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CHAPTER 10

ABSTRACT

Diagnosis of tuberculosis (TB) is complex, especially in HIV positive patients. Ultrasound can aid 
diagnosis of extrapulmonary TB (EPTB), but experienced sonographers are often not available in 
endemic settings. We describe a novel tool to aid diagnosis of EPTB using telemedicine and a previously 
described standardized protocol for fast assessment with sonography of HIV/TB patients (FASH). 
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INTRODUCTION

The HIV epidemic has led to a significant increase of patients suffering from tuberculosis (TB). Despite 
recent developments of new diagnostic tools (13), diagnosis of TB in HIV-infected patients remains 
often challenging. Sputum microscopy has a limited sensitivity (8) and there are still no culture 
facilities or molecular tools available in many highly-endemic settings. Extra-pulmonary TB (EPTB) is 
found more frequently in HIV patients than in HIV-negative individuals (6,18); diagnosis is even more 
complex, thus patients are often treated based on clinical case definitions (15).
Ultrasound is a useful tool for diagnosis of EPTB (4), and a protocol for focused assessment with 
sonography in HIV/TB (FASH) has been described (5). Its performance was tested in a small group 
of physicians who underwent a short training course, which resulted in high levels of confidence in 
identifying the most important pathologies, namely pericardial or pleural fluid and ascites. Enlarged 
upper abdominal lymph nodes (>1,5 cm), and focal lesions in liver or spleen were considered more 
difficult to recognize. 
Short FASH training courses are feasible in many settings and show good results; however, appropriate 
supervision is often lacking and could potentially improve these results. Sub-Saharan Africa has made 
a leap forward regarding Internet connectivity, and fast, affordable connections are available in many 
regions. We implemented a ‘remote FASH’ (rFASH) method, by establishing a videoconferencing 
system by which a relatively inexperienced physician was directly guided and supervised by a specialist 
on distance. 

METHODS

Setting
We describe a series of HIV patients from Gabon assessed by rFASH. In Gabon an estimated 46,000 
people live with HIV/AIDS, amounting to a prevalence of approximately 5.4% (12), In 2011, TB incidence 
was estimated at 450/100,000; EPTB accounts for 9% of the reported cases. Twenty-six percent of the 
TB patients tested for HIV were tested positive (17).
Our patients were seen in the HIV outpatient clinic at the General Hospital in Lambaréné, Gabon. 
Between July and September 2012, 10 HIV patients were scanned for diverse reasons. The local 
physician, who was only trained by a one-week course on abdominal ultrasound, performed the 
examinations remotely supervised by an infectious diseases specialist with ultrasound experience, 
based in Germany. As all exams were performed in the framework of routine clinical care, ethical 
approval was not required. Patient’s written consent was obtained for publication of a screenshot of 
the exam. 

Technical setup
For tele-sonography, the external monitor outlet of a portable ultrasound machine with a 3.5 MHz 
transducer (Mianyang Meike Electronic Equipment, China) was connected to a personal computer 
making use of an USB2 video grabber (LogiLink, China), a BNC-cinch adaptor and a cinch cable. 
Additionally a webcam was connected to the computer. The total cost of hardware purchased in regular 
electronics stores (Germany) amounted to approximately 35 Euros. On the laptop in Gabon a freeware 
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XsplitTM (www.Xsplit.com) was installed to generate a single video signal from ultrasound machine and 
webcam. This signal was transmitted via SkypeTM, a free Voice over Internet Protocol (VoIP) software 
(www.skype.com). The remote viewer also used SkypeTM on a iPad (Apple Inc, California, USA) via 3G 
network. A detailed instruction on the set-up of the tele-ultrasound system was previously described 
(11).

RESULTS

This case-series consists of 10 HIV patients (7 female/3 male), all but one anti-retroviral treatment 
(ART) naïve. The median CD4 cell-count was 49 cells/mm3 (range 1-307 cells/mm3), and mean BMI 
was 19,7 ±2,3 kg/m2. An overview of ultrasonographic findings and therapeutic consequences is given 
in the table. In four patients the rFASH scan showed signs of EPTB. In 3 of the 4 the exam was the 
diagnostic step leading to start of TB treatment and to delay initiation of ART as sputum smear and 
chest X ray (CXR) were not suggestive of TB. In the 4th patient, who already started TB treatment for 
positive sputum microscopy, the diagnosis of pericardial effusion with impeding cardiac tamponade 
led to the addition of steroid treatment under which the patient clinically improved. In the remaining 
six patients no typical rFASH findings were seen; ART was started without further delay and none of 
the patients developed an unmasking TB. 

The time needed per exam was approximately 20 minutes. The image quality on the side of the remote 
viewer was sufficient to diagnose pericardial, pleural and abdominal effusions, organ contours and 
enlarged lymph nodes. An example of an image seen via SkypeTM is shown in the figure. During the 
course of the rFASH scans, the ultrasound skills of the local physician improved and she was subjectively 
more confident to perform further exams independently. 

Table 1 Patient characteristics, ultrasound findings and therapeutic consequences
Table 1: Patient characteristics, ultrasound findings and therapeutic consequences 

 
No Age/ Sex Weight/Height CD4 Effusions? Abdominal findings? Therapy2 

1 45/M 60/172 197 -none - enlarged lymph node 
- focal spleen lesions 

-TB treatment started 
-ART delayed 

2 38/F 45/153 49 -pleural effusion -enlarged lymph node 
-query spleen lesions 
-hydronephrosis left 

-TB treatment started 
-ART delayed 

3 54/F 50/156 307 -none -enlarged lymph nodes 
-focal spleen lesions 
-hepatomegaly 

-TB treatment started 
-ART delayed 

4 39/F 63/168 41 -none -r FASH neg1 
-gallstones 

-ART started 

5 27/F 43/156 1 -none -rFASH neg1 

-echogenic kidneys 
-ART started 

6 34/M 43/160 27 -none - rFASH neg1 -ART started 
7 24/F 45/152 26 -none -none -ART started 
8 36/F 68/170 114 -none - rFASH neg1 

-kidney cyst  
-hemangioma (spleen) 

-ART started 

9 44/M 42/156 48 -none - rFASH neg1 -ART started 
10 42/F 42/156 130 -pericardial effusion  

-beginning tamponade 
- rFASH neg1 
-echogenic kidneys 

-TB treatment continued 
-Steroid added 
-ART continued 

 

1rFASH neg = no pathological FASH findings  
2 Treatment changes resulting from rFASH are in bold 1rFASH neg = no pathological FASH findings    2 Treatment changes resulting from rFASH are in bold

http://www.Xsplit.com
http://www.skype.com
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Fig. 1 Splenic abscesses as remotely seen via VoIP (SkypeTM)

54 S. Janssen et al. / Acta Tropica 127 (2013) 53–55

Table 1
Patient characteristics, ultrasound findings and therapeutic consequences.

No. Age/sex Weight/height CD4 Effusions? Abdominal findings? Therapyb

1 45/M 60/172 197 -None -Enlarged lymph node -TB treatment started
-Focal spleen lesions -ART delayed

2 38/F 45/153 49 -Pleural effusion -Enlarged lymph node -TB treatment started
-Query spleen lesions -ART delayed
-Hydronephrosis left

3 54/F 50/156 307 -None -Enlarged lymph nodes -TB treatment started
-Focal spleen lesions -ART delayed
-Hepatomegaly

4 39/F 63/168 41 -None -r FASH nega -ART started
-Gallstones

5 27/F 43/156 1 -None -rFASH nega -ART started
-Echogenic kidneys

6 34/M 43/160 27 -None -rFASH nega -ART started
7 24/F 45/152 26 -None -None -ART started
8 36/F 68/170 114 -None -rFASH nega -ART started

-Kidney cyst
-Hemangioma (spleen)

9 44/M 42/156 48 -None -rFASH nega -ART started
10 42/F 42/156 130 -Pericardial effusion-beginning tamponade -rFASH nega -TB treatment continued

-Echogenic kidneys -Steroid added
-ART continued

a rFASH neg = no pathological FASH findings.
b Treatment changes resulting from rFASH are in bold.

ultrasound, performed the examinations remotely supervised by
an infectious diseases specialist with ultrasound experience, based
in Germany. As all exams were performed in the framework of
routine clinical care, ethical approval was not required. Patient’s
written consent was obtained for publication of a screenshot of the
exam.

2.2. Technical setup

For tele-sonography, the external monitor outlet of a portable
ultrasound machine with a 3.5 MHz transducer (Mianyang Meike
Electronic Equipment, China) was connected to a personal com-
puter making use of an USB2 video grabber (LogiLink, China), a
BNC-cinch adaptor and a cinch cable. Additionally a webcam was
connected to the computer. The total cost of hardware purchased
in regular electronics stores (Germany) amounted to approxi-
mately 35 Euros. On the laptop in Gabon a freeware XsplitTM

(http://www.Xsplit.com) was installed to generate a single video
signal from ultrasound machine and webcam. This signal was trans-
mitted via SkypeTM, a free voice over internet protocol (VoIP)
software (http://www.skype.com). The remote viewer also used
SkypeTM on a iPad (Apple Inc., California, USA) via 3G network. A
detailed instruction on the set-up of the tele-ultrasound system
was previously described (Trauma Association of Canada, 2012).

3. Results

This case-series consists of 10 HIV patients (7 female/3 male),
all but one anti-retroviral treatment (ART) naïve. The median CD4
cell-count was 49 cells/mm3 (range 1–307 cells/mm3), and mean
BMI was 19.7 ± 2.3 kg/m2. An overview of ultrasonographic find-
ings and therapeutic consequences is given in the Table 1. In four
patients the rFASH scan showed signs of EPTB. In 3 of the 4 the exam
was the diagnostic step leading to start of TB treatment and to delay
initiation of ART as sputum smear and chest X ray (CXR) were not
suggestive of TB. In the 4th patient, who already started TB treat-
ment for positive sputum microscopy, the diagnosis of pericardial
effusion with impeding cardiac tamponade led to the addition of
steroid treatment under which the patient clinically improved. In
the remaining six patients no typical rFASH findings were seen;

ART was started without further delay and none of the patients
developed an unmasking TB.

The time needed per exam was approximately 20 min. The
image quality on the side of the remote viewer was sufficient to
diagnose pericardial, pleural and abdominal effusions, organ con-
tours and enlarged lymph nodes. An example of an image seen via
SkypeTM is shown in the Fig. 1. During the course of the rFASH
scans, the ultrasound skills of the local physician improved and she
was subjectively more confident to perform further exams inde-
pendently.

4. Discussion

To our knowledge this report describes the first series of
HIV-patients in whom the clinical diagnosis of TB was aided by
synchronous tele-sonography.

Tele-medicine has been described before in diagnosing adrenal
insufficiency due to TB, but in this case a “store-and-forward”
approach was used, where images were sent to an expert using
e-mail (Bush et al., 2009). Web-based forums were reported to be

Fig. 1. Enlarged lymph nodes (←) in the portal area of the liver (L) as remotely seen
via VoIP (SkypeTM).

DISCUSSION

To our knowledge this report describes the first series of HIV-patients in whom the clinical diagnosis of 
TB was aided by synchronous tele-sonography.

Tele-medicine has been described before in diagnosing adrenal insufficiency due to TB, but in this case 
a “store-and-forward” approach was used, where images were sent to an expert using e-mail (2). Web-
based forums were reported to be useful in HIV-provider education, but here also only stored images 
were used (7). In the series reported here we used a synchronous approach were the local physician and 
the remote consultant were both online during the examination process. This approach is particularly 
useful for ultrasound, as the method generates real-time pictures and is heavily dependent on the 
examiner’s instant interpretation. 

Ultrasound has been shown to be a useful tool to aid the diagnostic process of (EP)TB in HIV-infected 
patients. As sputum-smears are frequently negative in HIV co-infected patients, it is common clinical 
practice, supported by WHO guidelines (15), to reach TB diagnosis on basis of imaging results and 
clinical case definitions. CXR is the imaging modality most commonly used and most widely available; 
nevertheless it is known that in a significant proportion of HIV/TB co-infected patients, CXR findings 
are normal (3). Ultrasound is a possible next imaging step, as it is quick and affordable. It has the 
drawback that it is highly user-dependent, and experienced sonographers are scarce in many settings 
(9). FASH is an abbreviated ultrasound technique, which can be taught rapidly to physicians with little 
or no prior ultrasound experience (5). Since its first description, it became widely used in South Africa 
and was described as one of the most frequently used ultrasound modules in South African emergency 
medicine (14). Our results underline the value of the FASH method and expand its possible use by 
the fact that “remote-viewing” allows relatively inexperienced physicians, guided and supervised by 
specialists, to perform the examination. 
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When establishing a tele-sonography system some issues have to be considered (16):
a) Costs: as the system used in this series shows, high costs may be more a perceived than a real 
obstacle in the implementation of tele-sonography. 
b) Local hardware, infrastructure and bandwidth: the technical set-up of the system is relatively 
easy and can be done by individuals without particular IT expertise. The hardware limitations as well 
as low speed of data transmission may entail poor image quality and thereby limit the efficacy of 
remote diagnosis. The image quality in our series varied, but it was sufficient to appreciate the organ 
structures, effusions and enlarged lymph nodes. Smaller lesions, like focal micro-abscesses in spleen or 
liver, were felt in most cases below the sensitivity of the method. Further studies on the inter-observer 
agreement of experienced sonographers are needed to assess the impact on diagnostic accuracy and 
the clinical importance of this problem. 
c) Technical expertise: especially when collaborating internationally the person consulted needs to 
be familiar with local protocols to suggest feasible and appropriate diagnostic and therapeutic plans.
d) Patient confidentiality/privacy: VoIP have different data security standards than medical teleradiology 
systems. SkypeTM claims to use a 256 bit Advanced Encryption Standard to protect privacy of the users 
(10), nevertheless concerns about security have been raised (1). We used a request form containing 
the clinical information of patients without the patient name, also during the teleconferences the use 
of the patient names was avoided at all times.
e) Legalities: cross-border cooperation raises the question of legal responsibilities; this problem is 
currently not sufficiently addressed in health laws of many countries (16).
f) Local acceptance: acceptance is needed on the side of local health professionals as well as patients. 
In our experience with thorough explanation of the procedure patients appreciated the method and 
its potential benefit.

Knowing that ultrasound is an important diagnostic tool, we feel that despite the abovementioned 
limitations, rFASH can be of use in settings where other means of imaging support are often not 
available. 
Our case series shows possibilities to use remote ultrasound in the diagnostic work-up for HIV-
associated EPTB, and potentially for other (intra-abdominal) pathologies. However, due to the limited 
study size and the missing study setup this case series serves only as a proof-of-concept for the 
technology. 
Systematic studies are needed to address its potential benefits including cost-effectiveness, its 
limitations and the role it may have in the diagnostic work-up for HIV-associated TB. It is questionable 
how feasible rFASH would be for the routine diagnostic work-up with regard to the costs of engaging 
a specialist. Nevertheless, also for the training aspect rFASH may be a valuable technique; the local 
physician gained confidence in recognizing TB-associated lesions after performing 10-15 scans 
supervised by the specialist. 
Nevertheless, with the increasing availability of Internet connection in sub-Saharan Africa, rFASH may 
be a promising tool by which physicians in larger areas can be trained and supervised in ultrasound. 
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