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of tuberculosis. Specific imaging features of tuberculosis are frequently related to
caseous necrosis, which is the hallmark of this disease. However, depending on the
type of solid organ involvement, tubercular lesions can mimic a variety of neoplastic
and nonneoplastic conditions. Often, cross-sectional imaging alone is insufficient
in reaching a conclusive diagnosis, and image-guided tissue sampling is needed.
In this article, we review the pathology and cross-sectional imaging features of
tubercular involvement of solid abdominopelvic organs with a special emphasis on
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INTRODUCTION multidrug resistant tubercle bacilli and certain genetic
variations in mycobacteria such as phospholipase c gene
D (plcD) mutations.!"! Genitourinary tuberculosis has been
reported to be the most common site for extrapulmonary
tuberculosis.”” Abdominal solid organ involvement other
than the genitourinary tract is less common, constituting

There has been a resurgence of tuberculosis with the
advent of the HIV/AIDS epidemic. Extra-pulmonary
tuberculosis is also increasing in incidence due to
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15-20% of abdominal tuberculosis in various studies.’*4
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Website: Imaging diagnosis of solid visceral tuberculosis is often
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have evidence of pulmonary involvement.”™ Further,
DOI: radiological features are nonspecific, mimicking a wide
10.4103/2156-7514.111234 gamut of pathologies such as lymphoma, leukemia,
metastasis, sarcoidosis, histoplasmosis, and pyogenic
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infections. The diagnosis of tuberculosis is therefore not
made prospectively. Accordingly, the aim of this article
is to provide a comprehensive cross-sectional imaging
review of tuberculosis of abdominal solid organs, including
genitourinary tuberculosis.

PATHOGENESIS OF TUBERCULOSIS IN SOLID
ABDOMINAL VISCERA

The most common route of spread of tuberculosis to the
solid abdominal viscera is the hematogenous route and
less commonly the lymphogenous route. The disseminated
bacillilodge in the visceral parenchyma and multiply within
the macrophages producing granulomatous inflammation
consisting of epithelioid macrophages and Langhans
giant cells eventually resulting in caseous necrosis. In the
kidney, the bacilli lodge in the cortex in the glomerular
and peritubular capillaries and form caseous granulomas
that can cavitate and communicate with collecting tubules
with subsequent dissemination into renal pelvis, ureter,
and urinary bladder. In the immune-competent patients,
the caseous necrosis is gradually replaced by fibrosis and
calcification resulting in calcified granulomas.! In the
immunocompromised patients, the granulomas are less
well-formed and caseous necrosis is not a feature.””

Renal tuberculosis

Genitourinary tuberculosis is the most common site of
extra-pulmonary tuberculosis and accounts for 15-20% of
extra-pulmonary infections.® Although the mode of spread
to the kidneys is primarily hematogenous, the disease is
often more severe in one kidney.® Ultrasound findings of
renal tuberculosis are nonspecific, including hypoechoic
parenchymal masses, dilated irregular calices, and
hydronephrosis with debris.”? Computed tomography (CT)
findings include hypodense parenchymal lesions, miliary
nodules [Figure 1], and renal abscess [Figure 2]. Chronic
cases demonstrate cortical thinning and parenchymal
scarring. CT urography is helpful in demonstrating
collecting system involvement, including findings such
as abnormal urothelial thickening and enhancement,

uneven caliectasis, infundibular stricturing [Figure 3], and
hydronephrosis giving the appearance of a multiloculated
cyst.'?CT also demonstrates calcification in over 50% cases.
Magnetic resonance imaging (MRI) has limited additional
diagnostic value in renal tuberculosis.!" ' Tubercular lesions
are iso- to hypointense on T1-weighted (T1TW) images
and iso-, hypo-, or hyperintense on T2-weighted (T2W)
images; depending on presence or absence of caseous
necrosis. MR urography may show changes similar to
CT urography [Figure 4]. The radiological differential
diagnosis of early renal parenchymal tuberculosis
includes pyogenic renal infections and fungal infections.
Correlation with clinical presentation usually helps in
differentiating them from tuberculosis. Chronic tuberculosis
may be indistinguishable from xanthogranulomatous
inflammation.l'? Renal sarcoidosis, which occurs in
7-22% cases can be confused with tuberculosis but
presence of noncaseating granulomas, hypercalcemia,
and nephrocalcinosis can help in differentiating from
tuberculosis.' Solitary renal tuberculoma can mimic renal
neoplasm like renal cell carcinoma (RCC), especially the
papillary type; lymphoma; or metastases.”

Hepatic tuberculosis

The liver is the second most common site of involvement
in tuberculosis of the abdominal solid organs. A wide
variety of terms have been used by different authors to
describe focal hepatic tuberculosis including: Atypical
tuberculosis, tubercular hepatitis, tubercular cholangitis,
and serohepatic tuberculosis.'*" One proposed
comprehensive classification of hepatic tuberculosis
included the following types: Micronodular, macronodular,
mixed, and isolated tubercular abscess.?!

Micronodular tuberculosis refers to miliary tuberculosis
wherethelesionsrangeinsizefrom0.5-1.0cm. Macronodular
or pseudotumor type is characterized by nodules of 1-3 cm
size.>"™ Mixed type of hepatic tuberculosis demonstrates
both micro and macronodules. Isolated tubercular abscess
is the rarest type of hepatic parenchymal tuberculosis, seen
in immunocompromised patients, and characterized by a

Figure 1: 42-year-old man with hepatic, splenic, and renal tuberculosis. (a-c) Axial contrast-enhanced computed tomography images of the abdomen demonstrate
coalescent hypodense lesions (macronodular) in the liver (white arrows in a), tiny hypodense lesions (micronodular or miliary) in the spleen (black arrows in a, b), and
the kidneys (double-lined white arrows in c). Note the conglomeration of some of the splenic (black arrowheads in b) and renal lesions (double-lined black arrow in c)

resulting in macronodular appearance.
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large caseous granuloma that mimics an abscess. However,
the prognostic significance of this classification remains
unclear.

The only imaging finding in micronodular type may be
hepatomegaly if the lesions are below the resolution of
ultrasonography (US) or computed tomography (CT).['™
US and CT may demonstrate lesions as tiny hypoechoic
or hypodense lesions of varying size with a “bright liver
pattern”on US.'® The differential diagnosis of micronodular
hepatic tuberculosis includes metastases, lymphoma,
leukemia, sarcoidosis, and fungal infection.

The macronodularformis seen as large lesions with peripheral
rim enhancement and central low attenuation on CT.
This appearance is due to caseous necrosis [Figure 1].517
Macronodularform may appear identical to pyogenic abscess,
metastases, and primary liver tumors like hepatocellular
carcinoma and cholnagiocarcinoma.>'8'¥[solated tubercular
abscess mimics pyogenic liver abscess onimaging [Figure 5].
Calcified granulomas may be the only evidence of tuberculosis
in the healed phase. MRl demonstrates tubercular lesions as
hypointense with peripheral hypointense rim on T1Wimages

Figure 2: 38-year-old man with renal tuberculosis. Axial CECT image of the
abdomen in the excretory phase reveals a hypodense parenchymal mass
(arrow) in the upper pole of left kidney with perinephric extension. Biopsy of
the lesion revealed tubercular abscess.

a & b l (
Figure 4: 51-year-old woman with renal tuberculosis. (a) Coronal T2-weighted
(T2W) and (b) heavily T2W (long TR) magentic resonance (MR) images reveal

grossly hydronephrotic right kidney (arrow) due to chronic upper ureteric
tubercular stricture.

and hypo-, iso- or hyperintense lesions with peripheral less
intense rim on T2W images, and rim or heterogeneous
enhancement on postgadolinium images [Figure 6].1>2%
Image-guided biopsy may be required to obtain a definitive
histological diagnosis.['*2"

Splenic tuberculosis

The spleen is rendered vulnerable to tuberculosis due to
its extensive network of reticuloendothelial cells. Indeed,
80-100% of disseminated tuberculosis demonstrates splenic
involvement in various autopsy series.® Splenic tuberculosis
may manifest as isolated splenomegaly, micronodular, or
macronodular form.?22 Micronodular lesions that occur as
a part of miliary disease are usually beyond the resolution
of US but may be seen on CT as hypodense foci [Figure 1].
Macronodular disease is seen as solitary or multifocal
lesions of 1-3 cm size that are hypodense on CT, but with a
peripheral rim of enhancement [Figure 11.'5?* MRI findings
of splenic tuberculosis are variable depending on the stage
of evolution of tuberculomas. Lesions may demonstrate
gradual peripheral enhancement with complete fill-in
of the lesions, with no central caseous necrosis. 232526
Differential diagnosis of splenic tuberculosis includes
pyogenic infections and disseminated fungal infections
like candidiasis. Leukemic and lymphomatous infiltration is
indistinguishable from tuberculosis. Fine needle aspiration
of splenic lesions for confirmation of diagnosis is indicated
in patients with no other evidence of tuberculosis or those
that are unresponsive to treatment.2'27]

Figure 3: 43-year-old woman with renal tuberculosis. (a, b) Coronal reformatted
CECT urography images demonstrate infundibular stricture (white arrow) with
a calyceal diverticulum (arrowhead).

Figure 5: 62-year-old man with hepatic tubercular abscess. Axial CECT images
of the liver in (a) arterial and (b) portal venous phases reveal a solitary well-
defined hypodense lesion (arrow) with peripheral rim of enhancement in the
caudate lobe. Ultrasound guided fine needle aspiration biopsy (not shown) of the
lesion revealed caseous necrosis with tubercle bacillus and epithelioid giant cells.
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Figure 6: 28-year-old man with HIV associated hepatic tuberculosis. (a) Transverse ultrasound image of the liver demonstrates well-defined hypoechoic lesions
(arrows) in the right lobe. (b) Axial T2W MR image of the liver reveals high-signal intensity of the lesions (arrows). (c, d) Axial dual-echo in- and out-of-phase T1-
weighted (T1W) MR images reveal the lesions (arrows) to be iso- to hypointense with peripheral hypointense rim. Note that the larger lesion has greater signal loss
on the longer TE (in-phase) sequence which is most likely explained by the caseous necrosis. (e) Axial TIW fat suppressed postgadolinium MR image in the venous
phase demonstrates heterogeneous enhancement of the lesions (arrows). Ultrasound-guided biopsy of the lesions revealed granulomatous inflammation with acid-

fast bacilli consistent with tuberculosis.

Adrenal tuberculosis

Tuberculosis of adrenal glands is the most common
cause of chronic adrenal insufficiency in developing
countries.?®?! Involvement is bilateral in up to 90% of
cases as the tubercular bacilli reach the adrenal gland by
the hematogenous or lymphatic route and both glands are
equally susceptible.B Adrenal insufficiency usually occurs
when 90% of the gland is destroyed.

CT and MRI reflect the typical pathologic changes.2>2¢
In the caseous granulomatous stage, there is mass-like
enlargement of the adrenal glands with or without contour
preservation. Caseous necrosis is seen as a low attenuation
center on CT scans.B" The glands are usually hypo- to
isointense on T1W images and hyperintense on T2W
images. Adrenal glands may also enhance homogenously
or demonstrate peripheral rim enhancement in the
presence of central necrosis [Figure 71.52 In this stage,
adrenal tuberculosis may appear identical to metastases,
lymphoma, hemorrhage, histoplasmosis, or primary
tumors. In a study of 108 patients, Yang et al.,B" showed
that bilaterality, preserved contour and peripheral rim
enhancement were more often seen in adrenal tuberculosis
than in primary tumors. In chronic adrenal tuberculosis,
the glands are atrophic and demonstrate calcification on
CT and low signal on all MRI sequences.

Pancreatic tuberculosis

The pancreas is uncommonly affected by tuberculosis,
with an incidence in various autopsy series of 4.7%.5%
Spread of the bacillus to the pancreas is either from the
hematogenous route or by contiguous extension of

Figure 7: 45-year-old woman with pulmonary tuberculosis complicated by
adrenal involvement. (a, b) Axial dual echo in- and out-of-phase T1W MR
images reveal bilateral adrenal nodules (arrows) with no significant intravoxel
lipid. Note the preserved contour of the adrenal glands. (c, d) Axial T1W fat
suppressed postgadolinium MR image in the venous and delayed phases
demonstrate peripheral rim enhancement of the right adrenal nodule and
heterogeneous enhancement of the left adrenal nodule in the venous phase
(arrows in c) with progressive increase in enhancement of both the nodules
in delayed phase (arrows in d). CT-guided biopsy of the right adrenal lesion
revealed granulomatous inflammation.

tubercular lymphadenopathy. The usual imaging
appearance is that of a mass in the pancreas mimicking
pancreatic cancer.?’3 On US, pancreatic tuberculosis
is seen as one or more solid hypoechoic masses in the
pancreatic parenchyma that may sometimes show central
liquefaction.®! Hypodense hypovascular masses with
adjacent necrotic or non-necrotic lymphadenopathy
are features encountered on CT [Figure 8].2" Peripheral
rim enhancement may be seen in some cases.?¥ Masses
in the pancreatic head region may result in obstructive
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Figure 8: 23-year-old-woman with pancreatic tuberculosis and previous
history of pulmonary tuberculosis. (a, b) Axial CECT images of the upper
abdomen demonstrate hypodense mass with nonenhancing necrotic areas
(white arrows) in the pancreatic head and uncinate process region causing
portal vein thrombosis with cavernous transformation (black arrow). The
radiological picture is indistinguishable from pancreatic cancer. Note the
absence of arterial encasement. Ultrasound guided fine needle aspiration biopsy
revealed granulomatous inflammation. The patient was treated with standard
antitubercular therapy with marked improvement.

cholangiopathy and portal vein thrombosis [Figure 8]. The
differential diagnosis for pancreatic tuberculosis includes
pancreatic cancer, chronic pancreatitis, metastases, fungal
infections, sarcoidosis, and Castelman’s disease.’***¢ The
major challenge on imaging is to differentiate pancreatic
tuberculosis from pancreatic adenocarcinoma. Most
cases reported in the literature required percutaneous
image-guided biopsy for a definitive diagnosis.®® Soft
pointers to a tubercular etiology include absence of
vascular invasion or pancreatic duct dilatation, known
primary tuberculosis, and necrotic lymphadenopathy.

Male genital tuberculosis

Tubercular involvement of the male genital tract may
occur either from extension of the upper urinary tract
tuberculosis, or from hematogenous or lymphatic
spread.'"” Caseous necrosis in tubercular prostatitis or
prostatic abscess is seen on US as hypoechoic areas
with surrounding hyperemia and on CT as peripheral
rim enhancing hypodense regions mimicking pyogenic
abscess." On transrectal US (TRUS), tubercular lesions
occur as hypoechoic lesions in the peripheral gland in the
posterior and lateral lobes, and difficult to distinguish from
adenocarcinoma.?”’ CT helps in demonstrating extension
of the prostatic abscess into adjacent organs and forming
sinuses and fistulas with the perineum. T2W MR images
demonstrate prostatic abscess as a heterogeneous
high signal lesion with radiating streaky regions of low
signal intensity giving the appearance of ‘watermelon
skin’B8 TRUS due to its ability for real time depiction of
the prostatic anatomy, can help in transrectal biopsies
and drainages.

Tubercular epididymitis is seen on US as homogeneous or
heterogeneous hypoechoic, enlarged, nodular epididymis
whereas tubercular orchitis is seen as multiple hypoechoic
intratesticular nodules [Figure 91.°! Scrotal wall thickening,

Figure 9: 31-year-old man with tubercular orchitis. (a, b) Longitudinal ultrasound
images of the testis demonstrate enlarged, markedly heterogeneous hypoechoic
appearance of the testis (arrows) with an ill-defined collection (arrowhead, b)
in the lower pole.

abscess, sinus tracts, hydroceles, and calcifications are other
findings seen in severe forms. MRl may show enlarged
epididymis with low signal on T2W images in chronic cases
due to chronic inflammation and fibrosis.'

Female genital tuberculosis

The most common site of female genital tuberculosis
is the fallopian tube which can be seen in 94% of
patients.®® The second most common manifestation
is tubercular endometritis, seen in 50% of cases with
fallopian tube tuberculosis.!' Salpingitis is often
bilateral and results in infertility. Conventional
hysterosalpingography (HSG) remains the main stay
for investigating fallopian tube patency. HSG findings
include tubal occlusion, stricturing, rigid pipe stem
tubes, endometritis with adhesions (causing Asherman
syndrome), and T-shaped distortion of the endometrial
cavity.®??US and CT allow for the evaluation of the adnexa,
which may show tubo-ovarian abscesses and chronic
calcifications [Figure 10]. MRI better demonstrates
changes such as uterine adhesions, hydrosalpinx, and
tubo-ovarian abscess [Figure 11].

IMAGING OF SOLID VISCERAL TUBERCULOSIS IN
IMMUNOCOMPROMISED PATIENTS

Tuberculosis tends to be more often extra-pulmonary
and widely disseminated in immunosuppressed patients.
On imaging, tubercular lesions have a similar appearance
to the lesions in immunocompetent patients. However,
in severely immunosuppressed patients, the lesions tend
to be larger with ill-defined margins. Miliary tuberculosis
is more common in the immunocompromised patients,
however the miliary nodules are poorly formed and may
manifest just as organomegaly.”

CONCLUSION

Although tuberculosis of solid abdominal organs is
uncommon, awareness of the imaging findings isimportant
both due toits increasing incidence and the fact that it may
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Figure 10: 26-year-old woman with chronic tubercular salpingo-oophoritis.
(a) Transverse ultrasound image of the pelvis reveals hypoechoic masses
(arrow) in both the adnexae. (b) Axial CECT image through the pelvis
demonstrates bilateral tubo-ovarian masses with calcification (arrows).

a —~ b

Figure 11: 38-year-old woman with chronic tubercular hydrosalpinges. (a)
Axial T2W MR image reveals bilateral (asterisk) multi-loculated high signal
intensity (arrows) adnexal lesions with intercommunicating loculi owing
to incomplete septae suggestive of hydrosalpinges. (b) Coronal T1W fat
suppressed postgadolinium (arrows) MR image demonstrates heterogeneous
enhancement of the septations with no nodules. Note the compressed uterus
in the midline (arrowhead).

mimic a variety of intra-abdominal pathologies. There is a
wide ranging differential diagnosis for solid visceral organ
tuberculosis on imaging. However, this diagnosis should
be considered in individuals who are immunosuppressed,
have other risk factors or have a history of pulmonary
tuberculosis. To be sure, cross-sectional imaging features
alone may be insufficient to reach a definitive diagnosis;
and image-guided tissue sampling is often necessary.
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