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Abstract
Imaging evaluation of the gallbladder is a fundamental skill in the majority of radiology practice. Due to ease of accessibil-
ity, low cost, lack of ionizing radiation, and excellent spatial resolution, ultrasound is often the first imaging modality used 
to evaluate the gallbladder. In this invited article we review and update how ultrasound can evaluate common pathologies 
including gallbladder polyps, tumefactive sludge, adenomyomatosis, and acute cholecystitis. We also discuss the role of 
Doppler, microvascular flow imaging, and contrast enhanced ultrasound in the sonographic assessment of the gallbladder.
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Introduction

Gallbladder pathology remains a common and prevalent 
health issue, impacting up to 15% of the adult population in 
the Unites States [1]. Despite recent literature demonstrating 
non-inferior alternative imaging strategies [2], ultrasound 
remains the primary first line imaging assessment for right 
upper quadrant symptoms, and gallbladder pathology spe-
cifically, due to broad availability, dynamic acquisition, and 
relatively low cost.

Complete sonographic assessment of the gallbladder 
and biliary tree requires appropriate scanning technique 
including sufficient fasting to ensure adequate distension, 
evaluation with the highest frequency transducer possible, 

and assessment of the gallbladder fundus in two planes [3]. 
Additional techniques such as intercostal scanning, decu-
bitus, upright, or prone positioning, and various breathing 
maneuvers may assist in evaluating the full extent of the 
gallbladder and biliary system.

Gallbladder polyps and other incidental 
findings

Incidental findings in the gallbladder are common, with 
prevalence ranging from 6 to 29% of gallbladder ultrasound 
examinations [4]. Most intraluminal findings are often 
benign, such as gallstones, adenomyomatosis, or biliary 
sludge, and do not require repeat evaluation when classic 
imaging features are present.

Gallbladder polyps are another common incidental find-
ing, seen in 3–6% of the population [5]. The vast majority 
of gallbladder polyps are benign cholesterol polyps with no 
risk of malignancy. Recently the Society of Radiologists in 
Ultrasound (SRU) convened a consensus conference focused 
on the imaging and management of incidental gallbladder 
polyps. First, it was established that the vast majority of 
polyps are benign, while gallbladder carcinoma, an aggres-
sive though rare malignancy, is less likely to be associated 
with polyps (in contradistinction to other common polypoid 
neoplasms such as adenomatous polyps of the colon). With 
this background, the SRU consensus conference aimed to 
reduce unnecessary follow up and surgery on lower risk 
polyps, advocating instead for follow up and surgery only 
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for polyps with higher risk morphologic features, and with 
a higher size cutoff compared to prior management recom-
mendations. Then, the SRU consensus recommendations 
describe the technical parameters required for a complete 
and high-quality ultrasound examination, recommending 
short interval follow up if the gallbladder is contracted, 
or if differentiating between tumefactive sludge and true 
mass proves challenges, with contrast-enhanced ultrasound 
(CEUS) as an alternative consideration.

The SRU consensus recommendations stratify gallblad-
der polyps into three categories: Extremely Low Risk, Low 
Risk, and Indeterminate Risk, based on polyp morphol-
ogy (Fig. 1). Extremely Low Risk polyps, with a classic 
“ball-on-the-wall” appearance (Fig. 2) or with a thin stalk, 
only require follow up if ≥ 10 mm at 6, 12, and 24 months 
from detection. Low Risk polyps, which are sessile (Fig. 3) 
or have a thick measurable stalk, are followed at 1 year if 

7–9 mm and at 6, 12, 24, and 36 months if ≥ 10 mm. Both 
Extremely Low Risk and Low Risk polyps are referred for 
surgical evaluation if ≥ 15 mm. Indeterminate Risk polyps 
show focal wall thickening under the polyp, and generally 
require surgical evaluation, though ultrasound follow up can 
be considered if ≤ 6 mm.

Acute cholecystitis

Acute cholecystitis comprises approximately 3–10% of 
all ER patient presentations related to abdominal pain at 
the time of hospital admission [6]. Acute cholecystitis is 
most frequently associated with gallstones (acute calcu-
lous cholecystitis [ACC]) and represents approximately 
90–95% of cases. ACC generally results from increased 
intraluminal pressure from a stone obstructing the cystic 

Fig. 1   Summary of the 2022 SRU gallbladder polyp consensus 
conference recommendations. Reproduced, with permission, from 
Kamaya A, Fung C, Szpakowski J, et al. (2022) Management of inci-

dentally detected gallbladder polyps: society of radiologists in ultra-
sound consensus conference recommendations. Radiology 305(2): 
277–289
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duct resulting in cholesterol supersaturated bile which trig-
gers an acute inflammatory response [6, 7]. In the remaining 
5–10% of cases, patients may develop acute cholecystitis 
in the absence of gallstones (acute acalculous cholecystitis 
[AAC]). AAC is often seen in critically ill patients with mul-
tifactorial pathogenesis, relating to microvascular endothe-
lial injury from hypoperfusion in combination with direct 
endothelial toxicity from inspissation of static bile [6, 8]. 
Regardless of etiology, the diagnosis of acute cholecysti-
tis is often based on the Tokyo Diagnostic Criteria using a 
combination of signs of local and systemic inflammation, 
and characteristic imaging findings [9].

Ultrasound is the first-line imaging modality of choice 
for most patients with suspected acute cholecystitis [9, 10]. 
Diagnostic ultrasound in the setting of acute cholecystitis 
(Fig. 4) has an overall sensitivity of 71% and a specificity 
of 85%, with an accuracy of 0.83, indicating good discrimi-
nability [6]. Gallstones are the most sensitive sonographic 
finding for the diagnosis of acute cholecystitis (sensitiv-
ity 88%; positive likelihood ratio PLR 4.10), followed by 
positive sonographic Murphy sign (51%; 3.60), gallblad-
der wall thickness > 4 mm (45%; 3.29), and pericholecystic 
fluid (26%; 5.62) [9, 11]. Additional sonographic findings 
including a transverse dimension of the gallbladder greater 
than 40 mm, application of the tensile gallbladder fundus 

Fig. 2   76-year-old female with incidental 12 mm extremely low risk gallbladder polyp demonstrating typical ball-on-wall morphology

Fig. 3   51-year-old male with incidental 11 mm low risk gallbladder polyp demonstrating sessile morphology. The broad base of the polyp per-
sists on both sagittal (left) and transverse (right) planes. No internal vascularity was seen on color Doppler interrogation (right)
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sign (absence of gallbladder fundus flattening by the overly-
ing abdominal wall due to the degree of fundal distension), 
and/or a cystic artery velocity of greater than 40cm/s are 
ancillary; these findings can support the diagnosis, though 
currently need further investigation to support their stand-
alone utility in making the diagnosis of acute cholecystitis 
(see detailed discussion on cystic artery waveforms below) 
[11, 12].

The sonographic Murphy sign as classically described is 
the point of maximal tenderness elicited by direct pressure of 
the transducer over a sonographically localized gallbladder, 
as opposed to the physical exam finding of a sudden arrest 
of inspiration during palpation of the right upper quadrant 
due to pain, the latter representing a traditional clinical 
Murphy’s sign [6, 13]. One method for evaluating for sono-
graphic Murphy sign is performed by starting with the probe 
in the left upper quadrant and, using the same transducer 
pressure, evaluating 4–5 positions along the upper abdomen 
by traversing to the right upper quadrant and back—finish-
ing in the left upper quadrant—ensuring the gallbladder is 
included in one of the positions evaluated. Traversing the 
abdomen twice while trying to reproduce the point of maxi-
mal tenderness theoretically aids in reducing false positive 
examinations, particularly in the setting of previous clinical 
Murphy sign evaluation by the clinical care team. Although 
the sensitivity of the Murphy sign for acute cholecystitis 
is only 51% in the literature, the specificity is up to 96% 
(if performed correctly), making this dynamic sonographic 
evaluation an excellent discriminator for patients with right 
upper quadrant pain [6, 11].

Patient body habitus, intraabdominal gas or patient immo-
bility can lead to technically difficult and non-diagnostic 
ultrasound examinations for which alternative imaging 

modalities may be required [14]. Computed Tomography 
(CT) is often the next modality of choice if ultrasound is 
unavailable or non-diagnostic and has an estimated pooled 
sensitivity of 78% with a specificity of 81% based on a 
recent meta-analysis [15]. Findings of acute cholecystitis 
on CT include distention of the gallbladder, mural thicken-
ing, pericholecystic fluid, and pericholecystic fat stranding 
(edema) [16]. Gallstones can be identified on CT if their 
intrinsic attenuation provides an attenuation difference suf-
ficient enough to differentiate from surrounding bile; how-
ever, approximately 20% of gallstones are similar enough in 
attenuation to bile and therefore not well seen on routine CT 
[17]. Multi-spectral CT techniques may improve gallstone 
detection, however detailed discussion is beyond the focus 
of this manuscript [18]. The gold standard in the radiologi-
cal diagnosis of acute cholecystitis is a nuclear medicine 
cholescintigraphy (colloquially known as Hepatic Iminodi-
acetic Acid or HIDA scan) which has a reported sensitivity 
of 96% and specificity of 90% [18]. Cholescintigraphy is 
particularly valuable, and is the preferred imaging modal-
ity, in the setting of suspected acute acalculous cholecystitis 
[20]. Magnetic Resonance Imaging (MRI) has an overall 
sensitivity and specificity of 88 and 89%, respectively [21]. 
Findings identifiable on MRI include gallstones, gallbladder 
wall thickening, gallbladder wall edema, gallbladder disten-
tion, pericholecystic and perihepatic free fluid [22]. Despite 
the high sensitivity and specificity, MRI is not frequently 
used as a first-line diagnostic test specifically for acute chol-
ecystitis given the overall cost, limited accessibility, and 
length of the procedure when compared to other modalities 
[20]. However, MRI remains important in the evaluation for 
choledocholithiasis.

Importantly, no clinical finding, lab test or diagnostic 
imaging finding alone is sufficient to establish or exclude 
acute cholecystitis in isolation and the diagnosis requires the 
integration of clinical, biochemical, and diagnostic imaging 
information [9, 23].

Utility of Doppler in acute cholecystitis—
latest evidence

With the ongoing challenges with definitively diagnosing 
various gallbladder pathologies such as acute cholecystitis, 
recent studies have reinvestigated older imaging signs, now 
with the added benefit of more advanced equipment and 
higher image quality. Some of these re-visited imaging tech-
niques include assessment of the gallbladder wall vascularity 
using color or power Doppler, as well as assessment of the 
cystic artery with spectral Doppler. More advanced small-
vessel and slow-flow Doppler and non-Doppler flow imaging 
techniques are now also available. This section will review 
recent evidence for the use of Doppler for the valuation of 

Fig. 4   61-year-old female presenting with acute right upper quadrant 
pain. Diffuse gallbladder wall thickening up to 6 mm, gallbladder dis-
tension, and multiple gallstones are seen in this patient with a positive 
sonographic Murphy’s sign. Echogenic fat is also seen adjacent to 
the liver, consistent with regional inflammation (arrow). Subsequent 
pathology review following cholecystectomy confirmed acute calcu-
lous cholecystitis
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the gallbladder wall, however is by no means exhaustive 
of the available US techniques available for the gallbladder 
wall. Use of contrast-enhanced ultrasound (CEUS) and its 
utility in evaluating the gallbladder wall is discussed in the 
next section.

Color and power Doppler

Several studies investigating the use of color and power 
Doppler to evaluate the gallbladder wall for hyperemia were 
reported over 25 years ago [24–27]. Wall hyperemia has 

been assessed using qualitative three- or four-point scales or 
defined simplify by identifying color Doppler signal within 
the fundal one third of the gallbladder. By one report, sensi-
tivity of 95% and specificity of 86% were reached by simply 
using power Doppler for acute cholecystitis, with no util-
ity found in the resistive index (RI) of the arterial spectral 
waveform [24]. Areas of necrosis may fail to show color or 
power Doppler flow and therefore may contribute to a false 
negative examination [24].

Limited data exist on the reproducibility of these findings, 
particularly when taking into account patient body habitus. 

Fig. 5   44-year-old male with 
right upper quadrant pain and 
sonographic Murphy sign. A 
Longitudinal image through 
the gallbladder reveals a 
distended gallbladder without 
wall thickening. A stone is 
seen in the gallbladder fundus. 
Findings were equivocal for 
acute calculous cholecystitis. 
B Duplex image of the hepatic 
artery (HA) reveals a peak 
systolic velocity of 133 cm/s 
(> 100 cm/s), raising the sus-
picion for acute cholecystitis, 
which was confirmed following 
a subsequent cholecystectomy
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Increasing abdominal wall thickness and hepatic steatosis 
may impact the detection of color and even power Doppler 
signal, an increasingly common problem in the United States 
and worldwide.

Spectral Doppler

Color Doppler has been previously used to study the length 
of the cystic artery visualized in the gallbladder wall as a 
sign of hyperemia, with only moderate sensitivity achieved 
[28]. More recently there has been renewed attention towards 
spectral Doppler assessment of the hepatic and cystic arter-
ies. In one single-site study of 229 patients, investigators 
evaluated velocities within the hepatic artery (HA) and 
found that of the 21 patients with acute cholecystitis, HA 
velocity ≥ 100 cm/s improved diagnostic accuracy (63–69%), 

and could help differentiate between acute and chronic chol-
ecystitis (Fig. 5) [29].

Even more recently, a study from the same institution 
evaluated 73 patients with suspected acute cholecysti-
tis and evaluated cystic artery (CA) velocities, and found 
that of those with acute cholecystitis, average CA velocity 
was 50 cm/s, compared to 22 cm/s for controls 30]. Using 
40 cm/s alone as a cut-off, positive predictive value was 
nearly 95%, with overall accuracy of 81% (Fig. 6). CA 
velocity < 20 cm/s effectively ruled out acute cholecystitis, 
whereas intermediate velocities were indeterminate, though 
were often seen in chronic cholecystitis.

Specifically in patients with cirrhosis, one study found 
that CA velocities were also significantly higher in those 
with acute cholecystitis versus those without (32 vs 16 cm/s) 
[31]. The same study also found that RIs were much lower 
in those with versus without acute cholecystitis (0.72 versus 

Fig. 6   32-year-old male with right upper quadrant pain and sono-
graphic Murphy sign. A Longitudinal grayscale image of the gall-
bladder shows distention without wall thickening. Echogenicity of 
surrounding fat is possible. No gallstones were identified. B Color 
Doppler image of the gallbladder shows flow related signal within 
branches of the cystic artery within the fundal third of the gallblad-
der. C Duplex image of the cystic artery reveals a peak velocity of 

60 cm/s (> 40 cm/s). The diagnosis of acute cholecystitis was made. 
However, the clinical presentation remained unclear. A contrast-
enhanced CT was performed three days later, with an image through 
the gallbladder D revealing wall thickening, mucosal irregularity and 
areas of non-enhancement, and pericholecystic edema. Subsequent 
cholecystectomy revealed acute necrotizing cholecystitis



Abdominal Radiology	

0.84). Using a CA velocity cutoff of 40 cm/s, specificity for 
acute cholecystitis reached 100%, while using RI less than 
0.75, sensitivity was 83%.

One benefit of spectral waveform analysis is the quantita-
tive nature of the measurements, and therefore the decreased 
subjectivity. Interestingly, these authors show that spectral 
results appear to perform similar to, or better than, tradi-
tional signs of acute cholecystitis, such as wall thicken-
ing, Murphy’s sign, and impacted gallstone. Replicating 
these findings in larger, preferably multi-institutional trials 
will be important to verify the utility of these cutoff val-
ues. In addition, incorporating these measurements into a 

multi-parametric model may be important. Performance of 
these measurements in acalculous cholecystitis and gangre-
nous cholecystitis remain additional knowledge gaps.

Advanced flow imaging techniques

In recent years several new vascular imaging techniques 
have emerged that offer improved sensitivity to small-vessel 
and low velocity flow. These microvascular flow imaging 
(MVFI) techniques are known by various names based on 
the manufacturer, however in general are non-contrast tech-
niques that leverage adaptive filtering of random motion 

Fig. 7   57-year-old male hospi-
talized following stroke, found 
to have gallbladder wall edema 
(due to volume overload). 
A Longitudinal ultrasound 
image of the gallbladder with 
standard Power Doppler fails to 
show flow-related signal in the 
gallbladder wall. B Advanced 
“slow flow” Doppler mode 
shows flow-related signal 
within a cystic artery branch 
in the gallbladder wall. Note 
tumefactive sludge layering in 
the gallbladder without flow in 
either technique
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while maintaining sensitivity to directional flow, allowing 
for high-resolution imaging of flow in smaller vessels than 
what was previously possible by traditional color, power, and 
spectral Doppler techniques [32]. MVFI has been shown to 
improve the detection of gallbladder wall blood flow com-
pared to color and power Doppler, and offers increased 
confidence in the diagnosis of wall perforation (Fig. 7) [33, 
34]. Unfortunately these techniques remain limited by angle 
and depth dependency, and general perform poorly in low 

signal-to-noise situations such as in obesity, similar to color 
and power Doppler techniques [33].

MVFI may also provide incremental sensitivity for flow 
when attempting to differentiate intraluminal tumefactive 
sludge and gallbladder neoplasm, and to differentiate large 
polyps and gallbladder carcinoma (Fig. 7) [33, 35]. Of note, 
some specular reflectors such as those from gallstones may 
be observed in the MVFI images and should not be misin-
terpreted as perfused tissue.

Fig. 8   48-year-old female 
presented to the Emergency 
Department with right upper 
quadrant abdominal pain. 
Initial ultrasound suggested a 
gallbladder mass (not shown). 
A Noncontrast CT in a patient 
with renal dysfunction: het-
erogeneous high-attenuation 
mass within the gallbladder 
lumen. B Dual-screen contrast-
only (left panel) and grayscale 
(right) shows avascular mixed 
echogenicity contents within 
the gallbladder consistent with 
sludge and stones, with a few 
echogenic interfaces from the 
surface of the stones (specu-
lar reflectors). Cholelithiasis 
without malignant cells was 
confirmed at pathology
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Contrast‑enhanced ultrasound applications 
in the gallbladder

Contrast‑enhanced ultrasound: brief review

Contrast-enhanced ultrasound (CEUS) is accomplished by 
the intravenous administration of ultrasound contrast agents 
(UCAs). UCAs are incredibly safe and non-organotoxic, 
with an extremely low rate of adverse events, and can there-
fore be administered at any level of renal function [36, 37]. 
These agents are composed of 3–5 µm particles contain-
ing a high-molecular weight fluorocarbon gas encased by 
a lipid or protein shell. When injected intravenously these 
microparticles remain completely intravascular, without the 
extra-vascular/interstitial phase of enhancement encoun-
tered in CT and MRI. These pure blood pool agents there-
fore provide exquisite differentiation of vascularized from 
non-vascularized tissues. In addition, the high temporal and 
spatial resolution afforded by ultrasound allows for exquisite 
evaluation of patterns of enhancement. Finally, the unique 
resonance of microbubbles in the ultrasound field allows 
for the reconstruction of a contrast-only image (real-time 

tissue subtraction), further improving the differentiation of 
perfused and non-perfusion structures.

Assessment of intraluminal contents

As discussed previously, detection of intraluminal mate-
rial on routine ultrasound images is common, and typically 
includes gallstones, layering biliary precipitate (sludge), 
and a conglomerate of inspissated bile (tumefactive sludge) 
which are typically mobile. Non-mobile structures could 
include small adherent stones and gallbladder polyps. Gall-
bladder cancer also presents as a nonmobile, intraluminal 
mass.

Tumefactive sludge, a term first coined by Fakhry in 1982 
[38], is defined as nonmobile polypoid intraluminal gallblad-
der contents without posterior acoustic shadowing. While 
tumefactive sludge is not a common occurrence on abdomi-
nal ultrasound [39], it may pose a diagnostic challenge given 
overlapping imaging features with those of gallbladder can-
cer. In one study 14% of patients with “tumefactive sludge” 
were found to have superimposed malignancy within the 
gallbladder [39]. This necessitates due diligence in com-
pletely excluding malignancy [40]. Current practice for fur-
ther evaluation includes short interval follow-up ultrasound, 

Fig. 9   37-year-old pregnant female with abdominal pain. Abdomi-
nal ultrasound performed in the emergency department showed a 
non-mobile, polypoid intraluminal echogenic mass at the gallbladder 
fundus. Contrast-enhanced ultrasound was offered as a relatively safe 
imaging technique to differentiate tumefactive sludge from malig-

nancy. Dual-screen contrast-only (left panel) and grayscale (right) 
shows the polypoid mass at the fundus on the grayscale image, com-
pletely devoid of enhancement in the contrast image, indicating lack 
of vascularized tissue and confirming tumefactive sludge
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Fig. 10   66-year-old female presented to the Emergency Department 
with right upper quadrant abdominal pain, nausea, and vomiting. Ini-
tial workup with right upper quadrant US (not shown) demonstrated 
classic findings of acute cholecystitis and questioned a gallbladder 
mass. Dual-screen contrast-only (left panel) and grayscale (right) 

shows a tensely distended gallbladder, hyper-enhancing gallblad-
der wall (straight arrow), with areas of non-enhancing wall (curved 
arrows) concerning for gangrenous acute cholecystitis. The absence 
of vascular internal content on CEUS excludes malignancy. Pathol-
ogy confirmed gangrenous cholecystitis without malignant cells

Fig. 11   74-year-old male 
presented to the Emergency 
Department with upper abdomi-
nal pain. Initial workup with CT 
(not shown) showed incidental 
gallbladder wall thickening. 
Dual-screen contrast-only 
(left panel) and grayscale 
(right) 17 s following contrast 
administration shows multifocal 
hyper-enhancing asymmetric 
gallbladder wall thickening with 
irregular gallbladder/liver inter-
face suggestive of gallbladder 
cancer with hepatic invasion. 
Subsequent cholecystectomy 
and partial liver resection con-
firmed gallbladder adenocarci-
noma with hepatic invasion
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and evaluation with a contrast-enhanced examination, with 
CT and MR likely the most widely used modalities [5]. 
However, each of these modalities can be confounded by 
heterogeneous internal contents that may be intrinsically 
hyperattenuating (CT) or hyperintense on T1-weighted 
imaging (MRI), impacting the interpretation of post-contrast 
images on these two modalities (Fig. 8).

Contrast-enhanced ultrasound has shown 100% accu-
racy in differentiating perfused solid mass from tumefac-
tive sludge (Fig. 9) [41]. This is attributable to UCA’s 
exclusively intravascular distribution and the inherent high 
spatial resolution of ultrasound as discussed above. This 
also allows differentiation of adherent stones/sludge mate-
rial (no internal enhancement) from gallbladder polyps 
(with internal vascularity/enhancement).

Some challenges may remain and could include: 
reverberation artifact from the anterior abdominal wall; 
sidelobe artifact from adjacent bowel; incomplete sub-
traction from highly echogenic specular reflectors such as 
stones; and pseudoenhancement from phase aberrations 
generated from ultrasound passing through overlying 
enhanced liver, leading to incompletely subtracted signal 
from echogenic intraluminal material [42, 43].

Assessment of gallbladder wall

When signs or symptoms are attributable to the gallblad-
der, the initial workup usually includes a right upper 
quadrant or targeted gallbladder ultrasound. As described 
above, US offers high sensitivity in detecting stones and 
acute cholecystitis; a triad of gallstones, gallbladder dis-
tension, and positive sonographic Murphy’s sign is clas-
sic for acute cholecystitis. With contrast-enhanced imag-
ing (CT or MRI), a hyperenhancing wall may be seen, 
and hyperemia of the adjacent liver may be present. At 
CEUS, the wall can similarly show hyperenhancement: a 
normal gallbladder wall should enhance uniformly with-
out mucosal discontinuity. Normal gallbladder wall is 
expected to be smooth and thin (< 3 mm) [44].

Gangrenous cholecystitis is a complicated form of 
acute cholecystitis with an incidence up to 26% among 
urgent cholecystectomies [45]. Mortality and morbidity 
are higher with gangrenous cholecystitis, and better out-
comes are seen with a rapid diagnosis and urgent chol-
ecystectomy rather than medical management. The robust 
spatial resolution of CEUS will allow for the meticulous 
assessment of the gallbladder wall and detection for areas 
of mucosal irregularity and heterogeneity (ischemia), non-
enhancement (necrosis), or frank discontinuity (perfora-
tion) (Fig. 10).

Abnormal wall thickening can be encountered in a wide 
array of pathologic states including inflammation, liver 
disease, third spacing, adenomyomatosis, and gallbladder 
cancer [46]. Morphologically, the thickening can be focal or 
diffuse, suggesting different pathologies. Thickening in turn 
has been further classified based on different aspects such 
as stratification, symmetry, and preservation of gallbladder/
liver interface which can suggest likelihood of malignancy 
even in cases of early gallbladder cancer [47]. These findings 
can be appreciated on CEUS in addition to unique features 
including heterogeneous enhancement, branched/irregular 
lesional vascularity, mural irregularity involving the inner or 
outer layer, and extension into the liver parenchyma (Fig. 11) 
[48].

Adenomyomatosis is a reactive process with hyperplasia 
of the muscularis propria and invagination of the mucosa 
into the muscularis layer forming Rokitansky-Aschoff 
sinuses [49]. These changes may occur in different morpho-
logical patterns including diffuse, annular/segmental, and 
fundal [50]. Identifying the sinuses (cystic spaces) within the 
thickened areas of gallbladder wall, particularly in areas of 
classic involvement such as the fundus, has been described 
on MRI and referred to as the “string of pearls sign” [51]. 
With higher spatial resolution, CEUS can detect these cystic 
spaces, improving diagnostic confidence (Fig. 12) [52]. In 
our experience, adenomyomatosis also shows isoenhance-
ment to the remainder of the gallbladder wall on all phases, 
with a smooth underlying mucosal surface.

Summary

Ultrasound remains the first line imaging modality in the 
assessment of gallbladder and biliary pathologies. Proper 
technique remains a key requirement in the adequate evalu-
ation of the gallbladder. Incidental findings, though com-
mon, are often readily diagnosed and confirmed on ultra-
sound alone, particularly if ultrasound contrast is available. 
Recent publications such as the Society of Radiologists in 
Ultrasound Consensus Recommendations for gallbladder 
polyps also provide increasing guidance for clinicians and 
radiologists alike. Investigations on the use of various Dop-
pler techniques and further applications of contrast enhanced 
ultrasound are emerging in the literature, with early evidence 
showing improvements in the sonographic evaluation of 
common and uncommon gallbladder and biliary conditions.
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