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Preface 
 
 
It is a great pleasure for me as an infectious disease clinician with a long-standing 
experience in clinical ultrasound to see that this booklet has been made available. 
The author is an infectious disease physician with first-hand experience in ultrasound 
and during his work in a district hospital in rural South Africa came up with a simple, 
yet powerful idea: focused assessment with sonography for HIV-associated TB. 
With this protocol, ultrasound is primarily used to extend the physical examination in 
order to quickly assess patients for a few important findings in settings where access 
to other imaging modalities is scarce or non-existent. 
Each year, the author makes his invaluable experience available to those attending the 
Short Course on Abdominal Ultrasound in Infectious Diseases and Tropical Medicine 
(www.tropicalultrasound.org) in Pavia, Italy and organizes short courses in different 
countries in Africa.  
I hope that this booklet will reach more colleagues dealing with this scourge in rural 
resource-poor areas and I wish the book every success. 

 
 

Enrico Brunetti, MD 
Division of Infectious and Tropical Diseases 
IRCCS San Matteo Hospital Foundation-University of Pavia. 
WHO Collaborating Centre for Clinical Management of Cystic Echinococcosis   
Director, Short Course on Abdominal Ultrasound in Tropical Medicine 
www.tropicalultrasound.org 

  
  

https://3c.web.de/mail/client/dereferrer?redirectUrl=http%3A%2F%2Fwww.tropicalultrasound.org%2F&selection=tfol11a3928648e11400
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1. Introduction of FASH, FAST and PLUS        
 
Focused Assessment with Sonography for HIV/TB (FASH) has been developed in recent 
years1 to help in the diagnosis of extra-pulmonary and disseminated forms of 
tuberculosis (TB) which are frequently seen in patients infected with the human 
immunodeficiency virus (HIV). The main objectives of this ultrasound exam are to 
detect effusions which might suggest plural, pericardial or abdominal TB, as well as 
enlarged abdominal lymph nodes and focal lesions in the spleen and liver, which might 
suggest the disseminated or miliary TB encountered in severely immunocompromised 
patients (Table 1). 
 
Table 1: FASH examination: probe position and findings 
 

Probe position No. Localization Possible FASH Findings 
 
 
 

 

1 Epigastric 
angle  
 

- pericardial effusion 
- abdominal lymph nodes 

2 Right axillary 
line thorax 
 

- pleural effusion 

3 Right axillary 
line abdomen 
 

- focal liver lesions  
- ascites in the pouch of 
Morison 

4 Left axillary 
line thorax 
 

- pleural effusion 

5 Left axillary 
line abdomen 
 

- focal spleen lesions  
- ascites in spleno-renal pouch 

6 Suprapubic 
pelvis 

- ascites in the pouch of 
Douglas 

   

 
 
 
Point-of-care limited ultrasound (PLUS) techniques have pioneered the use of 
ultrasound outside its well-established use in the imaging department, especially since 
the mid-1990s. Diagnostic ultrasound has been used for decades in the diagnosis of a 
variety of diseases, but initially the technology was mainly used by radiologists and 
imaging specialists. During the past twenty years ultrasound scanners have found their 
way out of imaging departments. Clinicians from diverse specialties are now using 
ultrasonography to examine particular organs and disease processes and to assist 
procedures relevant to their specialty. A recent review2 mentions about 20 medical 
specialties other than radiology, using PLUS technology in their daily routine. 
Specialties like rheumatology, nephrology and anaesthesiology benefit from the 
immediate availability of anatomical information (Fig.1.1). 
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Fig.1.1 Ultrasound can be done in outpatient clinics, 

admission areas or emergency rooms 

 
Emergency medicine is the specialty that has most significantly advanced the use of 
ultrasound in recent years. Ultrasound scanners are used by emergency physicians as 
tools to aid diagnostic decisions, extend physical examination and facilitate therapeutic 
interventions. One advantage of PLUS is that images can be obtained instantaneously  
and clinicians can use real-time images (rather than images recorded by a sonographer 
and interpreted later by a radiologist). This allows direct correlation of findings with 
presenting signs and symptoms. The FAST (Focused Assessment with Sonography for 
Trauma) protocols were developed as an integrated, goal-directed, bedside 
examination to detect free fluid in body cavities. The first articles about the method 
were published3 in 1995. The presence of free fluid in a trauma victim suggests internal 
bleeding. The method has since been applied to other indications, including the 
detection of abdominal aortic aneurysm, gallstones or renal obstruction.  
 
There is a fundamental difference between these focused exams and conventional 
comprehensive radiology ultrasound exams. Through use of PLUS, the physician seeks 
to answer simple but clinically relevant and usually binary questions e.g. Is a pericardial 
effusion present? Yes or no? Findings that are included in PLUS protocols usually need 
to fulfill two criteria: they must be relevant to the immediate treatment of the patient 
and they must be easy enough to recognize, so that medical staff without lengthy 
ultrasound training can diagnose them correctly. The findings suggested in the FASH 
protocol (see Table 1: FASH examination: probe position and findings) share these 
characteristics. They are highly relevant for the therapeutic decision to treat with anti-
TB medications and they are easy to identify, even with limited ultrasound training.  
 
Emergency departments profit from the availability of a fast imaging method which 
does not require a radiologist to be called in and means that the patient does not have 
to leave the department. PLUS is also of particular interest to resource-poor settings in 
tropical countries where other imaging modalities like CT and MRI are scarce. 
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Diagnostic ultrasound is a rapid, inexpensive, technology which can be easily repeated 
and involves no radiation exposure to the patient.  
 
 However, other considerations need to be borne in mind when using PLUS in 
resource-poor settings. Ultrasound is a highly user-dependent technique and there is a 
shortage of skilled sonographers in settings such as rural African hospitals. For 
comprehensive ultrasound use, WHO recommends that physicians should undergo 
training over 3-6 months including 300-500 ultrasound examinations4. However, as 
Moore and Copel have commented, “While these may be ideal guidelines, more 
focused applications may not require as much training, and a degree of flexibility 
should be allowed to ensure that training does not interfere with treatment access”5. 
 
FASH was initially introduced in 2010, when it was taught to junior physicians through 
a two-day course at a district hospital in rural KwaZulu-Natal, South Africa1. The format 
of short, 2-3 day courses has since been successfully used in other sub-Saharan African 
countries like Mozambique and in other high prevalence settings such as a TB 
department in a teaching hospital in Ghana. The South African Emergency Medicine 
Association adopted it as a module in their ultrasound training curriculum6 and it is 
now one of the most frequently used modules in their repertoire7

. The role of 
ultrasound in the diagnostic algorithms of smear-negative TB has not been clearly 
established. It is unclear how many additional TB cases could be identified by adding 
ultrasound to techniques like sputum smear and chest X-ray. Besides the skill and 
ability of the examiner, the impact of ultrasound will be influenced by the prevalence 
of disseminated/abdominal TB among HIV patients. This depends on  
factors such as prevalence of TB in the general patient population and the degree of 
immune-suppression at the time of presentation. Until further evidence is available, it 
seems reasonable to recommend ultrasound in the HIV-prevalent settings defined in 
the WHO guidelines for smear-negative TB and EPTB. The criteria suggested here are 
HIV-prevalence rates of > 5% among tuberculosis patients8. 
 

Nevertheless, the limitations have to be understood. FASH is not meant to replace full 
detailed abdominal ultrasound by a trained and certified ultrasonographer and/or 
radiologist, if this is available. It is intended only as a technique to quickly assess 
patients, where access to other diagnostic imaging modalities is limited. It extends the 
physical examination which is done by physicians using their hands, stethoscopes and 
other tools.  
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2. HIV and TB- some epidemiological and clinical considerations     

 

The people living in sub-Saharan Africa and in other high-prevalence areas like South-
East Asia and South and Central America face a dual epidemic of HIV and TB. In sub-
Saharan Africa this produces strikingly unbalanced figures. Despite the fact that only 
12% of the world population live in this region, it is estimated that 68% of all HIV-
infected persons (22 million)1 and 26% of all new TB cases (2.3 million)2 live there. TB 
incidence correlates geographically with HIV prevalence3 (Fig.2.1).  
 

 
Fig.2.1 HIV and TB in Africa (modified after (3)) 

 
The reasons for this correlation are both socio-economic and biological. Increasing 
immunosuppression due to HIV infection raises the risk, not only of reactivation of 
latent TB infection, but also of new infections. In addition, HIV is accelerated by 
concomitant TB disease.  
 
There are multiple WHO guidelines for the diagnosis and treatment of both diseases, 
which are often adapted and incorporated into the national guidelines of different 
countries. Some of the general points regarding the diagnosis and treatment of HIV 
and TB are mentioned below, together with some of the most important WHO 
guidelines and other low-cost literature on HIV and TB. Awareness of these guidelines 
is essential for every health care worker treating HIV/TB patients in resource-limited 
settings:  
 

 During the last 10 years, enormous efforts to scale-up access to antiretroviral 
therapy (ART) have been made in many countries.  Established TB control 
programmes have also continued their efforts. To cope with the dual challenge, 
WHO recommends the integration of treatment programmes4,5.  

 

 The diagnosis of HIV is straightforward, due to highly sensitive, specific and 
cheap antibody tests which can be performed at the point-of-care. HIV testing 
should be offered to people coming for voluntary counselling and testing.  The 
health care provider should also try to initiate testing in the appropriate 
setting6. 
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 A wide variety of differential diagnoses of opportunistic infections and 
malignancies are seen in HIV patients in tropical countries7. 

 

 Antiretroviral therapy is highly effective.  In order to improve survival rates, 
reduce morbidity and lower the risk of HIV transmission, it should be started in 
patients meeting treatment criteria. Treatment indications change.  Previously, 

CD4 counts below 200 cells/l  were considered an indication for treatment, 
but WHO and many national guidelines now recommend ART if CD4 counts are 

below 350 cells/l.  ART regimens can also change as new drugs become 
available and newer drugs become affordable in different settings8. 

 

 Drug resistance to ART poses an increasing problem. However, in resource-
limited settings laboratory tests like genotyping are becoming increasingly 
available. When interpreting this information, it is important to take into 
account the patient’s clinical situation and the limited number of drugs 
available. 9. 

 

 Many HIV patients with advanced immunosuppression (including those with 
concomitant TB disease) should receive cotrimoxazole prophylaxis10. 

 

 TB is a primarily a pulmonary disease. However, due to haematogenous spread 
with a seeding of foci in multiple sites, it can affect many organ systems and 
have a variety of clinical presentations11. 

 

 TB transmission occurs through micro-droplets coughed up by patients with 
pulmonary TB. HIV patients are at high risk of infection.  Infection control 
measures within the health care setting are therefore of great importance. 
These can be taken to some extent in almost any setting12. 

 

 Extra-pulmonary and smear-negative TB are particularly common in 
immunosuppressed patients. Diagnosis is often difficult as acid-fast bacilli (AFB) 
smears are frequently negative. TB sputum culture is possible, but complex and 
time-consuming and access is poor in many high-burden settings. Therefore 
diagnosis is often based on clinical signs and symptoms13. 

 

 Sonography can detect findings suggestive of EPTB even if there are no CXR 
changes suggesting pulmonary (Fig.2.2) or miliary (Fig.2.3) disease. 
Nevertheless, many patients with EPTB may also have pulmonary disease, so a 
chest X-ray, sputum smear and sputum culture may be helpful in the 
diagnosis14. 
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Fig.2.2 Chest X-ray of a patient with signs of pulmonary TB: 

infiltrates and cavitation, especially in the upper lobes 
 

 

 
Fig.2.3 Chest X-ray of a patient with signs of miliary TB: 

multiple small densities throughout the lung 
 

 EPTB is a HIV Stage VI condition and therefore an indication for ART in almost 
all settings8. 

 

 TB treatment has followed well-established guidelines for many years.  HIV-
infected patients are considered within these guidelines and should be treated 
with the same rifampicin-based regimens15. 

 

 Multi-drug resistant (MDR)-TB has become an increasing problem in many 
regions of the world. It should be treated according to results of genotypic or 
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phenotypic drug susceptibility testing (DST)16,17. 
 

 In patients with EPTB, biopsy material is often needed for culture and DST. This 
can be obtained by ultrasound-guided aspiration.  

 

 Newer diagnostic methods like the Xpert MTB/RIF system are being introduced 
in high-burden settings and will change the diagnostic algorithms used for TB 
and TB/HIV-infected patients. The data on the impact of the diagnosis of EPTB 
is still scarce, but changes should be expected18,19. 

 

 Immune Reconstitution Inflammatory Syndrome (IRIS) is seen when HIV-
infected patients with TB disease or other opportunistic infections start ART20. 
The correct timing of the different drugs is therefore important to balance the 
possible morbidity and mortality caused by IRIS, with that caused by the delay 
of ART and the resulting prolonged immunosuppression. Clinical trials have 
shown that beginning ART earlier is linked with reduced mortality21,22. Changes 
due to IRIS must be considered when ultrasound lesions are followed over 
time.  
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3. Physics and technical aspects of ultrasound       
 
a. Physics 
 
Understanding the physical basis of ultrasound is helpful in appreciating how the 
image is generated and which artifacts might appear. A short explanation is given here, 
but larger texts can be consulted for more detailed technical information 1. 
The core of the ultrasound transducer is a piezoelectric crystal, which is capable of 
transforming electrical energy into sound (vibration) energy and vice versa. The crystal 
generates short ultrasound pulses (duration 10-6 sec), which are sent into the body. 
Each tissue has a certain ability to promote sound waves. At interfaces between 
different tissues, part of the acoustic energy is reflected. The crystal receives the 
reflected waves during the rest of the cycle (duration 10-3 sec of time) and turns them 
back into a short current. The localisation of each point is calculated from the time 
elapsed between sending and receiving the signal (Fig.3.1). The brightness of each 
point is calculated from the intensity of the received signal. The energy used for 
diagnostic ultrasound is very small and has no biological side-effects. 
 

 
 
 
 
Fig.3.1 Sound beam 
travelling from the 
transducer to the interface 
and back after reflection. 
The time until the sound 
returns differs, depending 
on the distance to the 
reflecting interface. The 
travel time can be measured 
and converted into a 
distance 
 
 
 
 

 
 
 
The frequencies used for diagnostic purposes range from 2.5 MHz (echocardiography) 
to 10 MHz (for small superficial organs like parotid or thyroid gland). Higher frequency 
gives better resolution, but less penetration. For distant objects, low frequencies have 
to be used, but for structures close to the skin (e.g. jugular vein) a high-frequency 
transducer is preferred.  
The shape of the transducer influences the shape of the image. Abdominal ultrasound 
is usually performed using a sector probe, while for small parts linear transducers are 
preferred (Fig.3.2). Dedicated probes exist for intra-cavitary use (e.g. transvaginal 
probe).  
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The commonly-used black and white picture is also called B-mode (brightness mode). 
It is possible to visualize the Doppler signal in this picture in colour. This mode is 
known as “colour-flow mapping” or colour-mode. In the M-mode (motion mode), the 
echoes received from different depths are displayed along one axis and time is 
displayed along the second axis. This allows the motion of the interfaces to be 
recorded and visualized.  
 

 
 
 

 
 
 
 

To describe structures on the image, the brightness of the structure is compared to 
surrounding tissue (e.g. normal liver tissue). If the structure generates more echo 
signal (i.e. it is brighter) it is called hyperechoic or echogenic (Fig.3.3). If it is darker it 
would be called hypoechoic (Fig.3.4) and if it is completely black (i.e. no echo) it would 
be described as anechoic (Fig 3.5). If the structure is similar to the surrounding tissue it 
is called isoechoic, (Fig.3.6). These lesions are difficult to distinguish from the 
surrounding tissue and are easily missed. 
Air (e.g. in the lung) and bones have completely different properties to propagate 
ultrasound, compared to the other tissues. For this reason, they cannot be imaged and 
the structures behind them are also invisible to ultrasound. 
  

Fig.3.2 b) linear transducer for small parts Fig.3.2 a) convex transducer for 
abdominal scanning 
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Fig.3.3 Hyperechoic lesion (focal 
patchy fat) in normal liver tissue 

 

Fig.3.4 Multiple hypoechoic 
lesions (metastases) in the liver 

 
 

Fig.3.5 Anechoic lesion (cyst) in 
the liver (←dorsal enhancement) 

 
 

 

Fig.3.6 Isoechoic lesion (abscess) 
in the liver (L=liver tissue) 
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A few artifacts are frequently encountered during sonographic examinations: 
 

 acoustic shadowing (Fig.3.7) 
Behind strongly or totally reflecting structures (e.g. calcified gall stones) the 
sound beam is extinguished, so the area appears dark. 
 

 
 

 acoustic dorsal enhancement (Fig.3.5) 
Behind anechoic structures (e.g. cysts) the tissue seems hyperechoic in 
comparison to the surrounding tissue.  This is due to the higher remaining 
acoustic energy. 

 

 reverberation artifacts (Fig.3.8 and 3.9) 
Echoes coming back from the body can be reflected into the body again by the 
surface of the transducer itself. The echo is then reflected for a second time at 
the interface of its origin, but twice the time is needed for the signal to be 
recorded. This can happen several times. The computer generates images in 
multiples of the distance, with the echoes becoming weaker after each 
reflection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig.3.7 Strongly echogenic 
gallstone with dorsal acoustic 
shadowing (L=liver, 
GB=gallbladder) 

 
 

 

Fig.3.8 Reverberation echoes. 
Sound beam travels between 
probe and strong reflector r1. 

Artifact images r2,r3,… 
are falsely generated 

 
 
 
 

Fig.3.9 Reverberation echoes 
Appearance in ultrasound 
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 proximal noise (Fig.3.10) 
Multiple reverberation echoes in the proximal parts of cystic organs (e.g. 
urinary bladder and gallbladder) give the impression of solid tissue. 
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b. Technical aspects 

 
All ultrasound machines have more or less the same basic function: to generate an 
image from echoes returning from the patient to the transducer. In recent years the 
prices for ultrasound scanners have dropped substantially and portable, robust, 
affordable black-and-white scanners have become available. High-end ultrasound 
machines provide numerous additional options, such as different Doppler and colour 
technologies, image post-processing software solutions and many other support 
functions for the user. Although some of these are helpful in certain conditions, they 
are not essential. Simple scanners are often more robust and tolerate harsher 
conditions than their sophisticated “cousins”. All the findings relevant to FASH 
ultrasound can be seen with black-and-white scanners (Fig.3.11). If possible, two 
transducers (convex 3.5MHZ and linear 7-10 MHz) are desirable in order to scan 
abdominal and superficial structures. 
 
It is important to locate the relevant buttons that will allow you to change and adapt 
the image on the scanner used. Make sure you find the following on your machine:  
 

 On/Off: essential for obvious reasons. 
 

 Freeze: freezes the image frame so that measurements can be done, structures 
can be examined in more detail, or printouts can be made. 

 

 Gain: increasing the gain increases the sensitivity of the transducer to returning 
echoes. The image becomes brighter as the transducer reacts to smaller 
echoes. Artifacts might also become more pronounced.  

 

Fig.3.10 Proximal noise 
(B=bladder) 
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 Time Gain Control (TGC): increases the gain selectively in different zones of the 
image. It can be used, for example, if the dorsal parts of the image need to be 
enhanced. Normally the levers will be in the middle position.   

 

 Depth: changes the maximum depth displayed 
on the screen. Smaller objects can thus be 
"enlarged" by reducing the depth. 

 

 Focus: electronic manipulation of the ultrasound 
beam allows the area of maximal sharpness in 
the picture to be changed. The focus should be 
around the area of the structure examined. 

 

 Measurements: it is important to measure the 
actual size of structures (at least approximately) 
to avoid misinterpretation. As the image size can 
be changed (see depth) small things may appear 
large on the screen and vice versa.  
Measurements are usually done using the set 
button and the trackball.  

 
 

Fig.3.11 Portable black-and-white 
ultrasound scanner 
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c. Ultrasound anatomy of the abdomen 
 
To assess the abdominal structures with sonography, it is important to know the 
anatomical appearance of internal organs. The following pictures review the anatomy 
commonly seen in ultrasound sections: 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

Fig.3.12 Upper abdomen longitudinal 
scan (L=liver, A=abdominal aorta) 

 

 
 
 
 

Fig.3.13 Right flank scan with liver, 
kidney and Morrison’s pouch (L=liver, 

K=kidney, MP=pouch of Morison) 
 

 
 

Fig.3.14 Transcostal scan of the 
liver (L=liver, PV= portal vein) 

 
 

 
 
 

Fig.3.15 CPC scan 
(Choledocus/Porta/Cava) (L=liver, 

PV=portal vein, VC=vena cava, 
CBD=common bile duct) 

 
 
 
 

Fig.3.16 Subcostal scan of the liver-
transducer tipped caudally (RL=right 

liver lobe, LL=left liver lobe, 
PVB=branch of the portal vein) 

 
 
 

Fig.3.17 Subcostal scan of the liver-
transducer tipped cranially (RL=right 

liver lobe, LL=left liver lobe, LV=hepatic 
veins, IVC=inferior vena cava) 
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Fig.3.18 Left flank scan with spleen in 
long axis, left kidney and spleno-renal 

pouch (S=spleen, K=left kidney, 
SRR=spleno-renal recess) 

 
 
 
 

Fig.3.19 Left flank scan with left kidney 
in long axis (K=kidney, C=renal cortex, 
RS=renal sinus with collecting system, 

vessels…) 
 

 
 
 

Fig.3.20 Right flank scan with right 
kidney in long axis (K=kidney, C=renal 
cortex, RS=renal sinus with collecting 

system, vessels…, L=liver) 
 

 
 
 

Fig.3.21 Transverse upper abdominal 
scan using the liver as acoustic window 
to assess the pancreas and the vessels  
(P=pancreas, IVC=inferior vena cava, 

A= abdominal aorta, L=liver) 
 

 
 
 

Fig.3.22 Longitudinal pelvic scan showing 
the uterus with the endometrium 

(echogenic) (B=bladder, U=uterus, D=area 
of the pouch of Douglas) 

 
 
 

Fig.3.23 Transverse pelvic scan 
showing the bladder (B=bladder, 
D=area of the pouch of Douglas) 
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4. Ultrasound of effusions – basic facts        
 
Anatomy and normal ultrasound appearance 
Effusions, or free fluid, can be found in various body cavities. For ultrasound in HIV and 
TB patients, the pericardial, pleural and peritoneal cavities are of particular interest. 
The normal anatomy and ‘outlining’ structures (ie. the organs that border the 
peritoneal cavity) need to be understood in order to assess the presence of free fluid. 
 
Pericardial cavity 
Detailed sonographic examination of the heart is done by echocardiography, but a 
quick overview is possible from the abdomen. The scan is done from the epigastric 
angle with the transducer tipped cranially. The probe is placed transverse, in the 
epigastric angle. The transducer is then tilted cranially to get a view of the intra-
thoracic organs and the heart. The patient should try to relax their abdominal muscles 
by placing their arms by their sides. Pressure needs to be applied to the transducer to 
allow the probe to indent the epigastrium, thus placing the probe deeper than the 
xyphoid. Asking the patient to take a breath might help to displace the heart caudally 
and improve visualization. The left lobe of the liver is visible in the upper parts of the 
image. Below this, the four chambers of the heart should be visible. These are easily 
recognizable from the rhythmic contractions. The pericardium is visible as an 
echogenic structure between the liver and the heart. The parietal and visceral 
pericardial leaves are normally inseparable (Fig.4.1). The ventricles increase in size 
during diastole and contract during the systolic phase of the cardiac cycle. The right 
ventricle is close to the liver and the left ventricle is located on the distant part of the 
ultrasound image.  
An alternative method, particularly helpful in obese patients, is to use a left 
longitudinal parasternal approach, scanning the heart between the ribs.  
 

 
 
Pleural cavity 
The patient is asked to put their arms behind their head to free access to the side of 
the body. This arm position also widens the space between individual ribs. The 
transducer is positioned dorsal to the mid-axillary line, at the caudal part of the thorax 
on the right and left sides. The transducer has to be adjusted so that the long axis is 
parallel to the ribs, allowing a transcostal view. It is important to place the transducer 

Fig.4.1 Heart with right 
ventricle (RV) and left 
ventricle (LV) seen behind the 
liver (L). Parietal and visceral 
leaves of the pericardium (P) 
are inseparable. 
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Fig.4.2 (a) Transverse and longitudinal sections of the body: Effusions collect in the 
supine patient in the most dependent pouches of the peritoneal cavity (←); between 
liver (L) and kidney (K), between spleen (S) and kidney (K) and behind the bladder (B) 

close to the rectum (R). (St=Stomach, I=intestine) 
 
 

 
 
 

as dorsal as possible (i.e. close to the examination couch), as fluid collects in the 
dependent parts due to gravity.  
The diaphragm and apical parts of the liver or spleen should be visible to ensure the 
proper probe position. If no effusion is present, the air in the basal parts of the lung 
will cause artifacts which resemble a curtain that moves up and down with the 
respiratory cycle. 
 
Peritoneal cavity 
The peritoneal sac has a complex anatomical outline (Fig.4.2). To detect fluid, the three 
most dependent areas of the peritoneal cavity should be examined: the pouch of 
Morison (between liver and right kidney), the spleno-renal recess (between spleen and 
left kidney, sometimes called Koller’s pouch) and the pouch of Douglas (in the pelvis). 

 
The transducer is positioned dorsal to the mid-axillary line, at the caudal part of the 
thorax moving towards the flank. It needs to be more or less parallel to the long axis of 
the patient’s body as it is moved caudally. 
On the right side, the caudal edge of the liver and the right kidney should be visible 
(Fig.4.3). Between the two organs there is usually an echogenic, white line, 
representing the capsules of the organs touching. On the left, the spleen and the left 
kidney should be visible to ensure correct probe position (Fig.4.4). Again, both organs 
should be separated by an echogenic, white line. 
To examine the pouch of Douglas, the probe is placed on the lower abdomen, touching 
the upper rim of the symphysis pubis. The pelvic region can be scanned in the 
longitudinal axis (long axis of the scanner parallel to the long axis of the patient) or in 
the transverse axis (long axis of the scanner parallel to the upper rim of the pelvic 
bone). For visualization of parts deeper in the pelvis the transducer has to be tilted 
downwards so that the caudal structures of the small pelvis become visible. The 
bladder should be visible and its size will vary depending on how full it is. As urine is a 
fluid, it will be visible as an anechoic, black area and care has to be taken not to 
confuse this with free fluid (Fig.4.5). Behind the bladder, the uterus might be visible as 
a pear-shaped organ in female patients (Fig.4.6). In male patients the prostate and the 
hypoechoic seminal vesicles behind the bladder are visible. The pouch of Douglas is 
located behind these structures and in front of the rectum, which cannot be seen due 
to air artifacts. 
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Pathophysiology in HIV/TB 
 
Pericardial cavity  
Pericardial involvement in Mycobacterium tuberculosis infections is seen in 
approximately 1% of autopsied cases of TB1. It is the most common cause of pericardial 
effusion in Africa. It usually develops by retrograde lymphatic spread of M tuberculosis 
from peritracheal, peribronchial or mediastinal lymph nodes, by rupture of caseous 
lymph nodes into pericardial cavity, or by haematogenous spread from primary 
tuberculous infection. The immune response to viable acid-fast bacilli penetrating the 
pericardium is responsible for the morbidity. M. tuberculosis antigens induce delayed 
hypersensitivity responses, stimulating lymphocytes to release lymphokines that 
activate macrophages and influence granuloma formation1. 
 
 

Fig.4.3 Liver (L) and kidney (K) are seen in 
the right axillary line. Cranial to the 

diaphragm is the lung. The organs are 
separated by the pouch of Morison (MP) 

 
 
 

Fig.4.4 Spleen(S) and kidney (K) are 
seen in the left axillary line. Again the 
lung is cranial to the diaphragm, the 
organs are separated by the spleno-

renal recess (SR Rec) 
 

 
 
 

Fig.4.6 Lower abdomen longitudinal 
scan showing the bladder (B), the 

uterus (U) and the area of the pouch of 
Douglas (DP) behind these organs 

 
 
 

Fig.4.5 Lower abdomen transverse scan 
showing the bladder (B) and the area of 
the pouch of Douglas (DP) behind the 

bladder 
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Classical TB pericarditis may go through four pathological stages:  
 

1) fibrinous exudation with initial polymorphonuclear leukocytosis, relatively 
abundant mycobacteria, and early granuloma formation, loose organization of 
macrophages and T cells; 

2) serosanguinous effusion with a predominantly lymphocytic exudate with 
monocytes and foam cells;  

3) absorption of effusion with organization of granulomatous caseation and 
pericardial thickening caused by fibrin, collagenosis, and ultimately, fibrosis;  

4) constrictive scarring, the fibrosing visceral and parietal pericardium contract on 
the cardiac chambers and may become calcified.  

 
Clinically, pericardial effusion and constrictive pericarditis can be differentiated. 
Besides non-specific systemic symptoms like fever, night sweats, fatigue, and weight 
loss, patients may complain of chest pain, cough, and breathlessness (although the 
pain of acute onset which is characteristic of idiopathic pericarditis, is unusual). In 
African patients with tuberculous pericardial effusions, chronic cardiac compression 
mimicking heart failure is a common presentation.  
 
Pleural cavity 
Pleural effusion should be considered in an HIV patient with pleuritic pain, cough or 
dyspnoea. Dullness to percussion and reduced breath sounds are suggestive clinical 
findings. A chest X-ray might show pleural opacification and in larger effusions, 
displacement of the mediastinum to the contralateral side.  
 
Pleural TB may be seen in HIV patients with milder immunosuppression and even 
normal CD4 counts. It is a common TB presentation even in patients who are not HIV 
co-infected. The pleura might be affected by tuberculosis in different ways (see 
Crofton et al. 2):  

a) Effusion which develops soon after primary infection (hypersensitivity reaction) 
b) Effusion developing as a result of pulmonary disease in older adults. This might 

develop into purulent effusion (empyema). 
c) Rupture of a cavity and escape of bacteria and air into the pleural space. 

Empyema and pyopneumothorax may result 
d) Polyserositis, which is usually seen with miliary TB. 

 
Peritoneal cavity 
Ascites can be caused by a number of factors. In the HIV-infected patient, abdominal 
TB is one of the causes, but other causes such as liver cirrhosis due to chronic hepatitis 
virus infection need to be considered.  
 
Ultrasound findings in effusions 
In the sonographic image, effusions usually show as anechoic structures, as the fluid 
lacks internal interfaces and is thus echo-free and black. In some instances, echogenic 
fibrin strands or septae might be visualized. In other cases, floating debris may cause 
some widespread echogenicity.  
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Pericardial cavity 
Pericardial effusion appears as an anechoic, black stripe around the heart separating 
the visceral and parietal pericardium (Fig.4.7). When only small amounts of fluid are 
present, the rim (seen as a black anechoic area surrounding the heart) might be seen 
close to the right heart. In larger effusions it may surround the entire heart and be 
visible on the side of the left ventricle as well. Frequently, echogenic material like fibrin 
streaks can be seen floating in the anechoic effusion.  
Studies have shown that ultrasound is accurate in detecting pericardial fluid. Cardiac 
ultrasound performed by emergency physicians on 261 trauma patients showed a 
sensitivity of 100% and a specificity of 97% in the detection of traumatic effusions3. 
There is no particular reason that this should be different in effusions caused by 
infections or other diseases.  
 

 
 
Pericardial effusion may be caused by a variety of conditions:  

 tuberculosis  

  other infectious pericarditis (e.g. viral) 

 congestive heart failure 

 malignancy (e.g. lymphoma, Kaposi’s sarcoma) 

 hypothyroidism 

 hypoproteinaemia (e.g. liver cirrhosis) 

 trauma 
 
Pleural cavity 
Anechoic, black fluid may be visible in the costophrenic angle on either side (Fig.4.8, 
4.9). This is a pleural effusion, which may be completely echo-free, but may contain 
internal echoes such as strands or smoke which are due to fibrinous structures or cells 
within the effusion.  
Comparing focused ultrasound with chest X-ray showed equal sensitivity (96%) and 
specificity (100%) in detecting pleural effusions4. The minimum amount of fluid that 
can be detected in an upright CXR is 50-100 ml. In a supine CXR, 175 ml or more has to 
be present, as the fluid does not accumulate in the costophrenic recess. Sonography 
can detect amounts as small as 20 ml. The most sensitive approach is to scan the 
dorsal parts of the costophrenic recess in a sitting patient.  
  

Fig.4.7 Pericardial 
fluid 
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Peritoneal cavity 
If echo-free, black areas are visible in any of the pouches described above, free fluid 
should be suspected (Fig.4.10, 4.11, 4.12). Ascites is the most probable explanation for 
free fluid in a patient without trauma. It is usually echo-free, but sometimes echogenic 
material such as strands can be seen floating in the fluid, which might represent fibrin. 
 

      
 
 
 
 

 
 
 
 
Ascites may have a number of causes: 

 abdominal tuberculosis 

 malignancies with peritoneal involvement 

 portal hypertension (e.g. cirrhosis) 

 congestive heart failure 

 trauma (rupture of liver, spleen or vessel) 

 ileus 

Fig.4.8 Pleural fluid (right) 
 

Fig.4.9 Pleural fluid (left) 
 

Fig.4.10 Free abdominal fluid in the 
pouch of Morison 

 

 

Fig.4.11 Free abdominal fluid 
surrounding the spleen 

 

Fig.4.12 Free abdominal fluid in the 
pouch of Douglas (B=bladder) 
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 enteritis 

 many other reasons... 
 

Besides these causes, some physiological collections of fluid within the abdomen need 
to be considered, in order to avoid misdiagnosis. Physiological fluid is present in the 
gallbladder, inferior vena cava and urinary bladder. In the gastrointestinal tract, fluid 
may be visible in the stomach and also in the intestines (diarrhoea). In premenopausal 
women, small amounts of free fluid in the pouch of Douglas may be normal during the 
menstrual cycle. Additionally, ovarian cysts may be seen as anechoic areas. During 
pregnancy, amniotic fluid within the uterus must be recognized as a physiological fluid 
collection and should not be confused with a pathologic fluid collection. In men, the 
seminal vesicles, which often appear as dark and hypoechoic areas behind the bladder, 
may be mistaken for fluid in the pouch of Douglas.  
 
Diagnostic tests 
Pericardial cavity 
We would not recommend diagnostic pericardiocentesis in a haemodynamically stable 
patient, as the risk of iatrogenic injury might outweigh the potential benefit of the 
procedure. In unstable patients, puncture and aspiration might be lifesaving5. 
Pericardial effusions due to TB are often straw-coloured, but bloody or putrid effusions 
(raising suspicion of bacterial super-infection) are also seen. Effusions are typically 
exudative (high protein, lymphocytes). If pericardial fluid is withdrawn, TB culture 
should be attempted, as yield from an AFB smear is very poor6. However, cultures may 
still have a relatively low yield and are not helpful for the immediate diagnosis. Rapid 
DNA amplification techniques allow timely diagnosis. Unfortunately, these techniques 
are often not available in the resource-poor setting. Blood stained effusions should 
raise suspicion of malignancy like Kaposi’s sarcoma. 
 
Pleural cavity 
Ultrasound may guide pleural aspiration. If a total white blood cell count higher than 
500 cells/µl and protein > 2.5g/dl is found in the aspirate, empyema can be diagnosed. 
Clinically, it is possible to further differentiate between “thin empyema” (possible to 
mobilize through a cannula) and “thick empyema” (which may need an intercostal 
drain to be mobilized).  
 
Peritoneal cavity 
Ultrasound may be used to guide aspiration for lab investigation and culture. 
 
Clinical implications 
Pericardial cavity 
An anechoic rim surrounding the heart confirms the presence of a pericardial effusion. 
In a setting where TB has a high prevalence (such as sub-Saharan Africa), pericardial TB 
is the most frequent cause of pericardial effusion1. A case series from the Western 
Cape province of South Africa showed that 70% of the pericardial effusions were due 
to TB7. In a series from Tanzania, TB was the cause in virtually all HIV co-infected 
patients8. Other differential diagnoses such as malignancies e.g. lymphoma or Kaposi’s 
sarcoma (KS) should be considered, especially in patients with suggestive lesions in 
other parts of the body. A thorough examination of the skin, the intra-oral mucosa and 
the lymph nodes should be done. 
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In a HIV patient with pericardial effusion, empirical anti-TB treatment is warranted, 
particularly in the presence of severe immunosuppression. Additionally, corticosteroid 
treatment should be given, especially in case of large and haemodynamically relevant 
pericardial effusions9. It should be noted that malignant effusions might also respond 
partially to steroid treatment, but patients will tend to relapse after the steroids are 
tapered.  
 
Pleural cavity 
A pleural effusion in HIV-positive patients is very suggestive of TB, especially when 
unilateral. Possible differential diagnoses of pleural effusions, particularly in bilateral 
effusions, are generalized Kaposi’s sarcoma (KS) and other malignancies. KS often 
produces bloody or serosanguinous fluid when aspirated through thoracocentesis. 
Parapneumonic effusions due to common bacterial pathogens (e.g. pneumococcus) 
should be included in the differential diagnosis. Patients usually have a high fever and 
infiltrates can be seen on the chest-X-ray, along with a leukocytosis. Congestive heart 
failure needs to be considered as a reason for pleural effusion (which can be bilateral 
or unilateral and is more commonly found on the right side) which would be supported 
by the sonographic demonstration of reduced left ventricular contraction. 
Ultrasound can be used to guide thoracocentesis and fluid should be examined for TB. 
As with pericardial fluid, the AFB smear is often negative, but higher rates of positivity 
have been seen in patients with a low CD4 count (<200 cells/µl) 10. TB culture is 
recommended, but does not help to make a timely diagnosis. Newer technologies like 
the Xpert may prove to be effective here in the future. 
Anti-TB therapy is highly effective and should be given. Surgical drainage is only 
necessary in a minority of cases. 
 
Peritoneal cavity 
The discovery of ascites needs to be interpreted in light of other clinical and laboratory 
findings. If possible, providers should attempt to assess sonographic signs of liver 
cirrhosis such as a nodular surface, decreased vascular markings and splenomegaly due 
to portal hypertension. These findings might be difficult to interpret for the less-
experienced examiner.  
 
Tips, tricks and pitfalls 

- A hypoechoic pericardial fat pad might be mistaken for free pericardial fluid, 
but this is always seen anterior to the right ventricle and never posterior to the 
left.  

- To rule out pleural effusion, make sure that the transducer is dorsal and cranial 
enough. When you see the shadow of the air in the caudal parts of the lung 
moving up and down with the respiration like a curtain, you are in the right 
position! 
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Fig.5.2 Visceral lymph nodes (LN) 
are draining lymphatic vessels 

from the bowel (B) and are 
located towards the mesenteric 

root (MR) 

 

5. Ultrasound of lymph nodes – basic facts        
 
Anatomy and normal ultrasound appearance 
Ultrasound is a non-invasive and highly efficient method for examining abdominal and 
retroperitoneal lymph nodes. Normal lymph nodes are small round or oval structures 
whose size ranges from a few millimetres up to 1.5 cm. The parietal nodes are located 
in the retroperitoneum, close to the large vessels and are a continuation of the 
lymphatics which drain the lower half of the body (Fig.5.1). The visceral lymph nodes 
are located at the root of the mesentery as well as in the portal area (Fig.5.2). They 
drain lymphatics from the bowels, pancreas and hepato-biliary system. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 
Normal-sized abdominal lymph nodes cannot be detected through ultrasound. 
Superficial lymph nodes (e.g. in the axilla or the inguinal region), may be visible, 
especially when using high-frequency linear transducers. They appear as round, 
hypoechoic structures, surrounded by a connective tissue capsule and often show an 
echogenic centre (hilus fat sign) due to central fat and connective tissue (Fig.5.3). 
  

Fig.5.1 Para-aortic lymph nodes 
(LN) are located around the aorta 
(A) with its branches (CT=coeliac 
trunk, SMA=superior mesenteric 
artery). The proximity to inferior 
vena cava (IVC) and ureters (U) 

can be seen 
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Pathophysiology in HIV/TB 
In HIV-infected individuals, lymph node involvement due to TB is common1. Often 
superficial nodes in the neck or axillae (Fig.5.4) are affected, although virtually all 
nodes can be affected. The intra-abdominal nodes would be missed on clinical 
examination unless they were of considerable size. The enlargement is usually slow 
and painless and superficial nodes show little inflammation (they appear as cold 
abscesses, with no redness, no pain and no heat). 
 

 
 
Ultrasound findings in lymph nodes 
Every lymph node station in the abdomen may be affected by TB. Para-aortic, 
periportal, mesenteric and omental lymph node groups may be affected and enlarged. 
They appear as hypoechoic masses larger than 1.5 or 2.0 cm, though size might 
increase up to several centimetres. The markedly low echogenicity is due to loss of 
internal structures caused by caseous necrosis. The lymphadenopathy may be discrete, 
or nodes might be conglomerated into a larger mass (Fig.5.5, 5.6). On rare occasions, 
tuberculous lymph nodes may appear hyperechoic. Lymph node masses might cause 

Fig.5.3 Hypoechoic lymph node 
(LN) with an echogenic hilum (H) 

in the region of the neck 
can be seen 

Fig.5.4 Enlarged axillary lymph 
nodes (LN) with few signs of 
inflammation (cold abscess) 
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obstruction of ureters, the pancreas and biliary tract, or to a lesser extent, the 
digestive system. 
 
 
Differential diagnosis 
 

 Tuberculosis 

 Non-tuberculous mycobacterial (NTM) disease 

 Lymphoma  

 Kaposi’s sarcoma 

 Metastasis due to other cancers 

 Persistent generalized lymphadenopathy (PGL) 
 

 
 

 
 
In generalized M. tuberculosis infection, lymph nodes often seem to be more enlarged 
than in NTM infection (73% vs. 33 %)2. Additionally, the centrally low attenuation is 
more common in M. tuberculosis and the nodes seem to be larger3. Nevertheless, a 
differentiation by imaging alone is not possible.  
Lymph nodes infiltrated by metastases are often more echogenic and show no hilar fat 
sign (owing to the cancer having destroyed the normal architecture/anatomy of the 
lymph node.) (Fig.5.7) Malignant lymphoma tends to give round and plump nodes, 
occasionally very large (> 7 cm) and sometimes with a preserved hilar fat sign. 
Hypoechoic infiltration of liver and spleen can be seen in malignant lymphoma. 
 

Fig.5.5 Enlarged hypoechoic 
abdominal lymph node (LN) close 
to liver (L) and portal vein (PV), 
caused by TB 

 

Fig.5.6 Multiple enlarged 
hypoechoic lymph nodes (←) 
ventral to the aorta, due to TB 
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Diagnostic tests 
Lymph node metastatases and malignant lymphoma cannot be fully differentiated 
from TB lymphadenitis by ultrasound alone. Diagnosis must rely on aspiration or 
biopsy. If pus can be aspirated, this can be used for AFB stain and for TB culture. 
Otherwise core biopsy can be used for microbiological and histological diagnosis. 
 
Clinical implications 
In high prevalence settings, TB treatment without laboratory confirmation may be 
indicated, especially when further diagnostic work will delay or prevent treatment and 
lead to morbidity or mortality4. Standard anti-TB chemotherapy should be given. It 
must be considered that treated lesions might initially persist or even increase in size, 
as a result of immune reconstitution phenomena. This might be very pronounced 
when the patient also begins ART. When lymph nodes are persistently enlarged, poor 
adherence, drug-resistant TB (DR-TB) or a different diagnosis should be considered.  
 
 
Tips, tricks and pitfalls 

 Lymph nodes are sometimes difficult to see and need careful examination 

 To get used to their appearance, examine patients with known superficial 
lymph nodes using ultrasound. Although this is not necessary for diagnosis, it is 
a useful exercise 

 Move the transducer slowly over the abdomen and watch for round structures, 
which are small, become larger and then smaller again (“blinking eye”). Tubular 
structures (like vessels) do not change rapidly in diameter 

 Starting treatment on clinical grounds is appropriate in the right clinical setting 

 Persistently enlarged or even growing nodes in the first 2 months might not 
mean that TB is the wrong diagnosis (Immune reconstitution inflammatory 
syndrome - IRIS!)  
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Fig.5.7 Echogenic lymph node 
between liver (L), pancreas (P) and 
splenic vein (SV), due to 
metastatic testicular cancer 
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6. Ultrasound of the spleen – basic facts        
 
Anatomy and normal ultrasound appearance 
The form of the spleen is variable, but it typically has a shape resembling a coffee bean 
(Fig.6.1). The size and weight may differ between individuals but the normal size is 
around 11cm x 4 cm. In some African patients, the upper normal size may be larger (13 
cm?) as mild enlargement is frequently seen, possibly due to chronic parasitic 
infections. In slim patients, longer, flat spleens may be seen. The parenchyma of the 
spleen is homogenous with a fine echo pattern. It resembles the liver, although it is 
often slightly less echogenic. In the hilar region, the splenic artery and splenic vein are 
visible centrally. Lobulation with a variable outer contour of the spleen can be seen as 
normal variants. Accessory spleens (Fig.6.2) are often located in the hilar region of the 
spleen, along the gastro-splenic ligament, or at the caudal pole of the organ. They have 
the same echo pattern as the spleen itself, are often round and usually small (<2.5 cm). 
 
The spleen is best examined in a supine or right lateral decubitus position, with the left 
arm placed over the head. A lateral or dorsal probe position is used, as ventrally the 
spleen is usually obscured by gas in the stomach or colon. Asking the patient to 
breathe deeply is often not helpful.The organ usually disappears behind the pulmonary 
air as the costophrenic recess is displaced caudally, especially during deep inspiration.  
 
Pathophysiology in HIV/TB 
In cases of miliary TB, the spleen is frequently involved. These disseminated forms of 
TB are more frequent in immunocompromised patients, as the risk increases with 
decreasing CD4 counts. Histologically, HIV patients often show a paucity of 
granulomatous response, with areas of necrosis containing numerous AFB, as 
compared to HIV-negative individuals1. 
 
Ultrasound findings of the spleen 
Splenomegaly is the most frequent abnormal ultrasound finding of the spleen. It is 
diagnosed when both diameters are enlarged. Alternatively, as a rule of thumb 
splenomegaly should be considered when the caudal pole of the spleen surpasses the 
middle of the left kidney (Fig.6.3, 6.4). The echo pattern does not differ from that of a 
normal spleen. 
 
Differential diagnosis of diffuse splenomegaly 
 Acute and chronic infectious diseases  

-EBV, hepatitis, HIV, malaria, toxoplasmosis, leishmaniasis, trypanosomiasis,  
tuberculosis, endocarditis, sepsis,  

 Malignancies 
- Lymphoma, leukaemia, other haematological diseases,  

 Diseases of the circulation  
- portal hypertension e.g. due to cirrhosis, cardiac failure, schistosomiasis, 
thrombosis of the splenic or of the portal vein 

 Chronic inflammatory diseases 
- Lupus erythematosis, rheumatoid arthritis, sarcoidosis 

 Red cell disorders 
- Sickle cell anaemia, thalassaemia, immune haemolytic anaemia 
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Fig.6.1 Normal spleen (S) with 
splenic vessels 

 

Fig.6.2 Normal spleen (S) with two 
accessory spleens (AS) in the 
region of the caudal pole. Air in 
the costophrenic recess of the 
lung is visible in the apical sections 
of the picture 

 

Fig.6.3 Splenomegaly: The caudal 
pole of the spleen (S) surpasses 
the middle and even the lower 
pole of the left kidney (K) 

 
 

Fig.6.4 Splenomegaly: The spleen 
(S) gets contact with (“kisses”) the 
left lobe of the liver (L). Small 
amounts of ascites are visible 
between the organs (←) 
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Fig.6.7 Multiple larger hypoechoic 
focal lesions (←) distributed 
homogenously in the spleen (S), 
caused by disseminated TB 

 
 
 

Fig.6.6 Multiple small (few 
millimetres) hypoechoic focal 
lesions (←) distributed 
homogenously in the spleen (S) 
due to disseminated TB 

 
 
 

Fig.6.5 Few hypoechoic focal 
lesions (←) in the spleen (S) due to 
disseminated TB 

 
 

 

Fig.6.8 Focal lesion (←) with mixed 
echogenicity (predominantly 
hypoechoic) at the cranial pole of 
the spleen (S), due to lymphoma 
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Focal lesions of the spleen can be described as hyper- or hypoechoic, compared to the 
surrounding normal tissue. Complex lesions with echogenic and hypoechoic areas are 
seen.  
In patients with disseminated tuberculosis, multiple focal lesions in the spleen are 
observed in the form of small hypoechoic nodules between 0.5 cm and 1.0 cm in size. 
These lesions are distributed homogeneously through the spleen and represent miliary 
seeding2 (Fig.6.5, 6.6, 6.7) 
Hodgkin’s and non-Hodgkin’s lymphomas involve the spleen in approximately one-
third of cases. Besides diffuse infiltration appearing as diffuse splenomegaly, 
hypoechoic focal tumour deposits may be visible more frequently in aggressive 
lymphomas (Fig.6.8). 
 
Multiple disseminated echogenic lesions are seen in HIV-infected individuals (Fig.6.9) 
and have a wide differential diagnosis3 (see Chapter 12).  
 

 
 

 
 
Differential diagnosis of focal spleen lesions 
 Predominantly anechoic lesions 

-Congenital cysts (Fig.6.10), echinococcal cysts, pyogenic abscesses, 
haematoma. 

 Predominantly hypoechoic lesions  
-TB abscesses, pyogenic abscesses, nodular involvement in lymphoma, 
metastases (e.g. KS, melanoma, ovary) 

 Predominantly hyper-echoic lesion  
-Haemangioma, hamartoma (rare), toxoplasmosis, pneumocystosis, 
disseminated Candida and Aspergillus infections, haemoglobinopathies 

Fig.6.10 Congenital cyst (←) in the 
spleen (S) 

 
 
 

Fig.6.9 Multiple small hyperechoic 
lesions (←) in the spleen (S), 
described as “starry sky” or 
“snowstorm” pattern. May be due 
to generalized infections (e.g. 
pneumocystosis) 
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Diagnostic tests 
US-guided fine needle biopsy (FNB) of the spleen is possible, but is rarely done. 
Aspirate should be sent for microscopy and bacterial, fungal and TB culture as 
available. If lymphoma is suspected, histology (core biopsy) is needed.  
 
Clinical implications 
Disseminated abdominal TB should be considered in all HIV-infected patients with 
fever, unexplained weight loss, weakness, diarrhoea, and/or abdominal pain. Patients 
often show advanced immunosuppression with very low CD4 counts. Multiple 
hypoechoic lesions in the spleen representing small TB abscesses are characteristic and 
differential diagnoses such as other infections, disseminated lymphoma or malignancy 
may be less likely in high burden TB settings. Diagnostic steps for concomitant 
pulmonary TB (sputum, chest X-ray) should be done. In a HIV-positive patient with low 
CD4 counts, there should be a low threshold to start anti-TB treatment on clinical 
grounds, supported by imaging findings. 
 
 
Tips, tricks and pitfalls 

 A lateral and dorsal probe position is used. The spleen is usually more posterior 
and more cranial than you think. 

 Inspiration is not helpful, as the pulmonary air obscures the spleen. 
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7. Ultrasound of liver – basic facts 
 
Anatomy and normal ultrasound appearance 
Ultrasound examination of the liver is demanding, due to the complex form and the 
large size of the organ.  
 
The size of the liver is difficult to measure and significant variation is usually seen, 
depending on where and how the measurement is done, as well as on the shape of the 
liver. For this reason, many examiners do not give exact measurements, but describe 
only approximate size (normal/large/very large). If measurements are done, a 
longitudinal scan at the mid-clavicular line should be used. The normal size is around 
12-14 cm. The surface of the liver should be flat. The caudal border should be acute-
angled and sharp-edged, although this depends on other factors.  At the right side of 
the organ, the angle is less acute (left lobe 30-45°, right lobe 45-75°). The parenchyma 
is moderately echogenic with fine, homogenous echoes. When compared to the 
adjacent normal kidney, it should be isoechoic or slightly more echogenic than the 
renal parenchyma. 
 
Vessels of the Liver 
 It is possible to identify three types of tubular structures in the liver: hepatic veins, the 
portal vein and its branches, and bile ducts.  
Hepatic veins have a rectilinear, oblong course and imperceptible margins (Fig.7.1). 
They might fluctuate in size with the respiratory cycle and they end in the inferior vena 
cava forming the “star of the hepatic veins”. The hepatic veins mark the limit of the 
medial and lateral parts of the left liver lobe, between the lobes as well as between the 
anterior and posterior parts of the right lobe. If compared to a tree, they are similar to 
the branches of a poplar tree (Fig.7.2). 
The portal vein has many more branches. Only short stretches are visible in each 
ultrasound section and the wall is visible as an echogenic margin ("embankment of the 
vessels”) (Fig.7.3). The larger parts of the vessel are directed caudally towards the 
porta hepatis. It resembles the branching of a willow tree (Fig.7.4). 
Intrahepatic bile ducts are normally not visible. Only the common bile duct can be 
seen, as an anechoic tubular structure ventral to the portal vein. (Note: It can be 
mistaken for the hepatic artery). 
  



 

 
44 

 
 
 
 
 

 
 
 
 
 
The liver is best examined in a supine position. The patient holding a deep breath helps 
to displace the diaphragm (and thus the liver) downwards, making it more easily 
visible. As many patients are short of breath and will exhale at random, a good 
alternative is to ask the patient to press out a “round belly”, which is also achieved by 
displacing the diaphragm downwards. 
 
Pathophysiology in HIV/TB 
Involvement of the liver in TB is common (up to 80% in autopsies of PTB). Histologically 
multiple hepatic granulomata have been found. Clinical manifestations of this 
involvement are less frequently seen1. Elevations of alkaline phosphatase (ALP) and 
gamma-glutamyltransferase (GGT) are the most frequent, yet non-specific, laboratory 
findings.  Hypoalbumin- and hyperglobulinemia are common, although these are more 
indicative of the state of chronic disease, than a hepatic synthesis dysfunction. 
 
Ultrasound findings of the liver 
Pathological ultrasound findings of the liver can be grouped into focal and diffuse 
pathologies. 
 

Fig.7.1 Long segment of a liver vein 
(showing almost imperceptible 

margins and oblong course) 
 
 
 

Fig.7.2 Poplar tree pretending 
to be a hepatic vein 

 
 
 

Fig.7.3 Branch of the portal vein 
(with echogenic margins and 

branched course) 
 
 
 

Fig.7.4 Willow tree pretending to 
be the portal vein 
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In TB patients, both forms of pathology can be seen by ultrasound when the liver is 
involved. A homogenously enlarged liver with a bright echo pattern can be due to 
hepatic granulomatous TB disease (not hepatitis, as liver cells are unaffected). This can 
be mistaken for fatty infiltration (see below) and liver biopsy is usually needed to 
confirm the diagnosis (Fig.7.5). Focal tuberculomata can be single or multiple. They are 
usually hypoechoic and may be mistaken for liver abscesses (Fig.7.6, 7.7). Their size 
varies widely from 0.5 to 10 cm. Again biopsy is helpful to make the distinction from 
other differential diagnoses.  
 

      
 
 
 
Focal liver lesions 
Focal lesions are often easy to find, but can be difficult to characterize. Examples of the 
most important findings and their sonographic appearance are given below. (For 
detailed descriptions, ultrasound textbooks should be consulted)2. 
 
  

Fig.7.5 Enlarged homogenous 
echogenic liver (L): 

histologically confirmed 
granulomatous TB disease 

(K=kidney) 
 
 
 

Fig.7.6 Hypoechoic focal lesion 
(←) in the liver (L): tuberculoma 

 

Fig.7.7 Multiple hypoechoic lesions (←) 
in the liver (L): tuberculomata 
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Differential diagnosis of focal liver lesions 
Malformations:   congenital cysts 
Infections:   abscesses, echinococcal cysts 
Sequelae of trauma:  haematoma 
Neoplasms:    benign tumours (e.g. haemagioma) 

malignant tumours (e.g. HCC, metastases, lymphoma)  
Others    patchy distribution of fat 

calcifications 
aerobilia 
nodules of regeneration in cirrhosis 

 
Cysts of the liver are anechoic structures with dorsal acoustic enhancement and fine 
walls. They are mostly congenital and accidental findings without clinical significance. 
Their main significance is that they may cause confusion with the other potential 
causes of hypoechoic lesions below (Fig.7.8).  
 

 
 
Echinococcal cysts are often located in the liver (50% of cysts). In comparison to 
congenital cysts they are thicker-walled (often with two sheets being visible and 
sometimes with a calcified wall). They may show detached inner cysts, or multiple 
daughter cysts within the mother cysts (honeycomb cysts)3 (Fig.7.9).  
 

 
 
  

Fig.7.8 Liver cyst (C): anechoic 
lesions in the liver (L) with dorsal 

acoustic enhancement (←) 
 
 
 

Fig.7.9 Echinococcal cysts (EC): 
round liver (L) lesion with multiple 
internal anechoic daughter cysts 

(←), “honeycomb cyst” 
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7.11 Anchovy sauce resembles 
aspirate from amoebic 

abscesses. 
 
 
 

Amoebic abscesses are frequent findings in tropical countries. Around 8% of patients 
with amoebiasis develop hepatic abscesses. They are more common in adults than in 
children, and more common in male than in female patients. In animals, substantial 
necrosis is induced 5 to 7 days after arrival of the amoeba in the liver. This explains the 
abrupt onset in previously healthy individuals.  
A hypoechoic lesion is seen, which lacks significant wall echoes. In more than 60% of 
patients, the lesion is single and the predominant location is the dorsal right lobe. No 
gas bubbles are seen within the lesion, as it arises due to liquefaction necrosis of 
hepatocytes (Fig.7.10). When aspirated, the typical ‘anchovy sauce’ is produced 
(Fig.7.11). The lesion changes during appropriate therapy, becoming more hypoechoic 
and then starting to shrink.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Hepatic pyogenic abscesses are highly variable in shape and size. 
They usually have irregular walls and the contained pus may be anything from 
anechoic to highly echogenic. In the majority of cases it is less echogenic than liver 
tissue. Marked echogenicity may be seen due to gas bubbles within the abscess 
(Fig.7.12). Patients at risk are mainly individuals with other infections (biliary tree, 
diverticulitis) or those who have experienced abdominal trauma, surgery or 
intervention of the biliary system. However, immunocompromised patients are also at 
risk.  
 

 
 
  

Fig.7.10 Amoebic abscess: hypoechoic 
round lesion (←) in the dorsal part of 

the right liver lobe (L) 
 
 
 

Fig.7.12 Pyogenic abscess: 
Anechoic, irregular liver lesion 

with echogenic gas bubbles (←) 
collecting in the upper parts 

(L=liver) 
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Haemangiomas of the liver are the most common benign tumour of the liver. In > 10% 
of cases, multiple haemangiomas are visible. These are highly hyperechoic and well-
defined. Sometimes even a feeding vessel may be visible (Fig.7.13).  Typical 
haemangiomas can be diagnosed solely by ultrasound. However, atypical 
haemangiomata which are larger (often > 3 cm) and have an inhomogeneous structure 
with hyopechoic areas, may need further work, as the differential diagnoses include 
hepatocellular carcinoma and metastasis. In the event of uncertainty, a contrast-
enhanced CT scan is the investigation of choice.  

 
 
 
 
 
 
 
 
 
 
 
 

 
Focal patchy fat is also characterized by an echo-dense, clearly demarcated lesion. It is 
often triangular or wing-shaped and is located along intrahepatic vessels, near the 
main portal branches (Fig.7.14) or the gallbladder. It may be caused by rapid weight 
reduction or cessation of alcohol intake.  
 
 

 
 
  

Fig.7.13 Haemangioma (←): very 
echogenic, well defined lesion in 

the liver (L) 
 
 
 

Fig.7.14 Focal patchy fat (←): 
echogenic bright region of the liver 

(L) with geometric appearance, 
often seen close to portal vein (PV) 

and gallbladder (GB) 
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Hepatocellular carcinoma occurs mainly in livers with pre-existing cirrhosis or in 
patients with chronic hepatitis B or C infection. Solitary or multiple tumours can be 
found. Hypoechoic and hyperechoic areas form mixed echo patterns. In typical cases 
an “onion-skin”-like appearance of concentric bands of different degrees of darkness 
might be visible (Fig.7.15). The tumour tends to invade and occlude veins (Budd-Chiari 
and portal vein thrombosis (Fig.7.16)). 
 

 
 
 
 
 
 
 
 
 
Metastases of the liver are seen as nodules, which are often multiple (Fig.7.17). They 
become visible when larger than 1 cm. They are most visible when they have a 
different echogenicity to the normal echo pattern. Lesions may show a central lucency 
due to necrosis. Other signs may be the bulging of the surface of the liver, 
displacement of vessels and local dilatation of the bile ducts due to obstruction. The 
usual sites of the primary tumour include the gastrointestinal tract (particularly the 
colon), the breast and the lung. Ultrasound appearance lacks any specificity in defining 
the organ of origin.  

 
 
 
 
 
 
 
 
 
 
 

 
  

Fig.7.15 Hepatocellular carcinoma: 
tumour with mixed echogenicity, partly 
in concentric layers close to the portal 
vein (PV). The liver (L) has an irregular 
surface, hardly any visible vasculature 

and is surrounded by ascites. These are 
all signs of underlying cirrhosis. 

 
 
 

Fig.7.16 Portal thrombosis: patient 
with HCC (not visible). The portal 

vein (PV) contains echogenic 
material (= thrombus) 

 
 

Fig.7.17 Metastases: hypoechoic 
lesions (←) of varying size in the 

liver (L) in a patient with colorectal 
carcinoma 
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Lymphoma infiltration in the liver can manifest as diffuse infiltration, which in turn 
manifests as plain hepatomegaly or as focal infiltration.  Focal infiltrates are commonly 
hypoechoic areas, which sometimes follow vessel structures (Fig.7.18). Aggressive 
types of lymphoma tend to show the pattern of focal infiltration.  
 
 

 
 
Diffuse liver changes 
 
Differential diagnosis of diffuse liver changes 

 Granulomatous infiltration (TB) 

 Fatty infiltration 

 Cirrhosis and portal hypertension 

 Schistosomiasis 

 Venous congestion (due to cardiac failure) 

 Hepatitis 

 Storage disease (e.g. Gaucher’s disease) 
 
Fatty Infiltration (steatosis hepatis) is characterized by increased size of the organ with 
a bulging surface and an obtuse-angled lower border. The main finding is the brightly-
reflective echo pattern known as the “white liver” (Fig.7.19). This increased 
echogenicity causes decreased beam penetration. Increased echoes within the liver 
cause decreased echoes posterior. In the advanced stages, the veins are hardly visible.  
Fatty infiltration in HIV patients is of particular interest, as it can be caused by ART. 
Stavudine in particular, but also other NRTIs, cause metabolic changes in the liver. 
These may lead to sonographically visible steatosis hepatis4. These metabolic changes 
are involved in the pathophysiology of lactic acidosis, a severe side effect of ART.  
Other changes of lipodystrophy, like the increase of regional intra-abdominal fat 
(Fig.7.20), can be seen and measured through ultrasound5. The clinical consequences 
of this information are not clear. 
  

Fig.7.18 Lymphoma involvement 
of the liver: hypoechoic confluent 
lesions (←) in the liver (L) which 
seem to follow the course of the 
vessels (seen by colour-Doppler) 
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Liver cirrhosis is common, but difficult to identify for the beginner (Fig.7.21). It has 
variable presentations. Early stages can be unobtrusive and the liver might increase or 
decrease in size. As it is frequently a cause of ascites, it is nevertheless worthwhile to 
look for signs of cirrhosis:  
 

 nodular surface  

 vascularity decreased in the peripheral liver 

 caudate lobe enlargement (normally 2 x 5 cm) 

 coarsened echo pattern  

 portal vein > 1.4 cm 
 
Some of these findings are difficult to assess. Changes to the surface (especially in the 
presence of ascites) and the “amputated” peripheral vessels, are usually the easiest to 
recognize.  

 
 
 
 
 
 
 
 
 
 
 

  

Fig.7.19 Fatty infiltration: Enlarged 
liver (L) with increased 

echogenicity in comparison to the 
cortex of the kidney (K) 

 

Fig.7.20 Increased intra-abdominal fat can 
be seen in front of the bowel (B) in a 

patient on stavudine therapy. Below the 
subcutaneous fat (→12mm←) and the 

fascia, a layer (→18mm←) of hypoechoic 
intra-abdominal fat is visible. 

 
 

Fig.7.21 Cirrhotic liver (L): irregular 
surface, absent vessels and the 

surrounding ascites are 
sonographic signs suggestive of 

cirrhosis 
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Fig.7.22 Segmental anatomy of the liver 
 

 
Schistosomiasis of the liver due to Schistosoma mansonii is caused by the 
displacement of eggs into the liver from worms infecting the intestine. This induces 
fibrotic changes which cause hepatomegaly. The initial signs include diffuse echogenic 
foci (“starry sky”). Later, increasing echogenic rings around the portal branches are 
seen (equivalent to pipe stems fibrosis seen in pathology) as well as echogenic bands 
extending from the main portal vein to the liver surface6. It is important to look out for 
secondary changes of portal hypertension, like increased diameter of the portal vein (> 
1.6 cm), splenomegaly (>14 cm), ascites and collateral vessels. 
 
Clinical implications 
As the information above has demonstrated, ultrasound pathology of the liver has a 
wide differential diagnosis and needs to be interpreted with consideration of the 
clinical information and the epidemiological setting.  
In the tropical setting, hepatic abscesses are a common cause of abdominal 
complaints, especially in immunocompromised patients. These might be due to TB, but 
other causes, especially amoebic and bacterial abscesses, need to be considered. We 
recommend ultrasound-guided aspiration of the lesion. If the aspirate has an “anchovy 
paste” appearance, anti-amoebic treatment is warranted7. Alternatively, positive 
serology could increase the likelihood of an amoebic cause. AFB and Gram stain as well 
as bacterial and TB culture should be done if possible. When solid tumours are 
encountered, further imaging studies and biopsy for histology are often needed as 
next steps.  
 
Appendix: Segmental anatomy of the liver 
 
The segmental anatomy of the liver is notoriously difficult and confusing, especially as 
anatomical lobes differ from surgical segments and parts. With the increasing 
importance of liver surgery, the segmental description following the branches of the 
portal vein, liver artery and bile ducts has become more important in describing the 
localization of focal findings in the liver. 
 

 
 
The left part of the liver is separated into two lateral segments (II and III, which 
together equal the anatomical left lobe) and two medial segments (IV= quadrate lobe 
and I= caudate lobe). The right part of the liver is separated into two anterior (V and 
VIII) and two posterior (VI and VII) segments (Fig.7.22). The three main branches of the 
hepatic vein separate the segments and drain blood independently from the 
segmental anatomy). When performing ultrasound of the cranial aspects of the liver, 
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the veins can therefore be used to localize segments (Fig.7.23). In the more caudal 
aspects, the segments are best localized according to the position around the main 
portal branch (Fig.7.24). The numbering of the segments is meant to be clockwise - 
starting with the medio-dorsal. 
 

 
 
 
 
 
 
The Italian nuclear physicist Enrico Fermi is quoted as saying “Before I came here, I was 
confused about this subject. Having listened to your lecture, I am still confused - but on 
a higher level.” One wonders whether the lecture was on segmental anatomy of the 
liver. 
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Fig.7.23 Ultrasound segmental 
anatomy in relation to the liver 
veins (cranial part of the liver) 

 
 

Fig.7.24 Ultrasound segmental 
anatomy in relation to the portal 

vein (caudal part of the liver) 
 



 

 
54 

8. Ultrasound of lung and chest in HIV and TB patients      
 
The classic imaging modality for examining pathological processes in the thorax is the 
chest X-ray (CXR). This method is also the first choice for assessing pulmonary changes 
in TB patients and HIV-infected patients with respiratory symptoms. Excellent texts on 
X-ray changes due to TB and their interpretation in adults and children, are widely 
available1,2.  
In some cases the CXR findings are ambiguous and in the absence of a microbiological 
diagnosis, further imaging may be needed for clarification. The preferred method is a 
CT of the thorax, but this is often not available or not affordable for all patients.  
Sonography of the chest may be helpful in the diagnosis and characterisation of 
processes located close to the thoracic wall.  
 
Indications for ultrasound of the thorax include: 
 

 soft tissue swelling of the thoracic wall 

 dullness on percussion and reduced breath sounds 

 peripheral opacities  

 pleural effusions 

 elevated hemidiaphragm 

 localized pain  
 

 
 
The patient is best scanned in a sitting position. A transcostal approach is used. As the 
pleural space is located only a few centimetres below the skin, a linear high-frequency 
transducer is most suitable for examining the patient. In a patient with a normal 
anatomy, the hypoechoic subcutaneous fat will be visible. The ribs show as 
hyperechoic (calcified) structures with acoustic shadow. Between the ribs, muscle 
tissue is visible.  
In normal subjects, the pleural line, representing the visceral and the parietal pleura, 
can be identified between the ribs (Fig.8.1). The air below the pleura obscures further 
images by causing massive artifacts (reverberation echoes). The movement of the 
visceral pleura and the air/tissue interfaces can be seen in the normal lung when this 
pleural region is enlarged. 
  

Fig.8.1 Normal pleura (P) seen between 
two ribs (R, hypoechoic shadows) 
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Questions addressed by chest ultrasound: 
 

 -completely white hemithorax-> effusion or consolidation? 
 

 
 
Pleural effusions are initially characterized by blunting of the costophrenic angles. As 
the effusion increases in size, it may lead to complete opacification of the entire 
hemithorax, usually with a mass effect on the mediastinum (shift away from the 
effusion). In some cases, large effusions may be confused with entirely consolidated 
lungs, which also cause an opacification and a shift of the mediastinum towards the 
sick side (Fig.8.2). Pleural fibrosis and pleural thickening due to past TB may also 
appear radiologically as an opacification and can be confused with an effusion. An 
attempt to aspirate pleural effusion will fail in both cases. Ultrasound can be used to 
differentiate between effusion, lung consolidation and pleural thickening.  
Effusion appears as anechoic homogenous fluid (Fig.8.3), sometimes containing fibrin 
strands or septae (see Chapter 4). Ultrasound can be used to guide aspiration in the 
case of small effusions.  
Consolidation may be due to pneumonic infiltration or atelectasis. In both cases, the 
air in the lung is replaced by fluid and cells. Initially, the increase of material leads to 
comet tail artifacts. As the consolidation increases, the image of the lung begins to 
resemble a solid organ. Pathologists may describe this process as “hepatisation”, as 
the lung becomes solid and the consistency similar to that of the liver. Within the lung, 
the larger bronchi remain filled with air and show as intensely echogenic bands. These 
are the equivalent to those seen in the air bronchogram seen on CXR (Fig.8.4). A small 
para-pneumonic effusion is often seen on the side of the consolidation.  
In pleural fibrosis (scarring), the pleural space becomes diffusely permeated by fibrous 
material. This is shown as a solid, homogenous structure between the wall of the 
thorax and the lung. It usually has a hypoechoic (but not anechoic) appearance, or may 
have an echogenicity similar to other solid structures nearby (intercostal muscle). The 
visceral pleura cannot be distinguished from the parietal pleura. Echogenic pleural 
calcifications may be seen. 
 
 

Fig.8.2 Complete opacification of the 
left hemithorax (with displacement of 

the trachea to the left) 
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Fig.8.5 Empyema 
necessitans: fluctuant 

swellings of the thoracic wall 
in an HIV-positive patient 

 

 
 
 
 
 
 
 
 

 local swelling -> thoracic wall lesion? 
Focal swellings of the thoracic wall which are visible or 
palpable during a physical examination, may be further 
characterized using ultrasound. It is possible to see the 
continuity to ribs or other structures, from where the 
process originates. In cases of empyema necessitans, the 
longstanding pleural infection dissects through the 
pleural lining and into the adjacent soft tissue of the 
chest wall (Fig.8.5). This follows the fascial planes and 
may track towards the retroperitoneum or the 
paravertebral area. It may also show as localized swelling 
of the chest wall. The continuity to the pleural space can 
be visualized sonographically (Fig.8.6). 

 
 
 
 
 
 

 
  

Fig.8.3 Large anechoic effusion (E) as a 
cause of “white lung”. Liver (L) below 

the diaphragm. 
 

Fig.8.4 Consolidated lung (L) with echo 
texture similar to a solid organ as a 

cause for “white lung”. Air within the 
bronchi (←) equivalent to air 

bronchogram on CXR. 
 

Fig.8.6 Empyema necessitans: 
Superficial fluid collection (F) 

connecting with the pleural space (←) 
between two ribs (R) 
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 focal opacity -> pleural lesion? 
Masses seen on the CXR are often intrapulmonary and are therefore not accessible 
using ultrasound. Chest CT is the best way to examine the lesion further. In some 
cases, the lesion (e.g. pleural empyema) may have contact with the chest wall (Fig.8.7). 
In such cases it can often be seen as a hypoechoic structure adjacent to the lung 
(Fig.8.8). It is possible to use the ultrasound to guide fine needle biopsy to obtain 
material for histological or microbiological investigation (Fig.8.9).  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 diminished breath sounds -> effusion or pleumothorax? 
A pneumothorax is commonly diagnosed by CXR. This may sometimes be difficult, for 
example in a supine patient like a trauma victim. Ultrasound has been described as 
helpful in identifying pneumothorax3. As described above, the visceral pleura is usually 
visible on high magnification, moving up and down during the respiratory cycle. These 
movements are absent if the lung is collapsed. This can be documented in the M-
mode. A common sonographic pattern in the normal lung is the seashore sign, caused 
by the movements of the lung (Fig.8.10a). The proximal areas are static (shore) and the 
distal areas are moving (sea). In the event of collapse there is no movement in the 
distal area (Fig.8.10b). These signs have a high sensitivity and specificity for the 
diagnosis of pneumothorax.  Nevertheless, the diagnostic use might be limited to a few 
rare situations.  
 

Fig.8.7 CXR of a pleural empyema 
 

Fig.8.8 Empyema: anechoic fluid with 
echogenic fibrin and gas (←) between 

thoracic wall (TW) and lung (L) 

Fig.8.9 Tuberculoma: CT of a focal 
lesion in contact with the thoracic wall. 
Real-time ultrasound-guided biopsy is 

possible 
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 elevated hemidiaphragm -> thoracic or abdominal process? 
An elevated hemidiaphragm may have various causes:  
 

 paresis of the phrenic nerve (due to neck and mediastinal tumours) 

 volume reduction of the lung (e.g. atelectasis) 

 pleural processes (e.g. effusions, pleural fibrosis due to TB) 

 abdominal process (e.g. liver or subphrenic abscess, hepatomegaly, 
splenomegaly, ascites) 

 
Ultrasound may add significant clues in determining the cause of the radiological 
abnormality. 
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Fig.8.10 a) Seashore sign 
(movement in the distal 

part of the image) 

Fig.8.10 b) no movement in 
the distal part as lung is 

collapsed 
 

http://sinaiem.us/tutorials/pneumothorax
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9. Ultrasound of extra-pulmonary TB        
 
Extra-pulmonary TB can affect virtually every organ in the body. In some forms of 
disease, ultrasound has no role in the diagnosis, as the organs are not readily 
accessible with sonography, e.g. TB meningitis or TB affecting the bones. In other 
forms, it does not provide much additional information. as lesions are visible during 
clinical examination such as  in cutaneous TB, or they are palpable and can be 
aspirated, as in forms of TB affecting superficial lymph nodes. 
In a variety of cases, ultrasound may add significant information and should be 
considered as an imaging modality early in the course of the work with the patient 1.  
 
Forms of EPTB accessible to ultrasound 
 

 TB peritonitis 

 TB of the bowel  

 TB of the liver 

 TB of the pancreas 

 TB of abdominal lymph nodes and spleen 

 Genitourinary TB  
 
TB peritonitis 
Peritonitis represents approximately 4-10% of EPTB. Haematogenous spread and 
reactivation of long-latent foci is the most probable route of infection. However, 
contiguous spread from bowel TB or TB of the adnexa is possible.  
Ultrasound findings seen with peritoneal disease are mainly ascites (Fig.9.1) which may 
be clear or contain fixed membranes, septae and fibrin strands (= complex ascites). In 
some cases, floating debris may cause the ascites to be echogenic. If careful 
examination is made, a thickened mesentery and abdominal lymphadenopathy may be 
additional findings. Ultrasound can be used to guide aspiration of ascites.  Ascites has 
characteristics of an exudate (protein content >2.5 g/dl). Often moderate numbers of 
leukocytes are found (leukocytes 150-4,000), with a lymphocytic predominance. 
Ascites is usually straw-coloured but may be bloodstained.  
Direct AFB smear is almost invariably negative. TB cultures should be attempted, 
although the yield is often suboptimal. Histological and microbiological investigation of 
material from peritoneal biopsy has a higher diagnostic yield. Material can be obtained 
during laparoscopy (Fig.9.2), although this is obviously more invasive and not readily 
available. Alternative methods of blind biopsies using endoscopy biopsy forceps have 
been described2 and may be performed during the ultrasound examination. 
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TB of the bowel  
Although tuberculosis can involve any region of the gastrointestinal tract, there is a 
striking predilection for the area of the ileocecal valve, and the adjacent ileum and 
colon. This may be due to the abundance of lymphoid tissue located in the Peyer’s 
patches in this area.  
During ultrasound, concentric, hypoechoic bowel wall thickening (Fig.9.3) resembling 
other forms of bowel inflammation (e.g. Crohn’s disease) is seen in most patients. 
Enlarged mesenteric lymph nodes are frequently visible (Fig.9.4). In some patients 
conglomerate masses of thickened bowel loops, ascites and regional lymph nodes are 
seen.  
The differential diagnosis of thickened bowel loops in an HIV-infected individual 
includes TB, NTM disease, lymphoma, KS and other enteric infections. Colonoscopy 
with ileoscopy and mucosa biopsies is the next preferred method of examination when 
available. Endoscopic biopsy leads to histological diagnosis in approximately half of 
cases. Due to the trans-mural character of the inflammation, percutaneous US-guided 
bowel biopsy of the thickened bowel wall using a Tru-Cut biopsy needle, might yield a 
diagnosis in some of the remaining patients3. 

 
 
 
 
 
 
 
 
 
 

 
 
  

Fig.9.1 TB peritonitis: 
Inflammatory ascites (A) next 

to liver (L) and gallbladder (GB) 
 

Fig.9.2 TB peritonitis: Multiple 

small, whitish, tuberculomata (←) 

on the visceral serosa as seen 

during laparoscopy 

 

Fig.9.3 TB of the bowel: Bowel 
loops (B) with thickened, 
hypoechoic wall and echogenic 
content (←) in the lumen (gas) 

 

Fig.9.4 TB of the bowel: In the 
area of the ileocecal valve(C) 

the bowel wall is thickened and 
 many of the draining lymph 

nodes (LN) are enlarged 
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TB of the liver 
There are two forms of liver involvement which can be sonographically distinguished. 
In some patients a diffuse homogenous hepatomegaly, often with bright echo pattern, 
is seen. If biopsied it shows hepatic granulomatous disease. The findings are described 
as granulomatous hepatitis, although this is a misnomer as liver cells are unaffected.  
In other patients focal tuberculomas might be visible. These are single or multiple, 
usually hypoechoic, abscess-like lesions which vary in size (0.5-12 cm). It should be 
remembered that these lesions (as for all tuberculous lesions) may initially increase in 
size during successful treatment, as the improved immunological response increases 
the inflammatory reaction. 
 
TB of the pancreas 
Pancreatic involvement in tuberculosis is rare. In addition to the systemic symptoms of 
tuberculosis, it may present with severe symptoms of pancreatitis. Focal tuberculomas 
can obstruct the pancreatic duct and thus cause secondary pancreatitis. Hypoechoic 
lesions in the pancreas are seen (Fig.9.5). Radiologically and even during laparotomy 
these may resemble pancreatic carcinoma. In the appropriate epidemiological and 
clinical setting, TB treatment should be initiated. Steroids may possibly be added, as 
they induce a faster shrinking of inflammatory tissue, which will alleviate the 
pancreatic obstruction.  
 

 
 
TB of abdominal lymph nodes and spleen/ disseminated TB 
HIV-infected individuals, particularly those with advanced immunosuppression, often 
present with disseminated abdominal TB affecting abdominal lymph nodes and the 
spleen. Patients present with fever, unexplained loss of weight, weakness, diarrhoea, 
and/or abdominal pain. Abdominal masses and ascites may be found during clinical 
examination. The patients often show advanced immunosuppression, with low CD4 
counts. 
The sonographic features of the lymph node and spleen changes have been described 
in Chapters 5 and 6. In most patients, combinations of enlarged lymph nodes, spleen 
changes and ascites are seen. In one series of 30 HIV-infected patients with 
disseminated abdominal TB, lymph nodes were enlarged in 97%, spleen changes seen 
in 50% and ascites in 76%. A third of the patients showed all three abnormalities4.  
Enlarged abdominal lymph nodes and micro-abscesses in the spleen are highly 
suggestive of abdominal TB in a HIV-positive African patient with low CD4 counts. If TB 
prevalence in the patient population is high, starting TB treatment on clinical and 
imaging grounds is reasonable. If possible a follow-up ultrasound after 6-8 weeks 

Fig.9.5 TB of the pancreas: The 
pancreas is located between liver 

(L) and large abdominal vessels 
(A=aorta). In the head of the 

organ 2 hypoechoic lesions are 
visible (). The pancreatic duct 

may be dilated due to obstruction. 
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should be done. In cases of persistent lymphadenopathy, ultrasound-guided aspiration 
should be attempted. The aspirated lymph node material should be sent for AFB smear 
(which is frequently positive) and TB culture and histology. In cases of persistent lymph 
nodes despite TB treatment, multidrug-resistant TB (MDR-TB) needs to be considered 
as well as other causes of persistent lymphadenopathy (esp. lymphoma, KS and NTM 
disease). Poor adherence should be considered. As mentioned previously, patients 
receiving TB treatment, and in particular those receiving concomitant ART, may show 
an initial increase of the size of the nodes due to immune reconstitution inflammatory 
syndrome (IRIS). This should not result in cessation of ART as it usually subsides during 
continued treatment. 
 
TB of the kidney, ureter and bladder 
The pathogenesis involves the haematogenous spread of M. tuberculosis, followed by 
seeding in the renal cortex where a high oxygen tension exists. When the immune 
system deteriorates, granuloma may form and spread into the renal medulla, causing 
papillary necrosis, followed by renal obstruction. The excretion of M. tuberculosis with 
the urine can lead to ureter and bladder involvement, followed by fibrosis and reflux.  
Sonography may show renal calcifications, papillary irregularities and intra-renal 
masses. The most common and most easily-recognizable finding is urinary tract 
obstruction (=hydronephrosis). It is characterized by dilatation of the renal pelvis and 
calyces, which is visible as a confluent anechoic structure (“clover-leaf“) (Fig.9.6). The 
proximal part of the ureter may be visibly dilated. When dilatation is long-standing it is 
associated with progressive atrophy of the kidney (cortex-thinning) (Fig.9.7).  
When hydronephrosis is identified, try to follow the course of the ureter, as lymph 
node masses in this area may be the cause of dilatation (Fig.9.8). Also consider other 
causes (not necessarily HIV/TB-associated). These include distended urinary bladder 
(large anechoic organ extending from the pelvis); kidney stones (visible as echogenic 
structures with an acoustic shadow, often localized in the proximal ureter or at the 
uretero-vesical junction in the bladder wall) (Fig.9.9); bladder cancer or other bladder 
wall irregularities (Fig.9.10) and prostate hypertrophy (normal size: < 2.5 x 4.5 cm). 
Urinary schistosomiasis is another possible cause of urinary tract dilatation in areas 
where S. haematobium is prevalent. The ultrasound findings are well described in the 
literature5. 
Definite diagnosis of TB of the urinary tract is usually made by urine mycobacterial 
culture. Recurrent findings of pyuria with sterile bacterial culture may prompt this 
examination.  

 
 
 
 

Fig.9.6 Dilatation of the urinary 
tract (Grade I-II): Anechoic clover 
leaf structure in the kidney 

 

Fig.9.7 Dilatation of the urinary tract 
(Grade III): Anechoic fluid collection 
enlarged, the cortex of the kidney is 
thinning (atrophy due to pressure) 
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Genital TB  
Genital TB may present with a wide range of symptoms, from painless scrotal swelling 
without any further symptoms, to gram-negative sepsis due to obstruction and 
secondary super-infection. Epididymo-orchitis is a relatively common manifestation. 
Focal areas of decreased echogenicity can be demonstrated in the testis. A 
hyperechoic, enlarged epididymis with calcifications is a typical change in this structure 
(Fig.9.11). Differentiation from other lesions like testicular malignancies and abscesses 
may be difficult. Image-guided aspiration may be carried out (Fig.9.12).  
Involvement of the female genital tract often presents with chronic pelvic pain, but 
also with infertility and vaginal bleeding. Ultrasound may show tubo-ovarian abscesses 
and extension of these collections to extraperitoneal areas can suggest TB.  The 
diagnosis is often only made by aspiration and microbiological investigation of the 
material. 
 

Fig.9.8 Cause of urinary tract 
obstruction: Enlarged lymph 

nodes (LN) causing obstruction of 
the ureter by compression are 

visible. (K=kidney, S=spleen) 

Fig.9.9 Cause of urinary tract obstruction: 
Kidney stone (S) stuck in the wall of the 

bladder (B)  
 

Fig.9.10 Cause of urinary tract 
obstruction: Irregular thickening (←) 

of the bladder (B) wall as seen in 
schistosomiasis of the bladder 

 



 

 
64 

 
 
 
 
 
 
 
 
 
 
References:  
 
1) Heller T, Brunetti E, Giordani MT et al. Ultrasound in tropical medicine. HIV infection. In: 
Dietrich CF. EFSUMB-European course book. Chapter XX, pp. 16-20. www.kosmos-
design.co.uk/EFSUMB-ECB/ECB-Chxx-HIV.pdf (accessed 15.8.2012) 

 
2) Qibi NM. A new technique of blind peritoneal biopsy. BMJ. 1987;295:638. 

 
3) Bhaduri S, Wiselka MJ, Rogers PM. A review of ultrasound-guided percutanous biopsy of the 

gastrointestinal tract in HIV-infected patients. HIV Medicine 1999;1:43-46. 

 
4) Heller T, Goblirsch S, Wallrauch C, Lessells RJ, Brunetti E: Abdominal tuberculosis: 

sonographic diagnosis and treatment response in HIV-positive adults in rural South Africa. IJID. 
2010;14 Suppl 3:e108-12. 
 
5) World Health Organisation. Ultrasound in schistosomiasis. Geneva:World Health 

Organisation;1996. 

Fig.9.11 Genital TB: Swollen 
epididymis (E) surrounded by 

inflammatory fluid (←) (T= testicle) 
 

Fig.9.12 Genital TB: The patient 
complained of painless swelling of the 
scrotum. A cold abscess (←) was seen 

inside the testicle (T), the aspirated fluid 
was positive for AFB. Inflammatory intra-

scrotal fluid () surrounds the organ. 
 

http://www.kosmos-design.co.uk/EFSUMB-ECB/ECB-Chxx-HIV.pdf
http://www.kosmos-design.co.uk/EFSUMB-ECB/ECB-Chxx-HIV.pdf
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10. Cardiac ultrasound in HIV patients        
 
Evaluation of cardiac emergencies traditionally relies on physical examination, ECG and 
a plain chest X-ray. Direct visualisation of the heart can immediately provide clinically 
relevant information. Sonographic examination of the heart is generally done by 
echocardiography, using transcostal and parasternal approaches with a dedicated 
transducer (2.5 MHz) and different Doppler techniques. An overview is possible from 
the abdomen using a 3.5 MHz abdominal transducer. The scan is done from the 
epigastric angle with the transducer tipped cranially, using the liver as an acoustic 
window. Closer to the transducer, the structures of the right heart can be observed. 
The left heart is visible more distantly (Fig.10.1).  
 

 
 
The most common indication in the emergency setting to scan the heart is 
hypotension and shock. If available, the CXR may show a normal-sized or an enlarged 
cardiac shadow.  
 
Causes of hypotension/shock with enlarged heart size on CXR:  
 
-pericardial effusion-> cardiac tamponade? (see also Chapter 4) 
Clinical clues pointing to cardiac tamponade such as ECG changes (electric alterans, ST-
elevations), silent heart sounds and inflow congestion, are neither sensitive nor 
specific. The ultrasound immediately shows the echo-free area surrounding the heart 
proving the pericardial effusion (Fig.10.2). The collagen fibres of the pericardium are 
tight, so rapid accumulation of fluid (even small amounts of 50-100 ml) can cause 
tamponade. Slowly accumulating larger amounts (several hundred ml) can be 
tolerated without haemodynamic impairment.  
 

 

Fig.10.1 Normal heart on ultrasound  
(RA= right atrium, RV=right ventricle, 

LA=left atrium, LV=left ventricle) 
 

Fig.10.2 Echo-free fluid surrounding 
the heart, especially on the right side 

of the heart 
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It is possible to differentiate between true cardiac tamponade (=pericardial effusion + 
circulatory collapse) and echocardiographic tamponade (= pericardial effusion + 
diastolic collapse of right ventricle or systolic collapse of the right atrium) (Fig.10.3). 
The right heart is affected first, as it is part of the low pressure circulatory system. 
Consequently, the movement and size of the right atrium and ventricle should be 
assessed in any case of pericardial effusion (Fig.10.4). If tamponade is present, the 
pressure effect on the right ventricle varies during the respiratory cycle. During 
inspiration, venous return increases and impairment is less pronounced, leading to 
better stroke volume (Kussmaul phenomenon).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
According to standard protocols, a needle attached to an ECG lead is inserted into the 
pericardial space, commonly through a sub-xiphoidal approach. A small, relatively soft, 
multi-holed catheter is then advanced over the needle into the pericardial cavity. 
Sonographic control is recommended. 
In settings where dedicated pericardiocentesis equipment is not available, the use of 
alternative approaches, such as an intercostal approach with a simple cannula might 
be necessary1. The localization for intercostal puncture should be determined by using 
ultrasound along the mid-clavicular line. A normal 16-gauge intravenous cannula can 
be inserted in the lower portion of the intercostal space.  
It is necessary to drain enough fluid to relieve the signs of haemodynamic instability. 
Many patients experience rapid clinical improvement despite the continuing presence 
of pericardial effusion. It is worth remembering that the aim is reduction of pressure in 

Fig.10.3 Tamponade with diastolic 
compression of the right ventricle 

and/or systolic compression of the 
right atrium due to increased 

pressure in the pericardial sac 
 

Fig.10.4 Compressed right ventricle 
due to pericardial tamponade 

 



 

 
67 

the pericardial space, not volume per se and the drainage of 100 ml of fluid might 
suffice for resolution of tamponade. 
Standard TB treatment (2RHZE/4RH) has been shown to be highly effective in 
pericardial TB. Prolonged treatment for 9 months or longer does not improve results 
and has the disadvantages of increased cost and poor compliance. Treatment with 
corticosteroids remains controversial, as no significant survival benefits were shown in 
clinical studies.  However, we would give it in all cases of tamponade. It is believed to 
reduce re-accumulation of effusion and speed up its re-absorption. It may also reduce 
the rate of constriction.  Although in one study fewer participants died, the potentially 
large reduction in mortality was not statistically significant (RR, 0.55; 95% CI, 0.25, 
1.24; PNS)2.  
It must remembered that pericardial effusions caused by pericardial Kaposi’s sarcoma 
or lymphoma, might also partially improve with steroid treatment. Once steroids are 
tapered, the effusions re-accumulate and patient’s symptoms reappear. In these cases, 
a thorough search for a causative condition other than TB must be carried out. 
 
-dilated left ventricle with reduced movement-> myocardial cause (myocardial 
infarction, cardiomyopathy)? 
Dilatation of the left ventricle and reduced contractility might be visible if left 
ventricular dysfunction is the cause of hypotension and shock. In cases where this is 
due to coronary heart disease, the reduced wall motion might be localized (infarct 
area). In cases of cardiomyopathy, the entire left ventricle shows reduced contraction 
(Fig.10.5).  
 
Causative factors for cardiomyopathy (CMP) in Africa: 

» (1) infection and myocarditis 
» (2) pregnancy (peripartum cardiomyopathy) 
» (3) alcohol and nutritional deficiency 
» (4) hypertension 
» (5) iron overload and other metabolic factors 
» (6) autoimmune mechanisms 
» (7) genetic factors 
 

Prevalence of CMP in African HIV-positive patients is reported to be between 9% and 
57%3. The varying study designs, populations and the lack of a definition for 
cardiomyopathy may account for the wide range. There is a relationship between the 
degree of immunosuppression and the likelihood of cardiomyopathy. The risk is 

substantially increased if the CD4 count is less than 100 cells/l4.  
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Only limited data exists on the causes of myocarditis in African HIV patients, as cardiac 
biopsy is needed for definite diagnosis. In a study from the Democratic Republic of 
Congo, 16 patients had biopsies performed. Toxoplasma gondii was found in 3 
(18.75%), Cryptococcus neoformans in 3 (18.75%) and Mycobacterium avium 
intracellulare in 2 patients (12.5%). In the remaining 50% of patients, direct HIV 
invasion was assumed as the cause5. This is clearly different from Western countries, 
where cardiotropic viruses (e.g. enteroviruses) are the main cause. HAART prevents 
severe immunosuppression, but it is unclear whether it reverses CMP. As the reduced 
contractility increases the risk of thrombus formation, echogenic thrombus material 
might be seen, especially in the cardiac apex (Fig.10.6).  
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
-dilated right ventricle-> pulmonary hypertension? 
When haemodynamically relevant pulmonary hypertension (PH) occurs, the cardiac 
changes may be evident on sonography. On the whole, indirect changes are visible, 
which are due to the strain on the right heart pumping against increased vascular 
resistance. These include right ventricular dilatation, right ventricular hypokinesis and 
tricuspid regurgitation. A dilated right ventricle is documented when its diameter 
exceeds 2.5 to 3 cm. It is often more convenient to compare the right to left ventricle. 
Right to left ventricle ratio is normally smaller than 0.5. Values greater than 0.5, or 
even greater than 1, might be considered abnormal and suggestive of right heart 
dilatation (Fig.10.7). If the patient can undergo echocardiography, the Doppler flow 
profile of the tricuspid regurgitation may allow the estimation of the pulmonary 
pressure (Fig10.8). 
 
 
 
 
 
 
 
 
 

Fig.10.5 Dilated left ventricle with 
reduced contractility due to 

congestive heart failure 
 

 

Fig.10.6 Left ventricle with apical 
echogenic thrombus (T) due to 

hypocontractility 
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Causes for pulmonary hypertension are grouped as follows:  
a) Group 1 PH — "Pulmonary arterial hypertension (PAH)" 

»Idiopathic pulmonary hypertension and diseases of the pulmonary muscular 
arterioles, including HIV 

b) Group 2 PH — "Pulmonary venous hypertension" 
» PH due to left atrial, left ventricular, or left valvular heart disease 

c) Group 3 PH — "Pulmonary hypertension associated with disorders of the respiratory 
system or hypoxemia" 

»e.g. interstitial lung disease and chronic obstructive pulmonary disorder, TB 
d) Group 4 PH — "Pulmonary hypertension caused by chronic thrombotic or embolic 

disease" 
e) Group 5 PH — PH caused by inflammation, mechanical obstruction, or extrinsic 

compression of the pulmonary vasculature  
e.g. sarcoidosis, TB 

 
HIV infection per se can be a cause of pulmonary arterial hypertension (Group 1).  
Inflammatory changes due to TB (Group 5) and also its chronic sequelae of lung fibrosis 
and lung destruction (Group 3) may be causes of pulmonary hypertension.  It is 
important to exclude other reversible causes, in particular pulmonary embolism 
(Group 4) as incidence of thromboembolic disease is higher in HIV-infected individuals 
(see Chapter 11). 
 
Causes of hypotension/shock with normal heart size on CXR:  
 
-heart not moving-> asystole? 
Obviously this is visible, but usually no ultrasound is needed to detect the condition. 
Physical exam and ECG will provide enough information to guide resuscitation.   
 
 
 

Fig.10.7 Dilated right ventricle as 
sign of cor pulmonale 

 

Fig.10.8 Doppler allows the estimation of 
pulmonary pressure by measuring the 

gradient in the tricuspidal regurgitation 
(here 92 mmHg). For this, 

echocardiography equipment is needed.  
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-heart moving fast and/or irregularly->arrhythmia? 
Irregular activity can be visible in ultrasound, but again the ECG provides more detailed 
information about the type of arrhythmia and the treatment needed.  
 
-small, hyperkinetic left ventricle, collapsing inferior vena cava (IVC)-> hypovolemia, 
dehydration? 
In cases of hypovolemia, the left ventricle might appear small and almost seems to 
collapse at the end of the systole (“pumps the last drop of blood out”). It is helpful to 
look at the size of the IVC to get an idea about the available preload. 
 
Causes of hypotension/shock with varying heart size and form in CXR: 
 
-thickened hypoechoic or echogenic pericard -> constrictive pericarditis? 
Constrictive pericarditis is one of the most serious sequela of tuberculous pericarditis, 
occurring despite antituberculosis treatment. TB is believed to be the most frequent 
cause of constrictive pericarditis in Africa and Asia. Data suggest that HIV infection is 
associated with a lower incidence of pericardial constriction in patients with 
tuberculous pericarditis, which is to be expected as it is an immunological 
phenomenon6.  
Sonographically, a thick fibrinous exudate, associated with diminished movements of 
the surface of the heart, is seen in the pericardial sac. The pericardial exudate may 
condense into a thick skin surrounding the heart. This can usually be distinguished 
from myocardium7. Calcifications are more clearly visible on CXR than on ultrasound 
(Fig.10.9). 
 

 
 
Timing of pericardectomy is controversial. Initially, medical treatment with anti-TB 
drugs and steroids should be started. Pericardiectomy may be indicated if the patient’s 
condition is haemodynamically static or deteriorates after 2-3 months of 
antituberculosis therapy.  
 
 
 
 
 

Fig.10.9 Pericardial calcification 
(CXR) 
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-abnormal or calcified valves are visible-> valvular heart disease? 
Another possible explanation for shock and hypotension is valvular heart disease. 
Although the detailed assessment of the valvular status needs an experienced 
echocardiographer, sometimes massive calcifications or reduced opening can be seen 
even in conventional B-mode image (Fig.10.10). 
 

 
 
-discontinuity of septum is visible-> septal defects, ASD, VSD? 
Again, the detailed assessment of the septal defects and other congenital heart 
disorders which may go undiagnosed until teenage-years or adulthood, needs an 
experienced echocardiographer. A look at the septal structures may sometimes reveal 
defects even in conventional B-mode image.  
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Fig.10.10 Thick, calcified aortic 
valve (AV) in a patient with 
post-rheumatic aortic valve 

stenosis 
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11. Deep vein thrombosis 
 
Deep vein thrombosis (DVT) is a common clinical problem in HIV patients. It has a 
significant mortality rate, due to pulmonary embolism. The incidence of venous 
thrombosis is increased amongst HIV patients (up to 10-fold), compared to HIV-
negative individuals of the same age. Advanced disease is associated with a further 
increase in the incidence of thrombotic events. The higher risk could be explained by 
the presence of a hypercoagulable state, characterized by an increase in procoagulant 
factors, endothelial tissue factor expression and thrombogenic properties of 
“microparticles”. In HIV patients, microparticles originate from CD4+ lymphocytes, as a 
direct consequence of HIV infection and possibly as a reflection of CD4+ lymphocyte 
apoptosis. A decrease in anticoagulant factors, including antithrombin III and the 
protein C pathway might add to the pathophysiology1.  
The signs and symptoms of DVT are calf tenderness and unilateral limb swelling. If 
pulmonary embolism is present, tachycardia and tachypnea may be seen. Although D-
dimers may be elevated in HIV patients without DVT2, the test may have a role in 
diagnosis. In the event of a positive test, it is desirable to visualize the thrombosis.  
 
A 5 to 10 MHz transducer is used. Linear transducers are more suitable for 
compression. The leg should be bent at the knee and turned outward. If possible, the 
end of the stretcher where the patient’s feet are, should be lowered to make the 
examination easier. The affected leg is scanned and then if necessary, could be 
compared to the other leg. It may be helpful to scan the other leg. Thrombosis is often 
a bilateral disease and unexpected thrombosis might be found. However, clinically this 
has little consequence regarding therapy in the emergency setting.  
In compression ultrasound, the lumen of the proximal part of the vessel is localized in 
the groin using minimal pressure. (Use enough gel to allow acoustic coupling!) 
(Fig.11.1). Then mild compression is applied and the lumen of the vessel disappears 
completely, except for some clotted material in the vessel (Fig.11.2). The pressure is 
released and the process is repeated in a position approximately 5 cm more distal than 
the last. The whole upper leg is scanned, moving medially and ending in the dorsal 
popliteal area (there is a medial area which is difficult to assess shown in Fig.11.3). 
 

 
 
 
 
 
 
 
 
 
 

  
Fig.11.2 Femoral artery and 

femoral vein (pressure applied, 
the vein collapses completely) 

Fig.11.1 Femoral artery and 
femoral vein (no compression, 2 

anechoic tubular structures visible) 
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Thrombosis can be diagnosed if echogenic material is seen inside the lumen of the vein 
(Fig.11.4) and the vessel fails to collapse. If colour flow mapping is available, this might 
help to image the vessels and the intraluminal material (Fig.11.5). It is important to 
remember that partial compression is not sufficient for excluding DVT. It is not 
uncommon to find a venous clot in the superficial veins (saphenous vein), but this 
clearly poses a lower risk of embolism, unless it is propagating to the sapheno-femoral 
junction.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Studies have shown that the compression approach has high level of accuracy. 
Comparison of B-mode ultrasound (lack of compression in either common femoral or 
popliteal vein) vs. venography (“gold standard”) showed a sensitivity and specificity of 
100% for proximal thrombosis in 220 patients. When patients with calf vein 
thrombosis in venogram were included, the sensitivity was 91% and specificity was 
99%3. As the incidence of small segmental thrombosis is extremely low, it was further 
shown that even an abbreviated compression scan (of two sites only: groin and 
popliteal vein) in surgical patients still has a very high sensitivity4.  

Fig.11.3 Compression 
ultrasound following 

the course of the 
femoral vein 

Fig.11.4 Echogenic 
material (T= thrombus) in 

the femoral vein (V) 
(A=femoral artery) 

 

Fig.11.5 Here the colour-Doppler 
visualizes the flow surrounding the 

thrombotic material (T) using the 
colour blue. Colour coding in blue 

and red depends on the direction of 
the flow, not on arterial or venous 

signal! (A=artery) 
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Treating HIV patients for DVT may prove difficult in resource-poor settings. Drug 
interactions need to be considered when treating patients for concomitant TB or HIV. 
Rifampicin is an inducer of hepatic enzymes and may lead to suboptimal levels of 
anticoagulants. NVP and EFV have unpredictable effects.  Both have been reported to 
decrease warfarin levels. Both can also increase levels, thus risking haemorrhage. The 
amount of warfarin needed by the individual patient needs to be determined by INR 
monitoring (which may be difficult to organize). 
 
Pitfalls:  
-Lymph nodes may be confused with a non-collapsing vein with echogenic content. 
Movement of the transducer will reveal the round shape, compared to the tubular 
shape of the vessel.  
-Absolute contraindications are absent. There are no documented cases of 
embolization due to DVT evaluation. 
-Obesity and severe lower extremity oedema make imaging difficult.  
-To exclude thrombosis, repeat examination after 5 to 7 days. 
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12. Other common ultrasound findings in HIV-infected patients 
 
Tuberculosis is one of the main opportunistic infections in HIV patients in Africa and 
other places where TB incidence in general is high. There is a variety of other infections 
and conditions that can affect the immunocompromised patient. Some of these cause 
more or less typical changes in the ultrasound anatomy and the examiner investigating 
HIV patients should be aware of them1,2,3.  
 
Kidney changes due to HIV-associated nephropathy (HIVAN) 
An ultrasound of a normal kidney shows the cortex of the kidney, which is 
homogeneously hypoechoic and similar to the liver in echogenicity (Fig.12.1). The 
medullary pyramids might appear even less hypoechoic in comparison to the cortex. 
The renal sinus contains the collecting system, renal vessels, lymphatics, fat and 
fibrous tissue. The multiple interfaces of these central structures make it appear 
hyperechoic. The size is approx 10 ± 2 cm. The difference between left and right is 
usually not more than 1.5 cm. 
 

 
 
Kidney changes are frequently seen in HIV-infected patients. Focal segmental 
glomerulosclerosis is the most frequent underlying pathology.  Studies from the US 
show that it is more common in African-Americans, but there is still limited data 
regarding the prevalence in Africa. HIVAN may lead to renal impairment with nephrotic 
range proteinuria. The serum albumin may be reduced and occasionally there is 

hypertension. It is associated with a CD4 of less than 200 cells/l. 
In ultrasound examinations of HIV patients, kidneys with increased size and 
hyperechoic parenchyma (Fig.12.2, 12.3) are seen even when tests of renal function 
have been normal. The morphology is non-specific and can be seen in other renal 
diseases like diabetic glomerulosclerosis and other forms of chronic 
glomerulonephritis. The sonographic finding should prompt an assessment for 
proteinuria to support the diagnosis. Biopsy is required to prove the diagnosis, but is 
rarely performed in resource-poor settings. 
The significance of the sonographic changes is unclear and often in these patients the 
urea and creatinine are within normal limits. There is no specific treatment besides 
ART. In cases with proteinuria and echogenic kidneys, ACE-inhibitors should be added 
and co-existing hypertension should be well-controlled.  
  

Fig.12.1 Kidney with the cortex 
(C), medullar pyramids (MP) and 

renal sinus 
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Acalculous cholecystitis and cholangitis 
The normal gallbladder is a musculo-membranous sac with anechoic content. It has a 
variety of folds and kinks. Its wall thickness is 2-3 mm and its size usually does not 
exceed 4x10 cm. Gallstones are echo-dense structures in the gallbladder with a 
posterior acoustic shadow. They become visible at a size of 2-3 mm and move with 
gravity (Fig.12.4). 
Gallbladder wall-thickening is a frequent finding in HIV-infected individuals (Fig.12.5). It 
has to be interpreted carefully, as in the majority of cases it is an incidental finding 
without clinical symptoms and relevance. Direct palpation guided by the ultrasound 
evokes the “sonographic Murphy’s sign” (tenderness on focal palpation). In these cases 
the thick wall and the distended gall bladder may point to the diagnosis of 
cholecystitis. Usually cholecystitis only presents in the presence of gall stones. In HIV-
infected patients, cholecystitis may develop in the absence of gall stones (“acalculous 
cholecystitis”). This condition is usually only seen in seriously ill ICU patients. 
Ultrasound-guided puncture, aspiration and drainage of the gall bladder is a 
therapeutic option. Cholecystectomy may not be necessary, as causative inflammatory 
stenoses in the cystic duct or in the neck of the bladder may resolve.  

 
 
 
 

Fig.12.2 HIVAN: The cortex of the 
enlarged kidney (K) is more echogenic 

than the liver (L). The medullary 
pyramids (←) are comparatively less 

echogenic. 
 

Fig.12.3 HIVAN: The kidney (K) may be 
very echogenic in comparison to the 
liver (L). 

 

Fig.12.4 Multiple stones (S) in the 
gallbladder (GB) causing an acoustic 
shadow (AS). The wall is only 1-2 mm 
thick (no inflammation). 

 

Fig.12.5 Acalculous cholecystitis: Thick 
walled (between ← : 6 mm) gallbladder 
(GB) in a patient with tenderness on focal 
palpation without gallstones (L=liver) 
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As previously discussed, intrahepatic bile ducts are normally not visible. The common 
bile duct can be seen ventral to the portal vein as an anechoic tubular structure not 
larger than 8 mm. Intrahepatic dilatation can be assumed when bile ducts are seen in 
parallel with the portal branches (called “parallel channel or shotgun -sign”). Irregular 
or smooth dilatation of intrahepatic bile ducts (Fig.12.6) and concentric thickening of 
the intra- and extrahepatic (Fig.12.7) biliary tree (similar to sclerosing cholangitis) may 
be seen in HIV-infected individuals. Extra-hepatic strictures as well as papillary stenosis 
have also been described.  
 

 
 
 
 
 
 
 
These are mainly due to inflammatory strictures, which can be focal or diffuse. The 
infections of the biliary system can be caused by various organisms. Cryptosporidia and 
CMV have been most frequently associated with the condition. Microsporidia and 
Isospora were also described. 
 
 
Echogenic liver and spleen lesions in generalized infections 
Focal pathologies of spleen and liver are common findings in HIV patients. The 
occurrence and interpretation of hypoechoic lesions have been previously discussed 
(Chapters 6 and 7). 
 
Hyperechoic lesions are seen less frequently. In cases of generalized toxoplasmosis, 
multiple calcifications of a few millimetres in size, with dorsal acoustic shadow are 
seen in the spleen and liver. Small hyperechoic liver lesions have also been seen in 
disseminated NTM disease. Bacillary peliosis (or bacillary angiomatosis) is 
characterized by cystic, blood filled spaces in the liver. It is linked to opportunistic 
infection with Bartonella henselae. The sonographic appearance is also that of multiple 
hyperechogenic liver lesions.  
When multiple, diffuse, small echogenic lesions in the liver or spleen are seen, the 
term “snowstorm pattern” has been used (Fig.12.8). Although it was initially associated 
with disseminated P. jiroveci infections, it can be caused by other organisms like 
Candida and Aspergillus. Comparison with histological features reveals that foci of 

Fig.12.6 Cholangitis: Liver (L) with the 
central portal vein (PV). In the periphery, 
parallel channels (←) are visible as sign of 
dilated intra-hepatic bile ducts.  

 

Fig.12.7 Cholangitis with involvement of 
the common bile duct (CBD): Next to the 
portal vein (PV) the CBD is visible with a 
diameter of more than 10 mm (L=liver).. 
No gallstones were seen in the 
gallbladder (not shown).  
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calcification are present, but their frequency is not sufficient to explain the multiple 
echogenic foci. It is postulated that the interfaces caused by the fibrosis are largely 
responsible for the snowstorm appearance4. 
 

 
 
Disseminated Kaposi’s sarcoma (KS) may present with hyperechoic disseminated 
lesions in the spleen and liver, ranging from 5 to 10mm in size. KS lesions have been 
reported even in the absence of visible cutaneous involvement. In larger KS lesions, a 
complex echo pattern with hyper- and hypoechoic areas is observed.  
It can be concluded therefore, that there is a broad differential diagnosis of echogenic 
lesions in the spleen and liver. If necessary, fine-needle biopsy is often the only way to 
reach a definitive diagnosis. 
 
Parotid changes 
5-10% of patients with HIV-1 infection have some degree of parotid swelling (Fig.12.9). 
It is more common with advanced disease and is most commonly due to cystic  
 

   
 
lymphoepithelial lesions of the salivary gland. It is often due to diffuse infiltrative 
lymphocytosis syndrome (DILS). This is a Sjögrens-like syndrome with painless salivary 
gland swelling, peripheral CD8 lymphocytosis and “sicca” symptoms of dry mouth and 
insufficient saliva production. DILS is more common in patients of African descent than 
in Caucasians.  

Fig.12.8 Echogenic focal lesions in the 
spleen (S): multiple small echogenic foci 
(←) can be seen. They may be due to 
Pneumocystis jiroveci or to other 
disseminated infections. 

 

Fig. 12.9 Five year old HIV-positive boy 
with enlarged parotid gland (←) due to 
diffuse infiltrative lymphocytosis 
syndrome (DILS) 
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Sonographic examination shows unilaterally or bilaterally-enlarged glands with 
multiple cystic lesions (Fig.12.10, 12.11). The size of the sonolucent areas may vary 
from few millimetres to a few centimetres, and the number of cysts varies 
considerably.  
If necessary, the diagnosis can be confirmed through fine needle aspiration. In 
cytological investigations, lymphocytes and epithelial cells are seen. Histology might be 
needed in unclear cases. Treatment modalities include simple aspiration and surgical 
resection (rarely indicated). Regression of the swelling has been demonstrated in 
patients treated with ART, so this should be the first choice of treatment. 
Other than benign lymphoepithelial cysts, parotid swelling can also be caused by intra-
parotid lymphadenopathy and parenchymal lymphoproliferation5. 
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Fig.12.10 Normal parotid gland (P). The 
borders of the organ are highlighted (←). 
The structure of the organ is 
homogenous.  

 

Fig.12.11 DILS of the parotid gland 
(P): The borders of the organ are 
highlighted (←). Multiple cystic 
lesions () can be seen in the 
enlarged gland. 

 

http://www.kosmos-design.co.uk/EFSUMB-ECB/ECB-Chxx-HIV.pdf
http://www.kosmos-design.co.uk/EFSUMB-ECB/ECB-Chxx-HIV.pdf
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13. Interventional ultrasound 
 
Ultrasound-guided puncture uses sonography to localize targets of puncture, as well as 
potentially dangerous structures to avoid.  
It can help to differentiate causes of fluid collections (intra-abdominal fluid, 
intrahepatic collections e.g. abscesses, collections in the soft tissue) and facilitate the 
placement of central venous lines. Depending on the pathology, different needles can 
be used to sample tissue or fluid (Fig.13.1). As the procedure is invasive and might 
cause harm to the patient, it is essential to get training from a colleague experienced in 
the procedure. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Three different techniques can be used:  
- the target is localised and the point of puncture is marked on the skin, then the 
transducer is removed and the puncture is performed without the transducer (“blind”) 
- the target is localized, then the needle is inserted next to the transducer. It appears 
on the screen as an echogenic structure and is then advanced until it reaches the 
target. The path of the needle is visible on the screen. It is important to keep the 
needle in the plane of the transducer (”free hand”) 
- transducers might have needle guides which determine the path of the needle 
(Fig.13. 2) 

 
 
 
 
 
 
 
 
 
 
 

 
In general, fine needle puncture is a very low risk method for obtaining fluid or tissue 
samples (complication rate 0.19%, lethal complications 0.04%).  
Possible complications are bleeding, pain, local infections, peritoneal irritation and 
pneumothorax.  

Fig.13.1 Needles used in 
interventional sonography. 

From top to bottom: Menghini 
needle for liver biopsy, 

Sonopsy® needle with syringe 
for aspiration, Chivas needle 

for fine needle aspiration, 
TruCut® needle for core biopsy, 

pigtail catheter for 
percutaneous drainage. 

 

Fig.13.2 US with a needle guide: 

expected path of the needle is 

shown on the screen 
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Punctures should be avoided if there are relevant contraindications:  
a) bleeding risks  
-impaired coagulation (PT< 50 %, platelets < 50,000 /µl) 
-severe uremia or anaemia  
b) dangerous targets 
-aneurysms 
-phaeochromocytoma 
-echinococcal cysts (not an absolute contraindication, therapeutic drainage possible) 
c) dangerous way 
-long ”dangerous“ route to target 
-local infections 
-puncture of the liver with biliary dilatation 
 
In the case of abscesses (liver, spleen, abdomen, retro- peritoneum, empyema of the 
pleura) or cystic tumours (cysts of the pancreas, haematomas, seromas) the 
intervention can also be therapeutic. The collections can be drained by single or 
repetitive aspiration, or alternatively a percutaneous catheter might be inserted (e.g. 
pigtail or basket-catheter). 
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Abbreviations:  
 

ACE Angiotensin converting enzyme 
AFB Acid fast bacilli 
ALP Alkaline phosphatase 
ART Antiretroviral therapy 
CD4 Cluster of differentiation 4 
CMV Cytomegalovirus 
CPC Common bile duct, Portal vein, vena Cava 
CT Computer tomography 
CXR Chest X-ray 
DILS Diffuse infiltrative lymphocytosis syndrome 
DST Drug sensibility testing 
DVT Deep vein thrombosis 
EBV Epstein Barr virus 
ECG Electrocardiogram 
EFV Efavirenz 
EPTB Extra-pulmonary tuberculosis 
FASH Focused assessment with sonography for HIV/TB 
FAST Focused assessment with sonography for trauma 
FNB Fine needle biopsy 
GGT Gamma-glutamyltransferase 
HCC Hepatocellular carcinoma 
HIV Human immunodeficiency virus 
HIVAN HIV associated nephropathy 
IRIS Immune reconstitution inflammatory syndrome 
KS Kaposi’s sarcoma 
MDR Multi-drug resistant 
MHz Mega-hertz 
MRI Magnetic resonance imaging 
NTM Non-tuberculous mycobacteria 
NVP Nevirapine 
PGL Persistent generalized lymphadenopathy 
PH Pulmonary hypertension 
PLUS Point of care limited ultrasound 
PT Prothrombine time 
PTB Pulmonary tuberculosis 
RH Rifampicin, Isoniacid 
RHZE Rifampicin, Isoniacid, Pyrazinamid, Ethambutol 
TB Tuberculosis 
WHO World Health Organisation 
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