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Abstract
Although transabdominal imaging of the gallbladder has become a gold standard, new light 
should be shed on some aspects, which will prove useful in everyday practice. Therefore, 
based on our own experience and the available literature, we would like to draw attention to 
those elements of gallbladder ultrasound imaging which may increase its diagnostic efficacy. 
The paper draws attention to the difficulty in assessing certain anatomical structures, such as 
the inferior wall, the bottom and the region of the neck of the gallbladder, and offers ways to 
improve their imaging. We also emphasized the negative effects of duodenal and transverse 
colon (along with their contents) adhesion to the bottom of the gallbladder on the correct 
diagnosis. Due to the importance of size in the management strategy for detected gallbladder 
polyps, we suggest their measurement on an image enlarged with the zoom function. This 
technique also allows for an accurate assessment of the shape and echostructure of these 
lesions. An enlarged image of a polyp makes it possible to trace its behavior in time. We also 
remind that the hepatic wall of the gallbladder is the only site allowing for a reliable wall 
thickness measurement. We also pointed to the importance of changing patient’s position 
when assessing the mobility and the nature of lesions. Altering patient’s position during 
examination may help detect anomalies in the form of a floating gallbladder, which may 
promote its torsion. Finally, pathologies whose diagnosis may be facilitated by color-coded 
blood flow imaging are also presented. The issues discussed in this paper are only a fraction 
of problems faced by an ultrasound operator in the field of gallbladder diagnostic imaging. 
However, the proposed ultrasound approaches should help solve some of these problems in 
everyday practice.
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Introduction

The introduction of harmonious and spatially complex imag-
ing with a simultaneous reduction of image speckles have 
contributed to significant advances in gallbladder ultraso-
nography. Furthermore, optimization of this technique was 
achieved by constructing high-resolution broadband trans-
ducers with 3D and 4D options for organ imaging. This diag-
nostic arsenal was further enriched with endoscopic, laparo-
scopic and contrast-enhanced ultrasound (CEUS), as well as 
elastography and automatic organ segmentation, which was 
achieved using a special algorithm(1–11). Ultrasonography has 
long been a method allowing for precise cytological diagno-
sis of lesions by means of transabdominal and endoscopic 
ultrasound-guided fine needle aspiration biopsy(12–14). Finally, 
the technique has gained acceptance as a treatment method 
for acute cholecystitis in patients disqualified from chole-
cystectomy by percutaneous or endoscopic aspiration of the 
infected content or by a temporary gallbladder drainage(14–16).

Digital ultrasonography with a variety of options to improve 
the image and different modes of color-coded blood flow 
is usually used in daily practice. In our opinion, the best 
protocol for gallbladder ultrasonography was presented by 
Hertzberg and Middleton, the authors of “Ultrasound: the 
requisites”(17). A comprehensive examination of this organ 
involves scanning in various positions (supine, prone, 
oblique and upright). This allows for almost complete visu-
alization of gallbladder walls and content, as well as the 
mobility of lesions inside the gallbladder. In this paper, we 
would like to draw attention to some elements of gallblad-
der ultrasound, which may increase its diagnostic efficacy 
in everyday clinical practice, based on our own experience 
and the available literature.

To begin with, it seems important to specify which parts of 
the gallbladder are difficult to evaluate.

Anatomical and topographic conditions

Figure 1 shows an optimal view of the gallbladder in 
two cross-sections in upright position. This image was 
obtained owing to the liver, which is an acoustic window 
for all parts of the gallbladder, including the fundus. The 

posterior wall of the gallbladder closely adheres to the 
duodenal bulb, which is filled with liquid in this case. The 
image may be unclear due to the presence of gas gener-
ating reflections in the gallbladder, which mimic biliary 
sludge. This acoustic effect also blurs the outline of the 
gallbladder wall in this region. Changing patient’s posi-
tion allows for accessing the previously inaccessible wall 
segments (Fig. 2). A situation when the gallbladder fun-
dus protrudes beyond the border of the liver is another 
common anatomical variant (Fig. 3). In such cases, when 
a convex transducer with a mean frequency of 3.5 MHz 
is used, the image of the gallbladder fundus becomes 
blurred and, consequently, lesions in this location may 
be overlooked. This is the most common location of focal 
adenomyomatosis, which is found in 1–9% of cholecystec-
tomy specimens(18). Our observations indicate that ultraso-
nography often fails to detect this type of pathology at this 
site (Fig. 4 A and Fig. 4 B). A linear 7–12 MHz transducer 
allows for obtaining a clearer image of the gallbladder 
fundus in patients without overweight or adiposity (Fig. 5 
and Fig. 6). Significant diagnostic difficulties occur in the 
case of pathological lesions located in the neck region 
in patients with a large anteroposterior epigastric size. 
Imaging improvement may be expected after moving 
the focus to the ROI (Fig. 7). However, it should be kept 

Fig. 1. �An entire gallbladder is clearly visible in two cross-sections 
due to hepatic acoustic window for all its parts

Fig. 2. �Two oblique cross-sections of the gallbladder. Its walls may 
be assessed only when contacting the liver. Gas in the duode-
nal bulb causes distinct reflections, which make it impossi-
ble to assess the gallbladder wall at this site

Fig. 3. �The arrow indicates the gallbladder fundus, which is diffi-
cult to assess as it is not covered by the liver
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Pseudolesions of the gallbladder

Pseudolesions due to adherence of neighboring organs are 
another issue to discuss. The duodenal bulb may sometimes 
protrude into the gallbladder fundus, thereby mimicking a 
solid tumor, a liquid lesion or a stone (Fig. 10)(19). In this sit-
uation, it is worth resuming gallbladder assessment as the 
bulb may shrink during this time and expose the fundus. 
In the case of further doubts, an intake of a glass of water 

in mind that the cystic duct may be long and tortuous, 
which will pose a real challenge in such cases (Fig. 8). 
Horizontal position of the gallbladder at the level of the 
costal arch will pose another imaging difficulty (Fig. 9). 
This is a situation when the gallbladder walls are posi-
tioned least favorably, i.e. parallel to the ultrasound beam. 
This will require applying the transducer at different sites 
along with adjusting patient’s position and the optimal 
level of breath hold. 

A B

Fig. 4. �Gallbladder. A. Two typical cross-sections, with no detectable lesions. B. The same case. Focusing on the assessment of the gallblad-
der fundus allowed to identify signs of focal adenomyomatosis

Fig. 5. �An image of adenomyomatosis in the gallbladder fundus, 
obtained with a linear transducer. The arrows point to the 
Rokitansky-Aschoff sinuses

Fig. 6. �Another example of adenomyomatosis in the gallbladder 
fundus visualized with a linear transducer. The Rokitansky-
-Aschoff sinuses are clearly seen

Fig. 7. �The arrows indicate a small stone wedged in the neck of the gal-
lbladder, which is difficult to visualize, on two cross-sections

Fig. 8. �A long (40 mm), bent cystic duct is seen on the sonogram
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by the patient helps resolve the situation. The presence of 
fluid, often accompanied by duodenal gas, ultimately helps 
make a correct diagnosis.

The transverse colon filled with gas or stool may also 
mimic stones in the gallbladder fundus. Gas collections in 
the intestine cause the so-called dirty acoustic shadow. If 
this occurs, the transducer should be positioned in the long 
axis of the intestine, contributing to the visualization of the 
haustration of the transverse colon (Fig. 11). 

Measurement of gallbladder lesions

The examples in section 1 indicate that a reliable mea-
surement of the thickness of the gallbladder wall is only 
possible in the hepatic wall. It is advisable to measure 
it on an enlarged sonogram using the zoom function 
(Fig. 12).

The measurements are often performed using images 
obtained with a convex transducer (usually in one cross-
section), especially in the case of polyps. This is not a precise 
method, as documented in Fig. 13. In such cases, it is worth 
zooming the image to assess the lesion in two dimensions 
(Fig. 14). Effort should be made to visualize the lesion in 
the largest possible dimensions as polypoid formations may 
be multi-shaped (Fig. 15). This is important due to the man-
agement strategy in gallbladder polyps. Resection is recom-
mended for polyps ≥10 mm as they significantly increase 
the risk of dysplasia or cancer(2–4,20,21). An enlarged image 
allows tracking the polyp’s behavior over time with greater 
precision. According to Sun et al.(21), growth of ≥3 mm in 
6 months may be an indication for cholecystectomy. An 
enlarged sonogram may be used to search for smaller, often 
multiple, lesions. It is recommended that ultrasound surveil-
lance of lesions is performed by the same physician.

Lesion mobility assessment

Each detected gallbladder lesion should be assessed for mobil-
ity as this allows for accurate diagnosis in most cases. Mobility 
is typically shown by deposits, a mass of biliary sludge, para-
sites and gas. A typical supine or left oblique position may be 

Fig. 9. �Difficult gallbladder assessment due to its horizontal posi-
tion at the level of the costal arch

Fig. 10. �Divided sonogram. The arrow on the left points to a pseu-
dotumor of the gallbladder fundus due to duodenal bulb 
compression. After a while the entire gallbladder fundus was 
visible, as can be seen on the right side of the image

Fig. 11. �Divided sonogram. The left-sided arrow indicates a lesion ge-
nerating dirty shadow in the field of the gallbladder fundus. 
A segment of transverse colon with accentuated haustration 
(arrows), which is the cause of this acoustic phenomenon, is 
seen on the right side of sonogram

Fig. 12. �The measurement of the actual gallbladder wall thickness is 
only possible on the hepatic wall

Fig. 13. �Divided sonogram. A non-enlarged image of a polyp is seen 
on the left. The same polyp in a zoomed image on the right. 
The difference is the size is 1.5 mm



e33J Ultrason 2020; 20: e29–e35

Optimization of diagnostic ultrasonography of the gallbladder based  
on own experience and literature

associated with difficulties in detecting microcholelithiasis 
adhering to the wall adjacent to the duodenum, which is often 
filled with gas generating bright reflections. Right oblique posi-
tion is useful in such cases. This allows for visualizing small 
deposits on the hepatic background and for a more reliable 
estimation of their number (Fig. 16 A and Fig. 16 B).

Another issue associated with gallstones in the gallbladder is 
their behavior depending on body position during scanning. 
Cholesterol stones account for a vast majority, i.e. 75%, of 
biliary stones. Since their specific gravity is lower than that 
of bile, they migrate to the fundus of the gallbladder, which is 
often the highest part of this organ, when in upright position. 
Figure 17 shows gallbladder stone migration upon changing 
patient’s position from a supine to upright position. Providing 
this information to patients should prevent them from lying 
down within an hour after a meal to avoid stone migration 
into the neck upon shrinking of the gallbladder. This relation-
ship between stone location and body position is a common 
cause of biliary colic in the evening or at night.

Changes in position can even affect the gallbladder itself, 
which results from its faulty attachment to the liver (Fig. 18 A 
and Fig. 18 B). A mobile gallbladder, which is also referred 
to as a floating gallbladder, will be prone to torsion. This 
complication usually occurs in emaciated, elderly females. 
This is a serious life-threatening condition(22–24).

Vascularization of lesions

The introduction of high-sensitivity blood flow imaging meth-
ods is an additional important factor supporting gallbladder 
ultrasound diagnosis. The degree of vascularization of lesions 
detected in the gallbladder and its walls should be assessed in 
various pathologies during each examination. Color Doppler 
should be set at slow blood flow, i.e. 2–10 cm/s(2). 

This modality is recommended in the following situations: 
• assessment of the degree of gallbladder wall congestion 

and/or ischemia in cholecystitis(25);
• differentiation between pseudopolyps and true polyps (it 

is often possible to visualize vasculature in the latter(26)) 
(Fig. 19);

• detecting pathological vascularization in gallbladder can-
cer and invaded tissues(26–28) (Fig. 20);

Fig. 14. �Divided sonogram. The dimensions of the same polyp in a 
non-zoomed image on the left and in a zoomed image on the 
right

Fig. 15. �Divided sonogram. Accurate assessment of shape and size 
of a gallbladder adenoma (right) is possible only using an 
enlarged image

A

B

Fig. 16. �Gallbladder. A. An image obtained in two oblique projections 
in supine position. Stones cannot be seen in these projec-
tions. B. The same gallbladder. Microstones were observed 
only in the right oblique position

Fig. 17. �Variable location of gallbladder microstones in a supine and 
upright position
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• diagnosis of gallbladder varices(29–31) (Fig.  21  A and 
Fig. 21 B);

• visualization of a twinkling artifact in focal adenomyo-
matosis of the gallbladder(1,26) (Fig. 4 B and Fig. 6);

• differentiation between a mass of biliary sludge and a 
solid tumor in the gallbladder(26); 

• attempt to locate the site of gallbladder perforation(32).

Conclusion

The issues presented in this paper are only a fraction of 
problems faced by an ultrasound operator in the field of 
gallbladder diagnostic imaging. However, the proposed 
ultrasound approaches should help solve some of these 
problems in everyday practice.

A B

Fig. 18. �A floating gallbladder with a stone. A. In a supine position, the gallbladder (GB) is located to the left of the aorta (A). S – Spine. B. The 
same gallbladder in the position on the right side. The gallbladder (GB) migrated to the right of the aorta (A)

Fig. 19. �Divided sonogram. Size and vascular pattern of a gallbladder 
adenoma

Fig. 20. �Divided sonogram. Vascularized gallbladder cancer mimic-
king a mass of biliary sludge

A

B

Fig. 21. �A. Portal vein thrombosis in cirrhosis. Gallbladder wall 
blood vessels were visualized with Color Doppler. B. Pulsed 
Wave Doppler showed venous blood flow in these vessels
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