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Introduction

Human immunodeficiency virus (HIV) infection and tuberculosis (TB) are two diseases that
are frequently seen together. The twin epidemics especially affect Sub-Saharan Africa, but
they are synergistic in other areas of the world as well [(1)]. Besides socio—economic causes,
there are biological explanations for this concurrence. With HIV disease progression, the
probability of reactivation of latent TB infection increases; the incidence of active TB has
been found to be increase more than twentyfold in those who are HIV-positive compared
with HIV-negative individuals [(2, 3)]. Furthermore, HIV infection increases the risk of
progression to active TB after primary infection [(4)]. At the same time, active TB favours
early viral replication and dissemination and therefore contributes to the progression of HIV-
1 infection [(5)]. As both diseases frequently affect patients simultaneously, their ultrasound

findings will be covered together in this chapter.

Human Immunodeficiency Virus (HIV)

Introduction

HIV is a chronic infection mainly affecting the T-helper cells (‘CD4 cells’). In untreated
infections, destruction of CD4 T-helper lymphocytes leads to an increasing degree of
immune suppression, especially when the CD4 count falls below 350 cells/mm3. While
infections with HIV have become a manageable chronic condition in Europe where effective
antiretroviral treatment (ART) has made severe immunosuppression a rarity, it is still a major
cause of morbidity and mortality in tropical countries, especially in sub-Saharan Africa. The
programmatic roll-out of ART is successfully advancing and the Global Burden of Disease
Study, published in in October 2016 [(6)], showed a significant increase in life expectancy
between 2005 and 2015 in many African countries (e.g. patients in Malawi gained life
expectancy of 13.7 years for females and 10.5 years for males) mainly due to ART. Recent
changes in the WHO guidelines have seen a move towards people starting ART at higher CD4
counts and since 2016 the recommendation has been to treat all HIV positive patients in all
settings irrespective of their CD4 count [(7)]. The test-and-treat strategy carries the optimism

that ‘sick patients’ can be prevented. Despite the guideline changes a substantial proportion
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of people do not get diagnosed or initiated on ART until their CD4 counts are very low, which
prompted further WHO guidelines on the management of these ‘advanced patients’ [(8)].
When CD4 counts fall below 200 cells/mm3, a variety of opportunistic infections and
malignancies affect the patient who is then diagnosed with acquired immunodeficiency
syndrome (AIDS) [(9)].

Ultrasound is useful in the diagnosis of a wide array of HIV associated diseases and infections
in various organ systems, predominantly in diagnosing opportunistic infections in severely
immunosuppressed patients, but also in patients with longstanding HIV infection on ART
[(10, 11)]. In addition, it is widely used to guide diagnostic needle biopsies for histological or
microbiological investigations [(12)]. The use of point-of-care ultrasound is being recorded in
an increasing number of regions [(13, 14)]. This section is an overview of ultrasound findings

that may be seen in the organs of patients with HIV.

Abdominal ultrasound

Liver

Diffuse pathologies

Hepatomegaly is one of the most frequent findings in patients who are HIV-positive and was
found in up to 35% of patients screened in the Democratic Republic of Congo and Zambia
[(15, 16)]. The causes of hepatomegaly in HIV-positive patients are numerous, but the most
frequent are concomitant hepatitis B and C virus infection, cytomegalovirus (CMV) infection,
granulomatous hepatitis e.g. due to tuberculosis [(17)], Mycobacterium tuberculosis, atypical
mycobacteria infection (MOTT, mycobacteria other than tuberculosis, e.g. mycobacterium
avium complex (MAC) or Mycobacterium kansasii) and diffuse lymphomatous infiltration
[(18, 19)]. Visceral leishmaniasis, presenting with fever and hepatosplenomegaly, is also
more common in people infected with HIV and is an important differential in endemic areas
[(20)]. In Asia, Talaromyces (formerly Penicillium) marneffei is a common opportunistic
infection causing hepatosplenomegaly and generalised lymphadenopathy, as well as typical

skin lesions [Figure 1].
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Figurel Diffuse hepatomegaly (a) and splenomegaly (b) (17 c¢cm) in a patient with
Talaromyces marneffei infection. Typical umbilicated skin lesion on the

forearm (c).
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Often no specific cause of hepatomegaly is found. Ultrasound-guided liver biopsy helps to
narrow down the differential diagnosis. Small lymph nodes are frequently detectable within
the hepatoduodenal ligament in patients with chronic HIV. Enlarged lymph nodes can be
found in HIV-positive patients with or without chronic hepatitis C virus [(21-23)] and in other
inflammatory liver diseases such as primary biliary cholangitis and autoimmune hepatitis

[(19, 24-26)], as well as in lymphoma [Figure 2].

Figure 2 Enlarged perihepatic lymph nodes in the dorsal hepatoduodenal ligament
(between markers) in an HIV-positive patient with chronic hepatitis C and

hepatic tuberculosis.
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Focal pathologies

Focal pathologies of the liver are a common finding in patients with HIV. The echo-pattern of
the liver lesions may be described as hypoechoic, hyperechoic or of mixed echogenicity.
Diseases commonly presenting with hypoechoic liver lesions are lymphoma, Mycobacterium
tuberculosis infection and abscesses [(27)]. AlIDS-related lymphomatous lesions may vary
largely in size from a few to several centimetres [Figure 3] and in some instances they may
appear echo-free and can be confused with cystic lesions [Figure 4]. Bacterial abscesses

often show irregular borders and may contain small gas bubbles [Figure 5].
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Figure 3 Complex lesion in the left lobe of the liver in a patient with HIV: lymphoma.
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Figure4 Round hypoechoic lesion in the liver of an HIV positive patient: non-Hodgkin

lymphoma (biopsy result).
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Figure 5 Bacterial abscess of the liver.
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Fungal microabscesses can have a bulls-eye appearance; in particular, this morphology has
been described in Candida albicans infections and mucormycosis [(11)] [Figure 6].

Disseminated Kaposi’s sarcoma (KS) presents with hyperechoic, disseminated lesions, 5-10
mm in size, which can be found even in the absence of cutaneous lesions [Figure 7]. In larger

KS lesions, a complex echo-pattern with hyper- and hypoechoic areas is observed.

Figure 6 ‘Bull’'s eye’ sonographic appearance of a fungal abscess in the liver of an HIV-

positive young drug user [(11)].
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Figure7 Hyperechoic liver lesion in an HIV positive patient with disseminated Kaposi’s

sarcoma: liver KS (the lesion disappeared after chemotherapy).

Small hyperechoic liver lesions are seen in disseminated MAC and Pneumocystis jirovecii
infections. Bacillary peliosis or bacillary angiomatosis is characterised by cystic, blood-filled
vasoproliferative lesions and spaces in the liver. This is linked to opportunistic infection with
Bartonella henselae and has a sonographic appearance of multiple heterogeneous, more
often hyper- but sometimes also hypoechoic, hypervascular focal liver lesions [Figure 8]
[(28)]. Multiple, diffuse small echogenic lesions in the liver or spleen are seen as a
‘snowstorm pattern’. Although this was initially described with Pneumocystis jirovecii
infections [(11)], other organisms such as Candida and Aspergillus can be a cause.
Histological features include foci of calcification, but their frequency is not sufficient to
explain the multiple echogenic foci. The interfaces caused by the fibrosis could be largely
responsible for the snowstorm appearance [(29)]. Ultrasound guided biopsy is used to
determine the diagnosis [(12, 30)].

Hepatocellular carcinoma (HCC) is a common cancer in HIV-positive patients, mainly driven
by hepatitis C virus co-infection. A focal lesion in a cirrhotic liver is highly suggestive of HCC
[Figure 9]. The lesions are mostly hypoechoic, but hyperechoic lesions also occur especially if

small. A mosaic pattern is typical, but rare [(31)]. Biannual ultrasound screening is
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recommended for all patients with cirrhosis and those who are infected with hepatitis C with
additional risk factors (family history of HCC, Asians and Africans) [(32, 33)]. Recent evidence
suggests that more frequent screening may be beneficial in cirrhotic patients with HIV, in
particular those with a detectable HIV viral load [(34)].

In patients at risk of HCC, the Liver Imaging Reporting and Data System (LI-RADS) can be
used for classification. The American College of Radiology introduced LI-RADS to standardise
the reporting and data collection of CT, MR and US imaging for hepatocellular carcinoma
(HCC) [(35-37)]. LI-RADS is an algorithm which categorises observations from LR-1, a
definitely benign lesion through to LR-5, reflecting a confident diagnosis of HCC. LR-M
suggests a malignant lesion without specificity for HCC and LR-V suggests tumour thrombus
in the portal vein. Between LR-1 and LR-5 are all the other possible observations reflecting
the process of carcinogenesis including LR-2, a probably benign observation, LR-3 an
observation of intermediate probability for HCC and LR-4, a highly suspicious observation for
HCC. The categories LR-3 to LR-5 tend to roughly reflect the progression from large
regenerative nodules (>4 mm) to mature HCC, paralleled by a derangement of intratumoural

vascularisation.
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Figure 8 Bacillary angiomatosis linked to opportunistic infection with Bartonella
henselae has a sonographic appearance similar to liver cirrhosis or nodular
regenerative hyperplasia with multiple iso- or hyperechogenic focal liver

lesions [(28)]. Gallbladder (GB); Portal vein branch (PV).

Figure 9 Focal lesion in the cirrhotic liver of a patient infected with HIV and hepatitis B

virus: liver HCC (biopsy result).
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Incidental findings of benign focal liver lesions are found with the same frequency as the
general population [(38)]. Contrast enhanced ultrasound (CEUS) is helpful in determining the

nature of such lesions [(39)].

Gallbladder and bile ducts

Gallbladder wall thickening is a frequent finding in patients with HIV; however, in the
majority of patients this is an incidental finding. A thick-walled and distended gall bladder,
which shows the ‘sonographic Murphy’s sign’ (tenderness on applying pressure with the
probe in the gallbladder area), may point to cholecystitis. In contrast to immune-competent
individuals, this may develop in the absence of gallstones (‘acalculous cholecystitis’) in
patients with HIV [Figure 10]. Gallbladder thickening is a short-lived sonographic
phenomenon of early phase acute hepatitis in approximately 50% of patients [(40)]. This
must not be confused with acute cholecystitis where there is circumscribed pain on

palpation.

Figure 10 Gallbladder thickening in emphysematous cholecystitis in an HIV-positive
patient. A small gas bubble within the wall is indicated by the arrow.
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AIDS cholangiopathy is described in HIV patients with advanced immune suppression. It
results from strictures in the biliary ducts due to opportunistic infections. On ultrasound it is

characterised by irregular or smooth dilatation of intrahepatic bile ducts and concentric
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thickening of the intra- and extrahepatic biliary tree (sclerosing cholangitis). Extrahepatic
strictures, as well as papillary stenosis, have also been described. Cryptosporidium parvum is

the most common pathogen associated with AIDS cholangiopathy [(41)].

Spleen

Splenomegaly is found in about a third of patients with AIDS in Africa [(15)]. This can be a
non-specific finding due to the underlying HIV infection or due to other prevalent tropical
infections like chronic malaria and schistosomiasis. It can also be a sign of diffuse hypoechoic
infiltration, e.g. lymphoma [(18, 42)].

Focal splenic lesions can be due to infections such as pyogenic abscesses (generally
hypoechoic), mycobacterial microabscesses (hypoechoic) [Figure 11] or toxoplasmosis
(calcifications of a few millimetres in size with comet tail artefacts or a posterior acoustic
shadow) [(43)]. A snowstorm pattern associated with Pneumocystis jirovecii pneumonia (PJP)
and other opportunistic infections has also been described (see also the liver section) [Figure

12].

Figure 11 Tuberculosis of the spleen with small hypoechoic lesions in an HIV-positive
patient. Similar images can be seen in other infectious (bacterial, fungal)

diseases, haemophagocytosis-syndrome and lymphoma.
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Figure 12 ‘Snowstorm’ or ‘starry-sky’ pattern of the spleen with small hyperechoic
lesions in an HIV-positive patient. Pneumocystis jirovecii pneumonia was

deemed a possible cause (spleen histology not obtained).

The most frequent neoplastic focal lesions of the spleen are a variety of lymphomas, which
are commonly hypoechoic, ill-defined lesions of varying sizes [Figure 13]. Contrast enhanced
ultrasound is helpful in delineating small infiltrations including haemophagocytosis lesions
[(44)] and extramedullary haematopoiesis [Figure 14]. Burkitt’s lymphoma lesions tend to be
larger and may have a complex echo-structure [(11, 18)]. KS tends to be echogenic and may
vary in size from a few millimetres to a large lesion occupying a large area of the spleen. A

large variety of differential diagnoses have to be considered [(18, 42, 45)].
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Figure 13 Multiple hypoechoic lesions of the spleen in an HIV-positive patient with

lymphoma (NHL).

Figure 14 Extramedullary haematopoiesis. Extramedullary haematopoiesis can be seen in

a variety of neoplastic and infectious diseases in association with HIV-infection.

Pancreas

Although pancreatic involvement is frequently found in patients with HIV, it is rarely
symptomatic and is usually in the context of disseminated infections. Pancreatitis may be

seen secondary topancreatic duct strictures induced by opportunistic infections, similar to
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the cholangitic changes already described. Tuberculosis of the pancreas rarely occurs in
isolation. On ultrasound tuberculosis infiltration may be diffuse or circumscribed [Figure 15]
[(46)]. In addition, focal masses of the pancreatic head due to tuberculosis or primary
pancreatic lymphoma may cause obstruction of the pancreatic duct leading to secondary
pancreatitis. Autoimmune pancreatitis can have similar characteristics on conventional
ultrasound and is an important differential diagnosis [(47)]. CEUS and elastography are

helpful to differentiate between different causes of pancreatic masses [(46)].

Figure 15 Tuberculosis of the pancreas. Ductal adenocarcinoma was suspected by
computed tomography. Ultrasound-guided biopsy revealed the final diagnosis
of tuberculosis of the head of the pancreas. Endoscopic ultrasound
elastography revealed softer tissue whereas in the more advanced stages

harder elasticity is predominant [(48)].

HITACHI
FR:13

Gastrointestinal tract

The gastrointestinal tract is particularly prone to opportunistic infections owing to its large
surface area and the presence of lymphoid tissue in the bowel wall. Inhomogeneous masses
may be observed, but commonly pathology presents as a thickened (up to 2 cm), hypoechoic
bowel wall similar to that seen in colitis [Figure 16]. Often a central hyperechoic, gas-

containing lumen is visible (‘target sign’). Again, there is a wide differential diagnosis,
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including opportunistic infections and neoplasms [(49)]. Endoscopy may be used to obtain
diagnostic tissue samples, but because of the submucosal location of the lesions this does
not always provide a diagnosis. Percutaneous ultrasound-guided biopsy of the bowel wall

has also shown to be a safe way to obtain tissue samples [(50)].

Figure 16 Thickened stomach wall in an HIV-positive patient with disseminated Kaposi’s

sarcoma (histology on gastroscopy biopsy confirmed KS).

Ascites

Ascites is a relatively common finding that is encountered in up to 1 in 5 patients with AIDS
in some African studies [(15)]. Ascites may be due to portal hypertension, especially in co-
infected patients (with hepatitis C or B virus) or those with alcoholic liver disease. Exudates
may be due to infections or tumours and numerous causes have been described. Ultrasound
helps to identify even small amounts of intraperitoneal fluid and can assist with
paracentesis. Microbiological culture and PCR (polymerase chain reaction) may yield results
of Mycobacterium tuberculosis, Mycobacterium avium complex (MAC) and CMV, but in rare
cases organisms such as Candida albicans, Cocciodiodes immitis, Pneumocystis jirovecii,

Toxoplasma gondii and Encephalitozoon cuniculi have been found.
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Malignant ascites is seen less frequently and should be suspected in culture-negative
exudative peritoneal fluid. KS and lymphoma are the most common causes in HIV-positive
patients with advanced immune suppression. Primary effusion lymphoma associated with
human herpes virus 8 (HHV-8) is a rare, aggressive mature B-cell neoplasm predominantly
observed in patients with HIV. It usually manifests with effusions in the pleural, pericardial or
peritoneal space [(51)]. Several mechanisms associated with HIV infection, as well as
traditional risk factors including age, opportunistic infections and lifestyle choices, may
increase the risk of venous thromboembolism in patients with HIV [(52)]. Therefore, portal
vein thrombosis is another cause of ascites that should be suspected and can be

demonstrated with Doppler ultrasound.

Kidney

Patients with HIV have an increased incidence and prevalence of acute and chronic renal
failure. While common causes of chronic renal failure also occur in patients with HIV, the
most common HIV related disease is HIV associated nephropathy (HIVAN), histologically
characterised by focal-segmental glomerulosclerosis. This is the most frequent renal
pathology found on ultrasound. The kidneys are typically normal or increased in size and the
parenchyma is hyperechoic [Figure 17]. This appearance is non-specific and can be seen in
other renal diseases such as diabetic glomerulosclerosis or other forms of chronic
glomerulonephritis. This sonographic finding should prompt an assessment for proteinuria.

In some cases renal biopsy may be indicated to determine the exact diagnosis.
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Figure 17 Hyperechogenic (compared with adjacent liver tissue) kidney in a patient with

HIV associated nephropathy (HIVAN) .

Nephrocalcinosis with circumscribed renal calcifications can be seen in generalised MAC and
histoplasmosis infections, as well as in patients taking medication such as sulfadiazine,
acyclovir and in particular indinavir, which can induce renal stone-like crystal aggregates.
Abscess formation is typical in tuberculosis. Retroperitoneal masses like lymphadenopathy

can obstruct the ureters and result in hydronephrosis [(53)].

Chest ultrasound

Lung ultrasound

Pulmonary diseases are common in HIV-positive patients. Opportunistic infections,
neoplastic diseases and other pulmonary pathology occur more frequently than in HIV-
negative individuals [(54)]. The differential diagnosis of pulmonary disease in HIV-positive
patients is broad and ultrasound may function as an adjunct imaging modality [(55)]. Its use
in the diagnosis of tuberculosis is described in the section on TB. In HIV-positive patients
with PJP, B-lines, subpleural consolidations and cystic changes are described [(56)]. The

hyperechoic cystic changes seem to be particularly suggestive of PJP [(57)]. Lung
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consolidation with air bronchograms and pleural effusion should prompt suspicion of other

aetiologies (e.g. bacterial pneumonia, TB).

Heart

HIV-associated cardiomyopathy is reported in 9-57% of patients who are HIV-positive in
Africa [(58)]. Variation in study design, population and a lack of a clear definition for
cardiomyopathy may account for this wide range. There is limited data on the pathogenesis
of cardiomyopathy in HIV-infected individuals in Africa [(58)]. A study from the Democratic
Republic of Congo reported cardiac histology from 16 patients, all of which had
histopathological evidence of myocarditis. Toxoplasma gondii was found to be the cause in 3
patients (18.75%), Cryptococcus neoformans in another 3 (18.75%) and Mycobacterium
avium intracellulare in 2 (12.5%) [(59)]. Direct HIV-associated cardiac inflammation was
considered to be the cause in the remainder (50%). These aetiologies are different from the
cardiotropic viruses seen more frequently in developed countries. There seems to be a
relationship between the degree of immunosuppression and the likelihood of
cardiomyopathy [(60, 61)]; antiretroviral therapy prevents immunosuppression, but it is
unclear whether it reverses cardiomyopathy. Abdominal sonographic views may show a
typically enlarged, dilated ventricle (diastolic diameter of more than 5.5 cm) with globally
reduced contractility; this may prompt further investigation by echocardiography. Pericardial
effusions are also a common finding in HIV infected patients. TB pericarditis will be discussed
in detail in the section on TB. Malignancy, in particular KS, is an important differential

diagnosis.

Other ultrasound applications

Lymph nodes

Enlarged lymph nodes are frequently seen in patients with HIV and have a wide differential
diagnosis. Intra-abdominal lymph nodes larger than 1.5 cm are commonly considered
pathological and are often round and plump and can occasionally become very large [Figure

18].
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Figure 18 Enlarged lymph nodes encasing the coeliac axis, common hepatic artery and

splenic artery (transverse section).

Often the nodes appear hypoechoic and have a disrupted architecture with absence of the
‘hilum fat sign’ and sometimes, liquid, necrotic areas. The differential diagnosis of enlarged
lymph nodes in HIV-positive patients includes tuberculosis, MAC, toxoplasmosis, CMV, as
well as generalised KS and lymphoma. Castleman disease is another lymphoproliferative
disease associated with HHV-8 in HIV-positive patients presenting with fever and
lymphadenopathy.

Ultrasound-guided needle biopsy can often help make a diagnosis. The use of ultrasound for
the differential diagnosis of enlarged lymph nodes has been extensively published, including
conventional ultrasound [(53, 62)], contrast enhanced ultrasound [(62-65)] and elastography

[(66, 67)].

Parotid gland

5-10% of patients with HIV-1 infection have parotid swellings, most commonly due to cystic
lymphoepithelial lesions of the salivary gland. Sonographic examination shows unilaterally or
bilaterally enlarged glands with cystic lesions [Figure 19]. The size of the sonolucent areas

may vary from a few millimetres to a few centimetres, cyst numbers vary from a single cyst
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to numerous cysts and represent lymphoepithelial cysts, intraparotid lymphadenopathies

and parenchymal lymphoproliferation [(68)].

Figure 19 Multiple hypo- to anechoic lesions in the parotid gland of an HIV-positive

patient: diffuse infiltrative lymphocytosis syndrome.

If necessary, the diagnosis can be confirmed through fine-needle aspiration. Treatment
includes simple aspiration, surgical resection or radiotherapy; most cases that are treated

with antiretroviral therapy show regression.

Tuberculosis (TB)

Introduction

Infections with Mycobacterium tuberculosis commonly affect the lungs and are often
diagnosed by a chest radiograph as well as by sputum microscopy (acid-fast bacilli (AFB)),
PCR or sputum culture. Nevertheless, because TB is a systemic disease [(69)],
extrapulmonary manifestations are seen regularly and in cases of concomitant HIV infection
they are even more frequent. In a significant proportion of HIV-positive patients with
suspected TB, ultrasound can identify findings suggestive of TB despite a normal chest
radiograph [(70)]. As material for microscopy and culture is not readily obtainable in

extrapulmonary tuberculosis (EPTB), diagnosis often depends on aspiration of suspicious
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fluids or lymph nodes, or alternatively the diagnosis is made based on clinical criteria alone
in high prevalence settings. The highly suggestive combination of effusions, enlarged lymph
nodes and focal lesions in the spleen and liver is well described as suggestive of TB in various
settings. In rural South Africa, where there is an extremely high prevalence of HIV and TB
and low resources for further diagnostic work-up, the findings may be considered sufficiently
specific to initiate anti-TB treatment. In a case series of high-risk patients from an Italian
cohort, these findings were replicated and the diagnosis of tuberculosis was confirmed by
ultrasound-guided biopsy [(71)]. Similar patterns of ultrasound findings were described in
patients in other African settings [(72-74)], Asia [(75-77)], the Middle East [(78)] as well as in
patients from low prevalence settings in Europe [(79)]. Once a clinical diagnosis is made,
standard treatment for all forms of EPTB is similar to that of pulmonary tuberculosis; usually
4 antibiotics (rifampicin, isoniazid, ethambutol and pyrazinamide) are given for 2 months
followed by 4 months of rifampicin and isoniazid. This section of the chapter will discuss the
ultrasound findings of TB, often seen in HIV-positive patients but also in HIV-negative

individuals.

Abdominal ultrasound

Liver

Involvement of the liver in TB is common (up to 80% in EPTB), however clinical
manifestations of this involvement are not frequently seen [(80)]. Sonographically, two main
forms of involvement are seen. An enlarged liver with a homogeneous, bright echo-pattern
points towards diffuse hepatic granulomatous disease (often wrongly described as
granulomatous hepatitis; as liver cells are unaffected ‘hepatic granulomatous disease’ would
be more correct) [Figure 20] [(81)]. The diagnosis is reached by ultrasound-guided liver

biopsy. The other form manifests as focal liver lesion(s).
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Figure 20 Echogenic liver in granulomatous hepatic disease caused by TB (proven by

biopsy).

Focal tuberculomas present as ‘abscess-like’ masses, which are usually hypoechoic or of

mixed echogenicity. They may be single or multiple and vary in size from 0.5-12 cm [Figures

21] [(82)].

Figure 21 Tuberculosis of the liver with granulomatous infiltration of the liver

parenchyma and bile ducts (in between markers).
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A very rare form of hepatic involvement is ‘serohepatic tuberculosis’ characterised by
predominant involvement of the serosal plane and lesions centred in the subcapsular area of
the liver. The thickened liver capsule and sub-capsule overlying these hypoattenuating
lesions resemble ‘sugar-coating’, an appearance popularly referred to as ‘frosted liver’ [(83)].
The appearance of hepatic TB on CEUS often shows the size of the lesions to be larger than
in conventional ultrasound. During the arterial phase, approximately half of the lesions show
a rapidly and markedly enhancing rim with a hypoenhanced centre; others show transient
enhancement of the whole lesion with uneven intensity. Histopathological analysis shows
that the enhanced rim is due to inflammatory hyperaemia in the normal hepatic sinusoid.
During the portal phase, most lesions showed distinct wash-out of the contrast agent in the
centre and maintained a hypoechoic appearance. Histopathological analysis show that the
wash-out in the centre corresponds to the destruction of the hepatic sinusoid with
inflammatory granulation [(84)]. Due to the differential diagnosis of malignancy, biopsy is
often required.

Tuberculosis infection may present with an enormous heterogeneity of manifestations. It
should be noted that all the hepatic lesions (as well as all tuberculous lesions in general) can
initially increase in size during successful treatment as the improved immunological response
increases the inflammatory reaction. This does not suggest treatment failure and it should

be followed up.

Disseminated abdominal infection (lymph nodes and spleen)

Disseminated abdominal TB affecting mainly abdominal lymph nodes and the spleen is a
pattern frequently seen in HIV-positive patients especially in those with low CD4 counts, but
the pattern can also found in HIV-negative individuals. Clinical signs and symptoms are
usually weight loss, diffuse abdominal pain and possibly diarrhoea [(85)].

Abdominal lymph node enlargement and ascites are the most common findings and
hypoechoic lesions of the spleen are seen in about 50% of patients [Figure 22] [(85)].
Although the signs are not completely specific, lymph nodes are larger in TB patients than in
patients with non-tuberculous mycobacteria (NTM) [(86)]. Additionally, TB nodes more
frequently show darker, ‘anechoic’ areas within the nodes whereas NTM nodes tend to be

more uniform.
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The splenic microabscesses represent a ‘miliary’ pattern of infection, although many patients
show no miliary pattern on a chest radiograph [(70)]. Up to 25% of the patients who are
found to have sonographic signs of disseminated TB do not have features suggestive of TB
on the chest X-ray. As the splenic lesions are often very small and sometimes differ only
slightly in echogenicity from the surrounding tissue, the use of a linear transducer is
essential. The splenic hypoechogenic foci are suggestive of Mycobacterium tuberculosis
infection rather than non-tuberculous mycobacteria (NTM), as they are rarely seen in the
latter [(87)]. Alternative differential diagnoses of multiple small (<1 cm) splenic lesions are
Bartonella infections (peliosis), visceral leishmaniasis, melioidosis (in patients from
Southeast Asia) and disseminated brucellosis [(88)]. Tuberculous abscesses in the spleen
may present as a large solitary lesion or as multiple lesions, the latter raising the possibility
of an alternative diagnosis such as malignancy (e.g. lymphoma). If CEUS is available,
malignant lesions tend to show hypoenhancement in the arterial phase and
hypoenhancement in the parenchymal phase. Benign lesions, including TB tend to show
isoenhancement or hyperenhancement in the arterial phase and isoenhancement or
hyperenhancement in the parenchymal phase [(89)]. Biopsy of the splenic lesion may be
indicated. Fine needle aspiration biopsy (FNAB) is infrequently done because the risk of
haemorrhage is considered high, but studies have shown that complications are less
frequent than perceived and FNAB (e.g. with a 22 G spinal needle) can often yield diagnostic
material [(90)].

The sonographic findings of disseminated TB, for example enlarged lymph nodes and splenic
lesions, but also pleural and pericardial effusions, tend to disappear within 3 months of
effective TB treatment irrespective of HIV status. In one case series, persistent findings
beyond this period were due to non-compliance with drug therapy, multidrug-resistant TB,

an alternative diagnosis or immune reconstitution inflammatory syndrome (IRIS) [(91)].
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Figure 22 Hypoechogenic tuberculous nodules seen with a linear probe.

Pancreas

Features of tuberculosis in the pancreas are described in the previous section on ultrasound
in HIV patients. In summary, a focal lesion in the pancreas can be a sign of tuberculosis

[Figure 15].

Gastrointestinal tract

Although tuberculosis can involve any region of the gastrointestinal tract, it most frequently
affects the ileocaecal valve, the adjacent ileum and the right-sided colon [(17, 92-95)]. The
common sonographic appearance is of an asymmetric thickened bowel wall, possibly with
intramural abscesses [Figure 23] and fistulae [Figure 24]. A ‘white bowel’ has been described
[Figure 25] as well as hypoechoic oedema of Kerckring's folds with mesenteric thrombosis
[(17)]. Extra-intestinal signs like enlarged mesenteric lymph nodes and mesenteric thickening
are frequent accompanying findings [(17)]. Patterns of contrast enhancement in CEUS have

been described for intestinal TB [(96)] but their diagnostic value remains to be determined.
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Figure 23 Gastrointestinal tuberculosis in an HIV-positive patient with intramural abscess

formation in between markers.

- D=_10.8mm

Figure 24 Gastrointestinal tuberculosis in an HIV-positive patient with complex

infiltration, a fistula (arrow) and abscess (ABS) formation (panoramic imaging).
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Figure 25 Gastrointestinal tuberculosis in an HIV-positive patient with complex
inflammation of the lymphatic vessels resulting in so-called white bowel.

Appendix (APP); caecum (COE); terminal ileum (TI).

Peritonitis

TB peritonitis is probably caused by haematogenous spread and reactivation of long-latent
foci or mesenteric lymph nodes [(97)], but contiguous spread from the bowel or fallopian
tubes is also possible. Ultrasound findings are (a) ascites (clear or complex with fixed
membranes, septae, strands and floating debris), (b) thickened parietal peritoneum possibly
with nodules [Figure 26], (c) omental thickening (‘omental cake’) and thickening of the

mesentery and (d) abdominal lymphadenopathy [(98)].
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Figure 26 Circumscribed peritoneal thickening in an HIV-positive patient with peritoneal

tuberculosis.
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Ascites is usually straw-coloured or sometimes (10% of cases) blood stained, the protein
content is usually more than 2.5 g/dl and leucocytes with lymphocytic predominance can be
seen. Direct microscopy is usually AFB negative as the bacterial load is low and
mycobacterial cultures of ascites are also frequently negative. Reported sensitivity of the
Xpert MTB/RIF assay compared with the culture varies between 19% and 71%; specificity is
high at 100% [(99, 100)]. Due to the low sensitivity, negative test results in ascites cannot be
considered diagnostic. Biopsies of pathological peritoneal and omental lesions offer an
alternative method to obtain a diagnosis. When patients show sonographic abnormalities of
the peritoneum or greater omentum (diffuse thickening), ultrasound-guided percutaneous
biopsies using Tru-Cut needles can frequently determine the aetiology [(101)]. Laparoscopy
can detect peritoneal lesions and allow biopsies to be obtained from various parts of
peritoneal lesions but is more invasive and rarely available in the resource-limited setting.
‘Blind’ peritoneal biopsy using forward-biting endoscopy biopsy forceps has been

successfully used as an alternative [(102)].

Renal and urinary tract

Genitourinary TB (GUTB) is seen more frequently in male than in female patients and about
a third of the patients report previous tuberculosis [(103)]. The pathogenesis involves the

haematogenous spread of Mycobacterium tuberculosis followed by seeding in the renal
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cortex in which a high oxygen tension exists. During reactivation, granulomas form that
spread into the medulla and can lead to necrosis of renal papillae and renal obstruction may
occur. Bacilluria can lead to ureter and bladder involvement with fibrosis and reflux. The
most common symptoms are storage symptoms, dysuria, lumbar pain and haematuria. Only
one in five patients complain of systemic symptoms like fever and malaise [(103)].

Sonography may show renal calcifications, papillary irregularities and intrarenal masses

[Figure 27].

Figure 27 Renal tuberculosis in HIV-positive patients. The infiltration patterns vary from
larger abscesses (a, b) to tiny infiltration (c). Contrast enhanced ultrasound is
helpful in delineating non-vascularised abscesses (b) [(104)]. Cortex of the

kidney (Nierenrinde).
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NIERENRINDE

Hydronephrosis due to strictures, thickening and dilatation of the ureter and bladder
abnormalities (wall thickening and masses) may also be seen [(105)]. The diagnosis is usually
made with a urine culture; urine specimens can also be assessed by GeneXpert MTB/RIF, a
recent meta-analysis showed good sensitivity (87%) and specificity (91%) [(106)].

Scrotal involvement in the form of swelling due to ‘cold abscesses’ in the epididymis and
testis is well described [(107)]. Focal areas of decreased echogenicity can be demonstrated
on ultrasound. Differentiation from tumours may be difficult, so image-guided aspiration is
often needed.

Women with GUTB can present with menstrual irregularity, infertility, abdominal pain and
pelvic inflammatory disease [(107)]. Most patients have abnormal hysterosalpingograms
with endometrial adhesions, fallopian tube obstruction and small calcifications in the
adnexal area. Ultrasound may show tubo-ovarian abscesses, extension of these collections
to extraperitoneal areas can suggest TB, so often the diagnosis is made by aspiration and
microbiological analysis of the material [(108)]. Adnexal masses due to TB are frequently
misdiagnosed as ovarian cancer and are only correctly diagnosed after laparoscopy. It is
important to remember that ovarian TB can be associated with elevated CA 125 levels, a
tumour marker for ovarian cancer [(109)]. Checking CA 125 levels at follow-up may even be

useful to assess the therapeutic response to TB treatment [(110)].
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Chest ultrasound

Lung

The role of ultrasound has become established in recent years since the introduction of the
BLUE protocol, especially in acute medicine and intensive care [(111)]. Although ultrasound
signs are non-specific, chest ultrasound appears to be a useful, complementary and low-cost
tool, which explains the growing interest in applying the technique to patients with TB. The
main features of pulmonary tuberculosis (PTB) are focal opacities and collapsed lung
segments or lobes, which are of course indistinguishable from other (bacterial) pneumonias
[(55)]. In patients with miliary TB, multiple B-lines and comet-tail artefacts disseminated
throughout multiple lung areas, as well as a pattern of sub-pleural granularity, have been
described [(112)]. In a recent study, subpleural nodules were described which were mostly
multiple and also found in radiologically normal areas of the lung. Other findings were lung
consolidation, the previously described miliary patterns made up of miniature nodules and
pleural and pericardial effusions [(113)]. When tuberculomas are located in the pleura, they
can be visualised by ultrasound. Investigations using CEUS show rim enhancement,
homogeneous or heterogeneous enhancement. Enhancement patterns of these juxtapleural
pulmonary tuberculomas correlate well with their pathological features; caseating necrotic

areas do not enhance while granulomatous inflammatory areas show enhancement [(114)].

Pleuritis

The pleura may be affected by TB in different ways:

e Effusion that develops usually a few months after primary infection (hypersensitivity
reaction).

e Effusion developing as a result of lung disease in older adults, which might develop into
purulent effusion (empyema).

e Rupture of a cavity and escape of bacteria and air into the pleural space, from which an
empyema and pyopneumothorax may result.

e Complicated miliary TB that result in polyserositis.
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In the majority of patients the disease course is characterised by a subacute onset of fever,
cough, pleuritic chest pain and breathlessness as the effusion evolves [(115)]. Tuberculous
pleural disease is usually unilateral. In all of the above mentioned pleural pathologies,
effusions can be observed sonographically and fibrin strands are often seen [Figure 28]. A
lymphocyte-rich exudative pleural effusion with a ‘complex septated pattern’ (defined as
‘presence of strands, hyperechoic lines within the effusions, floating inside the pleural space,
weblike or branching’) is seen more frequently in TB pleuritis than in effusions associated
with lung cancer when compared to anechoic, homogeneously echogenic or complex non-
septated patterns [(116)]. A complex septated sonographic pattern is also a sign that
predicts residual pleural thickening after anti-TB treatment. Marked residual pleural
thickening is associated with decreased lung volumes (i.e. forced vital capacity). Therefore,

the initial sonographic features can predict sequelae of TB after treatment [(117)].

Figure 28 Complex pleural effusion with debris and fibrinous septae in a patient with

HIV-associated TB.

Ultrasound may be used to guide aspiration and if a total white blood cell count of >500
cell/mm3 and protein >2.5 g/dL are found in the aspirate, an empyema can be diagnosed.
This can be further differentiated clinically between a ‘thin empyema’ (possible to aspirate

through a cannula) and a ‘thick empyema’ (which may need a transthoracic drain). If pleural
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fluid is aspirated this can also be sent for TB-PCR. A recent meta-analysis reported the
pooled sensitivity of GeneXpert MTB/RIF for pleural TB as 46.4% and the pooled specificity
as 99.1% [(118)]. In cases of a negative test where TB is still suspected a blind pleural biopsy
is usually the next diagnostic step. Ultrasound-assisted pleural biopsies performed with an
Abrams needle were found to be more likely to contain pleura and have a significantly

higher diagnostic sensitivity for pleural tuberculosis than Tru-Cut biopsies [(119)].

Mediastinum

Particularly in children, the use of ultrasound of the mediastinum through the suprasternal
notch is an interesting option to identify enlarged lymph nodes in the upper mediastinum
[Figure 29] [(120)]. Initial studies were very promising and the technique is well described
[(121-123)]. Nevertheless, a recent study highlighted the difficulty of this method and image
interpretation, a suboptimal interobserver agreement and the fact that the presence of
enlarged lymph nodes per se was not useful for identifying PTB. The size of the detection of
larger lymph nodes may be helpful in discriminating children with PTB from those with other

respiratory diseases [(124)].

Figure 29 Enlarged mediastinal lymph nodes seen using the suprasternal notch acoustic
window in a South African child with TB (a). Adjacent to the lymph nodes, the
aortic arch is visible (b). (Courtesy of Dr. Sabine Belard, Charite-Berlin,

Germany)
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Heart (pericarditis)

TB pericarditis is one of the acutely life-threatening manifestations of EPTB owing to the risk
of cardiac tamponade [(125)]. It is the most common cause of pericarditis in Africa. In a
South African series, TB pericarditis accounted for up to 70% of the cases referred for

diagnostic pericardiocentesis [(126)] [Figure 30].

Figure 30 Enlarged cardiac silhouette on a chest radiograph in tuberculous pericarditis.

TB pericarditis usually develops by retrograde lymphatic spread of Mycobacterium
tuberculosis from peribronchial or mediastinal lymph nodes or by haematogenous spread

from primary tuberculous infection [(127)]. The immune response to viable acid-fast bacilli
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penetrating the pericardium is responsible for the associated morbidity. Non-specific signs
and symptoms such as fever, night sweats and weight loss are observed and chest pain,
cough and breathlessness are common. In African patients, chronic cardiac compression
mimicking congestive heart failure is another common presentation [(128)].

Sonographically, two forms of pericardial disease secondary to TB can be differentiated:
pericardial effusion and constrictive pericarditis. Pericardial effusions are characterised by a
large, anechoic-rim around the heart. It is important to assess whether the effusion impairs
the normal filling of the right ventricle or atrium as this would suggest cardiac tamponade
[Figure 31]. A study looking at the usefulness of ultrasound findings in African inpatients with
respect to therapeutic decisions found that pericardial effusions are one of the most

relevant findings [(129)].

Figure 31 Pericardial effusion in an HIV-positive patient with pericardial TB.
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Figure 32 Pericardial effusion with fibrinous material in an HIV-positive patient with

pericardial TB.

Often a thickened pericardium with fibrinous strands and exudative coating material are
observed floating in the effusion [Figure 32]. If aspirated, the effusion is typically exudative
and may yield positive results in mycobacterial culture or PCR [(127)]. Xpert-MTB/RIF is
reported to have a sensitivity of 64% (52.4% to 75.1%) and a specificity 100% (85.6% to
100%) when used on pericardial fluid [(130)]. When TB pericarditis is suspected, sputum
samples should be submitted at the same time for AFB and PCR.

In cases of constrictive pericarditis, a thick fibrinous exudate is seen in the pericardial sac
[Figure 33], which is associated with reduced movement of the surface of the heart. The
pericardial exudate condenses into a thick skin surrounding the heart and this can usually be

distinguished from the myocardium [(127)].
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Figure 33 Hypoechoic pericardial material surrounding the heart in a patient with

constrictive pericarditis.

Corticosteroids may be given in addition to antibiotic treatment, although their impact on
outcome is still controversial. A statistically non-significant, but potentially large reduction in
mortality was observed in one randomised trial [(131)]. A recent multicentre study found
that prednisolone had no significant effect on a composite outcome measure of death,
cardiac tamponade requiring pericardiocentesis or constrictive pericarditis in patients with
tuberculous pericarditis [(132)]. Prednisolone therapy on the other hand was associated with
significant reductions in the incidence of constrictive pericarditis and hospitalisation.

As patients often experience faster clinical improvement we prescribe steroids for 6-8
weeks, especially in cases with cardiac tamponade, despite the fact that HIV-positive
patients who receive steroids may have a small but significant increased risk of developing
HIV-associated malignancies, primarily KS [(132)]. Colchicine, while generally effective for
the treatment of acute and recurrent pericarditis, seems not to have a benefit in TB

pericarditis [(133, 134)].
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Other ultrasound applications

Lymph nodes

Enlarged lymph nodes are a frequent presentation of patients with TB, but they have a wide
differential diagnosis, especially in patients with HIV in a tropical setting. The differential
diagnosis includes tuberculosis, MAC, toxoplasmosis, CMV, as well as generalised KS and
lymphoma. Castleman disease is another lymphoproliferative disease associated with HHV-8
in HIV-positive patients that presents with fever and lymphadenopathy [(135)]. As discussed
above, in disseminated TB, intra-abdominal lymph nodes larger than 1.5 cm are commonly
considered pathological, they are often round and plump and can occasionally become very
large [Figure 18].

Peripheral lymphadenopathy most frequently involves the lymph nodes of the neck, but can
also affect the axillary and inguinal nodes. The use of ultrasound for the differential
diagnosis of enlarged lymph nodes has been extensively published, including conventional
ultrasound [(53, 62, 136-138)]. On gray-scale sonography, TB nodes tend to be hypoechoic,
round and without an echogenic hilum (‘hilum fat sign’). They may show intranodal cystic
necrosis (‘caseating necrosis’). Often nodal matting and adjacent soft-tissue oedema is seen.
On colour Doppler or power Doppler the vascular distribution in TB nodes is varied and can
mimic benign or malignant nodes. However, displacement of hilar vascularity is common in
TB nodes probably due to the intranodal cystic necrosis which displaces the vessels [(138)].
Elastography has been reported to give additional diagnostic information [(139, 140)],
although it is mainly used to differentiate between benign and malignant nodes and it is not
widely available in resource limited settings. CEUS is another modality that has been
frequently investigated in the differential diagnosis of enlarged lymph nodes [(62-65, 141,
142)] and again, the price of the contrast agent is prohibitive in most settings where the
highest number of TB patients are seen.

Ultrasound guided biopsy is a more practical way to reach a final diagnosis. Initially enlarged
lymph nodes in suspected cases of TB can be aspirated with a fine needle, the aspirate can
be flushed into a small amount of normal saline and the sample submitted for GeneXpert
MTB/RIF [(143, 144)]. The test is easy to perform, widely available and specific and is more

sensitive than smear microscopy. If GeneXpert results turn out negative a next step could be
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ultrasound-guided core needle biopsy, which has been found to be frequently diagnostic

when pathology services are available [(145, 146)].

Appendix: Focused assessment with Sonography for HIV-associated TB (FASH)

The above-mentioned characteristic findings of HIV associated extra-pulmonary TB
consisting of pericardial, pleural and abdominal effusions, enlarged lymph nodes and focal
splenic lesions are frequently seen in high prevalence settings. This observation led to the
development of a short focused ultrasound protocol to help in settings with a shortage of
skilled sonographers [(13, 147)]. Briefly, the method searches for effusions based on the
approach used in the FAST protocol developed in emergency medicine [(148)]. Additionally,
the examiner uses the same ultrasound windows to look for other findings suggestive of TB
that are sufficiently easy to recognise and adequately specific to influence diagnostic

reasoning [Figure 34].

Figure 34 FASH examination: probe position and possible findings in HIV associated TB.

Probe position No. Localization Possible FASH Findings
1 Epigastric - pericardial affusion
angle - abdominal lymph nodes
2 Rightaxillary - pleural effusion
line thorax
3 Right axillary - focal liver lesions
line abdomen - ascites in the pouch of
Morison
4  Lelt axillary - plaural effusion
line thorax
5 Lelt axillary - focal spleen lesions

line abdomen - ascites in splenc-renal pouch
6 Suprapubic - ascites in the pouch of
pelvis Douglas

The ‘FASH method’ is widely used by emergency physicians in South Africa [(149)], other
settings in Sub-Saharan Africa, as well as in areas of Asia where there is a high prevalence of
TB and HIV like India and Indonesia [(14, 74, 77, 150)]. The use of the FASH protocol in
paediatric patients has also been explored [(151)]. It was found that it is feasible and helpful,

although in children the findings of disseminated TB seem to correlate more with a younger



EFSUMB ECB2nd Edition HIV and TB.... 30.07.2019 12:34 41

age rather than with HIV status, possibly due to the immaturity of the immune response
against mycobacterial infections in infants [(151, 152)].

It was shown early on that the protocol can be taught to clinicians with relatively little
experience in imaging and sufficient diagnostic skills may be achieved in a few days [(153)].
Low-cost materials are available to teach the protocol [(154)]. With increasing availability of
reasonably fast internet connections in sub-Saharan Africa and other low-resource settings,
remotely supported and supervised approaches have become feasible [(155, 156)] and short
training periods can be supported by subsequent remote expert advice [(157)]. Focused
approaches like FASH may help to narrow the gap between the extensive number of patients
in need of imaging and the scarce number of trained sonographers in many areas of the
world. The FASH approach may serve as a model for the development of protocols for other
diseases prevalent in areas with limited access to imaging, such as cystic echinococcosis in

rural South America or schistosomiasis in West Africa [(158-160)].
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