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Abstract: This review describes the appearance of extrapulmonary tuberculosis manifestations
in comprehensive and multiparametric ultrasound imaging. The aim is to increase awareness of
typical ultrasound findings regarding extrapulmonary tuberculosis, correlate those with pathological
features, and facilitate differential diagnosis. Point of care ultrasound protocols can be used as a
screening method in high-risk populations, although the negative findings do not exclude tuberculosis.
Conversely, the diagnosis of extrapulmonary tuberculosis can never be made using ultrasound alone,
as many ultrasound findings in extrapulmonary tuberculosis are non-specific. However, ultrasound-
based sampling techniques can significantly facilitate the collection of samples for microbiological or
molecular proof of tuberculosis, as well as facilitating the establishment of alternative diagnoses.

Keywords: tuberculosis; extrapulmonary manifestations; ultrasonography; contrast enhanced
ultrasonography; endoscopic ultrasound

1. Introduction

Globally, tuberculosis (TB) is one of the leading causes of death [1]. In 2022, an
estimated 10.6 million people worldwide contracted tuberculosis. HIV-infected people
accounted for 6.3% of the total number, with the disease causing 1.30 million deaths of
whom 167,000 people also had HIV. Globally, there is still a large gap between the estimated
number of people with tuberculosis and the number of newly diagnosed people. In 2022, it
was estimated that around 3.1 million people were not appropriately diagnosed with the
disease or were not officially reported to the national authorities [2]. Typically, tuberculosis
is localized in the lung, but 11-20% of patients have extrapulmonary manifestations [3,4].
Lymph nodes or pleura are usually affected. However, almost all organ systems can
be involved. The extrapulmonary manifestations can occur in both immunocompetent
and immunocompromised patients, but the simultaneous presence of an HIV infection
significantly increases the probability. HIV patients are at risk of reactivating a tuberculosis
infection and are more likely to develop disseminated disease [5-8]. The disease is endemic
in areas with difficult socio-economic standards. In 2022, according to data from the WHO,
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most new cases of tuberculosis occurred in the Southeast Asian region (46%), then followed
by the African region (23%) and the Western Pacific region (18%). Around 87% of new
TB cases were concentrated in 30 countries (half of the global population) with a high
TB burden; more than two thirds of global cases occurred in only the eight following
countries: India, Indonesia, China, the Philippines, Pakistan, Nigeria, Bangladesh, and
the Democratic Republic of Congo [2]. Special ultrasound protocols have been developed
to improve the diagnosis of extrapulmonary tuberculosis. FASH (Focused Assessment
with Sonography for HIV and Tuberculosis) is an ultrasound protocol, designed to detect
signs of extrapulmonary tuberculosis, including pleural and pericardial effusion, enlarged
intra-abdominal lymph nodes, splenic and liver abscesses, and ascites [8-13]. Extended
FASH (eFASH) incorporates an ultrasound examination of the chest, inferior lymph node
stations, and the width of the inferior vena cava as an indication of right heart failure [14,15].
Ultrasound is a simple and widely used cost-effective examination method for the detection
and differentiation of extrapulmonary manifestations, and is also available and applicable
in economically disadvantaged regions of the world.

Typical pathology in tuberculosis are granulomatous inflammation, granuloma for-
mation, caseous necrosis and abscess formation, fibrosis, and calcification. There are
correlating ultrasound images for these morphological changes in all the affected organs
(Tables 1 and 2).

Table 1. Morphological changes of tuberculosis and corresponding findings on B-mode and contrast
enhanced ultrasound.

Morphological Changes

Corresponding Findings in B-Mode
Ultrasound

Correspondent Findings in
Contrast-Enhanced Ultrasound

Granulomatous inflammation

Hypoechoic, ill-defined lesions

Hyperenhanced lesions

Granulomas

Hypoechoic round lesions

Hyperenhanced lesions

Caseous necrosis

Hypoechoic, heterogeneous, anechoic lesions

Hypo- or nonenhanced, heterogeneously
enhanced lesions, contrast enhanced
septations, contrast enhanced rim

Caseous abscess

Anechoic lesions, septations, heterogeneous
masses, hyperechoic rim

Nonenhanced lesions, contrast enhanced
rim, contrast enhanced septations

Fibrosis, strictures

leads to dilation of upstream fluid-filled
structures (Bile ducts, Hydronephrosis,
Caliectasia, hydrosalpinx)

The dilated structures are nonenhanced

Septations

Echoic fibrin strands in pleural effusion
and ascites

Fibrin strands in pleura effusion and
ascites are nonenhanced;
septations in abscesses and lymph nodes
may be enhanced

Calcifications

Point-shaped, crescent-shaped, ring-shaped
hyperechoic reflexes with dorsal sound
cancellation;
for example, miliary/diffuse distribution,
micro- and macrocalcifications in lesions,
triangular lobar border in the kidney

No additional information

Fistulas

Hypoechoic or anechoic tubular structures
between hypoechoic or anechoic caseous
abscesses and surrounding structures; air

reflexes with reverberation may occur upon
contact with the gastrointestinal tract

Nonenhanced tubular structures
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Table 2. Typical ultrasound features of extrapulmonary tuberculosis.

Organ Tuberculosis Manifestations on Ultrasound
Lung Subpleural hypoechoic nodules and lung consolidations
Pleura Pleural effusion, fibrin strands, septations, pleural thickening and calcifications
Ascites, fibrin strands, septations, thickened peritoneum and mesentery, local
Peritoneum, mesentery, omentum encapsulated ascites
Nodular lesions in the mesentery and adhesions
Lymph nodes Enlarged, round, hypoechoic lymph nodes with hypo- or anechoic central areas
Hepatomegaly, multiple miliary hypoechoic lesions, macronodular hypoechoic
Liver lesions, hypoechoic tuberculomas, hypo- or anechoic caseous abscesses with
hyperechoic rim, calcifications
Serohepatic form with a thickened liver capsule and subcapsular nodular lesions
Spleen Splenomegaly, multiple micronodular hypoechoic lesions, hypoechoic
p macronodular lesions.
. Caliectasia, hydrocalicosis, hydronephrosis, calcifications, lobar calcification,
Kidney . .
narrowed parenchymal margin, shrunken kidney
Pancreas Diffuse hypoechoic enlargement, solitary or multiple hypoechoic lesions,

peripancreatic lymphadenopathy

Gastrointestinal tract

Hypoechoic, heterogeneous wall thickening with loss of normal stratification,
adjacent enlarged lymph nodes, fistulas

Pericardium

Pericardial effusion, fibrin strands, pericardial thickening, calcifications

With the help of contrast-enhanced ultrasound (CEUS), organ lesions can be char-
acterized and differentiated from other differential diagnoses. This requires additional
specialized knowledge. This review provides a comprehensive overview into the topic of
extrapulmonary tuberculosis ultrasound imaging and the useful application of CEUS.

2. Lung Parenchyma

We will introduce this review with a brief overview of ultrasound findings regarding
pulmonary tuberculosis, as pulmonary manifestations should always be examined in the
context of extraintestinal tuberculosis. For more comprehensive data, we refer the reader to
the relevant literature. The most commonly reported parenchymal ultrasound findings are
subpleural nodules and lung consolidation. The detection rate for tuberculous caverns was
low. Subpleural nodules and lung consolidation can only be seen via the use of ultrasound
if they are directly adjacent to the chest wall, and are not overlaid by the lung tissue with
corresponding artifacts [16-20].

In a systematic review, the sensitivity of ultrasound in the diagnosis of subpleural
nodules was 72-100%; for lung consolidation, this was 46-80%; and for the detection of
caverns, this was only 4-30% [17]. The corresponding specificities for subpleural nodule,
lung consolidation, and cavitation were 66.7%, 25.3%, and 89.3%, respectively, based on
data from only one study [21] from this meta-analysis [17]. Ultrasound cannot be used to
make a differential diagnosis between fibrosis, necrosis, and malignant processes. However,
ultrasound is being considered for the monitoring of the response of lung consolidation in
children and pregnant women undergoing tuberculostatic therapy [16,19]. It is not possible
to distinguish between active and inactive pulmonary tuberculosis using ultrasound [20].
Ultrasound can also be used as part of an ultrasound-guided biopsy to obtain histology from
subpleural lesions [22,23]. CEUS can be used to differentiate these lesions—solid tissue,
necrosis, abscesses, encapsulated effusions, and malignant lesions can be differentiated [22].

3. Pleural Effusion

Pleural effusion can develop as a consequence of pulmonary tuberculosis [24]. About 3%
to 25% of patients with tuberculosis have pleurisy [25]. In a study that included HIV patients,
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examining them using the eFASH protocol, pleural effusion was the most common finding
(61%) [14]. Pleural effusion in tuberculosis is more often unilateral and right sided. In the case
of a newly diagnosed pleural effusion, especially in tuberculosis endemic areas, the possibility
of tuberculosis should always be considered. The effusion can persist over a long period
of time, and can occur unilaterally. The effusion can form septations due to fibrin strands,
and can lead to pleural thickening and calcification. Pleural effusion is usually anechoic. If
it is hemorrhagic or infected and rich in protein, the effusion is echogenic. In the course of
tuberculosis, echogenic strands and complex septations may occur [16,26,27].

In tuberculosis, pleural effusion, pleural thickening, and pleural calcification are of
interest for diagnosis. When compared to chest CT, ultrasound can detect the effusion
and pleural calcification very well. CT was more sensitive in detecting parietal pleural
thickening. The assessment of pleural thickness via ultrasound requires experience and
training, as well as the consequent use of high-frequency transducers. While the sensitivity
of ultrasound for the diagnosis of pleural effusion (78%) and pleural calcifications (74%)
was comparable to that of CT (71.8% and 72.6%) in a large retrospective study, it was
significantly inferior in the detection of pleural thickening, at only 2.8% versus 21.8%
when using CT. For the diagnosis of tuberculous pleurisy, the sensitivity of the B-mode
ultrasound was 85.5%, the specificity was 72.3%, the diagnostic agreement rate was 60.2%
and the positive predictive value was 83.4% [26].

The ultrasound-guided aspiration of pleural effusion with the evaluation of the lym-
phocyte count and the adenosine deaminase (ADA) level within the pleural fluid can
support the diagnosis of tuberculous pleurisy [27]. Under ultrasound guidance, targeted
biopsies can be taken from the pleura and examined for granulomas [28]. The Xpert MTB
(Mycobacterium tuberculosis)/RIF test increases the diagnostic sensitivity for tuberculosis
in histologic pleural samples [22]. The test was approved by the World Health Organization
in 2013 for the rapid diagnosis of extrapulmonary tuberculosis [29]. Xpert MTB/RIF(Xpert)
is a fully automated quantitative real-time polymerase chain reaction (PCR) test, used as
a frontline test for tuberculosis in countries with high rates of tuberculosis. The Xpert
test has differing levels of variable sensitivity in different samples of extrapulmonary
manifestations. Compared to pleural effusion, biopsy material proved to be significantly
more effective for detecting tuberculosis in both Xpert and Mycobacterium tuberculosis
cultures. The sensitivity of Xpert and tuberculosis cultures in biopsy specimens were 69.6%
and 16.4%, in comparison to the sensitivity of Xpert and tuberculosis cultures in pleural
effusions, which were only 13.8% and 7.6% [22]. Using CEUS to differentiate between
vital and necrotic tissue increased the diagnostic yield and the sensitivity of the Xpert
MTB/RIF test. The highest sensitivity (73%) was achieved in specimens from nonenhanced
necrotic tissue, identified using CEUS [22]. Xpert was positive in only 17% of non-necrotic
pleural thickenings with homogeneous CEUS enhancement [22]. While CEUS is used for
tumors to obtain ultrasound-guided biopsies from non-necrotic tumor parts, in the case of
tuberculosis diagnostics, a positive Xpert test was more often obtained from necrotic areas.

4. Peritoneum

Peritoneal tuberculosis is the most common abdominal manifestation [3]. It includes
peritoneum, peritoneal cavity, mesentery, and omentum. Peritoneal tuberculosis usually
arises from the rupturing of necrotic tuberculous lymph nodes, and is often combined with
other extrapulmonary abdominal manifestations [5,30], but also from hematogenous or
lymphatic seeding [31]. There are different forms, including wet, fibrotic, dry, and scleros-
ing types [3,30,32]. Frequently, there is evidence of ascites [31,33], which is usually rich in
proteins and cells, meaning the fluid cannot be anechoic. A rarer variant is the fibrotic-fixed
type, with thickened peritoneum and mesentery and local encapsulated ascites. Another
variant is dry peritoneal tuberculosis with nodular lesions in the mesentery and adhe-
sions [30,32,34]. Last but not least, there is a sclerosing encapsulating form (abdominal
“cocoon”) with an intestinal obstruction [3,32,34]. A “cerebral fissure sign” is usually a sign
of greater omentum, indicating tuberculous peritonitis. With high-frequency transducers,



Diagnostics 2024, 14, 706

5of 35

the hyperechoic and thickened omentum is interlaced with irregular hypoechoic or hetero-
geneous striations. The authors called this ultrasound image, according to brain fissures,
the “cerebral fissure sign”. This change was observed exclusively in tuberculosis, and not
in peritoneal carcinomatosis [35].

What can be seen sonographically? Ascites can be either diffuse or focal type [Figure 1a,b].
Due to the protein and cell content, these tend to be echogenic, rather than non-echoic.
Attention must be paid to enlarged lymph nodes at the same time. Any thickening of the
peritoneum and mesentery must be specifically searched for. This also applies to macronodular
changes in the peritoneum and mesentery [Figure 1c-h]. The smallest speck-like deposits
are usually not visible on ultrasound [36]. With ascites, it may be possible to observe the
adhesions [31,37]. Kumar et al. were able to histologically detect granulomatous inflammation
in 17/19 (89%) patients using ultrasound-guided needle biopsy of omental thickenings. In a
country like India, the authors interpreted this as a manifestation of tuberculosis [32].

Figure 1. Cont.



Diagnostics 2024, 14, 706 6 of 35

Kontrast
|

Figure 1. Cont.



Diagnostics 2024, 14, 706

7 of 35

Kontrast

(h)

Figure 1. Typical changes in the peritoneum, mesentery, and omentum in patients with tuberculosis.
Ascites with pronounced septa (a). Ascites encapsulated between the abdominal wall and colon (b).
Omental thickening with non-echoic caseous abscesses and few echogenic contents (c); hypoechoic
nodules in hyperechoic thickened peritoneum (d). Significantly thickened hyperechoic peritoneum in
B-mode US (right side of image) (marked with arrows). In CEUS, the thickened peritoneum is contrast
enhanced in the arterial phase (e). In the parenchymal phase, it shows a decrease in enhancement (f).
The thickened hyperechoic peritoneum shows a non-echoic lesion (arrow) (g). In the CEUS, this is
not enhanced and instead shows a hyperenhanced rim. This corresponds to caseous necrosis (h).
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The most important differential diagnoses are ascites of other origins, peritonitis in
the case of septations, and peritoneal carcinomatosis in the case mesentery and peritoneum,
pseudomyxoma peritonei, and mesothelioma thickening. Diagnosis is challenging. Diag-
nostic laparoscopies and biopsies are the diagnostic gold standard if the diagnosis cannot
be otherwise confirmed [31,37].

5. Lymph Nodes

Tuberculous lymphadenopathy is a frequent and typical manifestation. It accounts
for about 35% of all extrapulmonary manifestations [38]. Tuberculous lymph nodes are
predominantly described as enlarged and with a hypoechoic center. This corresponds to
caseous necrosis. Strong internal echo and thin internal layers are reported. The lymph node
hilus is usually destroyed by the necrosis [39,40]. When using endobronchial ultrasound
(EBUS), heterogeneous echotexture or coagulation necrosis in the lymph nodes were specific
findings for tuberculosis [41].

When using multiparametric ultrasound, the majority of superficial lymph nodes showed
marginal blood flow during Color Doppler Imaging. When using CEUS, marginal /annular
enhancement, separation enhancement, and heterogeneous enhancement was observed [42].
When using elastography, either type 1—Red or yellow-green or type 2—Blue < 45% have
been described. However, elastography type 3 was also a typical finding in another en-
doscopic ultrasound (EUS) study [43]. It is conceivable that the elasticity depends on the
stage of the disease, the presence of necrosis, or the development of fibrosis. Histologically
evaluable material can be obtained from superficial lymph nodes or abdominal lymph nodes,
accessible via percutaneous ultrasound-guided biopsy. The aim is to detect granulomatous
inflammation, epithelioid cell granulomas, Langerhans cells, caseous necrosis, and the pres-
ence of Mycobacterium tuberculosis. Enlarged cervical lymph nodes are easily accessible for
ultrasound-guided biopsy. The sensitivity and specificity of histologic diagnosis were 70.1%
and 100%, respectively. The sensitivity and specificity of Xpert for cervical tuberculous lym-
phadenitis diagnoses were 82.5% and 97.5%, respectively [44]. The acquisition of histologically
evaluable material can be improved by differentiating the lymph node structure in CEUS.
Solid vital tissue can be differentiated from areas of necrosis. The CEUS-guided biopsy of
lymph node tuberculosis has a high sampling success rate of 94.5% [44].

Mediastinal lymph nodes can be biopsied using EUS- or EBUS-guided FINA or FNB.
Via paraoesophageal, paragastric, and paraduodenal access, histological specimens can be
obtained from further lymph nodes using EUS-guided sampling [41,43,45-50] [Figure 2a—m].
The most important differential diagnoses are metastases of malignant tumors, non-Hodgkin’s
and Hodgkin’s disease and other infections.

1L 1.48 cm)
2L 1.54cm

Figure 2. Cont.
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Figure 2. A case of extrapulmonary tuberculosis: 33 y/o male from a country at high risk of tuber-
culosis. Thoracic pain and fever led to a suspicion of pericarditis. There was no pericardial effusion.
There were no pulmonary infiltrations or pleural effusions in the chest CT, but there were enlarged
mediastinal lymph nodes. Ultrasound and CT also showed subdiaphragmal enlarged lymph nodes
and small nodular splenic changes. The diagnosis was confirmed using the transgastric EUS-guided
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biopsy (19 G Olympus) of the lymph nodes in the hepatic hilum. Enlarged lymph nodes in the
hepatic hilum (a); adjacent to the pancreatic head (b); transabdominal ultrasound (TUS) using a
linear transducer of 9 MHz. The hypoechoic central parts are conspicuous (a,b). Rounded lymph
nodes are observed as being peripancreatic (c) and as being in close proximity to the gallbladder wall
(d). The lymph nodes are visualized between the markers. In the EUS, paragastric lymph nodes are
enlarged, rounded, very hypoechoic, with hypoechoic central parts, and forming conglomerates. A
central vascular hilum cannot be delineated in the CDI (e). The hypoechoic central parts are softer
during elastography (f). EUS also shows enlarged hypoechoic lymph nodes in the hepatic hilus,
with hypoechoic central parts that lack a central vascular hilum (g). Elastographically, the lymph
nodes are indifferent (h). The diagnosis is confirmed using EUS-guided biopsy (i) with evidence
of granulomatous inflammation, caseous necrosis, detection of acid-fast rods, and Mycobacterium
tuberculosis in the PCR. In the spleen, single hypoechoic lesions < 5 mm are visible during trans-
abdominal ultrasound using a linear transducer of 9 MHz. Otherwise, fine-grained hypoechoic
lesions can only be guessed at (j). With magnification using a 9 MHz transducer, multiple hypoechoic
lesions < 3 mm can be delineated (k). These do not reveal any vessels in the Power Doppler (1). EUS
confirms multiple hypoechoic splenic lesions, in line with splenic tuberculosis (m).

6. Liver

Liver involvement in active tuberculosis is rarely reported, with a frequency of approxi-
mately 1% [51,52]. It is more common with concomitant HIV disease at 18% [5,6,52]. Isolated
tuberculosis of the liver is very rare, and has been described in just 1% of all cases [53,54]. In
an autopsy study of patients with miliary pulmonary tuberculosis, 91% had liver involve-
ment [55]. In the liver, tuberculosis manifests with diffuse- or focal-type nodular lesions.
These can be micronodular (miliary) lesions or macronodular lesions [56-58]. A third variant
is the serohepatic form, with a thickened liver capsule and subcapsular nodular lesions [56]
[Figure 3a,b].

The micronodular form is usually caused by hematologic seeding via the hepatic
artery in disseminated disease. If the nodules are very small and cannot be delineated via
ultrasound, hepatomegaly sometimes remains the only conspicuous finding from liver
ultrasound, with possible manifestations in other organs.

The macronodular form is characterized by single tuberculomas or macronodular
lesions. Seeding more likely often occurs from the gastrointestinal tract via the portal
vein [54]. A focal or nodular form without extrahepatic tuberculosis manifestation is very
rare [59].

Abscesses can develop from the caseous necrosis, but are rare [58]. The formation
of a multiseptated liver abscess with numerous septa has also been described in a case
study [60] [Figure 3c-g].

The morphological correlate of hepatic tuberculosis is granulomatous inflammation,
characterized by central caseous necrosis with peripheral granulation tissue. Both melting
abscesses and calcified nodules may occur in the course of the disease.

Ultrasound presents hypoechoic or isoechoic liver lesions [56]. Hyperechoic lesions
are rarely described (although, these can be found in hepatitis B infections and hepati-
tis C-related liver cirrhosis; however, histologically confirmed cases have categorized
these as tuberculoma related, and not as regenerative nodule or hepatocellular carcinoma
(HCQ)) [59,61]. Depending on the stage of the disease, the inflammatory lesions are ho-
mogeneously hyperenhanced via CEUS. Most lesions develop a washout in the portal
venous phase. Melting abscesses show a hyperenhanced rim with either a hypoenhanced
or nonenhanced center or a heterogeneous enhancement [62,63] [Figure 3c,d]. Vascular
complications, such as portal vein thrombosis, have been caustically described and found
to be in connection with hepatitis B [54,64].

Important differential diagnoses are those of metastases, other granulomatous diseases
with liver involvement, or other abscesses (mycotic, brucellosis). In the case of pre-existing
liver disease, regenerative nodules and HCC must be included [6].
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Figure 3. Sonographic and CEUS features of hepatic tuberculosis. Subcapsular liver lesion (a);
subcapsular liver lesions (white arrow) and hypoechoic lesion on the capsule (green arrow) using a
linear transducer of 12 MHz (b). Caseous necrosis, histologically proven. Hypoechoic lesion with
hyperechoic rim using B-mode ultrasound (right side of image). The lesion is hyperenhanced in the
arterial phase at the edge of the CEUS; the center is nonenhanced with the exception of some enhanced
septa (c). In the portal venous phase, the peripheral areas are hypoenhanced (d). Multiple small,
smoothly bordered, non-cystic hypoechoic lesions in the liver, with no evidence of macrovessels when
using Color Doppler Imaging (e). CEUS shows mild peripheral enhancement around the lesions. The
lesions are without enhancement in the arterial phase (f), portal venous phase (g), and late phase (h).

7. Bile Ducts

Biliary manifestation of tuberculosis is very rare. If large bile ducts are affected, wall
thickening, and bile duct dilatation may be present. Intrahepatic strictures and bile duct
dilatations indicate involvement of the intrahepatic bile ducts [6,65-68]. Diffuse miliary
calcification along the course of the bile ducts has been described as a typical feature of
tubercular cholangitis [56].

The infection of the biliary tract occurs via spreading from the portal system, from
periportal lymph nodes, or ascending from the major papilla. Hematogenous seeding has
also been described.

The most important differential diagnoses are primary sclerosing cholangitis, sec-
ondary sclerosing cholangitis, and cholangiocarcinoma [6,56].
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8. Gall Bladder

Manifestation on the gallbladder may present as a nodule, mass, or circumferential
thickening with homogeneous or heterogeneous enhancement [69]. Calcification may be
indicative of tuberculosis, as well as the involvement of the neighboring liver or lymph
nodes [70,71]. An irregular heterogeneously enhancing thickened gall bladder wall has
been described as a manifestation of tuberculosis [72,73]. The most common differential
diagnoses are gallbladder carcinoma or xanthogranulomatous cholecystitis [72].

9. Spleen

Spleen involvement usually only occurs in disseminated disease. The manifestations
are splenomegaly, hypoechoic micronodular (miliary), or macronodular lesions [8,74], as
well as splenic abscesses [75] [Figure 4a—d]. In a group of patients with tuberculosis and
mostly advanced HIV infection, 37% had splenic lesions [5]. In 33%, splenic lesions were
associated with lymphadenopathy, and 16% each had splenic lesions and ascites or splenic
lesions, ascites, and lymphadenopathy. Micronodular lesions may be indistinguishable. If
this is suspected, examination with a high-resolution linear transducer is recommended.
Using CEUS, splenic lesions in the arterial phase showed a hyperenhancement, followed
by either a slow washout or a persistent enhancement in the middle and late parenchymal
phase [76]. A fast washout was the exception, but nevertheless was also possible. These
exceptional cases would therefore be difficult to differentiate from malignancies. There was
also rim-like enhancement with central nonenhancement, like abscesses and septation-like
enhancement [76]. Another study using CEUS in splenic manifestations of tuberculosis
presented homogeneous enhancement (6.7%), heterogeneous enhancement (63.3%), and
nonenhancement (30.0%). Most of the cases showed low enhancement. Among these
cases, heterogeneous enhancement was divided into septal enhancement type (21.1%) and
marginal enhancement type (78.9%) [77] [Figure 4c—g]. The most important differential
diagnoses are non-Hodgkin’s lymphoma and other granulomatous inflammations, such
as sarcoidosis, especially in the presence of lymphadenopathy. The splenic lesions must
be differentiated from mycotic abscesses, leukemic infiltrates, and metastases. In the
meta-analysis conducted by van Hoving et al. [78], splenic lesions as manifestations of
abdominal tuberculosis had a broad sensitivity of 13—62% in five studies using B-mode
ultrasonography. The specificity was higher, at 86—-100%.

Figure 4. Cont.
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Figure 4. Sonographic and CEUS features of splenic tuberculosis. Sonographic and CEUS features of

splenic tuberculosis. Subcapsular splenic lesion (arrow) (a), subcapsular splenic lesion using a linear
transducer of 12 MHz (arrows) (b). Histologically confirmed tuberculosis from mediastinal lymph
nodes. Multiple small splenic lesions (c). Using CEUS with a linear transducer (9 MHz), these are
slightly hypoenhanced in the arterial phase (d), and show a progressive washout in the course of the
venous phase (arrows) (e). Subcapsular splenic lesion (arrow) with nonenhanced and hypoenhanced
parts and hyperenhanced rims indicate a caseous necrosis (f). In another section, an interrupted
spleen capsule (arrow) due to a rupture of the caseous necrosis can be assumed (g).

10. Pancreas

In a retrospective analysis of 384 patients with abdominal tuberculosis, 8.3% had
pancreatic manifestations. In more than 50% (18/32), the pancreas with peripancreatic
involvement was the primary manifestation of tuberculosis. Furthermore, 53% were HIV-
positive, but only 15% presented amylase or lipase elevation [79]. Ultrasound showed a
diffusely heterogeneous pancreas in 15%, as well as solitary or multiple pancreatic lesions
in all patients [Figure 5]. Most lesions were hypoechoic (90.6%), and few were isoechoic
(9.4%). Multiple lesions were detected in 37.5%, and solitary lesions in 63.5%, respectively.
The pancreatic duct was not generally dilated [79]. Additionally, 75% of patients had
concomitant peripancreatic lymphadenopathy. A characteristic feature of these lymph
nodes were the hypoechoic central parts [79]. EUS showed hypoechoic or mixed cystic solid
lesions, as well as often showing calcifications. Using EUS, peripancreatic lymph nodes
as well as mediastinal lymph node enlargements were detected simultaneously [80-84].
Both the pancreatic lesions and the peripancreatic and mediastinal lymph nodes can be
subjected to EUS-guided biopsy [46,83,85]. In a study of 12 patients with solitary pancreatic
tuberculosis manifestations, typical imaging findings when using CEUS were hyper- or
isoenhancement in the arterial phase, and hypoenhancement in the late phase [83]. Using
CH-EUS, the examined lesions showed hyperenhancement. In ultrasound elastography
and EUS elastography, the tuberculosis lesions were stiffer than the surrounding area. EUS
elastography showed that the stiffness was dependent on the stage of the disease [83].
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The common bile duct was not dilated [83]. Using EUS-FNA, pancreatic/peripancreatic
tuberculosis was correctly diagnosed in 76.2% of cases [86]. Diagnostically significant
in the EUS-FNP are granulomatous inflammation, a positive tuberculosis polymerase
chain reaction test, Ziehl-Neelsen staining, and positive cultures of Mycobacterium tuber-
culosis [86]. A calcified lesion with a cheesy core observed during macroscopic on-site
evaluation should be examined for tuberculosis [46]. The most important differential
diagnoses are pancreatic ductal adenocarcinoma, pancreatic neuroendocrine neoplasia
(PanNEN), metastases, autoimmune pancreatitis and lymphoma manifestations [83,85,87],
or cystic neoplasms [88].

PAN HEAD

+ Dist 1.02cm

Figure 5. Pancreatic tuberculosis. Plump large pancreas. There is a lesion with a thick echogenic
capsule and hyperechogenic and anechoic contents (between the markers) at the head of the pancreas.
This finding was evaluated as a caseous abscess in a patient with tuberculosis.

11. Gastrointestinal Tract

The entire gastrointestinal (GI) tract from the esophagus to the rectum can be affected
by tuberculosis, and about 11% of patients with extrapulmonary tuberculosis present
involvement of the GI tract [89].

Ileocecal region: The most frequent localization remains the ileocecal area (76-90%) [3,36,90].
The predilection in the ileocecal region is attributed to the high density of lymph follicles
in this area [36]. In a study conducted by Barreiros et al., 100% of patients with intestinal
tuberculosis presented intestinal wall thickening. Intestinal tuberculosis was localized
predominantly on the right side in the terminal ileum and cecum, and less frequently also
in the ascending colon. Enlarged mesenteric lymph nodes were found in 87%, as well as
in 43% of fistulas [91]. Macroscopic, ulcerating, hypertrophic, or ulcerating-hypertrophic
(mass forming) changes are described in the gastrointestinal tract. In the ileocecal area,
wall thickening is observed, which can be symmetrical or asymmetrical. The regional
lymph nodes may be enlarged [3]. The wall is markedly thickened in most cases between
1-2 ¢cm, and is hypoechoic in all patients [36]. An instance of the pseudo-kidney sign was
also observed in one patient. This corresponded to tuberculosis, rather than a suspected
tumor [36].

In CEUS, two types of enhancement have been observed. Type 1 (13%) showed
enhancement first in the serosa, then in the mucosa. Type 2 (87%) exhibited simultaneous
enhancement of the entire wall. Histopathologically, type 1 presented lower levels bowel
wall damage and a fewer number of granulomas when compared to type 2. In type 2,
most patients had heterogeneous enhancement, and few had homogeneous enhancement.
Heterogeneous enhancement correlated with caseous necrosis [36]. The arrival time for
the contrast medium in the tuberculous intestine was 14.8 + 1.3 s, and was therefore faster
than in the healthy intestine [36]. All patients with tuberculosis in the ileocecal region had
enlarged lymph nodes with destroyed lymph node hilum and hypo- to anechoic central
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lymph node areas, corresponding to caseous necrosis [36]. While fistulas and strictures
were not reported in the study by Yang et al. [36] they were present in a few patients in the
study conducted by Ma et al. [92].

Gastrointestinal ultrasound can be used to monitor treatment response [92]. The
most important differential diagnoses are Crohn’s disease, lymphoma manifestations,
and carcinomas.

Esophagus: Esophageal tuberculosis accounts for <0.2% of all tuberculosis patients,
and for only 2.8% of all gastrointestinal cases [89,93]. In 2022, two systematic reviews
analyzed 133 and 311 cases of esophageal tuberculosis [94,95]. Esophageal tuberculosis
is secondary to tuberculous mediastinal lymphadenopathy, which causes infiltration, ul-
cerations, bulging lesions, and narrowing of the esophageal wall [45,96]. Due to direct
extending and spreading from infracarinal nodes, the middle third of the esophagus is
usually affected [97,98]. Patients most often present dysphagia and retrosternal pain. Due
to these symptoms and the accompanying weight loss, esophageal cancer is frequently
suspected [99]. Complications of esophageal tuberculosis include bleeding, perforation,
aspiration pneumonia, hematemesis, traction diverticula, esophageal strictures, and fistula
formation [100]. In about 50% of cases, characteristic features of pulmonary involvement
are detected during radiological imaging, and may help to establish the diagnosis [101].
Otherwise, the symptoms prompt esophagogastroduodenoscopy, with biopsy as the first
diagnostic modality. Remarkably, esophageal tuberculosis can lead to variable endoscopic
findings, ranging from esophageal ulcers or multiple nodules to a hypertrophic growth
like an esophageal polyp, a subepithelial tumor, or tumor-like lesions [102]. Differential
diagnosis should include sarcoidosis and Crohn’s (if an epithelioid granuloma without
caseous necrosis is present), or carcinoma, lymphoma, and Behcet’s disease must be con-
sidered. Since caseating granulomas are usually located deep in the submucosal layer of
the esophagus, endoscopic mucosal biopsies have a sensitivity of only 22%, with classical
granulomas only being detected in half of the patients, and acid-fast bacilli only in one of
four patients [102]. Endoscopic ultrasound most often visualizes infracarinal lymph node
conglomerates with hypoechoic central lymph node areas [103] and hypoechoic homoge-
neous or heterogeneous lesions of the esophageal wall, with the possible interruption of the
adventitia [45,96,104]. Fistula formation is possible [105]. Endoscopic ultrasound (EUS) and
EUS-guided sampling play a pivotal role in confirming the diagnosis [103] [Figure 6a—i].

Figure 6. Cont.
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Figure 6. A case of esophageal tuberculosis. A 52-year-old male non-smoker presented with progres-
sive dysphagia and weight loss (15 kg in 6 months). Upper GI endoscopy revealed two subepithelial
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esophageal masses covered by normal mucosa (a). A CT scan showed large solid mass lesions in the
mediastinum, with small gaseous inclusions (arrowhead) and a thickened esophageal wall (b, arrow).
EUS ruled out a subepithelial esophageal tumor, and confirmed a large mediastinal hypoechoic mass
infiltrating the esophageal wall, which was up to 12 mm thick with a complete loss of layering (c).
Multiple enlarged and confluent hypoechoic lymph nodes were found throughout the mediastinum
(d). Contrast-enhanced harmonic EUS showed the hyperenhancement of the mediastinal mass lesion
and the thickened esophageal wall with some anechoic necrotic parts (*), and echogenic gaseous
reflections (arrow; e). EUS-FNA (22 Gauge) of lymph nodes and of the thickened wall was performed
(f; needle is marked with an arrowhead). Turbid fluid was aspirated from one lymph node, and
then sent for cytological and microbiological examination and polymerase chain reaction (PCR) for
mycobacteria. Positive Ziehl-Neelsen staining and PCR for mycobacterium tuberculosis and cheesy,
necrotizing granulomas (g), cytology, Papanicolaou stain: giant cell; (h), histology, hematoxylin-eosin
stain: necrotizing granulomas; courtesy Gunnar Schroder, Institute for Pathology Wildau, Germany)
established the diagnosis of extrapulmonary tuberculosis involving the mediastinum and esophagus.
Bronchoscopy revealed a fistula opening in the left main bronchus marked by the black arrow (i).

Stomach: The prevalence of gastric tuberculosis is reported as 0.5%. It usually results
from the dissemination of pulmonary tuberculosis [45]. Hypoechoic malignant suspected
ulcerations or protruding lesions in the wall [106] are often caustically described, as well as
abscesses in the submucosa [107].

Duodenum: The prevalence in the duodenum is observed to be around 2.0-2.5% of
all manifestations in the gastrointestinal tract [101]. Complications include strictures and
fistula formation [108].

Jejunum: A manifestation in the jejunum can occur with single or multiple short or
long segmental strictures. Isolated involvement of the jejunum is rare [101]. The perforation
of the small intestine may occur as a further complication [109].

12. Pericardium

The detection of a pericardial effusion using ultrasound in patients with tuberculosis
is associated with an increased risk of pericardial tuberculosis. Therefore, the assessment of
a pericardial effusion should always be included in the ultrasound tuberculosis workup [5].
Up to 2% of people suffering from pulmonary tuberculosis have tuberculous pericardi-
tis [110]. In Africa, pericardial diseases are most commonly caused by tuberculosis [111].
The development can lead to pericardial tamponade [111,112]. In a study from an en-
demic area, 53% of patients with pericardial effusions of 10 mm or more had tuberculous
pericarditis; 45.5% were HIV-positive [113]. In the chronic form of pericardial effusion,
fibrin and septal cords may be present. Tuberculous pericarditis can lead to constrictive
pericarditis, which can be characterized during echocardiography by pericardial thickening,
calcifications, septal bounds, and the impaired diastolic filling of the heart [8,110].

13. Urogenital System
13.1. Kidneys, Ureter, Urinary Bladder, and Urethra

The urogenital system is affected in 15-20% of extrapulmonary infections [114]. About
4-8% of patients with pulmonary tuberculosis develop a clinically significant genitouri-
nary infection [114]. Renal tuberculosis is the result of the hematogenous seeding of M.
tuberculosis into the glomerular and peritubular capillary bed from a pulmonary site of
primary infection. The latency period between the initial infection and renal manifesta-
tion can be several years. Granulomas arise next to the glomeruli. In the course of the
disease, caseous necrosis, caverns, calcifications, fibrosis, and strictures occur. Papillary
necrosis and medullary cavities, fibrosis with stenosis, and dilatation of the calices can also
develop. Infundibular strictures can lead to localized caliectasias [114]. Parenchymal scars
are common, and the parenchyma may be narrowed, either locally or generally. Extensive
calcifications may be present [114], and can be arranged in a diffuse miliary or triangular
lobar pattern [115]. The lobar pattern of calcification is pathognomonic for tuberculo-
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sis [114,115]. Fine calcifications can also be found in the walls of the calyces, pyelon, or
ureter [115]. However, urethral calcifications can be seen when using ultrasound below
the pyelon, or before they enter the bladder. In CEUS, the thickening of the visible ureter
in tuberculosis proved to be both homogeneous and heterogeneous, and predominantly
hypoenhanced [116].

Papillary necrosis can occur, caliectasias develop in the course of the disease, and
some patients develop hydronephrosis [114]. Caliectasia can present as asymmetric hydro-
calicosis [115] [Figure 7a,b].

+ Dist 5.07 cm
x Dist 3.18 em

Figure 7. Cont.
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(d)

Figure 7. Renal tuberculosis. Adjacent to the renal sinus are cyst-like lesions with smooth borders.

Characteristic of caliectasias (a). Small “tubular” structures are noticeable in the kidney (arrow). The
parenchyma presents nodular hypoechoic lesions. Perforation of caseous necrosis, and small intrarenal
fistulas (b). “Putty kidney”—final stage of renal tuberculosis. Very small (non-functioning) kidney with
highly diffused hyperechoic parenchyma (c), surrounded by a perinephritis fluid collection (d).

“Putty kidney” is a possible final stage of renal tuberculosis. The term describes diffuse
parenchymal renal calcifications that can be seen on a simple X-ray, as well as a “putty-like” sub-
stance, which is found inside a surgically removed tuberculosis kidney [117,118] [Figure 7c,d].

If the ureter is affected, mucosal irregularities and ureteral dilatation due to localized
or multilocular strictures must be differentiated in radiological imaging. The ureter can
shorten (pipe-stem ureter) [114]. Varied effects of tuberculosis on the urinary tract are
infundibular stenosis with caliectasis, moth eaten calyx, parenchymal calcification, cortical
scarring, caseous mass/abscesses (with potential rupture into the perinephritic space and
calyx) [Figure 7b], a hiked-up pelvis, urothelial thickening, and a beaded ureter [115].

The urinary bladder may be reduced in size (shrunken), and may only have a small
volume. The wall is thickened, and may be irregular due to the granulation tissue. Like the
ureter, the urethra may also have strictures. In advanced disease, the bladder is referred to as
a “thimble bladder” [115].

Focal renal parenchymal changes in inflammatory renal diseases can be difficult to
detect using ultrasound [115,119]. However, carefully performed sonographic examinations
with knowledge of the possible pathology can visualize most changes. In a large series, the
diagnosis using ultrasound was confirmed in 59% of cases [120].

A common parenchymal change is the granuloma. Small (5-15 mm) focal lesions
are either hyperechoic, or have an echogenic rim with a central area of low echogenicity.
Larger focal lesions (>15 mm) are heterogeneous and have poorly defined margins. Color
Doppler Imaging methods allowed vessel ruptures at the lesions to be observed. Caseous
necroses are hypoechoic or anechoic with hyperechoic margins. The rupture into the
calices or perirenal space presents as a narrow hypoechoic road that can be detected via
careful examination, especially with a high-resolution transducer. This requires a good
knowledge of the changes to be expected. Fine septa can be present in the caseous necroses.
Focal caliectasia, secondary to infundibular stenosis, is common, often being associated
with varying degrees of urothelial thickening. This can result in a quite characteristic
sonographic pattern of a focally dilated anechoic calyx with hyperechoic debris masses. If
one pays close attention, the urothelial thickening in the calices can be well delineated [115].
To the best of our knowledge, there are no CEUS studies of granulomas and caseous necrosis
in the kidneys. However, CEUS has been shown to increase the diagnostic accuracy of
ultrasound imaging in infectious kidney diseases [119,121]. Similar to other focal melting
inflammations, it can be assumed that the caseous necroses are nonenhancing when using
CEUS. Other important differential diagnoses of renal tuberculosis manifestations are
melting inflammations, tumors, atypical cysts, and xanthogranulomatous pyelonephritis.
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13.2. Adnexa, Fallopian Tubes, Uterus

Signs of tuberculosis in abdominal or vaginal ultrasounds in the female genital area
are ovarian cyst, tubo-ovarian mass, hydrosalpinx, pyosalpinx, adhesion, adnexal fixation,
thin endometrium, endometrial fluid, endometrial calcification, endometrial synechiae
(Asherman’s syndrome), cornual synechiae, disturbed endometrial vascularity, ascites in
the small pelvis, and peritoneal or omental thickening [122]. In a study with 175 infertile
patients, ovarian cysts (23.4%) and tubo-ovarian masses (15.4%) were the most common
manifestations [122] [Figure 8a—e].
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Figure 8. Tuberculosis of the uterus and adnexae. Female patients with tuberculosis in India. Pelvis
with tubo-ovarian masses: Hypoechoic lesion in right adnexa (arrows) (a) and hypoechoic lesion in
left adnexa and a small amount of free fluid (arrows) (b). Free fluid in the Douglas space (arrows) (c).
Thickened right fallopian tube (RT FT) (arrows) (d); thickened left fallopian tube (LT FT) (arrows) (e).

13.3. Epididymis
In the case of tuberculosis manifestations of the epididymis, it is predominantly

diffusely enlarged, and appears to hypoechoic when using ultrasound. Focal changes are
less common. As a rule, the changes are unilateral [123].

13.4. Testes

Infections of the testes are usually associated with an infection of the epididymis.
Ultrasound imaging presents diffuse or focal hypoechoic areas. These must be differentiated
from lesions of other origins and tumors in particular. The combination with an enlarged
hypoechoic epididymis makes a malignant genesis rather unlikely [123].

13.5. Prostate

Caseous necrosis and calcifications are frequent pathological phenomena of prostate
tuberculosis. Caseous necrosis must be differentiated from abscesses of a different ori-
gin [123]. When using transrectal ultrasound (TRUS), prostatic enlargement, hypoechoic
lesions, and calcifications were described in cases of tuberculosis manifestation in the
prostate. However, these changes were non-specific, and also occurred in men with-
out tuberculosis [124]. In contrast-enhanced TRUS (CE-TRUS), the tuberculosis lesions
were found to be hypoenhanced and nonenhanced. More lesions were detected when
using CE-TRUS than in the native TRUS. Caseous necroses were both hypoenhanced and
nonenhanced, depending on the stage of development. The remaining hypoenhanced
lesions corresponded to tuberculous granulomas and the incomplete destruction of the
glands [124].

13.6. Vas Deferens

The vas deferens is a direct continuation of the epididymal tube. There are three dif-
ferent types of vas deferens tuberculosis: the uniformly thickened wall type, the tuberous
type, and the abscess type. When passing through the inguinal canal, the tuberous type
of vas deferens tuberculosis must be differentiated from inguinal lymph nodes of various
origins [125]. During ultrasound, the lesions are predominantly 1-3 cm in size, but smaller
and larger lesions are also observed. The lesions are mostly hypoechoic or heterogeneous.
They form conglomerates. Less than a fifth have calcification [125]. Vas deferens tubercu-
losis lesions have proven to be heterogeneously and diffusely enhanced via CEUS [125].
Heterogeneous enhancement was categorized as septal, annular, or nodule-in-nodule
enhancement [125].
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13.7. Thyroid

The thyroid manifestation of tuberculosis is usually secondary to manifestations in
other organ systems. The infection of the thyroid gland occurs from surrounding diseased
lymph nodes or hematogenous spreading. Primary infection is very rare, accounting for less
than 1% of all thyroid tuberculosis cases [126]. Thyroid tuberculosis can also be termed as
tuberculous thyroiditis. There are three different types: the granulomatous type, the caseous
type, and the diffuse type. The first two types in particular correspond to the stage of the
disease [126]. The sonographic imaging is described casuistically. Patients with primary
thyroid tuberculosis who underwent surgery for suspected malignancy had preoperative
malignancy-like changes during ultrasound imaging. The retrospective analysis described
lesions with indistinct borders and no obvious blood flow signal within the mass; or lesions
surrounded by a strong echo or by a predominantly mixed echo; or lesions with a scattered
strong echo in some parts. In addition, macrocalcifications, sickle-shaped, or ring-shaped
calcifications were visible [126]. Other investigators describe the enlargement of the thyroid
lobes and mixed cystic and solid hypoechoic lesions [127], anechoic lesions with irregular
borders [128], or large, heterogeneous, mostly anechoic lesions with irregular vascular
walls and a small amount of internal echo [129]. The appearance may change under therapy.
The nodes shrink, become solid, and may show calcifications [129].

14. Diagnostic Accuracy of Ultrasound in the Diagnosis of Extrapulmonary
Tuberculosis Manifestations

The aim of our overview was to describe and explain the typical but also very diverse
appearance of extrapulmonary tuberculosis manifestations in order to facilitate the recogni-
tion and diagnosis of tuberculosis manifestations. However, the question arises as to how
reliably a diagnosis of tuberculosis can be made on the basis of ultrasound findings. Or how
reliably can extrapulmonary tuberculosis be ruled out if the ultrasound is unremarkable?
The microbiological or molecular detection of Mycobacterium tuberculosis is considered to
be the reference standard in the diagnosis of tuberculosis. However, the test is not always
available or remains (false) negative [130]. In addition to clinical symptoms, however,
conspicuous findings from ultrasound, X-ray, and computed tomography examinations are
crucial in order to raise suspicion of unusual tuberculosis manifestations, and to enable the
collection of adequate samples for microbiological and molecular diagnostics. However,
ultrasound findings are not highly specific, and may have other causes. In a COCHRAN
analysis comprising 11 studies and 1319 participants, both a higher-quality and a lower-
quality reference standard were utilized to assess the accuracy of abdominal ultrasound
imaging in the diagnosis of tuberculosis among HIV-positive people with suspected ab-
dominal tuberculosis or disseminated tuberculosis with abdominal involvement [78]. For
the studies with a higher diagnostic standard (microbiological confirmation), ultrasound
had a pooled sensitivity and specificity of 63% (with a range of 35-82%) and 68% (with
a range of 20-92%), respectively. In the studies with lower diagnostic quality standards
(based on clinical appearance and imaging, but without microbiological confirmation), both
pooled sensitivity and specificity were higher, at 68% (a range of 37-88%) and 73% (a range
of 22-92%), which was attributable to the fact that the inclusion of ultrasound findings
in the diagnostic criteria for tuberculosis represents a diagnostic bias. The heterogeneity
of the diagnostic performance of ultrasound for the various organ manifestations may be
explained by several factors. These include the different quality of equipment used in
studies published from 1997 to 2019, the different examination protocols (Point-of-care
ultrasound [PoCUS] using the FASH-protocol and low-end ultrasound systems, as well
as comprehensive ultrasound in tertiary centers using high-end equipment), as well as
the differences of tuberculosis prevalence in the included cohorts, ranging from 17.5% to
71%. Van Hoving et al. calculated the following scenario: in 1000 HIV patients with a
20% prevalence of tuberculosis, 74 of 200 tuberculosis cases are missed, and 256 patients
are incorrectly diagnosed and over-treated as tuberculous, based on ultrasound criteria
alone [78]. In turn, without ultrasound, a therapy that is necessary but not carried out
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would endanger those suffering from tuberculosis and their environment. In conclusion,
ultrasound alone is neither sufficient to rule out or confirm abdominal tuberculosis. The au-
thors of the meta-analysis recommend including sonography together with microbiological
and laboratory diagnostics and X-rays in the diagnostic algorithms [78]. In a prospective
study in India, presumptive tuberculosis patients with and without HIV underwent PoCUS
in order to assess pericardial, pleural, and ascitic effusions, abdominal lymphadenopathy;,
and hepatic and splenic micro abscesses. In the HIV-negative patients, PoCUS results did
not correlate with tuberculosis in one third of patients. They had either other infectious
diseases or tumors [131]. For the diagnosis of tuberculosis in HIV patients in an emergency
center in South Africa, it was shown that the FASH-combined protocol had sensitivities and
specificities of 71% and 57%. The diagnostic sensitivity for individual ultrasound features
was between 3 and 47%. The specificity, on the other hand, was between 75 and 99% [132].

15. Conclusions

Extrapulmonary manifestations of tuberculosis are not uncommon. The sonographic
appearance reflects the stages of the disease with granulomatous inflammation, caseous
necrosis and abscesses, septations, fibrosis, shrinkage, and calcifications. CEUS findings
are closely related to the disease stage. Initially, heterogeneous hypervascularization ap-
pears in the stage of granuloma formation. Central nonenhancement with marginal rim
enhancement is seen in the stage of the formation of caseous necrosis and abscesses. The
visualization of typical ultrasound changes is essential for the detection of extrapulmonary
manifestations in known tuberculosis or the initial clarification of symptoms in endemic
areas. Ultrasound is also available in economically disadvantaged tuberculosis endemic
areas. Ultrasound is therefore useful for TB screening in symptomatic individuals in high in-
cidence areas, particularly for the clarification of extrapulmonary symptoms in individuals
with known TB, and the monitoring of treatment responses. EUS and EUS-guided sampling
may thus facilitate diagnosis in selected cases. With our comprehensive description of the
appearance of extrapulmonary tuberculosis using abdominal and endoscopic ultrasound,
including Color Doppler Imaging and CEUS, we hope to make medical colleagues more
confident in recognizing and diagnosing the disease. As a result of national emergencies,
there are significant migration movements in the world today. Physicians in countries
with low rates of tuberculosis should consider this diagnosis in patients migrating from
endemic areas.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Houben, R.M.; Dodd, PJ. The Global Burden of Latent Tuberculosis Infection: A Re-estimation Using Mathematical Modelling.
PL0oS Med. 2016, 13, €1002152. [CrossRef] [PubMed]

2. WHO. Global Tuberculosis Report 2023. Available online: www.who.int/tb (accessed on 7 November 2023).

3.  Gupta, P; Kumar, S.; Sharma, V.; Mandavdhare, H.; Dhaka, N.; Sinha, S.K.; Dutta, U.; Kochhar, R. Common and uncommon
imaging features of abdominal tuberculosis. J. Med. Imaging Radiat. Oncol. 2019, 63, 329-339. [CrossRef] [PubMed]

4. Kulchavenya, E. Extrapulmonary tuberculosis: Are statistical reports accurate? Ther. Adv. Infect. Dis. 2014, 2, 61-70. [CrossRef]
[PubMed]

5. Patel, M.N.; Beningfield, S.; Burch, V. Abdominal and pericardial ultrasound in suspected extrapulmonary or disseminated
tuberculosis. S. Afr. Med. J. 2011, 101, 39-42. [CrossRef] [PubMed]

6. Das, CJ,; Rednam, N.; Vora, Z.; Aggarwal, A.; Chandrashekhara, S.H.; Kundra, V. Abdominal visceral tuberculosis: A malignancy
mimic. Abdom. Radiol. 2023, 48, 2705-2715. [CrossRef] [PubMed]

7. WHO global tuberculosis control report 2010. Summary. Cent. Eur. |. Public Health 2010, 18, 237.

8. Nacarapa, E.; Munyangaju, I.; Osorio, D.; Zindoga, P.; Mutaquiha, C.; Jose, B.; Macuacua, A.; Chongo, B.; de-Almeida, M.; Verdu,
M.E,; et al. Extrapulmonary tuberculosis mortality according to clinical and point of care ultrasound features in Mozambique. Sci.
Rep. 2022, 12, 16675. [CrossRef] [PubMed]

9. Heller, T.; Wallrauch, C.; Goblirsch, S.; Brunetti, E. Focused assessment with sonography for HIV-associated tuberculosis (FASH):

A short protocol and a pictorial review. Crit. Ultrasound J. 2012, 4, 21. [CrossRef]


https://doi.org/10.1371/journal.pmed.1002152
https://www.ncbi.nlm.nih.gov/pubmed/27780211
www.who.int/tb
https://doi.org/10.1111/1754-9485.12874
https://www.ncbi.nlm.nih.gov/pubmed/30932343
https://doi.org/10.1177/2049936114528173
https://www.ncbi.nlm.nih.gov/pubmed/25165556
https://doi.org/10.7196/SAMJ.4201
https://www.ncbi.nlm.nih.gov/pubmed/21626980
https://doi.org/10.1007/s00261-023-03939-5
https://www.ncbi.nlm.nih.gov/pubmed/37204509
https://doi.org/10.1038/s41598-022-21153-z
https://www.ncbi.nlm.nih.gov/pubmed/36198860
https://doi.org/10.1186/2036-7902-4-21

Diagnostics 2024, 14, 706 31 of 35

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Heller, T.; Mtemang’ombe, E.A.; Huson, M. A.; Heuvelings, C.C.; Belard, S.; Janssen, S.; Phiri, S.; Grobusch, M.P. Ultrasound for
patients in a high HIV /tuberculosis prevalence setting: A needs assessment and review of focused applications for Sub-Saharan
Africa. Int. ]. Infect. Dis. 2017, 56, 229-236. [CrossRef]

Bobbio, E; Di Gennaro, F.; Marotta, C.; Kok, J.; Akec, G.; Norbis, L.; Monno, L.; Saracino, A.; Mazzucco, W.; Lunardi, M.
Focused ultrasound to diagnose HIV-associated tuberculosis (FASH) in the extremely resource-limited setting of South Sudan: A
cross-sectional study. BMJ Open 2019, 9, e027179. [CrossRef]

Kahn, D.; Pool, K.L.; Phiri, L.; Chibwana, F.; Schwab, K.; Longwe, L.; Banda, B.A.; Gama, K.; Chimombo, M.; Chipungu, C.;
et al. Diagnostic Utility and Impact on Clinical Decision Making of Focused Assessment With Sonography for HIV-Associated
Tuberculosis in Malawi: A Prospective Cohort Study. Glob. Health Sci. Pract. 2020, 8, 28-37. [CrossRef] [PubMed]
Moreto-Planas, L.; Sagrado, M.J.; Mahajan, R.; Gallo, J.; Biague, E.; Goncalves, R.; Nuozzi, P.; Rocaspana, M.; Fonseca, ].V.; Medina,
C.; et al. Point-of-care ultrasound for tuberculosis diagnosis in children: A Medecins Sans Frontieres cross-sectional study in
Guinea-Bissau. BM] Open 2023, 13, e066937. [CrossRef]

Ndege, R.; Ngome, O.; Vanobberghen, E; Bani, F; Temba, Y.; Wilson, H.; Hella, J.; Gingo, W.; Sasamalo, M.; Mnzava, D.; et al.
Ultrasononography in Managing Extrapulmonary Tuberculosis: A Randomized, Controlled, Parallel, Superiority, Open-Label
Trial. Clin. Infect. Dis. 2023, 76, 1013-1021. [CrossRef] [PubMed]

Ndege, R.; Ngome, O.; Bani, E; Temba, Y.; Wilson, H.; Vanobberghen, F.; Hella, ].; Gingo, W.; Sasamalo, M.; Mnzava, D.; et al.
Ultrasound in managing extrapulmonary tuberculosis: A randomized controlled two-center study. BMC Infect. Dis. 2020, 20, 349.
[CrossRef] [PubMed]

Rea, G.; Sperandeo, M.; Lieto, R.; Bocchino, M.; Quarato, C.M.L; Feragalli, B.; Valente, T.; Scioscia, G.; Giuffreda, E.; Foschino
Barbaro, M.P; et al. Chest Imaging in the Diagnosis and Management of Pulmonary Tuberculosis: The Complementary Role of
Thoraci Ultrasound. Front. Med. 2021, 8, 753821. [CrossRef] [PubMed]

Bigio, J.; Kohli, M.; Klinton, J.S.; MacLean, E.; Gore, G.; Small, PM.; Ruhwald, M.; Weber, S.E; Jha, S.; Pai, M. Diagnostic accuracy
of point-of-care ultrasound for pulmonary tuberculosis: A systematic review. PLoS ONE 2021, 16, e0251236. [CrossRef] [PubMed]
Ahmed, W.A.W.; Rahim, M.].C.; Mohammad, N.; Fauzi, M.H.; Wahab, S.F.A. Hiding in plain sight: Diagnosing pleural tuberculosis
using lung ultrasound. Ultrasound 2021, 29, 123-127. [CrossRef]

Heuvelings, C.C.; Belard, S.; Andronikou, S.; Jamieson-Luff, N.; Grobusch, M.P.; Zar, H.]J. Chest ultrasound findings in children
with suspected pulmonary tuberculosis. Pediatr. Pulmonol. 2019, 54, 463—470. [CrossRef]

Montuori, M.; Casella, F; Casazza, G.; Franzetti, F; Pini, P; Invernizzi, C.; Torzillo, D.; Rizzardini, G.; Galli, M.; Cogliati, C. Lung
ultrasonography in pulmonary tuberculosis: A pilot study on diagnostic accuracy in a high-risk population. Eur. . Intern. Med.
2019, 66, 29-34. [CrossRef]

Heuvelings, C.C.; Belard, S.; Andronikou, S.; Lederman, H.; Moodley, H.; Grobusch, M.P.; Zar, H.J. Chest ultrasound compared to
chest X-ray for pediatric pulmonary tuberculosis. Pediatr. Pulmonol. 2019, 54, 1914-1920. [CrossRef]

Sun, W.; Zhou, Y,; Li, W,; Wang, Y.; Xiong, K.; Zhang, Z.; Fan, L. Diagnostic yield of Xpert MTB/RIF on contrast-enhanced
ultrasound-guided pleural biopsy specimens for pleural tuberculosis. Int. J. Infect. Dis. 2021, 108, 89-95. [CrossRef] [PubMed]
Zhao, Z.L.; Peng, L.L.; Wei, Y,; Li, Y.; Wang, G.M.; Yu, M.A. The accuracy of ultrasound-guided lung biopsy pathology and
microbial cultures for peripheral lung lesions. . Thorac. Dis. 2020, 12, 858-865. [CrossRef]

Qiu, L.; Teeter, L.D.; Liu, Z.; Ma, X.; Musser, ].M.; Graviss, E.A. Diagnostic associations between pleural and pulmonary
tuberculosis. J. Infect. 2006, 53, 377-386. [CrossRef] [PubMed]

Cohen, L.A; Light, R:W. Tuberculous Pleural Effusion. Turk. Thorac. J. 2015, 16, 1-9. [CrossRef] [PubMed]

Zhou, S.; Zhao, J.; Song, X.; Zheng, M.; Li, H.; Pan, Y. Imaging manifestations of B-mode ultrasound combined with CT in
tuberculous pleuritis patients and the diagnostic value. Exp. Ther. Med. 2018, 16, 2343-2348. [CrossRef] [PubMed]

Chen, H.-J.; Hsu, W.-H.; Tu, C.-Y;; Yu, Y.-H.; Chiu, K.-L.; Hang, L.-W.; Hsia, T.-C.; Shih, C.-M. Sonographic Septation in
Lymphocyte-Rich Exudative Pleural Effusions: A Useful Diagnostic Predictor for Tuberculosis. ]. Ultrasound Med. 2006, 25,
857-863. [CrossRef] [PubMed]

Bahr, H.M.; El-Shafey, M.H.; Hantera, M.S.; El-Batsh, A.H. Ultrasound guided needle pleural biopsy in patients with undiagnosed
pleural effusion. Egypt. |. Chest Dis. Tuberc. 2014, 63, 113-118. [CrossRef]

World Health Organization. Using the Xpert MTB/RIF Assay to Detect Pulmonary and Extrapulmonary Tuberculosis and Rifampicin
Resistance in Adults and Children: Expert Group Meeting Report; World Health Organization: Geneva, Switzerland, 2013.
Rodriguez-Takeuchi, S.Y.; Renjifo, M.E.; Medina, FJ. Extrapulmonary Tuberculosis: Pathophysiology and Imaging Findings.
Radiographics 2019, 39, 2023-2037. [CrossRef] [PubMed]

Koff, A.; Azar, M.M. Diagnosing peritoneal tuberculosis. BM] Case Rep. 2020, 13, €233131. [CrossRef]

Kumar, S.; Gupta, P.; Sharma, V.; Mandavdhare, H.; Bhatia, A.; Sinha, S.; Dhaka, N.; Srinivasan, R.; Dutta, U.; Kocchar, R. Role of
Ultrasound-Guided Fine-Needle Aspiration Cytology of Omentum in Diagnosis of Abdominal Tuberculosis. Surg. Infect. 2019,
20, 91-94. [CrossRef]

Ogah, I; Milne, F.; Zevin, B. Peritoneal tuberculosis. CMA]J 2021, 193, E1664. [CrossRef] [PubMed]

Gupta, P;; Rana, S.; Agarwal, P. Peritoneal tuberculosis or carcinomatosis: A diagnostic conundrum. Int. J. Mycobacteriol. 2018, 7,
198-199. [CrossRef] [PubMed]

Que, Y;; Wang, X; Liu, Y,; Li, P; Ou, G.; Zhao, W. Ultrasound-guided biopsy of greater omentum: An effective method to trace the
origin of unclear ascites. Eur. J. Radiol. 2009, 70, 331-335. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ijid.2016.11.001
https://doi.org/10.1136/bmjopen-2018-027179
https://doi.org/10.9745/GHSP-D-19-00251
https://www.ncbi.nlm.nih.gov/pubmed/32041772
https://doi.org/10.1136/bmjopen-2022-066937
https://doi.org/10.1093/cid/ciac871
https://www.ncbi.nlm.nih.gov/pubmed/36331957
https://doi.org/10.1186/s12879-020-05073-9
https://www.ncbi.nlm.nih.gov/pubmed/32414338
https://doi.org/10.3389/fmed.2021.753821
https://www.ncbi.nlm.nih.gov/pubmed/34957142
https://doi.org/10.1371/journal.pone.0251236
https://www.ncbi.nlm.nih.gov/pubmed/33961639
https://doi.org/10.1177/1742271X20959761
https://doi.org/10.1002/ppul.24230
https://doi.org/10.1016/j.ejim.2019.06.002
https://doi.org/10.1002/ppul.24500
https://doi.org/10.1016/j.ijid.2021.05.023
https://www.ncbi.nlm.nih.gov/pubmed/33992762
https://doi.org/10.21037/jtd.2019.12.92
https://doi.org/10.1016/j.jinf.2005.12.023
https://www.ncbi.nlm.nih.gov/pubmed/16466663
https://doi.org/10.5152/ttd.2014.001
https://www.ncbi.nlm.nih.gov/pubmed/29404070
https://doi.org/10.3892/etm.2018.6471
https://www.ncbi.nlm.nih.gov/pubmed/30186477
https://doi.org/10.7863/jum.2006.25.7.857
https://www.ncbi.nlm.nih.gov/pubmed/16798896
https://doi.org/10.1016/j.ejcdt.2013.11.019
https://doi.org/10.1148/rg.2019190109
https://www.ncbi.nlm.nih.gov/pubmed/31697616
https://doi.org/10.1136/bcr-2019-233131
https://doi.org/10.1089/sur.2018.165
https://doi.org/10.1503/cmaj.210355
https://www.ncbi.nlm.nih.gov/pubmed/34725115
https://doi.org/10.4103/ijmy.ijmy_62_18
https://www.ncbi.nlm.nih.gov/pubmed/29900902
https://doi.org/10.1016/j.ejrad.2008.01.036
https://www.ncbi.nlm.nih.gov/pubmed/18328658

Diagnostics 2024, 14, 706 32 of 35

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

Yang, G.; Zhang, W.; Yu, T.; Meng, J.; Zhao, D.; Zhang, X.; Xu, J.; Ning, H. The features of intestinal tuberculosis by contrast-
enhanced ultrasound. Jpn J. Radiol. 2015, 33, 577-584. [CrossRef] [PubMed]

Fillion, A.; Ortega-Deballon, P.; Al-Samman, S.; Briault, A.; Brigand, C.; Deguelte, S.; Germain, A.; Hansmann, Y.; Pelascini, E.;
Rabaud, C.; et al. Abdominal tuberculosis in a low prevalence country. Médecine Et Mal. Infect. 2016, 46, 140-145. [CrossRef]
[PubMed]

Gautam, H.; Agrawal, S.K.; Verma, S.K.; Singh, U.B. Cervical tuberculous lymphadenitis: Clinical profile and diagnostic
modalities. Int. J. Mycobacteriol. 2018, 7, 212-216. [CrossRef] [PubMed]

Chou, C.-H.; Yang, T.-L.; Wang, C.-P. Ultrasonographic Features of Tuberculous Cervical Lymphadenitis. |. Med. Ultrasound 2014,
22,158-163. [CrossRef]

Asai, S.; Miyachi, H.; Suzuki, K.; Shimamura, K.; Ando, Y. Ultrasonographic differentiation between tuberculous lymphadenitis
and malignant lymph nodes. J. Ultrasound Med. 2001, 20, 533-538. [CrossRef]

Dhooria, S.; Agarwal, R.; Aggarwal, A.N.; Bal, A.; Gupta, N.; Gupta, D. Differentiating tuberculosis from sarcoidosis by
sonographic characteristics of lymph nodes on endobronchial ultrasonography: A study of 165 patients. J. Thorac. Cardiovasc.
Surg. 2014, 148, 662-667. [CrossRef]

Chu, J.; Zhang, Y.; Zhang, W.; Zhao, D.; Xu, J.; Yu, T.; Yang, G. The value of multimodal ultrasonography in differential diagnosis
of tuberculous and non-tuberculous superficial lymphadenitis. BMC Surg. 2021, 21, 416. [CrossRef]

Madan, M.; Mittal, S.; Tiwari, P.; Hadda, V.; Mohan, A.; Guleria, R.; Pandey, R.M.; Madan, K. The diagnostic utility of ultrasound
elastography to differentiate tuberculosis and sarcoidosis during endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA). Lung India Off. Organ. Indian Chest Soc. 2022, 39, 532-536. [CrossRef] [PubMed]

Meng, X.; Fu, H; Jia, W.; Wang, Y.; Yang, G. A comparative study of ultrasound-guided puncture biopsy combined with
histopathology and Xpert MTB/RIF in the diagnosis of lymph node tuberculosis. Front. Public Health 2022, 10, 1022470. [CrossRef]
[PubMed]

Maulahela, H.; Fauzi, A.; Renaldi, K.; Srisantoso, Q.P.; Jasmine, A. Current role of endoscopic ultrasound for gastrointestinal and
abdominal tuberculosis. [GH Open 2022, 6, 745-753. [CrossRef] [PubMed]

Delsa, H.; Bellahammou, K.; Okasha, H.H.; Ghalim, F. Cheesy material on macroscopic on-site evaluation after endoscopic
ultrasound-guided fine-needle biopsy: Don’t miss the tuberculosis. World J. Clin. Cases 2023, 11, 2181-2188. [CrossRef] [PubMed]
Cong, C.V,; Ly, T.T,; Anh, P.Q.; Duc, N.M. Primary mediastinal lymph node tuberculosis diagnosed using endobronchial
ultrasound-guided transbronchial needle aspiration: Literature review and case report. Radiol. Case Rep. 2022, 17,1709-1717.
[CrossRef] [PubMed]

Muthu, V,; Gupta, N.; Dhooria, S.; Sehgal, L.S.; Prasad, K.T.; Aggarwal, A.N.; Agarwal, R. Role of cytomorphology in differentiating
sarcoidosis and tuberculosis in subjects undergoing endobronchial ultrasound-guided transbronchial needle aspiration. Sarcoidosis
Vasc. Diffus. Lung Dis. 2019, 36, 209-216. [CrossRef]

Mohan, A.; Madan, K.; Hadda, V;; Mittal, S.; Suri, T.; Shekh, I; Guleria, R.; Khader, A.; Chhajed, P.; Christopher, D.].; et al.
Guidelines for endobronchial ultrasound-transbronchial needle aspiration (EBUS-TBNA): Joint Indian Chest Society (ICS)/Indian
Association for Bronchology (IAB) recommendations. Lung India Off. Organ. Indian Chest Soc. 2023, 40, 368—400. [CrossRef]
Pinto-Carta, R.; Sierra-Arango, F.; Vasquez-Roldan, M.; Perez-Riveros, E.D. Peripancreatic lymph node tuberculosis diagnosed by
endoscopic ultrasound. JGH Open 2021, 5, 401-403. [CrossRef]

Essop, A.R.; Posen, J.A.; Hodkinson, ].H.; Segal, I. Tuberculosis hepatitis: A clinical review of 96 cases. Q. J. Med. 1984, 53, 465-477.
Hickey, A.J.; Gounder, L.; Moosa, M.-Y.S.; Drain, PK. A systematic review of hepatic tuberculosis with considerations in human
immunodeficiency virus co-infection. BMC Infect. Dis. 2015, 15, 209. [CrossRef]

Das, C.J.; Vora, Z.; Sharma, R.; Addula, D.; Kundra, V. Tuberculosis of abdominal lymph nodes, peritoneum, and GI tract: A
malignancy mimic. Abdom. Radiol. 2022, 47, 1775-1787. [CrossRef] [PubMed]

Zheng, SM,; Lin, N.; Tang, S.H.; Yang, ].Y.; Wang, H.Q.; Luo, S.L.; Zhang, Y.; Mu, D. Isolated hepatic tuberculosis associated with
portal vein thrombosis and hepatitis B virus coinfection: A case report and review of the literature. World J. Clin. Cases 2021, 9,
9310-9319. [CrossRef]

Gelb, A.F; Leffler, C.; Brewin, A.; Mascatello, V.; Lyons, H.A. Miliary tuberculosis. Am. Rev. Respir. Dis. 1973, 108, 1327-1333.
[CrossRef]

Yu, R.S.; Zhang, S.Z.; Wu, ].].; Li, R.F. Imaging diagnosis of 12 patients with hepatic tuberculosis. World . Gastroenterol. 2004, 10,
1639-1642. [CrossRef] [PubMed]

Esguerra-Paculan, M.J.A.; Soldera, J. Hepatobiliary tuberculosis in the developing world. World J. Gastrointest. Surg. 2023, 15,
2305-2319. [CrossRef]

Karaosmanoglu, A.D.; Onur, M.R.; Sahani, D.V,; Tabari, A.; Karcaaltincaba, M. Hepatobiliary Tuberculosis: Imaging Findings.
AJR. Am. ]. Roentgenol. 2016, 207, 694-704. [CrossRef]

Chen, H.C.; Chao, Y.C,; Shyu, R.Y.; Hsieh, T.Y. Isolated tuberculous liver abscesses with multiple hyperechoic masses on
ultrasound: A case report and review of the literature. Liver Int. 2003, 23, 346-350. [CrossRef] [PubMed]

Itoi, T.; Ang, T.L.; Seewald, S.; Tsuji, S.; Kurihara, T.; Tanaka, R.; Itokawa, F. Endoscopic ultrasonography-guided drainage for
tuberculous liver abscess drainage. Dig. Endosc. Off. |. Jpn Gastroenterol. Endosc. Soc. 2011, 23 (Suppl. S1), 158-161. [CrossRef]
[PubMed]


https://doi.org/10.1007/s11604-015-0459-5
https://www.ncbi.nlm.nih.gov/pubmed/26173398
https://doi.org/10.1016/j.medmal.2016.02.003
https://www.ncbi.nlm.nih.gov/pubmed/26995289
https://doi.org/10.4103/ijmy.ijmy_99_18
https://www.ncbi.nlm.nih.gov/pubmed/30198498
https://doi.org/10.1016/j.jmu.2014.06.007
https://doi.org/10.7863/jum.2001.20.5.533
https://doi.org/10.1016/j.jtcvs.2014.01.028
https://doi.org/10.1186/s12893-021-01418-6
https://doi.org/10.4103/lungindia.lungindia_214_22
https://www.ncbi.nlm.nih.gov/pubmed/36629232
https://doi.org/10.3389/fpubh.2022.1022470
https://www.ncbi.nlm.nih.gov/pubmed/36703810
https://doi.org/10.1002/jgh3.12823
https://www.ncbi.nlm.nih.gov/pubmed/36406654
https://doi.org/10.12998/wjcc.v11.i10.2181
https://www.ncbi.nlm.nih.gov/pubmed/37122512
https://doi.org/10.1016/j.radcr.2022.02.085
https://www.ncbi.nlm.nih.gov/pubmed/35345566
https://doi.org/10.36141/svdld.v36i3.8175
https://doi.org/10.4103/lungindia.lungindia_510_22
https://doi.org/10.1002/jgh3.12511
https://doi.org/10.1186/s12879-015-0944-6
https://doi.org/10.1007/s00261-022-03472-x
https://www.ncbi.nlm.nih.gov/pubmed/35292843
https://doi.org/10.12998/wjcc.v9.i30.9310
https://doi.org/10.1164/arrd.1973.108.6.1327
https://doi.org/10.3748/wjg.v10.i11.1639
https://www.ncbi.nlm.nih.gov/pubmed/15162540
https://doi.org/10.4240/wjgs.v15.i10.2305
https://doi.org/10.2214/AJR.15.15926
https://doi.org/10.1034/j.1478-3231.2003.00861.x
https://www.ncbi.nlm.nih.gov/pubmed/14708895
https://doi.org/10.1111/j.1443-1661.2011.01115.x
https://www.ncbi.nlm.nih.gov/pubmed/21535224

Diagnostics 2024, 14, 706 33 of 35

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.
83.

84.

85.

86.

87.

88.

Tan, T.C.; Cheung, A.Y.; Wan, W.Y,; Chen, T.C. Tuberculoma of the liver presenting as a hyperechoic mass on ultrasound. Br. J.
Radiol. 1997, 70, 1293-1295. [CrossRef]

Cao, B.S.; Li, X.L.; Li, N.; Wang, Z.Y. The nodular form of hepatic tuberculosis: Contrast-enhanced ultrasonographic findings with
pathologic correlation. J. Ultrasound Med. 2010, 29, 881-888. [CrossRef]

Ignee, A.; Moller, K.; Thees-Laurenz, R.; Zadeh, E.S.; Gorg, C.; Correas, ]. M.; Chaubal, N.; Sansone, V.; Jenssen, C.; Dong, Y.; et al.
Comments and illustrations of the WFUMB CEUS liver guidelines: Rare focal liver lesions—Infectious (bacterial). Med. Ultrason
2023, 25, 312-324. [CrossRef]

Venkatesh, S.K.; Tan, L.K.; Siew, E.P,; Putti, T.C. Macronodular hepatic tuberculosis associated with portal vein thrombosis and
portal hypertension. Australas Radiol. 2005, 49, 322-324. [CrossRef] [PubMed]

Chong, V.H.; Lim, K.S. Hepatobiliary tuberculosis. Singap. Med. |. 2010, 51, 744-751.

Chapman, N.G.; Dalton, S.C.; Hore, T.A. Hepatobiliary tuberculosis: A notorious mimic to be considered within the differential
diagnosis of cholangiocarcinoma. ANZ J. Surg. 2021, 91, E706-E707. [CrossRef] [PubMed]

Ozin, Y,; Parlak, E.; Kilic, Z.M.; Temucin, T.; Sasmaz, N. Sclerosing cholangitis-like changes in hepatobiliary tuberculosis. Turk J.
Gastroenterol. 2010, 21, 50-53. [CrossRef] [PubMed]

Jain, A ; Chaturvedi, R.; Kantharia, C.; Joshi, A.; Londhe, M.; Kekan, M. Secondary sclerosing cholangitis in localized hepatobiliary
tuberculosis simulating cholangiocarcinoma: A rare case report. BMC Gastroenterol. 2017, 17, 126. [CrossRef]

Siddiqui, A.T.S.; Parkash, O. Infiltrative gallbladder tuberculosis versus locally infiltrating tumour of the gallbladder: A diagnostic
dilemma unmasked by histopathology. BMJ Case Rep. 2021, 14, e241178. [CrossRef] [PubMed]

Xu, X.F; Yu, R.S.; Qiu, L.L,; Shen, J.; Dong, E; Chen, Y. Gallbladder tuberculosis: CT findings with histopathologic correlation.
Korean J. Radiol. 2011, 12, 196-202. [CrossRef]

Ortiz-Hernandez, A.; Castro Flores, J.A.; Alvarez-Hernandez, D.A.; Pérez Aldrett, F.; Herrera Gonzélez, L.P.; Méndez Ibarra,
J.U. Acute cholecystitis complicated with gallbladder empyema due to Mycobacterium tuberculosis in a patient with diabetes
mellitus: A case report. Ther. Adv. Infect. Dis. 2022, 9, 20499361221129161. [CrossRef]

Deo, K.B.; Avudaiappan, M.; Shenvi, S.; Kalra, N.; Nada, R.; Rana, S.S.; Gupta, R. Misdiagnosis of carcinoma gall bladder in
endemic regions. BMC Surg. 2022, 22, 343. [CrossRef]

Tarmohamed, M.; Mremi, A.; Mkwizu, E.; Paschal, J.; Sadiq, A.; Msuya, D. Isolated gallbladder tuberculosis in an 84-year old
man: A rare case report. Int. ]. Surg. Case Rep. 2021, 87, 106471. [CrossRef] [PubMed]

Sharma, S.K.; Smith-Rohrberg, D.; Tahir, M.; Mohan, A.; Seith, A. Radiological manifestations of splenic tuberculosis: A 23-patient
case series from India. Indian |. Med. Res. 2007, 125, 669-678.

Chakroun, A.; Koubaa, M.; Hammami, E; Feki, W.; Rekik, K.; Marrakchi, C.; Mnif, Z.; Smaoui, F.; Jemaa, M.B. Characteristics of
Patients Having Splenic Involvement in Tuberculosis. Eur. ]. Med. Educ. Technol. 2021, 14, em2103. [CrossRef]

Zhang, Y.; Yu, T.; Zhang, W.; Yang, G. Contrast-Enhanced Ultrasound Imaging Features of Focal Splenic Tuberculosis. Med. Sci.
Monit. 2021, 27, €932654. [CrossRef]

Zhang, W.; Yang, G.; Zhang, X.; Ni, T. The Role of Contrast-Enhanced Ultrasound in Differentiating Splenic Tuberculosis From
Splenic Lymphoma. Front. Oncol. 2022, 12, 891815. [CrossRef] [PubMed]

Van Hoving, D.J.; Griesel, R.; Meintjes, G.; Takwoingi, Y.; Maartens, G.; Ochodo, E.A. Abdominal ultrasound for diagnosing
abdominal tuberculosis or disseminated tuberculosis with abdominal involvement in HIV-positive individuals. Cochrane Database
Syst. Rev. 2019, 9, CD012777. [CrossRef]

Nagar, A.M.; Raut, A.A.; Morani, A.C.; Sanghvi, D.A.; Desai, C.S.; Thapar, V.B. Pancreatic tuberculosis: A clinical and imaging
review of 32 cases. |. Comput. Assist Tomogr. 2009, 33, 136-141. [CrossRef]

Rana, S.S.; Bhasin, D.K,; Srinivasan, R.; Sampath, S.; Mittal, B.R.; Singh, K. Distinctive endoscopic ultrasound features of isolated
pancreatic tuberculosis and requirements for biliary stenting. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. ]. Am. Gastroenterol.
Assoc. 2012, 10, 323-325. [CrossRef]

Gupta, D.; Patel, J.; Rathi, C.; Ingle, M.; Sawant, P. Primary Pancreatic Head Tuberculosis: Great Masquerader of Pancreatic
Adenocarcinoma. Gastroenterol. Res. 2015, 8, 193-196. [CrossRef] [PubMed]

Sharma, V.; Rana, S.S.; Kumar, A.; Bhasin, D.K. Pancreatic tuberculosis. . Gastroenterol. Hepatol. 2016, 31, 310-318. [CrossRef]
Dong, Y.; Jurgensen, C.; Puri, R.; D’Onofrio, M.; Hocke, M.; Wang, W.P,; Atkinson, N.; Sharma, M.; Dietrich, C.E. Ultrasound
imaging features of isolated pancreatic tuberculosis. Endosc. Ultrasound 2018, 7, 119-127. [CrossRef] [PubMed]

Saluja, S.S.; Ray, S.; Pal, S.; Kukeraja, M.; Srivastava, D.N.; Sahni, P.; Chattopadhyay, T.K. Hepatobiliary and pancreatic tuberculosis:
A two decade experience. BMC Surg. 2007, 7, 10. [CrossRef]

Diaconu, C.C.; Gheorghe, G.; Hortopan, A.; Enache, V.; Ceobanu, G.; Jinga, V.; Adrian, C.; Ionescu, V.A. Pancreatic Tuberculosis-A
Condition That Mimics Pancreatic Cancer. Medicina 2022, 58, 1165. [CrossRef] [PubMed]

Song, T.J.; Lee, S.S.; Park, D.H.; Lee, T.Y;; Lee, S.O.; Seo, D.W.; Lee, S.K.; Kim, M.H. Yield of EUS-guided FNA on the diagnosis of
pancreatic/peripancreatic tuberculosis. Gastrointest. Endosc. 2009, 69, 484-491. [CrossRef]

Gartini, S.; Ramdani, A.; Rhazari, M.; Thouil, A.; Kouismi, H.; Aharmim, M.; Bourkadi, J.E. Exceptional association of hepatic and
pancreatic tuberculosis mimicking metastatic pancreatic neoplasia: A case report and review of the literature. Ann. Med. Surg.
2022, 77,103717. [CrossRef]

Lakmal, K.; Jayarajah, U.; Chandraguptha, M.R.; Nandasena, M.; Pathirana, A. Misdiagnosis of pancreatic tuberculosis as a
pancreatic cystic neoplasm—A case report. SAGE Open Med. Case Rep. 2023, 11, 2050313x231200289. [CrossRef]


https://doi.org/10.1259/bjr.70.840.9505852
https://doi.org/10.7863/jum.2010.29.6.881
https://doi.org/10.11152/mu-4065
https://doi.org/10.1111/j.1440-1673.2005.01439.x
https://www.ncbi.nlm.nih.gov/pubmed/16026440
https://doi.org/10.1111/ans.16752
https://www.ncbi.nlm.nih.gov/pubmed/33764616
https://doi.org/10.4318/tjg.2010.0049
https://www.ncbi.nlm.nih.gov/pubmed/20533114
https://doi.org/10.1186/s12876-017-0690-x
https://doi.org/10.1136/bcr-2020-241178
https://www.ncbi.nlm.nih.gov/pubmed/34162605
https://doi.org/10.3348/kjr.2011.12.2.196
https://doi.org/10.1177/20499361221129161
https://doi.org/10.1186/s12893-022-01793-8
https://doi.org/10.1016/j.ijscr.2021.106471
https://www.ncbi.nlm.nih.gov/pubmed/34628333
https://doi.org/10.30935/ejmets/10784
https://doi.org/10.12659/MSM.932654
https://doi.org/10.3389/fonc.2022.891815
https://www.ncbi.nlm.nih.gov/pubmed/35785214
https://doi.org/10.1002/14651858.CD012777.pub2
https://doi.org/10.1097/RCT.0b013e31816c82bc
https://doi.org/10.1016/j.cgh.2011.10.018
https://doi.org/10.14740/gr650w
https://www.ncbi.nlm.nih.gov/pubmed/27785295
https://doi.org/10.1111/jgh.13174
https://doi.org/10.4103/2303-9027.210901
https://www.ncbi.nlm.nih.gov/pubmed/28721972
https://doi.org/10.1186/1471-2482-7-10
https://doi.org/10.3390/medicina58091165
https://www.ncbi.nlm.nih.gov/pubmed/36143842
https://doi.org/10.1016/j.gie.2008.10.007
https://doi.org/10.1016/j.amsu.2022.103717
https://doi.org/10.1177/2050313X231200289

Diagnostics 2024, 14, 706 34 of 35

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.

116.

117.

Rathi, P.; Gambhire, P. Abdominal Tuberculosis. J. Assoc. Physicians India 2016, 64, 38—47.

Zeng, J.; Zhou, G.; Pan, F. Clinical Analysis of Intestinal Tuberculosis: A Retrospective Study. J. Clin. Med. 2023, 12, 445. [CrossRef]
[PubMed]

Barreiros, A.P.; Braden, B.; Schieferstein-Knauer, C.; Ignee, A.; Dietrich, C.F. Characteristics of intestinal tuberculosis in ultrasono-
graphic techniques. Scand. |. Gastroenterol. 2008, 43, 1224-1231. [CrossRef]

Ma, L.; Zhu, Q; Li, Y;; Li, W,; Wang, X.; Liu, W.; Li, ].; Jiang, Y. The potential role of CT enterography and gastrointestinal ultra-
sound in the evaluation of anti-tubercular therapy response of intestinal tuberculosis: A retrospective study. BMC Gastroenterol.
2019, 19, 106. [CrossRef]

Paudel, M.S.; Parajuli, S.R.; Baral, B.; Poudel, P.; Dhungana, I. Primary Esophageal Tuberculosis With Dysphagia. Cureus 2021,
13, €16236. [CrossRef]

Chaudhary, P.; Nagpal, A.; Padala, S.B.; Mukund, M.; Borgharia, S.; Lal, R. Esophageal Tuberculosis: A Systematic Review. Indian
J. Otolaryngol. Head Neck Surg. 2022, 74, 5910-5920. [CrossRef] [PubMed]

Birda, C.L.; Kumar, A.; Gupta, P; Singh, H.; Sharma, V. Oesophageal Tuberculosis: A Systematic Review Focusing on Clinical
Management. Dysphagia 2022, 37, 973-987. [CrossRef] [PubMed]

Tang, Y.; Shi, W.; Sun, X.; Xi, W. Endoscopic ultrasound in diagnosis of esophageal tuberculosis: 10-year experience at a tertiary
care center. Dis. Esophagus 2017, 30, 1-6. [CrossRef]

Welzel, TM.; Kawan, T.; Bohle, W.; Richter, G.M.; Bosse, A.; Zoller, W.G. An unusual cause of dysphagia: Esophageal tuberculosis.
J. Gastrointest. Liver Dis. J[GLD 2010, 19, 321-324.

Ganie, FA.; Dar, G.A.; Kelam, A.; Lone, H.; Dar, M.; Wani, N.U.; Wani, M.L.; Wani, S.N.; Mir, T.A.; Ganie, M.U. Esophageal
Tuberculosis Presenting As Dysphagia. Oman Med. |. 2013, 28, e046. [CrossRef]

Jain, S.K.; Jain, S.; Jain, M.; Yaduvanshi, A. Esophageal tuberculosis: Is it so rare? Report of 12 cases and review of the literature.
Am. |. Gastroenterol. 2002, 97, 287-291. [CrossRef]

Nagi, B.; Lal, A.; Kochhar, R.; Bhasin, D.K.; Gulati, M.; Suri, S.; Singh, K. Imaging of esophageal tuberculosis: A review of 23 cases.
Acta Radiol. 2003, 44, 329-333. [CrossRef]

Debi, U.; Ravisankar, V.; Prasad, K.K,; Sinha, S.K.; Sharma, A. K. Abdominal tuberculosis of the gastrointestinal tract: Revisited.
World |. Gastroenterol. 2014, 20, 14831-14840. [CrossRef]

Mokoena, T.; Shama, D.M.; Ngakane, H.; Bryer, ].V. Oesophageal tuberculosis: A review of eleven cases. Postgrad. Med. ]. 1992, 68,
110-115. [CrossRef]

Puri, R.; Khalig, A.; Kumar, M.; Sud, R.; Vasdev, N. Esophageal tuberculosis: Role of endoscopic ultrasound in diagnosis. Dis.
Esophagus 2012, 25, 102-106. [CrossRef] [PubMed]

Xiong, J.; Guo, W.; Guo, Y.; Gong, L.; Liu, S. Clinical and endoscopic features of esophageal tuberculosis: A 20-year retrospective
study. Scand. ]. Gastroenterol. 2020, 55, 1200-1204. [CrossRef] [PubMed]

Nie, D,; Li, J.; Liu, W,; Wu, Y,; Ji, M.; Wang, Y.; Li, P; Zhang, S. Esophagomediastinal fistula due to secondary esophageal
tuberculosis: Report of two cases. J. Int. Med. Res. 2021, 49, 3000605211023696. [CrossRef] [PubMed]

Yaita, H.; Nakamura, S.; Kurahara, K.; Morishita, T.; Kochi, S.; Oshiro, Y.; Hamaguchi, N.; Fuchigami, T. Gastric tuberculosis
resembling depressed type, early gastric cancer. Endoscopy 2014, 46 (Suppl. S1), E669-E670. [CrossRef] [PubMed]

Nayyar, E.; Torres, J.A.; Malvestutto, C.D. Tuberculous Gastric Abscess in a Patient with AIDS: A Rare Presentation. Case Rep.
Infect. Dis. 2016, 2016, 5675036. [CrossRef] [PubMed]

Chavhan, G.E.; Ramakantan, R. Duodenal tuberculosis: Radiological features on barium studies and their clinical correlation in
28 cases. |. Postgrad. Med. 2003, 49, 214-217.

Uppuluri, R.; Shah, I. Jejunal tuberculosis in a 10-year-old girl. Paediatr. Int. Child Health 2012, 32, 123-124. [CrossRef]

Marcu, D.TM.; Adam, C.A.; Mitu, F; Cumpat, C.; Aursulesei Onofrei, V.; Zabara, M.L.; Burlacu, A.; Crisan Dabija, R. Cardiovas-
cular Involvement in Tuberculosis: From Pathophysiology to Diagnosis and Complications—A Narrative Review. Diagnostics
2023, 13, 432. [CrossRef]

De Vita, E.; Segala, F.V.; Amone, ].; Samuel, K.; Marotta, C.; Putoto, G.; Nassali, R.; Lochoro, P.; Bavaro, D.F.; Ictho, J.; et al. Subacute
Cardiac Tamponade Due to Tuberculous Pericarditis Diagnosed by Urine Lipoarabinomannan Assay in a Inmunocompetent
Patient in Oyam District, Uganda: A Case Report. Int. |. Environ. Res. Public Health 2022, 19, 15143. [CrossRef]

Khatun, N.; Akivis, Y.; Ji, B.; Chandrakumar, H.P.; Bukharovich, I.; John, S. Tuberculous Pericarditis Presenting as Cardiac
Tamponade: Role of Echocardiography. J. Med. Cases 2023, 14, 271-276. [CrossRef]

Reuter, H.; Burgess, L.J.; Doubell, A.F. Role of chest radiography in diagnosing patients with tuberculous pericarditis. Cardiovasc.
J. S. Afr. 2005, 16, 108-111. [PubMed]

Gibson, M.S.; Puckett, M.L.; Shelly, M.E. Renal tuberculosis. Radiographics 2004, 24, 251-256. [CrossRef] [PubMed]

Merchant, S.; Bharati, A.; Merchant, N. Tuberculosis of the genitourinary system-Urinary tract tuberculosis: Renal tuberculosis-
Part I. Indian ]. Radiol. Imaging 2013, 23, 46-63. [CrossRef]

Zhang, W.; Yang, G.; Xu, J.; Wang, D.; Ni, T. Value of contrast-enhanced ultrasound in the differential diagnosis of ureteral
tuberculosis from ureteral malignant tumour in women. Epidemiol. Infect. 2023, 151, e53. [CrossRef] [PubMed]

Shekar, P.A.; Dumra, A.; Patel, H. Remember the “Putty Kidney”—A Reminder of Days Gone by. Urology 2020, 141, e18-e19.
[CrossRef] [PubMed]


https://doi.org/10.3390/jcm12020445
https://www.ncbi.nlm.nih.gov/pubmed/36675374
https://doi.org/10.1080/00365520802158606
https://doi.org/10.1186/s12876-019-1030-0
https://doi.org/10.7759/cureus.16236
https://doi.org/10.1007/s12070-021-02541-9
https://www.ncbi.nlm.nih.gov/pubmed/36742928
https://doi.org/10.1007/s00455-021-10360-x
https://www.ncbi.nlm.nih.gov/pubmed/34482490
https://doi.org/10.1093/dote/dox031
https://doi.org/10.5001/omj.2013.62
https://doi.org/10.1111/j.1572-0241.2002.05456.x
https://doi.org/10.1080/j.1600-0455.2003.00069.x
https://doi.org/10.3748/wjg.v20.i40.14831
https://doi.org/10.1136/pgmj.68.796.110
https://doi.org/10.1111/j.1442-2050.2011.01223.x
https://www.ncbi.nlm.nih.gov/pubmed/21777339
https://doi.org/10.1080/00365521.2020.1813799
https://www.ncbi.nlm.nih.gov/pubmed/32881605
https://doi.org/10.1177/03000605211023696
https://www.ncbi.nlm.nih.gov/pubmed/34256638
https://doi.org/10.1055/s-0034-1390865
https://www.ncbi.nlm.nih.gov/pubmed/25526418
https://doi.org/10.1155/2016/5675036
https://www.ncbi.nlm.nih.gov/pubmed/27239353
https://doi.org/10.1179/2046905511Y.0000000002
https://doi.org/10.3390/diagnostics13030432
https://doi.org/10.3390/ijerph192215143
https://doi.org/10.14740/jmc4119
https://www.ncbi.nlm.nih.gov/pubmed/15915278
https://doi.org/10.1148/rg.241035071
https://www.ncbi.nlm.nih.gov/pubmed/14730050
https://doi.org/10.4103/0971-3026.113615
https://doi.org/10.1017/S0950268823000419
https://www.ncbi.nlm.nih.gov/pubmed/36919207
https://doi.org/10.1016/j.urology.2020.04.037
https://www.ncbi.nlm.nih.gov/pubmed/32325135

Diagnostics 2024, 14, 706 35 of 35

118.

119.

120.

121.

122.

123.
124.

125.

126.

127.

128.

129.

130.

131.

132.

Deftereos, S.; Foutzitzi, S. The putty kidney: A classic sign from past in genitourinary radiology. Pan Afr. Med. |. 2022, 42, 16.
[CrossRef] [PubMed]

Granata, A.; Floccari, F; Insalaco, M.; Clementi, A.; Di Lullo, L.; D’Amelio, A.; Zamboli, P.; Logias, F.; Romano, M.; Fiorini, F.
[Ultrasound assessment in renal infections]. G. Ital. Nefrol. 2012, 29 (Suppl. S57), S47-S57. [PubMed]

Rui, X.; Li, X.D.; Cai, S.; Chen, G.; Cai, B. Ultrasonographic diagnosis and typing of renal tuberculosis. Int. J. Urol. 2008, 15,
135-139. [CrossRef]

Sidhu, P.S.; Cantisani, V.; Dietrich, C.F,; Gilja, O.H.; Saftoiu, A.; Bartels, E.; Bertolotto, M.; Calliada, E.; Clevert, D.A.; Cosgrove,
D.; et al. The EFSUMB Guidelines and Recommendations for the Clinical Practice of Contrast-Enhanced Ultrasound (CEUS) in
Non-Hepatic Applications: Update 2017 (Short Version). Ultraschall Med. 2018, 39, 154-180. [CrossRef]

Sharma, ].B.; Khurana, A.; Hari, S.; Singh, U.; RituYadav; Dharmendra, S. Evaluation of Role of Transabdominal and Transvaginal
Ultrasound in Diagnosis of Female Genital Tuberculosis. J. Hum. Reprod Sci. 2021, 14, 250-259. [CrossRef]

Matos, M.].; Bacelar, M.T.; Pinto, P.; Ramos, I. Genitourinary tuberculosis. Eur. ]. Radiol. 2005, 55, 181-187. [CrossRef] [PubMed]
Yang, G.; Ruan, L. Imaging findings of prostate tuberculosis by transrectal contrast-enhanced ultrasound and comparison with
2D ultrasound and pathology. Br. J. Radiol. 2022, 95, 20210713. [CrossRef] [PubMed]

Zhang, W.; Ni, T.; Tang, W.; Yang, G. The Role of Contrast-Enhanced Ultrasound in the Differential Diagnosis of Tuberous Vas
Deferens Tuberculosis and Metastatic Inguinal Lymph Nodes. Diagnostics 2023, 13, 1762. [CrossRef] [PubMed]

Sun, L.L.; Dong, S.; Xu, J.L.; Zhu, J.X.; Liu, J. Clinical diagnosis and treatment of primary thyroid tuberculosis: A retrospective
study. Sao Paulo Med. |. 2022, 140, 547-552. [CrossRef] [PubMed]

Sharma, S.; Girhotra, M.; Zafar, N.; Gupta, R. Tuberculosis of the Thyroid in a Child: A Rare cause of Thyromegaly. APSP J. Case
Rep. 2016, 7, 5. [PubMed]

Kang, B.C.; Lee, S.W.; Shim, S.S.; Choi, H.Y.; Baek, S.Y.; Cheon, Y.J. US and CT findings of tuberculosis of the thyroid: Three case
reports. Clin. Imaging 2000, 24, 283-286. [CrossRef] [PubMed]

Yang, G.Y.; Zhao, D.; Zhang, W.Z.; Meng, J.; Li, J.; Li, X.H.; Wan, H.E. Role of ultrasound evaluation for the diagnosis and
monitoring of thyroid tuberculosis: A case report and review of the literature. Oncol. Lett. 2015, 9, 227-230. [CrossRef]

Dhana, A.; Hamada, Y.; Kengne, A.P.; Kerkhoff, A.D.; Rangaka, M.X.; Kredo, T.; Baddeley, A.; Miller, C.; Gupta-Wright, A;
Fielding, K.; et al. Tuberculosis screening among HIV-positive inpatients: A systematic review and individual participant data
meta-analysis. Lancet HIV 2022, 9, e233—e241. [CrossRef] [PubMed]

Weber, S.F,; Saravu, K.; Heller, T.; Kadavigere, R.; Vishwanath, S.; Gehring, S.; Belard, S.; And Pocus Eti Study Group. Point-
of-Care Ultrasound for Extrapulmonary Tuberculosis in India: A Prospective Cohort Study in HIV-Positive and HIV-Negative
Presumptive Tuberculosis Patients. Am. J. Trop. Med. Hyg. 2018, 98, 266-273. [CrossRef]

Van Hoving, D.].; Kenge, A.P,; Maartens, G.; Meintjes, G. Point-of-Care Ultrasound Predictors for the Diagnosis of Tuberculosis in
HIV-Positive Patients Presenting to an Emergency Center. J. Acquir. Immune. Defic. Syndr. 2020, 83, 415-423. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.11604/pamj.2022.42.16.34128
https://www.ncbi.nlm.nih.gov/pubmed/35812261
https://www.ncbi.nlm.nih.gov/pubmed/23229529
https://doi.org/10.1111/j.1442-2042.2007.01962.x
https://doi.org/10.1055/s-0044-101254
https://doi.org/10.4103/jhrs.jhrs_161_20
https://doi.org/10.1016/j.ejrad.2005.04.016
https://www.ncbi.nlm.nih.gov/pubmed/15950419
https://doi.org/10.1259/bjr.20210713
https://www.ncbi.nlm.nih.gov/pubmed/34586884
https://doi.org/10.3390/diagnostics13101762
https://www.ncbi.nlm.nih.gov/pubmed/37238246
https://doi.org/10.1590/1516-3180.2021.0380.r1.29102021
https://www.ncbi.nlm.nih.gov/pubmed/35674611
https://www.ncbi.nlm.nih.gov/pubmed/26816678
https://doi.org/10.1016/S0899-7071(00)00194-7
https://www.ncbi.nlm.nih.gov/pubmed/11331157
https://doi.org/10.3892/ol.2014.2652
https://doi.org/10.1016/S2352-3018(22)00002-9
https://www.ncbi.nlm.nih.gov/pubmed/35338834
https://doi.org/10.4269/ajtmh.17-0486
https://doi.org/10.1097/QAI.0000000000002279

	Introduction 
	Lung Parenchyma 
	Pleural Effusion 
	Peritoneum 
	Lymph Nodes 
	Liver 
	Bile Ducts 
	Gall Bladder 
	Spleen 
	Pancreas 
	Gastrointestinal Tract 
	Pericardium 
	Urogenital System 
	Kidneys, Ureter, Urinary Bladder, and Urethra 
	Adnexa, Fallopian Tubes, Uterus 
	Epididymis 
	Testes 
	Prostate 
	Vas Deferens 
	Thyroid 

	Diagnostic Accuracy of Ultrasound in the Diagnosis of Extrapulmonary Tuberculosis Manifestations 
	Conclusions 
	References

