4 years of age (Fig. 9) [20].

Imaging of Tuberculosis with Computed
Tomography

Although CT is less easily accessible in resource-limited

settings, when available it can provide more detailed

diagnostic information and better delineate the extent of

TB infection. Similar to chest radiography, typical CT

findings for primary TB are parenchymal consolidations,

which can range from segmental to multi-lobar (Fig. 10)

[14]. The manifestations of post-primary pulmonary TB on

CT are upper lobe or lower lobe superior segment cavitary

masses, with additional findings dependent on method of

spread of the infection. Characteristically, centrilobular or

tree-in-bud nodules are seen in endobronchial spread,

randomly distributed nodules in miliary tuberculosis

resulting from lymphohematogenous spread, and occa-

sionally non-enhancing smoothly marginated masses with

tuberculoma formation (Figs. 11, 12, 13) [24]. Hilar and

mediastinal lymph nodes can be enlarged in up to 43% of

Fig. 9 Example of abnormal pediatric CAD4TB Heat Map. Since the

6th update of CAD4TB, X-ray images of children ages 4 and up can

be processed

Fig. 10 Non-contrast chest CT in a 46-year-old male with history of

BCG vaccination and chronic cough who was found to have AFB

positive sputum, with parenchymal consolidation representing pri-

mary pulmonary tuberculosis

Fig. 11 Non-contrast coronal chest CT in a 79-year-old woman with

history of hepatitis B and orthotopic liver transplant on immunosup-

pressive therapy, with recent history of travel to Bangladesh. The

patient presented with complaints of back pain, fevers, and abdominal

pain and was found to have diffuse, uniformly distributed 1–3 mm

nodules representing miliary post-primary tuberculosis

Fig. 12 Axial CT in a 79-year-old male with right upper lobe

cavitary mass as well as local and distant (left upper lobe) branching

tree-in-bud nodules secondary to endobronchial spread of post-

primary TB

Fig. 13 Coronal CT of a 79-year-old male with multiple cavitary

masses in the right upper lobe and superior segment of the right lower

lobe in the setting of post-primary pulmonary tuberculosis
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adults and are classically peripherally enhancing and cen-

trally hypoattenuating secondary to central caseating

necrosis [14]. Pleural effusion is common particularly

during primary infection and can often demonstrate the

‘‘split pleura sign’’ of enhancing pleura surrounding

tuberculosis-infected empyema (Fig. 14).

The CT features of tuberculosis can also vary depending

on the patient’s age and immune status. In immune defi-

cient hosts, such as those with acquired human immune

deficiency syndrome (HIV/AIDS), there is an increased

incidence of miliary TB and pleural effusion compared to

immunocompetent patients [24]. Similar to chest radiog-

raphy, pediatric patients are more likely to present with

lymphadenopathy as the primary manifestation of TB

infection, and show parenchymal involvement less com-

monly than adults [14, 15, 25].

Overall, CT is more sensitive for detecting pulmonary

tuberculosis than is chest X-ray, and it provides better

characterization of both parenchymal lung and mediasti-

nal lymph node involvement [14, 26]. While initial

radiographs of patients with miliary tuberculosis may be

interpreted as negative, the improved contrast resolution

of CT can demonstrate subtle findings at an earlier stage

of disease. CT can also provide more diagnostic infor-

mation regarding extra-pulmonary manifestations of

tuberculosis in comparison to radiography. CT is more

sensitive for detecting mediastinal lymphadenopathy,

skeletal involvement, and upper abdominal lymph node

involvement in comparison with radiography [14]. If

utilization of computed tomography for the diagnosis and

characterization of tuberculosis infection is possible, its

increased sensitivity and more detailed characterization of

disease are valuable.

Imaging of Tuberculosis with Ultrasound

A recent systematic review evaluated studies that investigated

the use of chest US for pulmonary TB and found five areas

where chest US can be applied [27]. The first is for evaluation

of pleural effusions, frequently at early stages, and which can

often signify an underlying pulmonary lesion [28–30]. The

second is for accurately detecting a septated sonographic

pattern which can predict development of residual pleural

thickening after TB treatment [31]. Third, an additional study

described an US appearance including an interstitial pattern

disseminated with B-lines in multiple lung areas and bilateral,

diffuse sub-pleural granularity that is typically seen with

miliary TB [32]. Fourthly, chest US can be utilized to guide

aspirations or biopsies [33, 34]. Lastly, chest US can be used

to assess mediastinal lymphadenopathy, discussed further

below [10, 34–36].

Imaging of Multi-Drug-Resistant Tuberculosis

Multi-drug-resistant tuberculosis (MDR TB) refers to

infection with mycobacterium tuberculosis strains that have

evolved resistance to isoniazid and rifampin, two of the

four antibiotics in the classic regimen used to treat tuber-

culosis [37, 38]. Although definitive diagnosis of MDR TB

requires laboratory confirmation, imaging findings can

suggest MDR TB infection. The most common imaging

characteristics seen in MDR TB are similar to non-MDR

TB and included centrilobular and tree-in-bud nodularity,

consolidation, cavitation and bronchiectasis [37]. In MDR

TB, there is classically more diffuse involvement of the

bilateral lungs, and thick-walled cavities are more fre-

quently seen in MDR TB than in non-MDR TB. One study

suggested that the presence of [ 3 cavities measuring

[ 3 cm in diameter in more than 2 lung zones was asso-

ciated with pulmonary MDR-TB [39]. Although significant

overlap between MDR-TB and non-MDR TB findings

precludes definitive diagnosis based on imaging alone,

radiologists can suggest the possibility of MDR-TB if

extensive, thick-walled cavities are found in both lungs.

Imaging of Extrapulmonary Tuberculosis

It is important to recognize that TB can affect many organs

other than the lungs. In fact, one in five cases of TB pre-

sents initially as extrapulmonary TB [40]. Extrapulmonary

TB can involve nearly any organ system, including the

heart, central nervous system, bones, and major abdominal

organs, as well as the biliary tract, pancreas, adrenal glands

and reproductive organs.

Fig. 14 Contrast-enhanced chest CT of an 18-year-old female from

Mexico who initially presented with chest pain, night sweats, and

fevers and was diagnosed with primary pulmonary tuberculosis. Axial

image demonstrates pleural effusion surrounded with enhancing

pleura, known as the ‘‘split pleura sign’’
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Cardiac

While cardiac involvement in TB is rare as a whole, peri-

cardial involvement with or without pericarditis is relatively

common, especially in low-resource areas [41]. Research

suggests that while pericardial TB is rare in resource-rich

nations, TB can be the most common cause of pericarditis

and pericardial effusions in regions where TB is prevalent.

This has been found to be at least in part due to increased

prevalence of concurrent HIV/AIDS infection in these

populations [42]. Pericardial effusions are easily diagnosed

with echocardiography and/or point-of-care ultrasound [43].

In the chronic setting, pericardial calcifications can be

visualized on chest radiography. Myocardial involvement is

less common than pericardial involvement, and also difficult

to diagnose with imaging [40].

Lymph Nodes

Lymph nodes are commonly affected in TB. In adults,

cervical lymph nodes are most often involved, followed by

mediastinal nodes. Usually, cervical lymphadenopathy is

unilateral in cases of TB, but this does not allow reliable

differentiation from alternative causes. In a resource-poor

setting, point-of-care ultrasound plays a large role in reli-

ably diagnosing TB. Research suggests that sonography

with Power Doppler can demonstrate large lymph nodes

with increased vascularity at the hilum, which differs from

the peripheral vascularity seen in malignant lymph nodes

[40, 44].

Within the abdomen, lymphadenopathy is the most

common manifestation of tuberculosis [40]. On contrast-

enhanced CT, this is visualized as large nodes with central

hypoattenuation due to central necrosis (Fig. 15) [45]. Peri-

portal and para-aortic lymphadenopathy is easily identified

by ultrasound [30].

Abdomen

Gastrointestinal TB is not readily diagnosed by ultrasound

and often requires CT or at the very least a contrast fluo-

roscopy study. While gastrointestinal involvement itself is

rare, 90% of gastrointestinal TB cases involve the ileocecal

region. This commonly manifests as nonspecific bowel

wall thickening (Fig. 16) [46, 47].

In contrast to gastrointestinal involvement, hep-

atosplenic lesions are common [47]. Within the liver and

spleen, involvement may be miliary or macronodular.

Miliary involvement of the liver can appear as innumerable

sub-2-mm nodules that may not be visualized on CT. By

ultrasound, these miliary nodules often appear hypoechoic

compared to parenchyma [48]. By contrast, the less com-

monly seen macronodular involvement demonstrates more

Fig. 15 Contrast-enhanced axial (a) and coronal (b) CT images of

the abdomen in a 38-year-old male with HIV and disseminated TB.

Images demonstrate peritoneal lymph nodes with central necrosis

(a) and a rim-enhancing fluid collection within the left psoas muscle

(b)

Fig. 16 Contrast-enhanced axial (a) and coronal (b) CT images of a

26-year-old male demonstrate circumferential wall thickening and

dilation of the cecum and terminal ileum, secondary to TB. Images

courtesy of Felipe Urdaneta, MD
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obvious irregular, hypoattenuating lesions with peripheral

enhancement on contrast-enhanced CT and as mass-like

hypoechoic lesions on ultrasound [2, 40].

Approximately, 15–20% of extrapulmonary TB cases

present as renal tuberculosis [40]. Renal TB commonly

presents unilaterally as pyelonephritis or parenchymal

nodules. The collecting system may also be involved by

anterograde adjacent spread. On CT, this manifests as renal

papillary necrosis with resultant irregular caliectasis. Fur-

ther along in the disease process, imaging findings include

a dilated collecting system with multifocal strictures and

urothelial enhancement (Fig. 17). This can be seen any-

where from the renal calyces to the bladder. With chronic

disease, calcifications occur along the course of the col-

lecting system and may be seen on abdominal radiographs.

With end-stage disease, radiographs, US, and CT may

demonstrate a putty kidney (coarse, heterogeneous calci-

fications in the renal fossa) [40].

TB also commonly affects the peritoneum. There are

three types of tuberculous peritonitis: wet, fibrotic and dry.

Wet peritonitis is the most common and presents as large

loculated or free ascites, which tends to be slightly

hyperattenuating on contrast-enhanced CT. On ultrasound,

loculated fluid pockets with internal debris are easily evi-

dent. Fibrotic peritonitis can be seen as omental caking

with matted bowel. Dry peritonitis is seen as mesenteric

thickening with adhesions and caseating nodules, similar to

peritoneal carcinomatosis [2, 30].

Musculoskeletal

Worldwide, the incidence of musculoskeletal TB ranges

from 10 to 35% [49]. This can present as tuberculous

spondylitis, arthritis, osteomyelitis, or soft tissue disease

[11]. The most important and common of these is tuber-

culous spondylitis, also known as Pott disease: TB of the

vertebral bodies and intervertebral discs. Unlike with

bacterial spondylitis, contiguous vertebral bodies may be

involved without significant involvement of the interver-

tebral disc space [11]. Assessment of disease extent in the

early stages generally requires MRI. In later stages,

radiography can show reduction in vertebral body height,

sclerotic vertebral bodies, and compression deformities.

Untreated TB may lead to progressive kyphosis (Fig. 18).

TB spondylitis may also be complicated by abscess for-

mation in adjacent soft tissues. Radiographically evident

calcifications within these abscesses are highly suggestive

of TB [50].

Central Nervous System (CNS)

5–10% of patients with tuberculosis demonstrate involve-

ment of the CNS [51]. Notably, the risk of CNS involve-

ment is increased in immunocompromised individuals and

is indeed five times greater in those with HIV/AIDS than in

immunocompetent patients with TB [52]. In the CNS, TB

presents most commonly as tuberculous meningitis or as an

Fig. 17 Contrast-enhanced CT through the abdomen in a 55-year-old

female with known TB demonstrate multifocal, irregular strictures

and caliectasis involving the left kidney (a) with urothelial enhance-

ment (b). Images courtesy of Michael Douek, MD

Fig. 18 Sagittal CT (a) and T2-weighted MRI (b) of the lumbar

spine in a 61-year-old female with known TB spondylitis demonstrate

destructive compression deformities of the T11 and T12 vertebral

bodies with resultant focal kyphosis (a). MRI demonstrates severe

spinal canal stenosis at these levels with involvement of the inferior

T10 vertebral body. Images courtesy of Felipe Urdaneta, MD
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intracranial tuberculous granuloma. Typically, tuberculous

meningitis presents on contrast-enhanced CT or MRI with

thick leptomeningeal enhancement predominantly at the

base of the brain, often leading to obstructive hydro-

cephalus (Fig. 19) [11].

Within the cerebral parenchyma, caseating tuberculous

granulomas are seen as rim-enhancing lesions with marked

surrounding edema [53]. Alternatively, non-caseating

granulomas enhance homogeneously [40]. Radiography

and US have no role in diagnosing CNS TB, and in

resource-poor settings diagnosis usually rests on clinical

findings.

Point-of-Care Ultrasound for Tuberculosis
Diagnosis

Point-of-Care Ultrasound (POCUS) is especially useful in

the evaluation of TB in the setting of HIV/AIDS, as TB

often has extra-pulmonary manifestations in immunocom-

promised individuals. Extrapulmonary TB often poses a

diagnostic challenge due to its non-specific presentation,

pauci-bacillary nature and lack of pulmonary involvement

(negative sputum smear) [54]. Additionally, TB is 20–30

times more common in HIV positive individuals and TB

causes over 1/3 of HIV-related deaths, making early

detection critical [55].

In 2017, Heller et al. modified the ‘‘focused assessment

with sonography for trauma’’ (FAST) protocol to develop a

technique specific for the diagnosis of TB in the setting of

HIV, entitled ‘‘focused assessment with sonography for

HIV-associated TB’’ (FASH) [54]. This ultrasound-based

technique has become one of the most utilized point-of-

care ultrasound techniques (POCUS) in resource-limited

settings with high TB/HIV burdens, such as South Africa

[56].

FASH aims to detect six key features of EPTB: pleural

effusion, pericardial effusion, ascites, lymphadenopathy

and splenic and hepatic abscesses (Fig. 20) [54, 56]. Uni-

lateral pleural effusion presents on ultrasound as anechoic

fluid accumulation in the costodiaphragmatic recess, and in

the setting of HIV strongly suggests TB [55]. Bilateral

pleural effusions, on the other hand, are more suggestive of

congestive heart failure or Kaposi sarcoma [55]. Addi-

tionally, enlarged abdominal lymph nodes greater than

1.5 cm (especially para-aortic, epigastric, mesenteric, and

splenic) warrant TB treatment in patients with HIV. Sim-

ilarly, hypoechoic foci in the liver and spleen are suspi-

cious for tuberculous abscesses, and if present should

instigate treatment for disseminated TB [55]. Other find-

ings such as pericardial effusion or ascites may represent

sequelae of TB in high TB prevalence areas, although other

etiologies (including metastatic disease, lymphoma or

Kaposi’s sarcoma) should also be considered [55].

The Republic of Malawi Ministry of Health has adopted

the FASH protocol and encourages its use in suspected TB

cases. According to the Ministry of Health’s National

Fig. 20 FASH protocol transverse US of the upper mid-abdomen in a

31-year-old female with history of HIV demonstrates multiple

enlarged, hypoechoic para-aortic and peri-portal lymph nodes due

to extrapulmonary TB

Fig. 19 Axial FLAIR (a) and post contrast T1-weighted (b) MRI

through the base of the brain in a 34-year-old female with HIV/AIDS

and TB meningitis demonstrate thick, irregular leptomeningeal

enhancement at the base of the brain with mild associated edema
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Tuberculosis Control Program, a positive FASH exam in a

resource-poor, high-prevalence setting is sufficient evi-

dence to initiate empiric TB treatment [57].

POCUS can also be employed in the diagnosis of

pediatric TB. As previously described, the hallmark of TB

in the pediatric population is mediastinal lymphadenopathy

[10, 25], and in children the mediastinum is often readily

evaluated by US. However, mediastinal lymphadenopathy

is not a specific finding for extrapulmonary TB and must be

used in conjunction with clinical and laboratory findings to

support the diagnosis [10].

Conclusion

Despite the low disease burden in resource-rich commu-

nities, tuberculosis remains prevalent in resource-poor

communities, and accurate diagnosis is critical. To ade-

quately combat TB, clinicians need to be aware of common

and uncommon tuberculosis presentations as well as

common and uncommon imaging findings. This is impor-

tant, since TB can affect nearly every organ system in a

variety of ways, often leading to diagnostic dilemmas. To

appropriately combat the global burden that this disease

entity presents, an increasing focus on appropriate, low-

cost imaging and imaging education is essential. Although

some manifestations of TB are only diagnosed with CT and

MRI, radiography and US—the mainstays of imaging in

resource-limited settings—allow diagnosis of many forms

of chest, abdominal, and osseous disease.
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