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Health problem addressed
These devices are used primarily for abdominal and OB/GYN 
scanning. Some systems include additional transducers to 
facilitate more specialized diagnostic procedures, such as 
cardiac, vascular, endovaginal, endorectal, or small-parts (e.g., 
thyroid, breast, scrotum, prostate) scanning.

Product description
General-purpose ultrasonic scanning systems provide two-
dimensional (2-D) images of most soft tissues without subjecting 
patients to ionizing radiation.  These systems typically consist of 
a beamformer, a central processing unit, a user interface (e.g., 
keyboard, control panel, trackball), several probes (transducers 
or scanheads), one or more video displays, some type of 
recording device, and a power system.

Principles of operation
Ultrasound refers to sound waves emitted at frequencies 
above the range of human hearing. For diagnostic imaging, 
frequencies ranging from 2 to 15 megahertz (MHz) are typically 
used. Ultrasonic probes contain one or more elements made of 
piezoelectric materials (materials that convert electrical energy 
into acoustic energy and vice versa). When the ultrasonic 
energy emitted from the probe is refl ected from the tissue, the 
transducer receives some of these refl ections and reconverts 
them into electrical signals. These signals are processed and 
converted into an image. Lower sound frequencies provide 
decreased resolution but greater tissue penetration, while 
higher frequencies improve resolution when deep penetration 
is not necessary.

Operating steps
To perform ultrasonic imaging, a probe is either placed on the 
skin (after an acoustic coupling gel is applied) or inserted into a 
body cavity. Scanned structures can be measured by ultrasound 
technicians using digital calipers (i.e., cursors electronically 
superimposed over the scanned cross-sectional image that 
calculate the size of the scanned structure). The caliper system 
can also be used by technicians to plot and measure the area, 
circumference, or volume of a structure. A data-entry keyboard 
permits information such as patient name, date, and type of 
study to be entered and displayed along with the scanned image.

Reported problems
Ultrasound diagnostic imaging appears to be risk-free when used 
properly. Ultrasound transducers should be handled carefully 
to avoid damage. Electromechanical problems, such as cracks 
in piezoelectric elements, can alter beam width and/or spatial 
pulse length, thereby affecting lateral and axial resolution. Errors 
in distance measurements can cause incorrect calculations.

Use and maintenance

User(s): Ultrasound technician

Maintenance: Medical staff; technician; 
biomedical or clinical engineer

Training: Initial training by manufacturer and 
manuals

Environment of use

Settings of use: Hospital radiology 
departments; private physician offi ces

Requirements: Stable power source

Product specifi cations

Approx. dimensions (mm): 1340x420x630

Approx. weight (kg): 75

Consumables: NA

Price range (USD): 25,000 -220,000

Typical product life time (years): 5 

Shelf life (consumables): NA

Types and variations

General-purpose; OB/GYN; small parts; 
vascular; cardiology; endocavity

Scanning System,  Ultrasonic
UMDNS GMDN
15976 Scanning Systems, Ultrasonic, General-Purpose 40761 General-purpose ultrasound imaging system

Other common names: 
Abdominal Ultrasound Scanners; Doppler Devices; General-Purpose Ultrasonic Scanners; Metal Detectors; Metal 
Detectors, Ultrasonic; Scanners, Ultrasonic, Dedicated Linear Array; Scanners, Ultrasonic, General-Purpose; Scanners, 
Ultrasonic, Pediatric; Ultrasound Scanners, Bladder; Ultrasound Scanners, General-Purpose; Ultrasound Scanners, 
Urology; Diagnostic imaging equipment, general use

Brief Introduction to Ultrasonic Scanning Systems

WHO. “Scanning System, Ultrasonic.” From the publication: Core Medical Equipment. Geneva, Switzerland, 2011.
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Medical ultrasound diagnostic sonog-

raphy ultrasonography

1 Diagnostic applications

https://en.wikipedia.org/wiki/Preclinical_imaging
Wikipedia. “ Medical Ultrasound.” Wikipedia, pgs 1-15. Retrieved from: https://en.wikipedia.org/wiki/Medical_ultrasound

Introduction  To Medical Ultrasound
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2 From sound to image

2.1 Producing a sound wave
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2.2 Receiving the echoes

2.3 Forming the image

2.4 Displaying the image

3 Sound in the body

0.5
·
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4 Modes of sonography

• A-mode

• B-mode or 2Dmode

• C-mode

2

• M-mode

• Doppler mode

• Color Doppler

• Continuous Doppler

• Pulsed wave (PW) Doppler

• Duplex

Triplex

• Pulse inversion mode

Harmonic mode

• Harmonic mode

5 Expansions

biplanar ultrasound

omniplane

5.1 Doppler ultrasonography

https://en.wikipedia.org/wiki/Doppler_effect
Wikipedia. “ Medical Ultrasound.” Wikipedia, pgs 1-15. Retrieved from: https://en.wikipedia.org/wiki/Medical_ultrasound
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5.2 Contrast ultrasonography (ultrasound
contrast imaging)
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 8 

https://en.wikipedia.org/wiki/Red_shift
https://en.wikipedia.org/wiki/Red_shift
https://en.wikipedia.org/wiki/Angiography
https://en.wikipedia.org/wiki/Venography
https://en.wikipedia.org/wiki/Contrast-enhanced_ultrasound
https://en.wikipedia.org/wiki/Contrast_media
https://en.wikipedia.org/wiki/Echogenicity
https://en.wikipedia.org/wiki/Contrast-enhanced_ultrasound
https://en.wikipedia.org/wiki/Contrast-enhanced_ultrasound
https://en.wikipedia.org/wiki/Medical_imaging
https://en.wikipedia.org/wiki/Echocardiography
https://en.wikipedia.org/wiki/USA
https://en.wikipedia.org/wiki/Ultrasound
https://en.wikipedia.org/wiki/Radiology
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Asia
https://en.wikipedia.org/wiki/Intravenously
https://en.wikipedia.org/wiki/Patient
https://en.wikipedia.org/wiki/Blood_stream
https://en.wikipedia.org/wiki/Blood_vessels
https://en.wikipedia.org/wiki/Blood_vessels
https://en.wikipedia.org/wiki/Interstitial_fluid
https://en.wikipedia.org/wiki/Interstitial_fluid
https://en.wikipedia.org/wiki/Ultrasound
https://en.wikipedia.org/wiki/Biological_system
https://en.wikipedia.org/wiki/Medical_diagnosis
https://en.wikipedia.org/wiki/Hypervascular
https://en.wikipedia.org/wiki/Metastasis
https://en.wikipedia.org/wiki/Tumor
https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/Echocardiography
https://en.wikipedia.org/wiki/Left_ventricle
https://en.wikipedia.org/wiki/Heart
https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Blood_flow
https://en.wikipedia.org/wiki/Oncology


•

•

•
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5.3 Molecular ultrasonography (ultra-
sound molecular imaging)

5.4 Elastography (ultrasound elasticity
imaging)

Wikipedia. “ Medical Ultrasound.” Wikipedia, pgs 1-15. Retrieved from: https://en.wikipedia.org/wiki/Medical_ultrasound
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5.5 Compression ultrasonography

6 Attributes

6.1 Strengths

•

•

•

•

•

•

•

•

•

6.2 Weaknesses

•

•

•
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7 Risks and side-effects

7.1 Studies on the safety of ultrasound

•

•

•

•

•

8 Obstetric ultrasound

•

•

•

•

•

•

•

•

•

Wikipedia. “ Medical Ultrasound.” Wikipedia, pgs 1-15. Retrieved from: https://en.wikipedia.org/wiki/Medical_ultrasound

 11 

https://en.wikipedia.org/wiki/ALARP
https://en.wikipedia.org/wiki/Unnecessary_health_care
https://en.wikipedia.org/wiki/Yale_School_of_Medicine
https://en.wikipedia.org/wiki/Handedness#Ultrasound
https://en.wikipedia.org/wiki/Obstetric_ultrasonography
https://en.wikipedia.org/wiki/Sonography
https://en.wikipedia.org/wiki/Gestational_age
https://en.wikipedia.org/wiki/Fetus
https://en.wikipedia.org/wiki/Ectopic_pregnancy
https://en.wikipedia.org/wiki/Multiple_pregnancy
https://en.wikipedia.org/wiki/Multiple_pregnancy
https://en.wikipedia.org/wiki/Intrauterine_growth_restriction
https://en.wikipedia.org/wiki/Intrauterine_growth_restriction
https://en.wikipedia.org/wiki/IUGR


8.1 Society and Culture

9 Regulation

10 History

https://en.wikipedia.org/wiki/Cochrane_Collaboration
Wikipedia. “ Medical Ultrasound.” Wikipedia, pgs 1-15. Retrieved from: https://en.wikipedia.org/wiki/Medical_ultrasound

 12 

https://en.wikipedia.org/wiki/Contrast_agent
https://en.wikipedia.org/wiki/Doppler_sonography
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://en.wikipedia.org/wiki/American_Registry_for_Diagnostic_Medical_Sonography
https://en.wikipedia.org/wiki/American_Registry_for_Diagnostic_Medical_Sonography
http://www.cci-online.org/
http://www.cci-online.org/
https://en.wikipedia.org/wiki/American_Registry_of_Radiologic_Technologists
https://en.wikipedia.org/wiki/American_Registry_of_Radiologic_Technologists
https://en.wikipedia.org/wiki/Mechanical_Index
https://en.wikipedia.org/wiki/Industry_self-regulation
https://en.wikipedia.org/wiki/Sex-selective_abortion
https://en.wikipedia.org/wiki/Pre-Conception_and_Pre-Natal_Diagnostic_Techniques_Act,_1994
https://en.wikipedia.org/wiki/Pre-Conception_and_Pre-Natal_Diagnostic_Techniques_Act,_1994
https://en.wikipedia.org/wiki/George_Ludwig
https://en.wikipedia.org/wiki/Bethesda,_Maryland
https://en.wikipedia.org/wiki/John_J._Wild


10.1 France
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10.3 Sweden

10.4 United States
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2
Examination technique: general 
rules and recommendations
Range of application
All body regions that are not situated behind expanses of bone or air-containing 
tissue, such as the lungs, are accessible to transcutaneous ultrasound. Bone surfaces 
(fractures, osteolytic lesions) and the surfaces of the lungs or air-void parts can also be 
demonstrated. Examinations through thin, flat bones are possible at lower frequencies. 
It is also possible to bypass obstacles with endoprobes (endoscopic sonography).
Thus, transcutaneous ultrasound is used mainly for evaluating:

 ■ neck: thyroid gland, lymph nodes, abscesses, vessels (angiology);

 ■ chest: wall, pleura, peripherally situated disorders of the lung, mediastinal tumours 
and the heart (echocardiography);

 ■ abdomen, retroperitoneum and small pelvis: parenchymatous organs, fluid-
containing structures, gastrointestinal tract, great vessels and lymph nodes, 
tumours and abnormal fluid collections; and

 ■ extremities (joints, muscles and connective tissue, vessels).

General indications (B-scan and duplex techniques)
The general indications are:

 ■ presence, position, size and shape of organs;
 ■ stasis, concretions and dysfunction of hollow organs and structures;
 ■ tumour diagnosis and differentiation of focal lesions;
 ■ inflammatory diseases;
 ■ metabolic diseases causing macroscopic alterations of organs;
 ■ abnormal fluid collection in body cavities or organs, including ultrasound-guided 

diagnostic and therapeutic interventions;
 ■ evaluating transplants;
 ■ diagnosis of congenital defects and malformations.

Additionally, ultrasound is particularly suitable for checks in the management of 
chronic diseases and for screening, because it is risk-free, comfortable for patients and 
cheaper than other imaging modalities.

29

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.

Ultrasound Troubleshooting Table

Ultrasound Troubleshooting Table

Ultrasound Troubleshooting Table

Ultrasound Troubleshooting Table

Operation and Use of Ultrasound

 19 



M
an

ua
l o

f d
ia

gn
os

tic
  u

ltr
as

ou
nd

 –
 Vo

lu
m

e 
1

30

Preparation
In general, no preparation is needed for an ultrasound examination; however, for 
certain examinations of the abdomen, a period of fasting is useful or necessary. To avoid 
problems due to meteorism, dietary restrictions (no gas-producing foods), physical 
exercise (walking before the examination) and even premedication (antifoaming agents) 
are recommended. Special preparation is only necessary for certain examinations and 
these are discussed in the relevant chapters of this manual.

Positioning
The ultrasound examination is usually carried out with the patient in the supine 
position. As further described in the specific chapters, it is often useful to turn the 
patient in an oblique position or to scan from the back in a prone position, e.g. when 
scanning the kidneys. Ultrasound also allows examination of the patient in a sitting 
or standing position, which may help in certain situations to diagnose stones or fluid 
collection (e.g. pleural effusion).

Coupling agents
A coupling agent is necessary to ensure good contact between the transducer and the 
skin and to avoid artefacts caused by the presence of air between them. The best coupling 
agents are water-soluble gels, which are commercially available. Water is suitable for 
very short examinations. Disinfectant fluids can also be used for short coupling of the 
transducer during guided punctures. Oil has the disadvantage of dissolving rubber or 
plastic parts of the transducer.

The composition of a common coupling gel is as follows:

 ■ 10.0 g carbomer
 ■ 0.25 g ethylenediaminetetraacetic acid (EDTA)
 ■ 75.0 g propylene glycol
 ■ 12.5 g trolamine and up to 500 ml demineralized water.

Dissolve the EDTA in 400 ml of water. When the EDTA has dissolved, add the 
propylene glycol. Then add the carbomer to the solution and stir, if possible with a 
high-speed stirrer, until the mixture forms a gel without bubbles. Add up to 500 ml of 
demineralized water to the gel.

Precaution: Be careful not to transmit infectious material from one patient to the 
next via the transducer or the coupling gel. The transducer and any other parts that 
come into direct contact with the patient must be cleaned after each examination. The 
minimum requirements are to wipe the transducer after each examination and to clean 
it with a suitable disinfectant every day and after the examination of any patient who 
may be infectious.

A suitable method for infectious patients, e.g. those infected with human 
immunodeficiency virus (HIV) and with open wounds or other skin lesions, is to slip 
a disposable glove over the transducer and to smear some jelly onto the active surface 
of the transducer.

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Equipment
Generally, modern ultrasound equipment consists of ‘all-round scanners’. Two 
transducers, usually a curved array for the range 3–5 MHz and a linear array for the range 
greater than 5 MHz to 10 MHz, as a ‘small-part scanner’ can be used as ‘general-purpose 
scanners’ for examination of all body regions with the B-scan technique (Fig. 2.1).

Examinations of the skin and eyes and the use of endoprobes require special 
transducers and more expensive equipment to enable the use of higher frequencies. 
For echocardiography, different transducers, i.e. electronic sector scanners (phased 
array technique) are required.

An integrated Doppler technique is necessary for echocardiography and angiology, 
and is also useful for most other applications. Special software is needed for the use of 
contrast agents.

Adjustment of the equipment
Correct adjustment of an ultrasound scanner is not difficult, as the instruments offer a wide 
range of possible settings. Most instruments have a standard setting for each transducer 
and each body region. This standard can be adapted to the needs of each operator.

When starting with these standards, only slight adaptation to the individual 
patient is necessary.

 ■ The choice of frequency (and transducer) depends on the penetration depth 
needed. For examination of the abdomen, it may be useful to start with a lower 
frequency (curved array, 3.5 MHz) and to use a higher frequency if the region of 
interest is close to the transducer, e.g. the bowel (Fig. 2.1, Fig. 11.26).

 ■ Adaptation to the penetration depth needed: the whole screen should be used for 
the region of interest (Fig. 2.2). 

 ■ The mechanical index should be as low as possible (< 0.7 in adults).
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Fig. 2.1. Choice of transducer and frequency. Generally, superficial structures are examined 
at 7.5 MHz; however, this frequency is not in general suitable for abdominal work 
and is limited to examination of superficial structures. (a) At 7.5 MHz, only the 
ventral surface of the liver can be displayed. (b) The liver and the adjacent structures 
can be examined completely at 3.5 MHz

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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 ■ The time gain compensation (TGC) setting must compensate for attenuation, e.g. 
depending on the abdominal wall, to obtain a homogeneous image. It is useful to 
find a good TGC setting when scanning a homogeneous section of the tissue, e.g. 
the right liver lobe in the abdomen, before moving the transducer to the region of 
interest (Fig. 2.3, Fig. 2.4, Fig. 2.5). 

 ■ The focus, or zone of best resolution, should always be adjusted to the point of interest.

Fig. 2.2. Use of the screen. (a) Incorrect adaptation of the screen: the region of interest fills 
only a small part of the screen. (b) Correct adaptation of the screen

a b

Fig. 2.3. (a) Operating console of an ultrasound machine. Control knobs must be adjusted for 
each patient. R (range), penetration depth; F (focus), region of best resolution; TGC, 
time (depth) gain compensation (see Fig. 2.4); Z (zoom), enlarges regions of interest; 
G, Doppler gain; V, Doppler velocity (pulse repetition frequency). (b) B-image (not 
the same equipment as in (a)), shows correct (homogeneous pattern of normal 
liver tissue), TGC curve (arrow) and focus zone, which should be slightly deeper 
and level with the focal nodular hyperplasia lesion. The thermal index (TIS) and the 
mechanical index (MI) are indicated. Note that these indices are considerably higher 
in the colour Doppler image (B-scan 0.6 and 0.5, respectively, versus Doppler 2.3 and 
0.8). (c) The Doppler velocity and the Doppler window are correctly adjusted to the 
size of the lesion and the expected velocity range in the vessels

a b

c

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Fig. 2.4. Time gain compensation (TGC). The TGC is always adjusted according to each 
patient’s circumstances. (a) An overall gain in compensation (B-mode: gain) and 
gradual regulation are possible. (b) The loss of intensity, or decline in the echoes 
at a greater distance, is compensated for by the TGC, as shown in the diagram 
and (c) the ultrasound image with the displayed TGC line (arrow) for 3.5 MHz. This 
compensation is not sufficient for 7 MHz (see Fig. 2.1)

a b

c

Fig. 2.5. TGC adjustment. Two examples of incorrect adjustment: (a) The lower part of the 
ultrasound image is too dark because the TGC adjustment is too weak, whereas 
in (b) the adjustment for the middle part is too high, causing an inhomogeneous 
image of the liver with a zone that is too bright in the middle part

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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 ■ The zoom should be used mainly for the final investigation of detail and for 
preparing the documentation.

 ■ If there are problems, use of the image optimizer knob and returning to the stan-
dard settings may help.

Guidelines for the examination

 ■ Know the patient’s problem and medical history. An advantage of ultrasound is 
that the patient’s doctor can carry out the examination, and this provides a good 
opportunity to talk to the patient about his or her problem.

 ■ Make sure that the settings of the equipment and the orientation of the transducer 
are correct in relation to the image. This will avoid misinterpretations due to inho-
mogeneous images with areas that are too dark or too bright and with artefacts.

 ■ Conduct a systematic and complete examination of the whole body region, even if 
there is an obvious palpable mass or a localized point of pain.

 ■ Start with an anatomically constant area and move to the more variable area (e.g. 
from the liver to the region of the pancreas or the intestine).

 ■ Move the transducer in a slow constant pattern, while maintaining the defined 
scanning plane. Hold the transducer motionless when the patient moves, e.g. 
during respiration. It is possible to move a transducer in many directions by tilting 
it in the scanning plane and moving it perpendicularly, but with a combination of 
all these movements the less experienced operator will lose the orientation of the 
image (Fig. 2.6, Fig. 2.7). 

 ■ Use anatomically constant, easily visualized structures for orientation (e.g. liver, 
aorta or fluid-filled bladder) and normal structures for comparison (e.g. right and 
left kidney or kidney and liver).

 ■ Examine each organ, structure or tumour in at least two planes. In this way, one 
can avoid missing small lesions or misinterpreting artefacts as real alterations.

 ■ Use palpation to displace fluid or gas from the bowel, to test the consistency of 
tumours and organs and to localize points of pain.

 ■ Continue the entire examination even if pathological conditions are found. Only 
a complete examination will avoid that only a less important alteration (e.g. gall-
stones) is found but the main diagnosis (e.g. pancreatic cancer) is missed.

 ■ In clinically difficult situations or when the findings are doubtful, repeat the exami-
nation a short time later. Such repeat examinations can be carried out even at the 
bedside. This is particularly useful with trauma patients and patients in intensive care.

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Fig. 2.6. Movements of a transducer. The transducer can be moved in its scanning plane in a 
longitudinal direction (a), turned about itself (b), or tilted in the scanning plane (c) or 
in a perpendicular direction (d)

a b

c d

Fig. 2.7. Imaging of the right liver lobe and the right kidney obtained by tilting the 
transducer in different directions (I and II)

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Documentation
As a rule, both a written report and pictorial documentation should be prepared for 
each ultrasound examination.

The written report should include:

 ■ a description of the problem that led to the examination;
 ■ a list of the organs (region) examined (generally, it is not necessary to describe 

normal findings but to note measurements only);
 ■ a description of pathological findings (the descriptions should be concise and clear, 

but without over-interpretation.); and
 ■ the diagnosis or decision.

Pictorial documentation of pathological findings in two planes is necessary, but 
documentation of a normal finding (one representative scan of the organ or body 
region examined) is also useful, e.g. for later check-up examinations.

Interpretation of the ultrasound image
Organs, structures within organs, vessels, tumours and fluid collections are evaluated 
by B-scan in terms of their:

 ■ presence (aplasia?);
 ■ position (displaced?);
 ■ outer contour or border (which gives information about the surface of an organ or 

tumour as well as about its relation to the adjacent structures);
 ■ mobility (fixed?);
 ■ consistency (palpation under ultrasonic observation);
 ■ echo pattern; and
 ■ attenuation.

Evaluation of the presence, position and size of an organ is based on the known 
normal anatomy. A simple determination of organ diameter is sufficient for most 
routine evaluations, provided the shape is normal. The volume (V) of round- or oval-
shaped organs is calculated on the basis of their three perpendicular diameters a, b and 
c, following the formula for an ellipsoid:

 V a b c= ⋅ ⋅ ⋅0 5.  (2.1)

Formulas for special problems, e.g. pleural effusion, are discussed in specific 
chapters of this book. The volume of organs and structures with complicated shapes 
can be calculated by the 3D technique.

Evaluation of the contour of an organ, and particularly of a neoplastic lesion, 
should give information about both the smooth or irregular surface and any sharp or 
blurred (ill-defined) demarcation lines (Fig. 2.8, Fig. 2.9, Fig. 2.10). The latter should 
include the relation to the surrounding tissue, e.g. any overlap with a natural border, 
such as a capsule, or infiltration into adjacent structures. The possibilities of contour 
evaluation are limited by the imaging geometry of ultrasound. The fine surface 
irregularities of a cirrhotic liver, for example, can be shown, especially since the surface 

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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is approximately perpendicular to the ultrasound beam (Fig. 2.11). The contour of an 
organ such as the pancreas, however, may appear to be irregular, particularly on the 
sides, as a result of the coarse boundary echoes.

Evaluation of the echo pattern (also known as echo structure, echo texture, 
echogenicity) of an organ, tissue or tumour is based on an analysis of the intensity 
and distribution of the internal echoes that are not due to discernible anatomical 
structures, such as vessels, septa or ducts. Single echoes are either weak, average or 
strong (Fig. 2.12).

The echo pattern is analysed on the basis of the number and strength of the echoes 
and their distribution (Fig. 2.13):

 ■ echo free – echo poor (hypoechogenic) – average – echo rich (hyperechogenic); and
 ■ homogeneous or inhomogeneous.
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Fig. 2.8. Evaluation of the margin or contour of a lesion (e.g. in the liver). The margin of 
both lesions is sharp. The cyst (a) is echo free, the haemangioma (b) shows a 
homogeneous echo-rich pattern

a b

Fig. 2.9. Evaluation of the contour (margin) of two echo-poor liver lesions. (a) The echo-poor 
metastasis has a blurred outline, particularly at the cranial side (arrow), whereas the 
malignant lymphoma (b) shows a partial (dorsal side), rather sharp but altogether 
irregular outline. Slight echo enhancement is seen behind the lymphoma

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Echo free: no (real) echoes within a lesion, e.g. a cyst (Fig. 2.8, Fig. 2.13). This 
diagnosis requires the correct gain and the identification of artefacts (see section on 
Artifacts in Chapter 1). Furthermore, only fluid in the strict physical sense is really 
echo free. Other types of fluid (e.g. blood, abscesses or exudates) contain small particles 
(e.g. blood cells, fibrin) and cause weak echoes (Fig. 2.12).

Echo poor: an echo pattern consisting of only a few weak echoes (see Fig. 2.9).
An echo pattern appears to be echo rich if the tissue causes many weak echoes or 

a few strong echoes. In both situations, this region appears ‘bright’ on the screen. For 
the first type of echo-rich pattern, the term ‘echo dense’ is occasionally used. Generally, 
none of these types of echo-rich pattern is differentiated (Fig. 2.8, Fig. 2.9, Fig. 2.10, 
Fig. 2.11, Fig. 2.12, Fig. 2.13, Fig. 2.14).

Fig. 2.10. Contour sign. (a) The lesion in the liver has a smooth outline and a tangential 
artefact (see Fig. 1.24), but is nevertheless a hepatocellular carcinoma (HCC), 
probably with a capsule. The pattern is average, similar to that of the surrounding 
liver tissue. (b) The metastasis in the abdominal wall shows an irregular shape and 
an echo-poor pattern

a b

Fig. 2.11. Surface of the liver. (a) The normal healthy liver has a smooth surface. The echo 
structure of the normal liver is homogeneous and of normal brightness. (b) The 
cirrhotic liver has an irregular surface. (The echo pattern of the cirrhotic liver is 
slightly inhomogeneous (coarsened)

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Increased attenuation of ultrasound in an organ may indicate pathological 
alterations, such as fibrosis; however, experience is needed to recognize this sonographic 
symptom, as no objective parameters exist (Fig. 2.14).
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Fig. 2.12. Quality of echoes. The echoes in the upper part of the left lesion are weak, while 
those of the liver are average. In the right lesion, strong echoes caused by gas are 
seen. Both lesions (abscesses) show an inhomogeneous pattern; the one on the 
left is echo poor and the other partially echo rich. Behind the right-hand lesion, a 
tangential artefact is seen

Fig. 2.13. Echo structure (echo pattern). (a) The ultrasonic structure of the liver and the 
parenchyma of the kidney are echo poor and homogeneous; the pattern in the 
centre of the kidney is echo rich. A small cyst (arrow) is echo free. (b) The liver shows 
an inhomogeneous echo-rich structure caused by echo-rich metastases

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Duplex technique
In interpreting Doppler information in an ultrasound image, account should be taken 
of the principal problems and limitations of the Doppler technique: angle dependency 
and aliasing.

A suitable angle (< 60°) must be found for the ultrasound beam to reach the vessel 
of interest, especially if measurements (spectral Doppler) are to be made. The angle 
is less problematic for colour Doppler imaging, but colour pixels may be missed if 
the angle is close to 90° (see Fig. 1.32). Power Doppler images are not affected by this 
problem but give no information about the flow direction.

The window for the Doppler examination should be as small as possible, as its width 
and length determine the time needed for the construction of one image and, therefore, 
the image frequency (Fig. 1.19, Fig. 1.20, Fig. 1.21). The distal border of the window, or 
the penetration depth for the Doppler ultrasound, limits the pulse repetition frequency 
because a second pulse can be emitted only if the echoes of the adjusted depth have 
reached the transducer. The pulse repetition frequency limits the flow velocity, which 
can be depicted without aliasing (see section on Doppler techniques in Chapter  1). 
Initially, it is useful to adjust the settings to a relatively low velocity (17–24 cm/s) to 
depict the slow flow velocities in the veins. For the same reason, the filter should be 
low to avoid suppressing slow flow signals with those caused by the movement of the 
wall. For the examination of veins and arteries, the wall filter should be adjusted to 
50–100 Hz and 200 Hz, respectively. If aliasing (see section on Doppler techniques 
in Chapter 1) occurs in the arteries, the pulse repetition frequency can gradually be 
adapted to higher velocities. The baseline can also be shifted to avoid aliasing in the 
arteries (Fig. 2.15) because the velocity in the veins in the opposite direction is slow.

The gain of the Doppler signals should be high so that single colour pixels are seen 
in the tissue, especially if thrombosis is suspected. If no colour-coded signals are seen 
in a vessel, the angle and adjustment, particularly of the pulse repetition frequency, 
should be checked. If they are correct, spectral Doppler should also be used to obtain 
a definite diagnosis.

Fig. 2.14. Attenuation. (a) The fatty liver shows a typical homogeneous echo-rich pattern. 
(b) The echo structure of the left liver is echo rich near the ventral surface, but the 
dorsal parts appear more echo poor. Provided the adjustment of the TGC is correct, 
this indicates higher than average attenuation of the ultrasound, as seen in fibrosis

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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In an artery, the colour Doppler technique will yield high systolic flow and give 
a good signal. In diastole, however, the flow may become very slow or even reverse 
(high-resistance flow), resulting in a weak signal and an unsatisfactory image of the 
vessel. With persistence, it is possible to extend the peak flow to get a better colour 
Doppler image (Fig. 2.16).

B-scan provides information about the anatomy of vessels, including diagnoses of 
dilatation, aneurysms and alterations of the wall and stenosis. Thrombosis in a vessel 
can also be demonstrated.

The colour Doppler technique permits detection of small vessels and gives 
information about flow and direction. Power Doppler is more sensitive for examining 
small vessels and slow flow but does not provide information about the direction of 
flow. In particular, it is used to estimate the vascularity of a structure or a mass.

Estimation of flow velocity from the brightness of colour pixels is rather 
approximate. Even turbulent flow, caused by stenosis, is not reliable.

Use of spectral Doppler (triplex technique) is needed for a more accurate analysis 
of the flow, e.g. direction, velocity and dynamic course. A condition required for an 
exact analysis is a Doppler angle of < 60° (best, ~30°), which may be difficult to achieve 
in the abdomen. Each measurement should be made a least three times, and the average 
finding should be used. Attention should be paid to specific conditions, such as a 
change in flow, which depend on the activity of the region or tissues it supplies.
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Fig. 2.15. Aliasing. (a) The spectral Doppler depiction (duplex technique) of the flow in the 
aorta shows aliasing. The peak velocity signals, 80–120 cm/s, are shown below the 
baseline (arrow). (b) Correct depiction as a result of shifting the baseline (arrow)

a b

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Fig. 2.16. Colour Doppler and spectral Doppler of the abdominal aorta. (a) The colour Doppler 
image shows red (here bright) signals, because it is made in systole, whereas the 
image in (b) shows blue signals (here dark), indicating reverse flow in early diastole. 
Both phases are indicated in the spectral Doppler (c)

a b

c

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011.
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Figure 1: B-Mode Ultrasound

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011, p. 12.
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Figure 2: M or TM-Mode Ultrasound

WHO. “Manual of Diagnostic Ultrasound, Second Edition.” WHO, 2011, p. 12.
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Figure 3: Fetal Ultrasound

Bruce Blaus. “Fetal Ultrasound.” Wikipedia Commons, November 9, 2015. Retrieved from: https://commons.wikimedia.org/wiki/File:Fetal_Ultrasound.png
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Ultrasound+Preventative+Maintenance+
!

Preventive(Maintenance((

• After!every!use,!clean!the!probe!and!cable!with!a!damp!cloth!to!ensure!that!it!
• is!free!of!gel.!
• Replace!the!internal!battery!to!protect!internal!memory!if!necessary!

o when!replacing!
• read!the!manual!to!tell!you!what!to!do!
• Clean!the!controls!by!wiping!them!with!a!damp!cloth!or!tissue!after!every!!
• working!day.!
• Change!the!dust!filter!every!3!to!6!months.!!
• Ultrasound!Proper!Usage!

o Ensure!proper!mains!voltage!range.!
o When!changing!the!dust!filter,!if!the!original!filter!paper!cannot!be!found,!a!!

• piece!of!double!gauze!may!be!used.!
o Ensure!there!is!no!air!between!the!probe!and!the!patient!by!having!enough!!

• ultrasonic!gel!to!ensure!a!quality!image.!!
o Do!not!soak!the!cable!with!gel.!
o Do!not!turn!off!and!on!the!machine!quickly.!Leave!two!minutes!between!each!!

• to!retain!internal!memory!of!the!device.!Also,!leave!the!machine!running!for!!
• at!least!15!minutes!every!time.!

o To!adjust!the!greyscale!during!a!session,!use!dynamic!controls!on!the!!
• machine!not!those!controls!on!the!monitor.!Otherwise!use!the!grey!wedge!on!!
• the!monitor.!

o The!ultrasound!may!freeze!if!the!information!is!typed!in!too!quickly.!If!the!!
• machine!freezes,!turn!the!machine!off!and!wait!two!minutes!before!!
• restarting.!

o Do!not!spill!liquids!on!the!machine.!
o Do!not!hang!anything!for!the!controls!of!the!machine.!

• 10.If!the!mains!voltage!varies!more!than!the!tolerance!of!the!machine!specified!!
• by!the!manufacturer!(usually!around!+!10%),!a!voltage!stabilizer!is!required.!
• 11.Ventilation!holes!of!the!ultrasound!must!not!be!covered!by!papers,!forms,!or!!
• tissue!
• 12.When!troubleshooting!the!electronics!of!the!device,!start!replacing!fuses!if!!
• necessary!and!checking!the!highly!stressed!circuit!that!powers!the!pulse!!
• generator.!

(

Ultrasound Preventative Maintenance 

Cooper, Justin and Alex Dahinten for EWH. “Ultrasound Preventative Maintenance.” From the publication: Medical Equipment Troubleshooting Flowchart Handbook. Durham, NC: Engineering World Health, 2013.
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User Care Checklist – Ultrasound machines 
 

Daily 
 
Cleaning 
 

 
9 Wipe dust off exterior and cover equipment after checks 
 
9 Remove any tape, paper or foreign body from equipment 
 
9 Wipe probe with alcohol-free tissue or cloth 
 

 
Visual checks 
 

 
9 Check all fittings and accessories are mounted correctly 
 
9 Check cables are not twisted and probe is safely stored 

 
 
Function 
checks 
 

 
9 If in use that day, run a brief function check before clinic 

 
 

Weekly 
 
Cleaning 
 

 
9 Unplug, clean outside / wheels / rear with damp cloth, dry off 
 
9 Remove, clean and dry external filter if present 

 
 
Visual checks 
 

 
9 Check mains plug screws are tight 
 
9 Check mains cable has no bare wire and is not damaged 

 
 
Function 
checks 
 

 
9 If machine has not been in use, run and test briefly 

 

Every six months 
Biomedical Technician check required  

  

Ultrasound Preventative Maintenance Checklist

Strengthening Specialised Clinical Services in the Pacific. User Care of Medical Equipment: A first line maintenance guide for end users. (2015).
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Ultrasound+Repair+and+Troubleshooting+
!

!

!

Flowchart!

!

! !

Ultrasound Troubleshooting Flowchart

Cooper, Justin and Alex Dahinten for EWH. “Ultrasound Troubleshooting Flowchart.” From the publication: Medical Equipment Troubleshooting Flowchart Handbook. Durham, NC: Engineering World Health, 2013.
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Description!

1. Begin Ultrasound Flow Chart Begin Ultrasound Flow Chart 

2. Does it turn on? Does it turn on? 

3. Troubleshoot Power Supply See power supply flowchart 

4. Does the screen turn on? Does the screen turn on? 

5. Check circuit components 
Troubleshoot the circuit (see 
troubleshooting guide) 

6. Does the probe work? Does the machine show an image? 

7. Check gel. Is there enough of the proper gel. 

8. Check probe. 
Ensure that the probe is properly 
connected and undamaged. 

9. Repair or replace probe. 
Solder the broken connections or 
replace the probe. 

10. Do the dials work? 
Do the dials properly control the 
machine? 

11. Replace dials or use anticorrosive 
contact spray on dials. 

Replace or use anticorrosive contact 
spray on dials. 

12. Is there a flickery or partial image 
Does the image on the screen have 
missing sections? Does the screen 
flicker? 

13. Check probe. 

Gently pull on the cable at different 
points to see when the image flickers. 
This is where the cable is broken. 

For composite probes wave a pencil 
across the transducer. If not seen, this 
is where the transducer is not 

Cooper, Justin and Alex Dahinten for EWH. “Ultrasound Troubleshooting Flowchart.” From the publication: Medical Equipment Troubleshooting Flowchart Handbook. Durham, NC: Engineering World Health, 2013.
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connected. 

14. Repair or replace probe. 
Solder the broken connections or 
replace the probe. 

15. Go to begin. Go to begin. 

16. Is there a noisy signal? 
Is there distortion in the produced 
image? 

17. Replace motor or bearings 
Replace the motor or bearings if they 
are broken or damaged. 

18. Is there major image 
deterioration? 

Is the image severely deteriorated? 

19. Are there air bubbles in the probe? 
Does the oil in the probe have air 
bubbles in it? 

20. Replace oil. Replace oil. 

21. Is there a sudden worsening 
quality of the image? 

Does the image have sudden changes 
in quality?  

22. Check the preamplifier. Check the preamplifier. 

23. Check the mains voltage range. Check the outlet voltage range.  

24. Check that the probe is connected 
securely. 

Check that the probe is connected 
securely. 

25. Is there a random change in 
greyscale quality? 

Is there a random change in greyscale 
quality? 

26. Check the monitor and the 
preprocessing unit. 

Check the monitor and the 
preprocessing unit. 

27. Can you change programs or make 
measurements on the machine?  

Can you change programs or make 
measurements on the machine? 

Cooper, Justin and Alex Dahinten for EWH. “Ultrasound Troubleshooting Flowchart.” From the publication: Medical Equipment Troubleshooting Flowchart Handbook. Durham, NC: Engineering World Health, 2013.
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28. Check the digital processor. Check the digital processor. 

29. Is there a partial image despite an 
intact probe? 

Is there a partial image despite an 
intact probe? 

30. Check the digital memory and the 
microprocessor. 

Check the digital memory and the 
microprocessor. 

31. Is the image wavy? Is the image wavy? 

32. Is the machine calibrated 
correctly? 

Is the machine calibrated correctly? 

33. Go to begin. Got to begin. 

34. Calibrate the machine. Calibrate the machine. 

35. End End 

!

Cooper, Justin and Alex Dahinten for EWH. “Ultrasound Troubleshooting Flowchart.” From the publication: Medical Equipment Troubleshooting Flowchart Handbook. Durham, NC: Engineering World Health, 2013.
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Troubleshooting – Ultrasound Machines 
 

 
 Fault Possible Cause Solution 

 
1. 
 

 
Equipment is not running 
 

 
No power from mains socket 
 
 
 
 
 
 
 
Electrical cable fault 
 
 
 

 
Check power switch is on. 
Replace fuse with correct voltage 
and current if blown. 
Check mains power is present at 
socket using equipment known to 
be working.  Contact electrician 
for rewiring if power not present. 
 
Try cable on another piece of 
equipment.  Contact electrician 
for repair if required. 
 

 
2. 
 

 
Fuse keeps blowing 

 
Power supply or cable fault 

 
Refer to electrician 
 

 
3. 

 
Probe head damaged or noisy 
 

 
Possible internal fault 

 
Exchange probe  
Send for testing and repair 
 

 
4. 
 

 
Image quality poor 

 
Gel insufficient 
 
Controls set incorrectly 
 
 
 
Mains voltage is too low 
 
Probe / display problem 

 
Use more ultrasound gel 
 
Check controls for correct 
positioning and operation  
(refer to user manual) 
 
Use voltage stabiliser 
 
Refer to biomedical technician 
 

 
5. 
 

 
Display / computer error 

 
Software fault 

 
Turn machine off and restart. 
If problem persists, refer to 
biomedical technician 
 

 
6. 

 
Electrical shocks 

 
Wiring fault 

 
Refer to electrician 
 

 

Ultrasound Troubleshooting Table

Strengthening Specialised Clinical Services in the Pacific. User Care of Medical Equipment: A first line maintenance guide for end users. (2015).
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*
Internal*Resources*at*library.ewh.org:*For*more*information*about*medical*ultrasound,*please*see*
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1. WHO./“Ultrasound/Equipment:/Basic/Principles.”/Maintenance(and(Repair(of(Laboratory,(
Diagnostic(Imaging,(and(Hospital/Equipment((WHO:/1996).*

/
/
External*Resources:*
*

2. This/2Spart/WHO/manual/covers/the/basic/types/of/ultrasound/equipment,/operation/and/use/
of/ultrasound,/and/applications/of/ultrasound.//Volume/1/discusses/the/basics/of/ultrasound/
and/topics/such/as/ultrasound/use/on/the/neck,/abdomen,/and/kidneys./Volume/2/covers/the/
use/of/ultrasound/in/obstetrics/and/gynecology./

/
a. Volume*1:*WHO./“Manual/of/Diagnostic/Ultrasound,/Volume/1.”/WHO,/2011./Retrieved/

from:/http://apps.who.int/medicinedocs/documents/s21383en/s21383en.pdf/
/

b. Volume*2:*WHO./“Manual/of/Diagnostic/Ultrasound,/Volume/2.”/WHO,/2013./Retrieved/
from:/http://apps.who.int/medicinedocs/en/m/abstract/Js21384en//

*
/
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