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Abstract Gangrenous cholecystitis and perforation are

severe complications of acute cholecystitis, which have a

challenging preoperative diagnosis. Early identification

allows better surgical management. Contrast-enhanced

computed tomography (ceCT) is the current diagnostic

gold standard. Contrast-enhanced ultrasonography (CEUS)

is a promising tool for the diagnosis of gallbladder perfo-

ration, but data from the literature concerning efficacy are

sparse. The aim of the study was to evaluate CEUS findings

in pathologically proven complicated cholecystitis (gan-

grenous, perforated gallbladder, pericholecystic abscess).

A total of 8 patients submitted to preoperative CEUS, and

with subsequent proven acute complicated cholecystitis at

surgical inspection and pathological analysis, were retro-

spectively identified. The final diagnosis was gangrenous/

phlegmonous cholecystitis (n. 2), phlegmonous/ulcerative

changes plus pericholecystic abscess (n. 2), perforated plus

pericholecystic abscess (n. 3), or perforated plus peric-

holecystic biliary collection (n. 1). Conventional US find-

ings revealed irregularly thickened gallbladder walls in all

8 patients, with vaguely defined walls in 7 patients, four of

whom also had striated wall thickening. CEUS revealed

irregular enhancing gallbladder walls in all patients. A

distinct wall defect was seen in six patients, confirmed as

gangrenous/phlegmonous cholecystitis at pathology in all

six, and in four as perforation at macroscopic surgical

inspection. CEUS is a non-invasive easily repeatable

technique that can be performed at the bedside, and is able

to accurately diagnose complicated/perforated cholecysti-

tis. Despite the limited sample size in the present case

series, CEUS appears as a promising tool for the man-

agement of patients with the clinical possibility of having

an acute complicated cholecystitis.
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Complicated cholecystitis � Gallbladder perforation �
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Introduction

Gangrenous cholecystitis is an advanced form of acute

cholecystitis, accounting, in some series, for up to 30 % of

acute cases [1]. This form may progress to severe necrosis

of the gallbladder wall with consequent perforation, lead-

ing to a high and increased morbidity and mortality in

comparison with less complicated cholecystitis. The mor-

tality rate for acutely perforated cholecystitis is reported to

be up to 43 % [2]. An open surgical intervention rather

than a laparoscopic approach is often required, and per-

cutaneous drainage must be carried out in patients unfit for

surgery [1, 3]. Imaging or clinical/laboratory findings that

allow a rapid and precise preoperative diagnosis of gan-

grenous perforated cholecystitis is highly desiderable to aid

the surgeon in prioritizing patients for operation.

Unfortunately, the signs and symptoms are often elusive

in complicated cases, and differentiation from those not

complicated is challenging, due to the lack of definite

clinical or laboratory data. Thus, imaging still maintains a

pivotal role.
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B-mode ultrasound (US) is the first-line imaging study

in patients with suspected gallbladder disease, as this

modality is sensitive and specific for acute cholecystitis,

but it is of limited value in complicated cases. Abdominal

contrast-enhanced computed tomography (ceCT) scan is

utilized in patients with an acute abdomen when sonogra-

phy is inconclusive, and it is regarded as the mainstay

modality for complicated cholecystitis. Its accuracy in the

detection of acute gangrenous cholecystitis has been

reported to range from 80 to 92 % for the detection of wall

perfusion defects [4, 5].

Contrast-enhanced ultrasound (CEUS), by means of a

purely intravascular contrast agent, allows a real-time safe

examination of the gallbladder walls’ perfusion, directly at

the bedside, even in severely ill patients or in cases with

renal insufficiency, conditions which are frequently found

in patients with sepsis of biliary origin, and which often

make a ceCT contraindicated [6].

According to the 2011 EFSUMB guidelines and clinical

practice recommendations about the use of contrast-en-

hanced ultrasound in non-hepatic applications, the detec-

tion or exclusion of abscess formation in the liver

parenchyma surrounding the gallbladder can be performed

with CEUS [6]. A wall perforation is suggested by an

interruption of the perfused gallbladder wall, appearing as

an enhancement defect, but data from the literature about

the accuracy of this study are sparse, and recolendations
are mainly based on expert opinions.

A recent article by Tang et al. [7] describes an Asian

population with six cases of complicated cholecystitis in

whom contrast-enhanced ultrasound clearly visualized

defects in the gallbladder walls or revealed pericholecystic

abscesses.

The purpose of this study is to describe our single-in-

stitution experience about the CEUS findings in a series of

patients with pathologically proven acute complicated

cholecystitis (gangrenous or perforated gallbladder with/

without pericholecystic abscess), to further validate diag-

nostic criteria proposed by the recommendations and con-

firmed by the Eastern series, as well as in a series of

Western patients from our own center [7].

Methods

Patients

The possibility of the use of CEUS in the setting of acute

cholecystitis has been adopted in our center for a long time,

and this experience has also been incorporated in the

EFSUMB guidelines as expert opinion [6]. Patients who

underwent CEUS after a first B-mode ultrasound (US)

examination in the clinical appearance of an acutely

complicated cholecystitis were retrospectively identified

from the electronic patients’ folders database at our Insti-

tution, from 2008 to May 2013. Inclusion criteria were as

follows: (a) having received a CEUS examination of the

gallbladder (b) CEUS had to be performed after a B-mode

US for a clinical appearance of a moderate to severe acute

cholecystitis, according to the Tokyo diagnostic criteria [8]

(c) and availability of the most relevant images and clips

digitally recorded and stored. All patients signed a consent

form before being injected with contrast for CEUS. This

process yielded the identification of 13 patients with

moderate to severe acute cholecystitis who had been

studied with CEUS. Patients diagnosed with malignancy at

histopathological results or without a pathological speci-

men as a diagnostic reference were excluded.

In order to have the most solid reference standard,

namely histology, we retrospectively searched for patients

who underwent CEUS for complicated acute cholecystitis

with gangrenous or perforated gallbladder, either with or

without a pericholecystic abscess, and who were subse-

quently operated upon. The surgical findings and patho-

logical specimen of the gallbladder served as the gold

standard. Gangrenous changes as a reference standard were

defined on the basis of transmural acute inflammation with

necrosis/gangrene of the gallbladder walls, while perfora-

tion was diagnosed on the basis of macroscopic disconti-

nuity of the gallbladder walls. This search produced eight

patients. The other five patients were excluded since four

patients did not undergo surgery, while one patient

underwent surgery, and was diagnosed with uncomplicated

acute cholecystitis.

The study protocol was in keeping with the latest Hel-

sinki declaration and was communicated to the Institutional

Review Board of the hospital. Informed consent was

obtained whenever patients were still reachable, otherwise

it was accepted to have it waived, given the retrospective

approach of the study.

US and CEUS examination

Conventional sonography of the gallbladder was performed

with a curved array 3.5–5 MHz transducer (Esaote, Gen-

ova, Italy) in B-mode. CEUS was performed using Sono-

Vue as contrast agent (Bracco SpA, Milan, Italy), a

suspension of hexafluoride gas forming microbubbles with

a diameter from 0.5 up to 1.5 micrometer. The bubbles are

expelled through the pulmonary capillary bed, and act as a

pure intravascular contrast agent. A total of 2.4 ml of

contrast agent was administered to all patients through a

peripheral vein, followed by a flush of 5–10 ml of sterile

saline solution as per standard procedure. The enhancement

pattern of the gallbladder wall was divided into an arterial

phase (about 0–30 s after the injection) and a venous phase
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(from about 31 s onwards from injection) as the gallblad-

der is only supplied by the cystic artery without any portal

contribution. The assessment of the gallbladder and of the

surrounding liver parenchyma was carried out for at least

3 min after contrast injection. The most relevant images

and clips had been digitally recorded and stored. CEUS

was performed in all cases with a curved array low-fre-

quency (3.5–5 MHz) probe. CEUS with linear high-fre-

quency (up to 10 MHz) probe was further performed on an

individual basis to reach a better definition of tiny irregu-

larities when the gallbladder walls were close (2–4 cm

deep) to the abdominal wall.

The examiners were physicians experienced in ultra-

sonography and CEUS, who were aware of the clinical

findings.

Definition of imaging findings

The following findings are routinely evaluated on con-

ventional US in this setting: presence of gallstones, intra-

luminal material (irregular intraluminal sludge/debris),

hydrops (transverse distension of gallbladder [4 cm),

increased wall thickness ([4 mm), irregular wall thickness,

vaguely discernible or blurred walls, striated wall thick-

ening, suspected abscess (inhomogeneous hypo-hypere-

choic mass surrounding the gallbladder wall), and

pericholecystic fluid.

The findings evaluated on CEUS, in keeping with the

most recent recommendations were interruption/defect of

the gallbladder wall confirmed by the focal absence of

enhancement or detection of abscess in the surrounding

liver parenchyma [6]. The latter was reported as a peric-

holecystic mass, showing the typical feature of non-en-

hancing areas possibly surrounded by an area of peripheral

enhancement in the arterial phase expressing inflammatory

hyperemia in the absence of clear marked wash out of the

contrast medium in the venous phase [9]. As reported by

previous studies on CT scan, which show irregular

enhancing gallbladder walls as a specific sign of patho-

logically proven gangrenous changes, we also evaluated if

an irregular contrast enhancement of gallbladder walls was

noticed on CEUS, described as areas of persistent lack of

enhancement within the mucosal layer of the gallbladder,

considered as a potential sign of necrosis of the wall, even

if a clear transmural enhancement defect was not seen [5,

10]. Contrast-enhancement appearance of intraluminal

echogenic material observed on B-mode US, likely gall-

bladder sludge or debris, was also recorded.

To the main interest of the study, namely to verify

whether there was an interruption in the perfused gall-

bladder walls, both vascular phases were of interest, since a

persistent lack of perfusion had to be demonstrated in both

the arterial and venous phases. Thus, the patients were

studied for at least 3 min, to assess the entire area, which

comprises both the arterial and venous phases.

The main laboratory findings were collected from the

patients records within 24 h from CEUS.

Five out of the eight patients also underwent a ceCT

scan within 24 h from CEUS. In keeping with the findings

considered for CEUS, the following findings from ceCT

scan reports were then collected and compared with that of

CEUS: irregular or absent walls (irregular contrast

enhancement) and pericholecystic abscess (encapsulated

fluid collection adjacent to gallbladder).

Results

A CEUS study was performed only in patients with the

clinical/laboratory appearance of complicated cases of

acute cholecystitis, and the surgical specimen with patho-

logical diagnosis was chosen as the gold standard refer-

ence. The initial study group consisted of 13 patients who

underwent a CEUS study for the appearance of moderate to

severe acute cholecystitis. The CEUS study suggested

complicated acute cholecystitis in 10 out of those 13

patients. All 10 cases with a positive CEUS study were

recommended to have surgery. However, based on clinical

decisions, only 8 out of 10 patients with a positive CEUS

study for complicated cholecystitis finally underwent sur-

gery, all were confirmed to be complicated acute cases. Of

two remaining patients out of 10 cases with a positive

CEUS study, one was managed conservatively with

antibiotic and supportive therapy because of comorbidities.

He recovered and was discharged after 10 days, although

we were subsequently informed he was readmitted for

abdominal pain 1 month later in another hospital, but we

have no further information. This might have been an

uncomplicated case, to be categorized as a CEUS false

positive study, but a solid reference standard lacks. The

other patient underwent CT-guided percutaneous drainage,

(because of severe comorbidities that prevented laparo-

tomy), after a contrast-enhanced CT scan that also sug-

gested a complicated gangrenous cholecystitis, so its

likelihood of being a false positive case appears very low.

Conversely, three patients were deemed not to suffer from

complicated cholecystitis at the CEUS study. One of them

was operated within 2 weeks, and the pathology confirmed

an acute non-complicated cholecystitis (true negative

case), while the remaining two were managed conserva-

tively without surgery, in keeping with the CEUS study

interpretation (they both recovered and were discharged on

16th and 8th day after the CEUS studies, respectively).

However, again in these cases, a solid reference standard
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(like surgical inspection and pathology) was lacking, so

that false negative cases of complicated cases resolved with

medical therapy cannot be ruled out. Therefore, the final

analysis was focused on the 8 patients (5 men, 3 women,

median age 68 years, range 48–89) who received surgery

with the the clinical appearance of acute complicated

cholecystitis, a diagnosis confirmed by the reference stan-

dard in all cases. The Laboratory data in these 8 patients

showed a median white blood cell count and C-reactive

protein of 12.620/mm3 (range 4990–23,450) and 30 mg/dl

(range 12–34, normal value\0.80 mg/dl), respectively.

Surgical and Pathological findings

The main surgical, pathological, and imaging findings are

reported in Table 1. Surgical macroscopic and pathological

diagnosis of acute complicated cholecystitis consisted of

gangrenous/phlegmonous changes (n. 2), phlegmonous/ul-

cerative changes plus pericholecystic abscess (n. 2), per-

forated plus pericholecystic abscess (n. 3), or perforated

plus pericholecystic biliary collection (n. 1). All eight cases

taken to surgery for the diagnosis of acute complicated

cholecystitis were all operated with open surgery (no

laparoscopic attempt). The median time between the CEUS

study and surgical intervention was 4 days (ranging from a

minimum of 1 to a maximum of 13 days). No cases of

malignancy were detected at pathological diagnosis.

B-mode US findings

The conventional US findings of our series of pathologi-

cally proven complicated cholecystitis revealed irregularly

thickened gallbladder walls in all 8 patients, with vaguely

defined walls in 7 patients, four of whom also had striated

wall thickening. All patients showed gallbladder wall

thickness [4 mm at least in some parts. Gallbladder

hydrops was seen in 7 patients, while pericholecystic fluid

effusion was only found in 3 patients. Gallbladder stones

and intraluminal membranes/debris were both present in 7

patients. A pericholecystic mass abscess was suspected in 3

patients.

CEUS study findings

During the arterial phase, the gallbladder walls became

irregularly enhanced in all 8 patients, in particular the inner

mucosal layer was involved in all cases, with heteroge-

neous areas of lack of contrast enhancement. A clear

interruption of both inner-outer mucosal layers with a total

transmural defect was observed in 6 patients, varying in

five patients between a length of 5 mm up to 20 mm

(Figs. 1, 2, 3, 4, 5), while in the sixth patient, B-mode US

showed thinning of the gallbladder wall at the body/fundus

associated with a large pericholecystic fluid collection. The

CEUS study showed no enhancement at all along the

thinned tract of the gallbladder wall, suggestive of covered

perforation (Fig. 6). A clear perforation was confirmed by

macroscopic exploration at surgery in 4 of those 6 patients

(Figs. 2, 3, 4, 6) (time from CEUS study to surgery: 7, 1,

10, and 2 days), including the suspected covered perfora-

tion (Fig. 6). In the two remaining patients with an

enhancement defect of the gallbladder wall at the CEUS

study (Figs. 1, 5), intra-operative findings could not con-

firm macroscopic perforation (time from the CEUS study

to surgery: 1 and 5 days), but these two, as well as the other

four, were diagnosed as gangrenous/phlegmonous chole-

cystitis at pathology.

The two remaining patients, who did show only irregular

contrast enhancement of gallbladder walls at the CEUS

study, without a clear transmural defect, were confirmed as

being ulcerative/phlegmonous cholecystitis, at surgery

(Figs. 7, 8).

The CEUS study showed a pericholecystic, non-en-

hancing mass in 4 out of 8 cases. The two biggest masses

measured 6 and 4 cm in diameter and appeared heteroge-

neous on the CEUS study, with intralesional septae

(Figs. 4, 7) and were confirmed as abscesses on patholog-

ical specimens. Of the two remaining suspected peric-

holecystic masses, one (Fig. 5) did not show the typical

CEUS study features of abscess (s.a. rim-like enhancement

with septae), being described as a defect in the gallbladder

walls with irregular adjacent mass (4 cm in diameter)

raising the possibility of heteroplasia or a covered perfo-

ration, diagnosed as phlegmonous cholecystitis at pathol-

ogy. The second case showed a small defect of contrast

enhancement in the gallbladder walls, with tiny pseudodi-

verticular images of the fundus (Fig. 1), suggestive for

initial abscess formation: on surgery it was diagnosed as

gangrenous cholecystitis.

The intraluminal material observed at B-mode US in 7

patients, which could have been misdiagnosed as a solid

mass by conventional US, appeared persistently as non-

enhanced on the CEUS examination, suggesting biliary

sludge then confirmed by pathology (Figs. 1, 2, 4, 7, 8).

One case with pathologically proven acute cholecystitis

showedhomogeneous contrast enhancement of the inner layer

at the CEUS study, without any irregular areas of lack of

contrast enhancement within mucosal layer (Fig. 8, Panel b).

The CEUS study with a linear high-frequency probe (up

to 10 MHz) was performed in one case (Fig. 1), in which

the fundus of the gallbladder was superficial and very close

to the abdominal wall. In this case, the CEUS study

markedly increased the ability to depict very small irreg-

ularities of the walls (less than 10 mm in size), with respect

to CEUS with low-frequency (3.5–5 MHz) probe per-

formed immediately before.
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CEUS: ceCT findings

Five patients underwent a CT scan within 24 h from the

CEUS study. A concordance beween the CT scan and the

CEUS study was observed in all cases. In four patients,

both techniques showed a transmural gallbladder wall

defect, two of which were confirmed as perforated at sur-

gical inspection. In one of those four patients, the CEUS

study and the CT scan also showed a pericholecystic

abscess, which was the only finding (again confirmed by

both imaging methods) in the fifth patient.(Figs. 1, 2, 3, 5,

7; Table 1).

Discussion

The combination of clinical signs, laboratory tests, and

conventional US usually leads the surgeon to the proper

therapeutic choice in the instance of acute cholecystitis, but

the decision about when a ceCT scan is additionally

required for best management still remains challenging and

debated.

Untreated acute cholecystitis may resolve within

7–10 days, but complications are common.

In patients with acutely complicated cholecystitis, early

cholecystectomy or radiological drainage/cholecystostomy

in patients unfit for surgery is indicated in order to avoid

further local and systemic septic complications [1, 3, 11].

Conversely, in the instance of acute uncomplicated chole-

cystitis, a wait-and-see policy under medical therapy and a

subsequent elective surgical approach is our practice.

Although differentiating complicated from non-compli-

cated cholecystitis remains pivotal in the management of

these patients, achieving such diagnoses remains a chal-

lenging step and more tools would be welcome.

Acute complications of cholecystitis occur in up to 15 %

of cases [11, 12]. Gangrenous cholecystitis is the most

serious stage of gallbladder inflammation, following vas-

cular compromise and gallbladder wall ischemia, eventu-

ally resulting in gallbladder necrosis and perforation. Older

male patients ([50 years old) with a history of cardiovas-

cular diseases or a leukocytosis greater than 17,000 cells/

mm3 have an increased risk of gallbladder gangrene and

conversion of laparoscopic to open cholecystectomy [1,

Fig. 1 Acute gangrenous

cholecystitis in a 68-year-old

woman. On panel b (dual

imaging) CEUS shows a small

defect in the fundus walls (thick

arrow); B-mode US (Panel b,
left) could not identify a

discontinuity, but shows a

vaguely indefinite wall’s border

with echogenic mass inside the

lumen (thin arrow). On panel

c (arterial phase) and d (venous

phase) the same case, observed

with a linear high-frequency

probe (up to 10 MHz) that

markedly increases the ability to

depict the subcentimetric wall’s

discontinuity (small arrow), the

tiny pseudodiverticular image

(13 mm) suspected for being

pericholecystic abscess and the

absence of enhancement of

intraluminal debris. On panel

a the corresponding ceCT scan

image shows the same features.

Asterisks indicate gallstones
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13]. Borzellino et al. [14] recently found four factors to be

independent predictive factors of severe acute cholecystitis

in an emergency setting: fever, distension of the gallblad-

der, wall edema, and preoperative adverse events.

Beside clinical and laboratory findings, timely or

delayed admission play a role in the progression toward

complications of cholecystitis. Patients with mild com-

plaints resulting in a longer duration of symptoms before

admission are found to be associated with gangrenous

cholecystitis [15].

Symptoms of complicated cases, except for obvious

peritonitis or sepsis, are often non-specific. The absence of

severe symptoms is not always a reassuring feature, as the

Murphy’s sign is occasionally reported to be absent, due to

denervation of necrotized walls [16, 17]. An imaging

modality that can suggest or even diagnose potential local

complications, especially at the bedside and eventually

lead to an urgent ceCT scan in doubtful cases, is eagerly

desired. A CT scan is not pursued as a primary imaging

technique for acute gallbladder disease in most countries,

but is often obtained to evaluate for complications of acute

cholecystitis, and it is frequently requested before surgery,

especially in patients with a wider differential diagnosis or

confusing signs/symptoms, to exclude other abdominal

causes. Complications of acute cholecystitis have charac-

teristic CT scan findings, including necrosis, perforation,

abscesses, intraluminal hemorrhage, and wall emphysema.

Defect in the gallbladder mucosa or sloughed intraluminal

membranes suggests gangrene as well as focal transmural

defect in the walls [4, 5].

The CT scan has some limitations, despite its important

role in the detection of complications. The patient has to be

referred to the radiology department; contrast injection is

potentially contraindicated in patients with impaired renal

Fig. 2 A 89-year-old woman with gallbladder perforation. On dual

imaging (panel a, b), real-time CEUS, on the right of each panel,

shows a gross wall’s defect in the gallbladder body (asterisk) in the

arterial phase (26 s, panel a) and early venous phase (36 s, panel b),
which is confirmed on ceCT image (panel c). Pericholecystic

effusion, interruption in the gallbladder walls, and the absence of

enhancement of the echogenic material within the gallbladder lumen

(likely sludge) are clear at CEUS, while B-mode ultrasound (on the

left of each panel) shows little pericholecystic fluid, vaguely defined

gallbladder walls, and an apparently solid echogenic mass within the

gallbladder lumen
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function or hyperthyroidism; because of the administration

of iodine content, it uses ionizing radiations and carries risk

of some adverse allergic reactions.

B-mode US is the first-line imaging modality in patients

with suspected gallbladder disease as this modality is

sensitive and specific for acute cholecystitis, but in com-

plicated cases it is of limited value. In fact it suggests

potential complications on the basis of indirect signs such

as free pericholecystic fluid, marked irregularity of the

luminal surface, or heterogeneous walls with projections

into the lumen [18–20], being the ‘‘hole sign’’ (a defect in

the gallbladder wall) the only specific sign, but identified

with variable and usually low sensitivity [21, 22], as con-

firmed in our cases.

In this setting, an ultrasound contrast agent, made of a

purely blood pool tracer, which allows continuous, real-

time examination of blood flow to organs, overcoming the

limits of color-Doppler examination, is a very promising

tool. The CEUS study is time-saving, allowing an imme-

diate and safe bedside examination. CEUS does not require

any laboratory investigation prior to contrast injection; it is

associated with a rate of adverse events much lower than

iodinated contrast agents and can be performed by clini-

cians immediately at the bedside and not only by radiolo-

gists, as in our case [6, 23]. Additionally, it might be

particularly useful even when a CT scan is readily avail-

able, for those patients who have contraindications to

contrast-enhanced CT scan because of renal failure or

allergy to iodinated contrast media.

Although the CEUS study has been used to evaluate

acute and chronic gallbladder disease, data about its use-

fulness in the detection of inflammatory complications of

acute cholecystitis are sparse [10, 24–30]. Few reports

focus on the diagnostic aid of a CEUS study in the

detection of complicated acute cholecystitis such as gan-

grenous changes or perforation. Tang et al. [7] have

recently described an Asian population with six cases of

complicated cholecystitis in whom the CEUS study clearly

Fig. 3 A 67-year-old man with gallbladder perforation complicating

acute cholecystitis. On panel a CEUS confirms the defect in the

gallbladder wall (asterisk), while on B-mode US gallbladder walls are

vaguely defined and irregularly striated and thickened (image on the

left in the real-time dual imaging with CEUS). CEUS suggests a

walled-off perforation, confirmed by contrast-enhanced CT scan and

surgery

Fig. 4 A 86-year-old woman with perforated gangrenous cholecys-

titis complicated by a pericholecystic abscess. On B-mode US

examination, a pericholecystic mass is hardly visible (left side of

panel a, arrow), while bedside CEUS (panel b and right side of panel

a) depicts the irregular arterial enhancement of the gallbladder walls

along with a pericholecystic mass showing rim-like enhancement

with a non-enhancing central area, consistent with abscess (white

arrow on panel a). Note a tiny focal transmural wall defect (asterisk)

of the gallbladder body on panel b and no enhancement of the

intraluminal debris
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visualized defects in the gallbladder walls or perichole-

cystic abscesses.

Our series reinforce these data and showed that irregu-

larly contrast-enhanced gallbladder walls were consistent

with a pathological diagnosis of gangrenous cholecystitis.

In previous reports, CEUS using SonoVue (Bracco SpA,

Milan, Italy) [31] or Sonazoid (Daiichi Sankyo, Tokyo,

Japan), as contrast agents [32] shows a clear perfusion

defect of the gallbladder wall in all cases of perforated

cholecystitis.

Our data support the conclusions of previous studies

about CT scan in gangrenous cholecystitis, in which an

irregular gallbladder wall enhancement on ceCT scan was

reported to be a specific sign of gangrenous changes,

although it requires meticulous searching [4, 5]. An irreg-

ular contrast enhancement of gallbladder walls showing

tiny focal defects within the inner mucosal layer was

observed in all cases of gangrenous cholecystitis of our

series, irrespective of the additional presence of perfora-

tion. The injection of ultrasound contrast media helped in

clearly depicting the gallbladder wall borders, which

instead on B-mode were irregularly and barely visible in

the majority of cases. Our data are consistent with the

results of ceCT studies that show that the accuracy of CT

scan to discriminate between gangrenous and non-gan-

grenous cholecystitis is improved when patients are studied

after intravenous administration of contrast agents [5]. Our

experience also suggests that a CEUS study might be

accurate in the depiction of a very small irregularity in the

enhancement of gallbladder walls thanks to the real-time

modality and high spatial resolution (especially when high-

frequency transducers can be employed). In our personal

experience, a CEUS study with an high-frequency probe

can better depict very small (few millimiters in size)

inhomogeneous areas in very superficial organs (fundus of

the gallbladder, liver surface, etc.), when the region of

interest is no more than 2–4 cm deep. Our case series also

reinforces the importance of the CEUS scan in the char-

acterization of intraluminal debris or sludge in the gall-

bladder, since CEUS is particularly useful in differentiation

between gallbladder cancer and motionless biliary sludge.

Motionless biliary sludge appears as echogenic solid

material within the gallbladder, which is hard to differen-

tiate from a solid mass by B-mode US alone. The CEUS

study is extremely useful in ruling out the vascularization

of intraluminal gallbladder masses; since biliary sludge

lacks vessels, it is persistently non-enhanced on CEUS [26,

27, 29].

The presence of irregularly thickened or vaguely dis-

cernible walls at B-mode US is the most frequent sign

associated with perfusion defects and pathologically pro-

ven complicated cholecystitis.

In the three cases of suspected uncomplicated acute

cholecystitis at the CEUS study, one of which was patho-

logically proven to have been correctly diagnosed; the

gallbladder walls showed early arterial homogeneous

contrast enhancement of the inner mucosal layer, without

Fig. 5 CEUS of a 68 year old man shows a transmural defect in the

body of the gallbladder (white arrow on panel a), clearly depicted at

subsequent contrast enhanced CT scan (panel b), which also confirmed

the pseudodiverticular mass around the fundus, which did not displayed

typical features of abscess nor at CEUS nor at CT scan. The patient was

diagnosed as phlegmonous cholecystitis at pathology (at surgical

inspection a resection of gallbladder along with gallbladder bed was

performed thus a covered perforation could not be macroscopically

confirmed)

Fig. 6 A 56-year-old man with perforated cholecystitis complicated

by pericholecystic biliary collection. On dual imaging, the B-mode

US (left frame) shows cholecystic walls with progressive thinning

toward the fundus (asterisk), without any clear interruption. On CEUS

examination (right), gallbladder walls are totally non-enhanced,

hence likely necrotic and leaky
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perfusion defects within gallbladder mucosa, followed by

progressive wash out in the late phase, compared with liver

parenchyma. The two non-operated cases were then dis-

charged without further complications after 16 and 8 days

of hospitalization, respectively. These findings are in

keeping with the data from literature showing early arterial

contrast enhancement with a late phase wash out, while

adjacent liver parenchyma is still enhanced as far as portal-

early venous phases are ongoing in patients with acute

uncomplicated cholecystitis [26, 30].

Despite the small sample size, we observed a full con-

cordance between the CEUS study and CT scan either for

the depiction of irregular or discontinuous contrast

enhancement of gallbladder walls and the presence of

pericholecystic abscesses. We emphasize that in our cases,

some B-mode US findings previously reported to be sug-

gestive of complicated cholecystitis, such as collection of

pericholecystic fluid, were present in only three patients out

of eight. Worrisome B-mode US findings raising the pos-

sibility of the walls’ lack of integrity are an irregularly

thickened wall (all cases), and vanishing or vaguely defined

walls, in 7 out of 8 patients. Other B-mode aspects found in

our complicated cases are intraluminal debris (7 out of 8)

and hydrops (7 out of 8). However, these signs can also be

found in uncomplicated cases. Only in three cases did

B-mode US suggest a potential pericholecystic abscess.

The main limitations of our work are the limited sample

size, the retrospective collection of cases, and the variable

time between CEUS and surgery (median time 4 days,

ranging between 1 and 13 days) that could have allowed

for a series of confounding factors (s.a. antibiotic therapy)

to influence the natural history of the disease.

Fig. 7 A 48-year-old woman with ulcerative cholecystitis and

pericholecystic abscess. Panel a dual imaging with B-mode US (left

side) and CEUS (right side), during arterial phase. Note a perichole-

cystic abscess around the gallbladder fundus, appearing as a rim-like

contrast-enhancing heterogeneous mass with non-enhanced central

areas (asterisk) and enhanced septa. On panel b, corresponding

contrast-enhanced CT scan confirms a pericholecystic abscess. The

echogenic mass inside the gallbladder is persistently non-enhanced on

CEUS (arrows), which was confirmed to be intraluminal sludge

Fig. 8 Panel a an 82-year-old woman with pathologically confirmed

phlegmonous cholecystitis complicated by perivisceritis. On B-mode

US (left) vaguely discernible walls, with irregular thickening. On

CEUS examination (right, here shown venous phase), the irregular

enhancement of gallbladder walls became clearer, showing tiny

persistently unenhanced (hence necrotic) areas within the inner layer

of the walls (thick arrows). Panel b CEUS of non-complicated acute

cholecystitis, showing homogeneous arterial enhancement of the

inner mucosal layer (thin arrow)
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The limited sample size is partially related to the need to

obtain a gold reference standard such as histology. Indeed,

in the absence of the histological gold standard, it is not

possible to definitively classify CEUS patterns as false

negative or false positive; thus, this initial report had to be

limited to only patients who had undergone the reference

standard. Clearly, following this choice, the included

patients may represent only a percentage of the total

number of patients with theoretical complicated cholecys-

titis treated during the period of cases collections. How-

ever, we point out that the CEUS study was performed only

for moderate–severe cases and not in all cases of mild

cholecystitis, which are the most frequent cases in real life

in a Unit of Internal Medicine since data from studies

report gangrenous cholecystitis in about 30 % of patients

who undergo urgent surgery for acute cholecystitis [14,

15]. Since symptoms of gangrenous cholecystitis may be

mild especially in older patients or with diabetes, it could

be argued that many more cases with a CEUS pattern of

complicated disease could have been collected if we would

have performed a CEUS study in all the consecutive

patients with acute cholecystitis referred to our hospital.

Since it is not a standard approach yet, possibly only the

most ill patients were imaged, and a prospective larger

study is needed before a CEUS study should be included in

the algorithm of complicated cholecystitis. Moreover, most

patients with a suspicion of complicated cholecystitis have

been likely directly admitted to the Emergency or Surgical

Units rather than to our Unit of Internal Medicine, and

CEUS is not yet routinely performed in those Units.

In conclusion, early identification of gangrenous or

perforated cholecystitis is highly desirable in order to aid

the surgeon to plan a timely treatment, but remains a

challenging preoperative diagnosis, as no symptoms, lab-

oratory findings, or B-mode sonographic findings are

accurate enough. The findings of the present work in a

Western population may stimulate physicians to consider

the use of CEUS, if available at their facility, to help to

quickly identify or to monitor cases of suspected compli-

cated acute cholecystitis. This is of particular value in

consideration of the extreme safety, low cost, and potential

of bedside use of CEUS.
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