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Endoscopic ultrasonography (EUS) was introduced in 1980 and has developed
considerably in the past 30 years. Primarily useful for the detection and staging of
gastrointestinal cancers, EUS is now established as an important diagnostic modality
that is necessary for the optimal management of gastrointestinal disease. EUS and
magnetic resonance cholangiopancreatography (MRCP) have been largely
responsible for the diminishing role of diagnostic endoscopic retrograde cholangio-
pancreatography (ERCP). EUS has become an essential tool for the complete
pancreaticobiliary endoscopist.

EUS is an accurate modality for imaging gallbladder structures because of the close
proximity of the duodenum to the gallbladder and extrahepatic biliary tree (Fig. 1). EUS
is considered superior to transabdominal ultrasonography (US) for imaging the biliary
system, using higher ultrasound frequencies (5–12 MHz vs 2–5 MHz).1 EUS can differ-
entiate the double-layered structure of the gallbladder wall and provide higher resolu-
tion for imaging small polypoid lesions. Both types of echoendoscopes, radial and
linear (transverse and longitudinal imaging, respectively), can be used to image the
biliary tree. In addition to imaging, EUS-guided needle puncture using the linear instru-
ment enables transluminal aspiration of tissue for diagnosis and provides direct
access to the biliary tree for therapeutic interventions. The development of intraductal
ultrasonography (IDUS) miniprobes has further advanced the study of pancreaticobili-
ary tree disorders.

Clinical situations in which EUS can be used for evaluation of gallbladder disease
include investigation of suspected cholelithiasis or biliary sludge, evaluation of
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Fig. 1. Endosonographic image obtained from the duodenal bulb showing the close
proximity of the gallbladder and common bile duct to the duodenal wall.
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suspected choledocholithiasis, imaging of polypoid lesions of the gallbladder, and
diagnosis and staging of gallbladder cancer. This article reviews the use of EUS in
these settings.
EUS INSTRUMENTS

The currently available instruments for biliary imaging with EUS include radial and
linear echoendoscopes and catheter-based IDUS probes. There are 2 types of
echoendoscopes, denoted radial or linear based on the piezoelectric crystals that
generate the EUS image.2 In EUS, ultrasound pulses are generated by a transducer
containing a piezoelectric crystal that converts an electronic pulse into an acoustic
wave that propagates into the tissue. The same transducer then detects returning
acoustic waves that contain information about the tissue through which the waves
have propagated.3 In a radial echoendoscope, the crystals are arranged in a band
around the shaft of the endoscope, perpendicular to the long axis of the instrument,
generating a cross-sectional image (Fig. 2). Radial scanning instruments provide
detailed circumferential images, making them useful for orientation, and electronic
radial instruments with Doppler capabilities help distinguish small vessels from ducts
and improve vascular staging. In a linear echoendoscope, the crystals are arranged
along one side of the endoscope’s tip, generating a longitudinal image parallel to
Fig. 2. The electronic radial echoendoscope (Olympus GF-UE 160).
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the long axis of the instrument. Only the linear echoendoscope can be used to guide
fine-needle puncture. The ability of the linear echoendoscope to provide scanning in
the same plane as the instrument’s shaft allows the endoscopist to trace the path
of a needle as it is inserted out of the working channel of the echoendoscope
(Fig. 3). Hence, a linear echoendoscope can be used for diagnostic evaluation and
to facilitate interventional EUS, such as EUS-guided fine-needle aspiration, EUS-
guided injection therapies, and EUS-guided drainage procedures. The availability of
high-frequency catheter ultrasound probes allows imaging from within the biliary
tree. IDUS probes are placed during ERCP, most often over a guide wire, and can
be advanced into the common bile duct, hilar region, intrahepatic ducts, gallbladder,
and across biliary strictures.
EUS TECHNIQUE

Endoscopic expertise using a duodenoscope (radial and linear echoendoscopes are
primarily oblique viewing) and a detailed understanding of the regional cross-sectional
anatomy are essential to obtain and interpret EUS images of the biliary tree. The
optimal position for imaging the gallbladder is variable. The gallbladder is most
commonly and easily imaged from the duodenal bulb but may also be imaged from
the antrum or descending duodenum. EUS imaging is usually commenced in the
duodenal bulb with the echoendoscope in the long position, with the endoscope
advanced to the superior angle of the duodenal bulb and the tip deflected downward.
To image the body, fundus, and neck of the gallbladder, the transducer is moved
slowly along the course of the gallbladder using torque and tip deflection as needed.1

The normal gallbladder appears as a large fluid-filled (anechoic) structure with a thin,
layered wall (Fig. 4). With the echoendoscope in the same position, the common bile
duct and common hepatic duct are seen in their long axis alongside and superficial to
the portal vein (Fig. 5). When it is dilated, the bile duct is often readily recognized. If
Doppler is available, it can be used to confirm bile duct identification and distinguish
Fig. 3. The linear array echoendoscope (Olympus GF-UC-140P AL5) with needle in accessory
channel.
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Fig. 4. Endosonographic image of a normal gallbladder from the duodenal bulb. The
gallbladder appears as an anechoic (fluid-filled) structure with a thin layered wall.
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the duct from vessels such as the portal vein or gastroduodenal artery. Imaging is then
continued with the echoendoscope in the short position at the level of the papilla,
similar to the endoscope position when performing ERCP. In this position, the bile
duct is identified at the periampullary portion of the pancreas and followed proximally
to the level of the bifurcation and gallbladder.
EUS AND OCCULT CHOLECYSTOLITHIASIS OR MICROLITHIASIS

Gallstone disease is common in the United States, with a prevalence of approximately
10% to 15% among adults.4 The gold standard for evaluation for gallbladder stones is
transabdominal US, which has been shown to have a sensitivity of 98% for the detec-
tion of cholecystolithiasis.5 However, US may miss gallstones in some patients, partic-
ularly those with small gallstones, and a high clinical suspicion for cholelithiasis may
Fig. 5. Transluminal view from the duodenal bulb of the common bile and common hepatic
ducts (vertical arrows). The cystic duct takeoff is visualized (horizontal arrow).
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make additional studies warranted. Given its higher-frequency resolution and the
closer proximity of the echoendoscope to the biliary system compared with US,
EUS can be used to evaluate for occult cholecystolithiasis among patients in whom
gallbladder stones are suspected but cannot be confirmed after US (Fig. 6).

The performance of EUS in the diagnosis of occult cholelithiasis was evaluated by
Dahan and colleagues.6 They prospectively studied 45 patients with acute idiopathic
pancreatitis (n 5 25) or transient biliary-type pain associated with fever, jaundice, and
increased liver enzymes (n 5 20). All patients previously had at least 2 normal trans-
abdominal US scans. EUS showed gallbladder stones or sludge in 26 of the 45
patients, with the diagnosis of macrolithiasis or microlithiasis confirmed at cholecys-
tectomy in 23 of the 26. Among the 19 patients in whom EUS did not suggest chole-
lithiasis, 7 underwent cholecystectomy for other reasons, and the others were
followed clinically; only 1 patient was subsequently diagnosed with cholelithiasis.
EUS therefore had a sensitivity of 96% for detection of occult cholelithiasis (94% for
Fig. 6. EUS images of a patient with suspected biliary colic but negative transabdominal US.
(Top) The gallbladder containing a single mobile echogenic structure with posterior
shadowing. (Bottom) Numerous small echogenic shadowing foci consistent with stones.

cargado para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Robinson O’Neill & Saunders294

 Descargad
 uso person
macroscopically visible stones) and a specificity of 86%. This result compared with
a sensitivity of 67% for the microscopic examination of duodenal bile from the
same patients (P<.03).

Liu and colleagues7 performed EUS in 18 patients with acute pancreatitis in
whom no cause was identified after history, laboratory evaluation, and conven-
tional abdominal imaging. Of these patients, all had undergone at least 1 US, 9
had multiple US, and 6 had also been evaluated with computed tomography
(CT); each of these imaging studies had failed to detect biliary calculi. EUS
revealed small gallstones in 14 of the 18 patients (78%); 10 of these 14 also
had gallbladder sludge (Fig. 7), and 3 had concomitant choledocholithiasis. The
diagnosis of cholelithiasis was confirmed at cholecystectomy in all 14 patients.
The 4 patients without cholelithiasis by EUS remained free of gallstone disease
as determined by laboratory, clinical, and US follow-up for a median of 22 months.
Similar results were obtained by Thorbøll and colleagues,8 who evaluated 35
consecutive patients with biliary colic who had undergone at least 1 (mean 5
2.1) normal US. EUS showed cholecystolithiasis in 18 of the 35 (52%). Seventeen
of these patients underwent cholecystectomy, which confirmed the presence of
stones in the gallbladder in 15 of 17 (88%).
EUS AND CHOLEDOCHOLITHIASIS

Choledocholithiasis is a frequent complication of gallstone disease, occurring in 15%
to 20% of patients with symptomatic cholelithiasis.9 Historically, ERCP has been
considered the gold standard for the diagnosis of common bile duct stones. However,
ERCP is an invasive procedure that is associated with a small, but not insignificant,
risk of serious complications such as pancreatitis, cholangitis, perforation, and hemor-
rhage,10 and thus should ideally be reserved for patients with proven common bile
duct stones who require endoscopic therapy. It is therefore important to use initial
safe, noninvasive diagnostic modalities for choledocholithiasis to select appropriate
patients for ERCP.

In recent years, EUS has emerged as a minimally invasive procedure that is useful
for the diagnosis of common bile duct stones (Fig. 8). Several studies have been per-
formed to compare the performance of EUS with those of conventional imaging tech-
niques such as US and CT, as well as a newer modality, MRCP. The performance of
EUS has also been compared with ERCP. In addition, several groups have recently
Fig. 7. Linear EUS image of gallbladder sludge, seen as minute, echogenic, nonshadowing
particles layering in the dependent part of the gallbladder.

o para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
al exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Fig. 8. Transluminal view of the common bile duct with a stone, seen as an echogenic focus
with posterior shadowing. The gallbladder is visualized adjacent and superior to the bile
duct.
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proposed and studied an EUS-guided ERCP approach for diagnosis of choledocho-
lithiasis among patients with intermediate probability of common duct stones.

Transabdominal US is routinely used for the diagnosis of cholelithiasis, but it is not
sensitive in the detection of common bile duct stones. In a prospective series of 155
patients with suspected choledocholithiasis, 51 of whom had common duct stones at
ERCP that were later confirmed by sphincterotomy or surgery, Sugiyama and Atomi11

found that EUS had a higher sensitivity (96%) than US (63%) for detection of choledo-
cholithiasis (P<.001). The specificity and accuracy of EUS (100% and 99%, respec-
tively) for common duct stones were also significantly higher than those of US (95%
and 83%). The extrahepatic bile duct was wholly displayed in 96% of patients by
EUS but in only 60% by US (P<.0001). Amouyal and colleagues12 obtained similar
results when they evaluated 62 consecutive patients with suspected common bile
duct stones. They found that EUS was more sensitive (97%) than US (25%,
P<.0001) and had a significantly higher negative predictive value (97% vs 56%;
P<.0001). Specificity and positive predictive value of the 2 modalities were not
significantly different.

The sensitivity of CT for common duct stones, although higher than that of US, is
lower than the sensitivity of EUS. Earlier studies11,12 performed before helical CT scan-
ning was widely available, found that CT had a sensitivity for detection of common bile
duct stones ranging from 71% to 75%. More recent investigations have found
improved test performance using helical CT, albeit not equal to that of EUS. In
a prospective study of 52 inpatients referred for ERCP for suspected choledocholithia-
sis, Polkowski and colleagues13 compared the performance of EUS with helical CT.
Thirty-four of the 50 patients (68%) who underwent successful ERCP (which was
considered the gold standard) were shown to have bile duct stones. The sensitivity,
specificity, and accuracy of EUS (91%, 100%, and 94%, respectively) were higher
than those of CT (85%, 88%, and 86%), but these differences were not statistically
significant. Likewise, Kondo and colleagues14 evaluated the performance of EUS
versus helical CT in 28 patients considered likely to have common bile duct stones.
Twenty-four of the 28 patients (85.7%) were found to have choledocholithiasis using
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a combination of ERCP and intraductal US, which was considered the gold standard.
The sensitivity of EUS (100%) was higher than that of helical CT (88%). Among patients
with small (1–4 mm) common duct stones, sensitivity of EUS remained 100%, whereas
sensitivity of CT fell to 67%. The investigators concluded that, when immediate
diagnosis and treatment are required, EUS should be the first-choice study because
of its improved sensitivity for small stones.

MRCP, as a noninvasive and increasingly available study, has been advocated as an
alternative to EUS for the evaluation of choledocholithiasis, particularly among
patients with low to intermediate probability of common bile duct stones. Schmidt
and colleagues15 prospectively evaluated 57 patients with suspected choledocholi-
thiasis using MRCP and EUS. If either study detected choledocholithiasis or unex-
plained common bile duct dilation, ERCP or intraoperative cholangiography was
considered the gold standard for final diagnosis. Among patients with negative EUS
and MRCP, the gold standard was clinical follow-up. Common bile duct stones
were found in 18 of the 57 patients (31.6%) and confirmed by ERCP in 17 patients
and by intraoperative cholangiography in 1 patient. Sensitivity, specificity, and accu-
racy for MRCP were 94.8%, 94.4%, and 94.7%, respectively. Corresponding values
for EUS, which were not statistically different, were 97.4%, 94.4%, and 96.5%. A
systematic review16 of 5 prospective studies comparing EUS and MRCP, with a pooled
data set of 301 patients, yielded similar results. The aggregated sensitivities of EUS
and MRCP for the detection of choledocholithiasis were 93% and 85%, respectively,
and their aggregated specificities were 96% and 93%. The aggregated positive
predictive values were 93% and 87%, with negative predictive values of 96% and
92%. The systematic review showed no statistically significant differences between
EUS and MRCP for the detection of choledocholithiasis.

Several studies17–21 have compared the performance of EUS with ERCP in the
detection of common duct stones, and most have failed to find a significant difference
in test performance between the 2 procedures. Palazzo and colleagues17 retrospec-
tively evaluated 219 patients who had undergone EUS and ERCP for evaluation of sus-
pected choledocholithiasis. Common bile duct stones were detected by ERCP in 77
patients, and, in all of these cases, stones were also diagnosed by EUS. In 19 patients,
choledocholithiasis was diagnosed by EUS but not confirmed by ERCP, and EUS and
ERCP failed to diagnose common duct stones in 1 patient later found to have chole-
docholithiasis during surgical exploration. EUS and ERCP findings were therefore
concordant in 91.3% of cases. In a prospective study, Prat and colleagues18 evalu-
ated 119 patients strongly suspected of choledocholithiasis, and performed EUS
and ERCP. Endoscopic sphincterotomy with basket and balloon exploration of the
common bile duct was considered the gold standard for diagnosis of choledocholi-
thiasis and was performed in all but 1 case; 78 (66%) of the patients were found to
have common bile duct stones at sphincterotomy. The findings at ERCP and EUS
were concordant in 95% of cases. The sensitivity, specificity, positive predictive value,
and negative predictive value of EUS were 93%, 97%, 98%, and 88%, respectively.
These values were not significantly different than those for ERCP (89%, 100%,
100%, and 83%).

Given the comparable test performances of EUS and ERCP, and the risk of
morbidity associated with ERCP, a strategy has been proposed in which EUS is
used as the initial diagnostic test before ERCP, particularly for patients with interme-
diate or lower probability of common bile duct stones. Several recent randomized
controlled trials22–25 have evaluated this approach. Karakan and colleagues22

randomized 120 patients with an intermediate risk for choledocholithiasis (baseline
probability of bile duct stones no more than 67%) in a 1:1 fashion to EUS or ERCP
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as their initial study. Those who underwent EUS first (the EUS-guided ERCP group)
proceeded to ERCP only if choledocholithiasis was detected on EUS, and sphincter-
otomy and stone extraction were performed if either procedure showed common duct
stones. Among patients in the ERCP group, sphincterotomy and stone extraction were
performed if the cholangiogram revealed choledocholithiasis. There was a trend for an
increased number of endoscopic procedures in the ERCP group (mean 1.63 proce-
dures per patient) compared with the EUS-guided ERCP group (mean 1.38 proce-
dures per patient), although this difference was not statistically significant. There
was also a trend for an increased rate of complications in the ERCP group (10%)
compared with the EUS-guided ERCP group (1.7%; P 5 .06), and Kaplan-Meier anal-
ysis showed a significantly higher rate of negative outcomes in the ERCP group (P 5
.049). Polkowski and colleagues,23 in a study of similar design, randomized 100
patients with intermediate probability of common bile duct stones to EUS or ERCP
first. They found no significant difference in the number of procedures performed in
the EUS-guided ERCP versus ERCP groups (1.42 and 1.31 procedures per patient,
respectively), but more patients in the ERCP group (40%) than the EUS-guided
ERCP group (10%; P<.001) experienced a negative outcome. A recent systematic
review26 that included 423 patients from the Polkowski and Karakan studies as well
as 2 other randomized controlled trials, showed that the EUS-guided ERCP approach
avoided ERCP in 67% of patients when EUS did not show choledocholithiasis. The
risk of undergoing an additional endoscopic procedure was higher in the EUS-guided
ERCP group (risk ratio [RR] 2.46, P 5 .004). The EUS-guided ERCP approach was also
associated with a significantly lower risk of overall complications (complication rate
6.6% vs 19%; RR 0.35; P<.001) and post-ERCP pancreatitis (RR 0.21, P 5 .03).

EUS AND POLYPOID LESIONS OF THE GALLBLADDER

Polypoid lesions of the gallbladder are common, being found in 3% to 7% of healthy
subjects undergoing US.27,28 On US, these masses have echogenicity similar to the
gallbladder wall, project into the lumen, are fixed, and lack an acoustic shadow
(Fig. 9).29 Most polypoid gallbladder lesions are cholesterol polyps, which appear
Fig. 9. EUS image of a gallbladder polyp, seen as a small echogenic, nonshadowing, nonmo-
bile structure adherent to the gallbladder wall. The findings are consistent with a small
cholesterol polyp.
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as pedunculated lesions with a granular surface and an internal echo pattern of a tiny
echogenic spot or spots, sometimes with echopenic areas. In 1 large series,30 choles-
terol polyps accounted for 62.8% of gallbladder polyps. Other polypoid lesions
include adenomyomatosis, adenoma, and adenocarcinoma. Adenomyomatoses are
sessile echogenic masses containing multiple microcysts or with a comet tail artifact.
Adenocarcinomas, which account for 3% to 8% of polypoid gallbladder lesions,29 and
adenomas are sessile or pedunculated masses with a hypoechoic to isoechoic
internal echo and without echogenic spots, microcysts, or comet tail artifact. Risk
factors for malignant polypoid lesions include older patient age, solitary lesions,
coexistent gallstones, and presence of symptoms.29

Current recommendations for the management of gallbladder polyps are based
largely on polyp size. The risk of adenocarcinoma is higher in polyps larger than 1
cm, particularly among patients more than 50 years of age, so these patients should
undergo cholecystectomy, as should those with symptomatic gallbladder polyps.29

Smaller, asymptomatic lesions can be followed with serial US. EUS can be helpful
to further distinguish benign from malignant or potentially malignant gallbladder
polyps, and is superior to transabdominal US for this purpose. Sugiyama and
colleagues31 performed a retrospective analysis of 65 patients who underwent chole-
cystectomy for small (%20 mm) polypoid lesions of the gallbladder, comparing preop-
erative EUS and US findings with the eventual pathologic diagnoses. Lesions were
classified as cholesterol polyps, adenomyomatoses, or adenoma/adenocarcinoma.
EUS correctly identified the polypoid lesions in 97% of patients, versus 71% for US
(P<.0001). A second retrospective study by Azuma and colleagues,32 which reviewed
89 patients with gallbladder polyps less than 20 mm in size who underwent EUS and
US before surgery, found that EUS precisely diagnosed the lesions in 86.5% of cases,
compared with 51.7% for US. In determining whether or not the polyp was carcinoma,
the sensitivity, specificity, positive predictive value, and negative predictive value of
EUS were 91.7%, 87.7%, 75.9%, and 96.6%, respectively. US had a specificity of
54.2%, sensitivity of 53.8%, and positive and negative predictive values of 54.2%
and 94.6%; all of these values were lower than those for EUS. The investigators
suggested that US diagnosis and continued ultrasonographic surveillance are likely
sufficient for polyps less than 10 mm in size that are diagnosed as cholesterol polyps,
but EUS should be considered for evaluation of all other lesions.

To further aid in differential diagnosis and management decisions, 2 groups have
devised EUS scoring systems for evaluation of polypoid gallbladder lesions. Choi
and colleagues33 used preoperative EUS data from a reference group of 79 patients
with gallbladder polyps 5 to 15 mm in diameter to construct an EUS scoring system
to predict risk of neoplasia (adenoma or adenocarcinoma). Their scoring system
(Table 1) uses 5 variables: the layer structure of the gallbladder wall, the echo pattern
of the polyp, the nature of the polyp margin, the presence or absence of a stalk, and
the number of polyps. The areas under the receiver operating characteristic curves
were 0.91 for an EUS score of more than 6, versus 0.63 for polyp size more than 10
mm (P<.01). Sensitivity, specificity, and accuracy for the risk of neoplastic polyp using
a cutoff EUS score of 6 were 81%, 86%, and 83.7%, respectively, compared with
60%, 64%, and 62.7% using polyp size alone and a 10-mm cutoff diameter. Evalua-
tion of the scoring system in a validation group of 26 patients yielded comparable
results. A second group, Sadamoto and colleagues,34 created a similar EUS scoring
system (Table 2) using only 3 variables: maximum polyp diameter, internal echo
pattern, and presence or absence of hyperechoic spots. Using a cutoff EUS score
of 12, the sensitivity, specificity, and accuracy for the risk of neoplasia were 77.8%,
82.7%, and 82.9%, respectively. If size alone was considered, the sensitivity,
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Table 1
EUS scoring system to predict neoplastic gallbladder polyps

Variable Score

Layer structure of gallbladder wall

Preserved 0

Lost 6

Echo pattern of polyp

Hyperechoic spots 0

Hyperechoic homogeneous 1

Isoechoic homogeneous 2

Isoechoic heterogeneous 5

Margin of polyp

Not lobulated 0

Lobulated 4

Stalk

Pedunculated 0

Sessile 3

Number of polyps

Multiple 0

Single 2

Data from Choi WB, Lee SK, Kim MH, et al. A new strategy to predict the neoplastic polyps of the
gallbladder based on a scoring system using EUS. Gastrointest Endosc 2000;52(3):376; with
permission.
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specificity, and accuracy for the risk of a neoplastic polyp 11 mm or more in diameter
were 83.3%, 65.3%, and 70.0%, respectively.

Once a gallbladder polyp or mass has been identified, EUS can also be used to
perform fine-needle aspiration (FNA) to obtain a histologic diagnosis. Historically,
the diagnosis of gallbladder carcinoma has been established by percutaneous
Table 2
EUS scoring system to predict neoplastic gallbladder polyps

Variable Score

Maximum polyp diameter, mm

X X

Internal echo pattern

Heterogeneous 4

Homogeneous 0

Hyperechoic spot(s)

Presence �5

Absence 0

Total score 5 maximum polyp size 1 internal echo pattern (heterogeneous 4, homogeneous 0) 1
hyperechoic spots (present �5, absent 0).

Data from Sadamoto Y, Oda S, Tanaka M, et al. A useful approach to the differential diagnosis of
small polypoid lesions of the gallbladder, using an endoscopic ultrasound scoring system. Endos-
copy 2002;34(12):963; with permission.
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US-guided or CT-guided biopsy. However, percutaneous FNA is associated with
minor abdominal pain in 4.5% of cases35 and bile peritonitis in 1% to 6%.35,36 Two
small case series suggest that EUS-guided FNA of gallbladder masses is safe and
can provide a definitive diagnosis (Fig. 10). Jacobson and colleagues37 reported on
6 cases in which EUS-FNA was performed for suspected gallbladder masses initially
found by CT and ranging from less than 2 to more than 10 cm in size. FNA of the mass
was performed in all 6 cases, and regional lymph nodes were also sampled in 5. The
final diagnosis was gallbladder carcinoma in 5 cases and xanthogranulomatous chole-
cystitis in 1. Of the 5 confirmed cases of gallbladder carcinoma, FNA of the gallbladder
mass yielded a specimen positive for malignancy in 3 and suspicious for carcinoma in
1. In the latter case, FNA of a regional lymph node established the diagnosis of carci-
noma. FNA was negative for malignancy in 1 case of proven carcinoma. No immediate
or delayed complications were noted, and operative findings in the 4 patients who
underwent surgery suggested no bleeding, perforation, bile leakage, or other compli-
cations related to the FNA. In a second series38 of 6 patients who underwent EUS-FNA
of gallbladder masses ranging in size from 1.8 to 7.4 cm, all 5 patients with adenocar-
cinoma had FNA positive for malignancy. In 4 cases, FNA of the mass itself was posi-
tive; in the other case, aspiration of the mass was not possible but FNA of a hilar lymph
node revealed adenocarcinoma. There were no immediate or late complications.

EUS AND GALLBLADDER CARCINOMA

Gallbladder carcinoma is an uncommon disease. It is estimated that approximately 9760
cases of gallbladder and other biliary tract cancers were diagnosed in the United States
in 2009 and that these were responsible for 3370 deaths.39 Because the signs and symp-
toms of gallbladder carcinoma (including abdominal pain, nausea, vomiting, weight loss,
and anorexia) are nonspecific, the disease is often diagnosed at an advanced stage and
is associated with a high mortality.40 Accurate preoperative staging (Box 1) of gall-
bladder carcinoma is crucial, because staging determines the operative approach,41

and depth of invasion (T stage) closely correlates with prognosis.42 Because EUS allows
detailed visualization of the layers of the gallbladder wall, there has been interest in using
EUS for preoperative staging of gallbladder carcinoma.
Fig. 10. FNA of a mass adjacent to the gallbladder.
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Box 1

TNM staging of gallbladder carcinoma

Primary tumor (T)

TX, Primary tumor cannot be assessed

T0, No evidence of primary tumor

Tis, Carcinoma in situ

T1, Tumor invades lamina propria or muscle layer

T1a, Tumor invades lamina propria

T1b, Tumor invades muscle layer

T2, Tumor invades perimuscular connective tissue; no extension beyond serosa or into liver

T3, Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver
and/or one other adjacent organ or structure, such as the stomach, duodenum, colon,
pancreas, omentum, or extrahepatic bile ducts

T4, Tumor invades main portal vein or hepatic artery or invades two or more extrahepatic
organs or structures

Regional lymph nodes (N)

NX, Regional lymph nodes cannot be assessed

N0, No regional lymph node metastasis

N1, Metastases to nodes along the cystic duct, common bile duct, hepatic artery, and/or
portal vein

N2, Metastases to periaortic, pericaval, superior mesenteric artery, and/or celiac artery
lymph nodes

Distant metastasis (M)

M0, No distant metastasis

M1, Distant metastasis

From American Joint Committee on Cancer. AJCC Cancer Staging Manual. 7th ed. New York:
Springer; 2010; with permission.
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Fujita and colleagues43 proposed EUS criteria for T staging of gallbladder cancer
(Table 3). They retrospectively reviewed the records of 39 patients who had under-
gone EUS and surgical resection for gallbladder cancer and divided their EUS images
into 4 types. Type A tumors are pedunculated, with a fine nodular surface, and the gall-
bladder wall has preserved outer hyperechoic and inner hypoechoic layers. Type B
tumors are broad-based masses or areas of wall thickening, again associated with
a normal gallbladder wall structure. Type C tumors are broad-based lesions that cause
irregularity of the outer hyperechoic layer of the gallbladder wall, whereas type D
tumors disrupt the entire layer structure of the gallbladder wall. After classifying the
EUS images into these categories, they then correlated the endosonographic types
with histologic depth of invasion. All type A tumors were confined to the mucosa
(pTis), and type B lesions invaded varying depths between the mucosa and subserosa
(pT1–2). Type C tumors invaded the subserosa or beyond (mainly pT2), and type D
tumors invaded beyond the serosa (pT3–4).

To assess the accuracy of these EUS T staging criteria, Sadamoto and colleagues44

retrospectively analyzed EUS and histopathologic findings in 41 patients with
cargado para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Table 3
EUS classification of gallbladder cancer

Type Shape Surface Outer Hyperechoic Layer

A Pedunculated Nodular Intact

B Broad-based protrusion or wall thickening Irregular Intact

C Broad-based protrusion or wall thickening Irregular Irregular

D Broad-based protrusion or wall thickening Irregular Disrupted

Data from Fujita N, Noda Y, Kobayashi G, et al. Diagnosis of the depth of invasion of gallbladder
carcinoma by EUS. Gastrointest Endosc 1999;50(5):660; with permission.
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surgically resected gallbladder cancer who had undergone preoperative EUS. They
found that all type A tumors were confined to the mucosa, 84.6% of the type C tumors
invaded the subserosa, and 85.7% of the type D lesions invaded the serosa or
beyond. Similar to the findings of Fujita and colleagues,43 the type B tumors exhibited
varying depths of invasion. When type A tumors were considered to correspond to
pTis, type B to pT1, type C to pT2, and type D to pT3-4, the accuracies of the EUS
criteria for T staging were 100%, 75.6%, 85.3%, and 92.7%, respectively.

These findings should be confirmed with prospective studies, but the performance
of EUS seems to be similar to that of multidetector CT (MDCT), which has been shown
to have an accuracy of 83.9% for determining the local extent of gallbladder carci-
noma.45 The performance of EUS for T staging of gallbladder cancer is also similar
to that of high resolution transabdominal ultrasonography (HRUS). A recent prospec-
tive study by Jang and colleagues46 evaluated 144 patients with polypoid gallbladder
lesions greater than 1 cm in size but without definite local invasion into an adjacent
organ. Twenty-seven of these patients were ultimately found to have adenocarcinoma
of the gallbladder. All underwent preoperative HRUS, MDCT, and EUS, and these
findings were compared with operative and histopathologic findings. There was no
significant difference between the diagnostic accuracy of EUS (55.5%) and those of
MDCT and HRUS (44.4% and 62.9%, respectively).
SUMMARY

EUS is an important addition to our armamentarium of endoscopic tools for the eval-
uation of gallbladder disease. EUS can effectively identify patients with occult
cholelithiasis and gallbladder sludge, and is sensitive for the evaluation of choledocho-
lithiasis; it is particularly helpful in determining which patients with intermediate prob-
ability of common duct stones should go on to ERCP. Polypoid lesions of the
gallbladder can be accurately classified by EUS, which can also be safely used to
perform FNA to provide a histologic diagnosis. EUS staging of gallbladder carcinoma
can help guide therapy and predict prognosis. With the recent introduction of technol-
ogies such as intraductal US and interventional EUS, the future will likely bring further
expansion of the role of EUS in the evaluation and management of diseases of the gall-
bladder and biliary tract.
REFERENCES

1. Stevens P, Eswaran S. Endoscopic ultrasound for biliary disease. In: Gress F,
Savides T, editors. Endoscopic ultrasonography. 2nd edition. Chichester, West
Sussex (UK): Wiley-Blackwell; 2009. p. 151–9.
o para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
al exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Endoscopic Ultrasonography of the Gallbladder 303

 Des
 uso 
2. Jacobson BC. EUS instruments, room setup, and assistants. In: Gress F,
Savides T, editors. Endoscopic ultrasonography. 2nd edition. Wiley-Blackwell;
2009. p. 15–22.

3. Hwang JH, Kimmey MB. Basic principles and fundamentals of EUS imaging. In:
Gress F, Savides T, editors. Endoscopic ultrasonography. 2nd edition.
Wiley-Blackwell; 2009. p. 5–14.

4. Shaffer EA. Gallstone disease: epidemiology of gallbladder stone disease. Best
Pract Res Clin Gastroenterol 2006;20(6):981–96.

5. Cooperberg PL, Burhenne HJ. Real-time ultrasonography. Diagnostic tech-
nique of choice in calculous gallbladder disease. N Engl J Med 1980;
302(23):1277–9.

6. Dahan P, Andant C, Levy P, et al. Prospective evaluation of endoscopic ultraso-
nography and microscopic examination of duodenal bile in the diagnosis of
cholecystolithiasis in 45 patients with normal conventional ultrasonography. Gut
1996;38(2):277–81.

7. Liu CL, Lo CM, Chan JK, et al. EUS for detection of occult cholelithiasis in patients
with idiopathic pancreatitis. Gastrointest Endosc 2000;51(1):28–32.

8. Thorbøll J, Vilmann P, Jacobsen B, et al. Endoscopic ultrasonography in detec-
tion of cholelithiasis in patients with biliary pain and negative transabdominal
ultrasonography. Scand J Gastroenterol 2004;39(3):267–9.

9. Hermann RE. The spectrum of biliary stone disease. Am J Surg 1989;158(3):
171–3.

10. Andriulli A, Loperfido S, Napolitano G, et al. Incidence rates of post-ERCP
complications: a systematic survey of prospective studies. Am J Gastroenterol
2007;102(8):1781–8.

11. Sugiyama M, Atomi Y. Endoscopic ultrasonography for diagnosing choledocho-
lithiasis: a prospective comparative study with ultrasonography and computed
tomography. Gastrointest Endosc 1997;45(2):143–6.

12. Amouyal P, Amouyal G, Levy P, et al. Diagnosis of choledocholithiasis by
endoscopic ultrasonography. Gastroenterology 1994;106(4):1062–7.

13. Polkowski M, Palucki J, Regula J, et al. Helical computed tomographic cholangi-
ography versus endosonography for suspected bile duct stones: a prospective
blinded study in non-jaundiced patients. Gut 1999;45(5):744–9.

14. Kondo S, Isayama H, Akahane M, et al. Detection of common bile duct stones:
comparison between endoscopic ultrasonography, magnetic resonance cholan-
giography, and helical-computed-tomographic cholangiography. Eur J Radiol
2005;54(2):271–5.

15. Schmidt S, Chevallier P, Novellas S, et al. Choledocholithiasis: repetitive thick-
slab single-shot projection magnetic resonance cholangiopancreatography
versus endoscopic ultrasonography. Eur Radiol 2007;17(1):241–50.

16. Verma D, Kapadia A, Eisen GM, et al. EUS vs MRCP for detection of choledocho-
lithiasis. Gastrointest Endosc 2006;64(2):248–54.

17. Palazzo L, Girollet P, Salmeron M, et al. Value of endoscopic ultrasonography in
the diagnosis of common bile duct stones: comparison with surgical exploration
and ERCP. Gastrointest Endosc 1995;42(3):225–31.

18. Prat F, Amouyal G, Amouyal P, et al. Prospective controlled study of endoscopic
ultrasonography and endoscopic retrograde cholangiography in patients with
suspected common bile duct lithiasis. Lancet 1996;347(8994):75–9.

19. Canto MI, Chak A, Stellato T, et al. Endoscopic ultrasonography versus cholangi-
ography for the diagnosis of choledocholithiasis. Gastrointest Endosc 1998;
47(6):439–48.
cargado para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Robinson O’Neill & Saunders304

 Descargad
 uso person
20. Ney MV, Maluf-Filho F, Sakai P, et al. Echo-endoscopy versus endoscopic retro-
grade cholangiography for the diagnosis of choledocholithiasis: the influence
of the size of the stone and diameter of the common bile duct. Arq Gastroenterol
2005;42(4):239–43.

21. Chak A, Hawes HR, Cooper GS, et al. Prospective assessment of the utility of
EUS in the evaluation of gallstone pancreatitis. Gastrointest Endosc 1999;49(5):
599–604.

22. Karakan T, Cindoruk M, Alagozlu H, et al. EUS versus endoscopic retrograde
cholangiopancreatography for patients with intermediate probability of bile
duct stones: a prospective randomized trial. Gastrointest Endosc 2009;69(2):
244–52.

23. Polkowski M, Regula J, Tilszer A, et al. Endoscopic ultrasound versus endo-
scopic retrograde cholangiography for patients with intermediate probability of
bile duct stones: a randomized trial comparing two management strategies.
Endoscopy 2007;39(4):296–303.

24. Lee YT, Chan FK, Leung WK, et al. Comparison of EUS and ERCP in the investi-
gation with suspected biliary obstruction caused by choledocholithiasis:
a randomized study. Gastrointest Endosc 2008;67(4):660–8.

25. Liu CL, Fan ST, Lo CM, et al. Comparison of early endoscopic ultrasonography
and endoscopic retrograde cholangiopancreatography in the management of
acute biliary pancreatitis: a prospective randomized study. Clin Gastroenterol
Hepatol 2005;3(12):1238–44.

26. Petrov MS, Savides TJ. Systematic review of endoscopic ultrasonography versus
endoscopic retrograde cholangiopancreatography for suspected choledocholi-
thiasis. Br J Surg 2009;96(9):967–74.

27. Segawa K, Arisawa T, Niwa Y, et al. Prevalence of gallbladder polyps among
apparently healthy Japanese: ultrasonographic study. Am J Gastroenterol
1992;87(5):630–3.

28. Chen CY, Lu CL, Chang FY, et al. Risk factors for gallbladder polyps in the
Chinese population. Am J Gastroenterol 1997;91(11):2066–8.

29. Lee KF, Wong J, Li JC, et al. Polypoid lesions of the gallbladder. Am J Surg 2004;
188(2):186–90.

30. Yang HL, Sun YG, Wang Z. Polypoid lesions of the gallbladder: diagnosis and
indications for surgery. Br J Surg 1992;79(3):227–9.

31. Sugiyama M, Xie XY, Atomi Y, et al. Differential diagnosis of small polypoid lesions
of the gallbladder: the value of endoscopic ultrasonography. Ann Surg 1999;
229(4):498–504.

32. Azuma T, Yoshikawa T, Araida T, et al. Differential diagnosis of polypoid lesions
of the gallbladder by endoscopic ultrasonography. Am J Surg 2001;181(1):
65–70.

33. Choi WB, Lee SK, Kim MH, et al. A new strategy to predict the neoplastic polyps
of the gallbladder based on a scoring system using EUS. Gastrointest Endosc
2000;52(3):372–9.

34. Sadamoto Y, Oda S, Tanaka M, et al. A useful approach to the differential
diagnosis of small polypoid lesions of the gallbladder, utilizing an endoscopic
ultrasound scoring system. Endoscopy 2002;34(12):959–65.

35. Zargar SA, Khuroo MS, Mahajan R, et al. US-guided fine-needle aspiration biopsy
of gallbladder masses. Radiology 1991;179(1):275–8.

36. Wu SS, Lin KC, Soon MS, et al. Ultrasound-guided percutaneous transhepatic
fine needle aspiration cytology study of gallbladder polypoid lesions. Am J
Gastroenterol 1996;91(8):1591–4.
o para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
al exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.



Endoscopic Ultrasonography of the Gallbladder 305

 Des
 uso 
37. Jacobson BC, Pitman MB, Brugge WR. EUS-guided FNA for the diagnosis of gall-
bladder masses. Gastrointest Endosc 2003;57(2):251–4.

38. Varadarajulu S, Eloubeidi MA. Endoscopic ultrasound-guided fine-needle aspira-
tion in the evaluation of gallbladder masses. Endoscopy 2005;37(8):751–4.

39. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA Cancer J Clin 2009;
59(4):225–49.

40. Reid KM, Ramos-De la Medina A, Donohue JH. Diagnosis and surgical manage-
ment of gallbladder cancer: a review. J Gastrointest Surg 2007;11(5):671–81.

41. Shih SP, Schulick RD, Cameron JL, et al. Gallbladder cancer: the role of laparos-
copy and radical resection. Ann Surg 2007;245(6):893–901.

42. Yamaguchi K, Chijiiwa K, Saiki S, et al. Retrospective analysis of 70 operations for
gallbladder carcinoma. Br J Surg 1997;84(2):200–4.

43. Fujita N, Noda Y, Kobayashi G, et al. Diagnosis of the depth of invasion of
gallbladder carcinoma by EUS. Gastrointest Endosc 1999;50(5):659–63.

44. Sadamoto Y, Kubo H, Harada N, et al. Preoperative diagnosis and staging of
gallbladder carcinoma by EUS. Gastrointest Endosc 2003;58(4):536–41.

45. Kim SJ, Lee JM, Lee JY, et al. Accuracy of preoperative T-staging of gallbladder
carcinoma using MDCT. AJR Am J Roentgenol 2008;190(1):74–80.

46. Jang JY, Kim SW, Lee SE, et al. Differential diagnostic and staging accuracies of
high resolution ultrasonography, endoscopic ultrasonography, and multidetector
computed tomography for gallbladder polypoid lesions and gallbladder cancer.
Ann Surg 2009;250(6):943–9.
cargado para Anonymous User (n/a) en Ramon y Cajal University Hospital de ClinicalKey.es por Elsevier en octubre 12, 2019. Para
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2019. Elsevier Inc. Todos los derechos reservados.


	Endoscopic Ultrasonography in Diseases of the Gallbladder
	EUS instruments
	EUS technique
	EUS and occult cholecystolithiasis or microlithiasis
	EUS and choledocholithiasis
	EUS and polypoid lesions of the gallbladder
	EUS and gallbladder carcinoma
	Summary
	References


