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            Introduction 

 Choledocholithiasis is defi ned as the presence of 
gallstones in the biliary tree, independent of the 
gallbladder and cystic duct (the presence of gall-
stones in the gallbladder is termed cholelithiasis). 
Approximately 75,000 annual US hospitaliza-
tions involve a diagnosis of choledocholithiasis 
[ 1 ]. The incidence of choledocholithiasis among 
patients undergoing cholecystectomy is between 
3 and 40 % [ 2 – 7 ] and is dependent upon the pre-
operative index of suspicion. For example, inci-
dental common bile duct (CBD) stones are found 
in approximately 3 % of cases of cholecystec-
tomy in which routine intraoperative cholangiog-
raphy (IOC) is employed [ 8 ]. By contrast, when 
IOC is performed in the setting of suspected cho-
ledocholithiasis (e.g., dilated CBD diameter on 
preoperative transabdominal ultrasonography or 

direct hyperbilirubinemia), this incidence can 
approach 40 %—although it is important to rec-
ognize that it is far from 100 % [ 9 ]. 

 Advancements in technology for both diag-
nosing and treating choledocholithiasis have led 
to a number of controversies regarding the man-
agement of this condition. Issues that will be 
covered in this chapter include: (1) the utility of 
routine IOC during cholecystectomy; (2) man-
agement of incidentally discovered choledo-
cholithiasis; (3) management of suspected or 
symptomatic choledocholithiasis, and (4) the 
optimal timing and method of clearance of the 
biliary tree.  

    Classifi cation and Pathogenesis 

 Choledocholithiasis is divided into primary and 
secondary: whereas in primary choledocholithia-
sis stones form de novo within the biliary tree, in 
secondary choledocholithiasis stones form in the 
gallbladder and migrate into the biliary tree 
(Fig.  14.1 ). The distinction between primary and 
secondary CBD stones has therapeutic implica-
tions: cholecystectomy will prevent the recur-
rence of secondary stones but will not be curative 
of primary stone disease [ 10 ].

   Primary stones represent only 5 % of cases of 
choledocholithiasis in the United States. 
However, they are an important cause of choledo-
cholithiasis in Southeast Asian nations and in 
patients with biliary tree pathology [ 10 – 12 ]. 
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These stones typically form from bilirubin, and 
can be either intrahepatic or extrahepatic. 

 Extrahepatic primary bile duct stones are 
known as brown stones and are the most com-
mon type of primary bile duct stones. They 
are composed of a combination of fatty acids, 
calcium bile salts, and cholesterol [ 13 ]. Brown 
stones are found most commonly in Asian popu-
lations and their pathogenesis is thought to be 
due to a combination of bile stasis and bacte-
rial infection. Bile duct stasis is usually due to 
obstruction from strictures, foreign bodies, or 
papillary stenosis. Obstruction in turn leads to 
bacterial overgrowth and production of bacte-
rial β-glucuronidase, deconjugating bilirubin 
and forming insoluble calcium bilirubinate [ 11 , 
 14 – 16 ].  Escherichia coli ,  Bacteroides  spp. and 
 Clostridium  spp. are commonly isolated organ-
isms. The fact that brown stones are more com-
mon in rural Asian populations and that this 
prevalence recedes upon emigration to Western 
countries suggests that their formation involves 
a dietary or environmental component [ 11 ,  15 ]. 
Protein-defi cient animals have reduced levels of 
β-glucuronidase inhibitors in their bile, which 

has led to the hypothesis that the low protein 
diets of rural Asians contribute to their higher 
prevalence of brown stones [ 15 ]. Furthermore, 
the presence of periampullary diverticula has 
been shown to signifi cantly increase the risk of 
developing brown bile duct stones [ 17 ]. Finally, 
CBD dilation has frequently been associated 
with the development of primary biliary stones 
after cholecystectomy [ 18 ]. As such, cholecys-
tectomy at a young age is a risk factor for the 
development of primary stones [ 19 ]. 

 Intrahepatic primary stones can be black 
mixed cholesterol or pure cholesterol [ 18 ]; the 
black mixed cholesterol type is more common. 
These CT hyperdense stones have a black outer 
layer of calcium bilirubinate over a core com-
posed of up to 50 % cholesterol [ 11 ,  12 ]. The 
pathogenesis of these stones is not well 
 understood but bacterial infection is thought to 
contribute. 

 Pure cholesterol intrahepatic stones are similar 
in composition to those found in the gallbladder, 
however their pathogenesis is thought to be differ-
ent, as many of these patients do not have choleli-
thiasis [ 11 ,  20 ]. Defi ciencies in antinucleating 

Choledocholithiasis

Primay

Extrahepatic

Brown

Intrahepatic

Pure Cholesterol

Black Mixed
Cholesterol

Secondary

Mixed

  Fig. 14.1    Classifi cation scheme 
for choledocholithiasis. Primary 
gallbladder stones form de novo 
within the biliary tree. In 
secondary choledocholithiasis 
stones form in the gallbladder 
and migrate through the cystic 
duct into the biliary tree       
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factors have been hypothesized as one of the 
causes for intrahepatic stones. These factors, 
which normally counteract cholesterol nucleat-
ing factors, slow crystal precipitation and stone 
formation [ 21 ]. 

 Secondary stones are formed in the gallblad-
der and subsequently migrate into the biliary tree. 
In the Western World, they are a far more com-
mon cause of choledocholithiasis as compared to 
primary stones. Secondary stones are typically 
mixed stones, composed primarily of cholesterol 
with a pigmented shell and about 80 percent of 
all stones found in the gallbladder fall into this 
category [ 11 ]. Recent research has shown that the 
pathogenesis of these stones involves multiple 
concurrent factors including cholesterol super-
saturation in bile, crystal nucleation, gallbladder 
dysmotility, and gallbladder absorption and 
secretion abnormalities [ 22 ]. Most secondary 
stones remain in the gallbladder. However, 
approximately 10 % of stones will migrate from 
the gallbladder into the biliary tree to become 
symptomatic [ 23 ]. The fate of these stones deter-
mines both symptomatology and outcomes of 
secondary choledocholithiasis.  

    Presentation and Diagnosis 

 Regardless of origin (primary vs. secondary), 
gallstones in the biliary system become symp-
tomatic when they obstruct the outfl ow of bile 
and/or pancreatic secretions. Consensus thinking 
holds that most gallstones that exit the cystic 
duct pass asymptomatically into the duodenum. 
Furthermore, most stones that remain in the CBD 
obstruct the fl ow of biliopancreatic fl uid only 
transiently if at all. In fact, both primary and 
secondary stones can be present in the CBD for 
years without causing symptoms or elevating liver 
function enzymes [ 12 ]: This entity is described as 
“uncomplicated choledocholithiasis” (uCDL). 

 However, in approximately 40 % of cases of 
choledocholithiasis, persistent obstruction of 
either the biliary or pancreatic ducts (or both) 
ensues, leading to abdominal pain and tenderness, 
as well as both laboratory and imaging derange-
ments. The pathognomonic manifestations of 

this obstruction are cholangitis and pancreatitis, 
respectively, and, when caused by obstructing 
gallstones, are termed “complicated choledocho-
lithiasis” (cCDL). In fact, over 50 % of patients 
presenting with ascending cholangitis have CBD 
stones [ 24 ]. The relatively high incidence of 
symptomatology seen in choledocholithiasis, as 
well as the morbidity of both cholangitis and pan-
creatitis [ 25 – 28 ], have been used as arguments 
for routine interrogation of the CBD in cases of 
cholelithiasis and clearance of it when choledo-
cholithiasis is found. 

 Risk factors for cCDL include older age, non-
elective admission, history of alcohol abuse, 
male gender, obesity, and Asian/Pacifi c Islander 
race [ 29 ]. Patients with cCDL have also been 
shown to have a 1.5× increased odds of mortality 
compared to those with uCDL [ 29 ]. 

 In general, choledocholithiasis is diagnosed 
by a combination of history, physical exam, and 
imaging modalities. Importantly, 2–3 % of 
patients who have had a cholecystectomy will 
have retained stones implying the lack of gall-
bladder in a patient cannot rule out the possibility 
of choledocholithiasis [ 7 ]. Patients with uCDL 
present with symptoms related to cholelithiasis in 
the form of either biliary colic or cholecystitis. 
Physical exam fi ndings will also be driven pri-
marily by the underlying gallbladder pathology, 
and may range from normal (mild biliary colic) 
to severe tenderness with Murphy’s sign (acute 
cholecystitis). 

 Transient obstruction of the CBD may lead to 
accumulation of conjugated bilirubin in the 
serum, with resultant jaundice and scleral icterus. 
Although painless jaundice and weight loss may 
occasionally be seen as a result of choledocholi-
thiasis, this constellation of symptoms is much 
more commonly associated with pancreatobiliary 
malignancy [ 25 ]. A palpable gallbladder on 
physical exam, known as “Courvoisier’s sign”, 
can also rarely be seen in the setting of a stone 
obstructing the CBD but is more commonly asso-
ciated with other obstructive processes that cause 
more chronically elevated intraductal pressures 
such as biliary malignancy [ 30 ]. 

 Patients with suspected biliary pathology 
should have liver function tests (LFTs) obtained 
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routinely, including total bilirubin (TB), direct 
(conjugated) bilirubin, aspartate aminotransfer-
ase (AST), alanine transaminase (ALT), alkaline 
phosphatase (ALP) and Gamma-glutamyl trans-
peptidase (GGT). Choledocholithiasis is most 
strongly suspected in the setting of an elevation 
of ALP, as well as a direct hyperbilirubinemia. In 
a study of 1002 patients who underwent laparo-
scopic cholecystectomy (LC) after having preop-
erative LFTs and a variety of diagnostic imaging 
modalities, Yang and others found that the value 
of liver assays is primarily in ruling out CBD 
stones, as they have a 95 % or greater negative 
predictive values individually and a combined 
negative predictive value of nearly 98 % [ 31 ]. A 
normal GGT alone was also shown to have a 
nearly 98 % negative predictive value but none of 
the individual or combined assays had greater 
than 28 % positive predictive value with TB 
being the highest at 27.4 % [ 31 ]. 

 Other studies have found positive predictive 
values in the 30 % to nearly 60 % range if mini-
mum thresholds are set for lab values above those 
traditionally considered abnormal [ 32 – 34 ]. This 
fi nding is likely due to increased elevation of 
liver enzymes as the time and severity of obstruc-
tion increases [ 24 ]. In the most current American 
Society for Gastrointestinal Endoscopy (ASGE) 
treatment guidelines, Maple and others note that 
the true negative rate (specifi city) of total biliru-
bin has been shown to be 60 % at 1.7 mg/dL but 
it rises to 75 % if the cutoff is raised to 4 mg/dL 
[ 32 ]. However, the applicability of this threshold 
is limited because the mean total bilirubin level in 
patients with choledocholithiasis has been 
reported to be between 1.5 and 1.9 mg/dL, and 
less than one-third of patients will have a TB of 
4 mg/dL or more [ 32 – 34 ]. Fractionating bilirubin 
can be helpful when a background of indirect 
hyperbilirubinemia is suspected (e.g., hemolytic 
disorders or Gilbert’s Disease) [ 24 ]. 

 Certain subgroups of patients may not benefi t 
from LFT determination. Specifi cally, one study 
evaluating patients undergoing elective LC found 
that preoperative LFTs do not alter management 
beyond the course that would be determined by 
history, physical exam, and transabdominal ultra-
sound (US) exam alone. This study concluded 

that routine LFT determination in this patient 
population was not cost effective [ 35 ]. 

 Imaging is mandatory in the work up of sus-
pected biliary disease, and affords valuable infor-
mation about both the gallbladder and 
CBD. Because direct visualization of a CBD 
stone by imaging is rare, CBD dilation has been 
used as the primary surrogate radiographic 
marker for choledocholithiasis. However, both 
the defi nition and grading of pathologic CBD 
dilation remain debated. Many factors other than 
obstruction infl uence the CBD diameter, includ-
ing age, prior cholecystectomy, and prior sphinc-
terotomy. The ASGE guidelines suggest that a 
diameter of 6 mm or greater (gallbladder in situ) 
is a strong predictor of CBD stone obstruction. In 
the three studies cited by the ASGE [ 36 – 38 ], the 
weighted mean of normal CBD diameters was 
3.7 mm [ 39 ]. In a younger population of 830 con-
secutive blood donors between 18 and 65 years 
old, with gallbladder in situ, the mean CBD 
diameter was 2.7 ± 1.2 mm (SD) and none of the 
study subjects had a CBD greater than 7 mm 
[ 40 ]. Another study found that in 30 patients over 
age 80, the average CBD diameter was 5 ± 1.1 mm 
(SD) with a range of 3.9–7.1 mm [ 37 ]. In the 
same study, the authors found that the CBD 
dilates by 0.04 mm/year [ 37 ]. 

 Other studies have also investigated the clini-
cal importance of the CBD diameter. In a 2011 
paper, Urquhart et al. emphasize that the 6 mm 
diameter guideline should not be understood as 
an “infl ection point” above which risk of choled-
ocholithiasis absolutely increases. On the con-
trary, studies have shown that risk of CBD stone 
increases linearly with increased CBD diameter 
[ 41 ,  42 ]. In Hunt’s study of CBD diameter in 870 
patients, 85 were shown to have CBD stones and 
almost half (42) had CBD diameter less than 
6 mm. For CBD size 0–4, 4.1–6, 6.1–8, 8.1–10, 
and >10 mm the respective percentages of posi-
tive CBD stone fi nding were 3.9, 9.4, 28, 32, and 
50 [ 41 ]. In another study, Boys et al. found that 
the rate of stones among patients presenting with 
acute cholecystitis and CBD diameter less than 
6 mm and 6–9.9 mm was the same (14 %). At a 
CBD diameter above 10 mm, still only 39 % of 
patients had confi rmed stones. They also found 
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that US-based selection of patients for additional 
imaging via Magnetic resonance cholangiopan-
creatography (MRCP) resulted in a near 90 % 
negative rate; however, there was a delay in care 
of almost 3-days [ 43 ]. Therefore, instead of 
thinking of the CBD as either dilated or not 
dilated, it is perhaps best for clinicians to view 
the diameter of the CBD and risk of CBD stone 
on a continuous spectrum and to retain a high 
index of suspicion even if CBD diameter is less 
than 6 mm, especially in a younger patient. 

 The various imaging modalities employed in 
the diagnosis of choledocholithiasis possess 
unique combinations of information, invasive-
ness, and cost. Transabdominal US is useful for 
diagnosing both cholelithiasis and choledocholi-
thiasis, and should be considered as a fi rst imag-
ing modality due to favorable accuracy, least 
invasiveness, and low cost. Although US has 
poor sensitivity for visualization of stones in the 
CBD [ 24 ,  44 – 48 ], the modality is very sensitive 
for detecting CBD dilation, [ 24 ,  49 – 52 ]. 
Furthermore, when a stone is detected in the 
CBD by ultrasound, the study boasts of a speci-
fi city of 100 % for the diagnosis of choledocholi-
thiasis, [ 48 ]. 

 Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) involves a more invasive and 
costly means by which to diagnose choledocholi-
thiasis, but offers the benefi ts of additional infor-
mation and potential therapy. For these reasons, 
ERCP    is often employed as a follow-up proce-
dure in the United States when choledocholithia-
sis is suspected. Imaging the biliary tree during 
ERCP is accomplished with retrograde cholangi-
ography via cannulation of the ampulla of Vater. 
Advantages of ERCP include favorable test per-
formance characteristics for diagnosing choledo-
cholithiasis, (sensitivity 89–90 % and specifi city 
is 98–100 % [ 53 ,  54 ]) and the ability to perform 
therapeutic interventions such as stone  lithotripsy, 
extraction, and sphincterotomy. Additional diag-
nostic maneuvers such as CBD brushings may 
also be accomplished. The main disadvantages of 
ERCP include availability, cost, and invasive-
ness. ERCP is usually performed under conscious 
sedation, although general anesthesia is some-
times required. Concomitant therapeutic inter-

ventions may lead to important morbidities, such 
as bleeding, pancreatitis, and biliary or bowel 
perforation. Andriulli et al. published the most 
comprehensive review of prospective ERCP mor-
bidity and mortality data in 2007—including 
16,855 patients in 21 studies. The cumulative rate 
of complications was 6.85 % (CI 6.46–7.24 %), 
with pancreatitis being the most common event 
(3.47 %) and infections and bleeding being sec-
ond and third (1.62 % and 1.34 % respectively). 
Perforations occurred infrequently at 0.6 % and 
deaths occurred in 0.33 % of patients. Mortalities 
were caused by pancreatitis, infection, bleeding, 
and perforation at approximately equal rates. 
There were additional complications related to 
cardiovascular events or anesthesia-related 
effects that brought the pooled complication rate 
up to 8 % [ 55 ]. 

 The potential risk of complications related to 
ERCP illustrates the importance the importance 
of considering less invasive imaging modalities 
for choledocholithiasis and other biliary pathol-
ogy when evaluating patients for possible ERCP 
intervention. When fi rst described in the 1960s, 
ERCP represented an exciting, minimally inva-
sive alternative to both imaging and instrumenting 
the biliary tree in the pre-laparoscopy era [ 56 ]. 
However, with the advent of advanced laparos-
copy, and in particular laparoscopic approaches 
to the CBD, enthusiasm for ERCP at our center 
and others has waned (see treatment) [ 57 ,  58 ]. 

 MRCP is an imaging technique that uses the 
high water content in bile to produce 2D or 3D 
images of the biliary tree similar to those obtained 
with more invasive methods such as ERCP [ 59 ]. 
MRCP can image the biliary tree with high preci-
sion because bile and pancreatic secretions have 
high water content and appear white on heavily 
T 2 -weighted images against a dark background of 
suppressed high-fat tissues. Importantly, MCRP 
images can be captured without the use of con-
trast or dyes [ 60 ]. In two separate meta-analyses, 
MRCP was found to have 85–92 % sensitivity 
and 93–97 % specifi city for the detection of CBD 
stones [ 61 ,  62 ]. MRCP has also been shown to be 
equivalent to ERCP, for diagnosing biliary tree 
obstructions [ 63 ]. Despite these fi ndings, MRCP 
is limited in detecting both smaller stones 
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(<5 mm) and sludge. Furthermore, MRCP is 
challenging in individuals with a body mass 
index >40 kg/m 2  [ 64 – 66 ]. Cost, time, frequent 
lack of availability, and inability to provide inter-
ventions all limit the utility of MRCP as a fi rst- 
line imaging modality for the detection of 
choledocholithiasis. The greatest benefi t from 
MRCP occur in cases of either laboratory or 
sonographic evidence of ductal obstruction with-
out confi rmation of choledocholithiasis or in 
cases in which ERCP is technically diffi cult or 
impossible (e.g., following rouy-n-y gastric 
bypass surgery) or unavailable. 

 Endoscopic ultrasound (EUS) uses specially 
designed echoendoscopes that take advantage of 
the close proximity of the duodenum and stom-
ach to the biliary tree for imaging of the extrahe-
patic biliary anatomy. Three separate 
meta-analyses published between 2006 and 2008 
reported pooled sensitivities of 89–94 % and 
specifi cities of 94–96 % for detecting CBD 
stones [ 61 ,  67 ,  68 ]. Although more invasive than 
MRCP, EUS remains safer than ERCP as a diag-
nostic modality. A prospective study by Canto 
and colleagues of 64 consecutive patients found 
EUS had a complication rate of 1.6 % versus 
9.4 % for diagnostic ERCP [ 69 ]. The use of EUS 
before ERCP has been shown to signifi cantly 
reduce the need for ERCP and its subsequent 
complications with the main drawback being the 
need for two procedures in the stone-positive 
EUS group [ 70 ]. Many endoscopists can perform 
ERCP if EUS is positive at same setting. EUS has 
also been shown to have value in fi nding unde-
tected stones in patients at intermediate risk of 
choledocholithiasis [ 71 ]. In general, cost, avail-
ability of resources, and clinician experience will 
generally guide decisions on whether to employ 
ERCP or EUS in particular circumstances, as 
they have both been shown to have equivalent 
sensitivity and specifi city [ 61 ]. 

 Conventional and helical (spiral) CT scanning 
as well as CT cholangiography have been studied 
for the detection of choledocholithiasis. However, 
the utilization of radiation and contrast exposure in 
these studies have limited the use of these diagnos-
tic modalities. Conventional CT scans have been 
found to be superior to the United States for diag-

nosing CBD stones, however these studies are 
more than 20 years old and most US hospitals now 
employ more advanced US imaging as well as spi-
ral CT scanners [ 50 ,  52 ,  72 ]. In a 2000 study of 51 
patients with suspected choledocholithiasis, Soto 
and others showed that oral contrast-enhanced CT 
cholangiography had 92 % sensitivity for detect-
ing CBD stones, compared to 96 % for MR chol-
angiography—signifi cantly better than the 65 % 
sensitivity of unenhanced helical CT [ 73 ]. The 
most recent study using multidetector helical CT 
scanning technology, published in 2013, found 
that unenhanced helical CT is 85 % sensitive for 
the detection of CBD stones with the primary limi-
tations being radiopacity of stones and stone size 
less than 5 mm [ 74 ]. A 2006 study of combined 
unenhanced and contrast-enhanced helical CT 
found 71 % sensitivity in detecting CBD stones, 
however less than half of the cholesterol stones 
were detected by CT, leading the authors to con-
clude that CT might not be the ideal detection 
modality in Western countries where cholesterol 
stones are most common [ 75 ]. Additionally, coro-
nal reconstruction does not improve the diagnostic 
effi cacy of CT [ 76 ]. Given the expense, and radia-
tion/dye exposure, the role of CT in diagnosing 
suspected CBD stones will likely remain limited. 
Clinicians should not rule out a small or radiolu-
cent stone in a symptomatic patient where CT 
scans are negative. 

 In addition to the aforementioned nonopera-
tive imaging techniques, both IOC and intraop-
erative laparoscopic ultrasound (LUS) may be 
performed during the course of cholecystectomy 
to diagnose choledocholithiasis. IOC involves 
the injection of iodinated contrast dye into the 
extrahepatic biliary tree via either the cystic duct 
or gallbladder for fl uoroscopic imaging. Although 
methods for delineating the anatomy of the bili-
ary tree were published as early as 1919, Mirizzi 
fi rst described IOC in the 1930s as a way to visu-
alize retained stones and other defects during 
open cholecystectomy [ 77 ,  78 ]. Mirizzi and other 
authors in the 1930s recognized that IOC was 
also useful for diagnosing iatrogenic bile duct 
injuries [ 78 ,  79 ]. 

 Despite the early recognition of the value of 
IOC, it remained a technique routinely utilized by 
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only a quarter of surgeons into the 1970s, due in 
large part to the time that it added to open chole-
cystectomy procedures [ 80 ,  81 ]. IOC is not par-
ticularly technically challenging (either open or 
laparoscopically), but the 20–30 min it took to 
setup, take, and develop the static fi lms was a 
major hurdle to widespread adoption. This limita-
tion was at least partially mitigated by the advent 
of mobile C-arm high-resolution image intensifi er 
fl uoroscopic units, which took total procedure 
time down to a mean of 16 min and signifi cantly 
improved image accuracy [ 81 – 83 ]. Yet, a 2012 
study of 177,000 cholecystectomies performed in 
Texas found drastically wide variation in the use 
of IOC, both among individual surgeons (2.4–98.4 % 
of cases) and hospitals (3.7–94.8 % of cases), 
with an overall IOC rate of 44 %[ 84 ]. 

 There are two issues to consider when evaluat-
ing IOC in patients with suspected choledocholi-
thiasis: (1) Does routine IOC improve the overall 
safety of LC? and (2) What is the utility of IOC 
in patients with suspected choledocholithiasis? 
The fi rst question remains highly debated because 
the data are mixed as to whether IOC identifi ca-
tion of biliary structures improves safety. A 
recent meta-analysis of eight randomized studies 
with 1715 patients found that there was insuffi -
cient level-one evidence to support or abandon 
the use of IOC. This fi nding resulted largely due 
to the studies being underpowered for detecting 
differences in bile duct injury rates, which occur 
only a fraction of one percent of the time [ 83 ]. In 
fact, it has been suggested that a randomized trial 
would have to include between 12,000 and 
30,000 patients in order to be suffi ciently pow-
ered to detect this difference [ 85 ,  86 ]. It is there-
fore unlikely that a defi nitive answer to this 
question will ever be found. Instead, other authors 
have looked at nonrandomized population-based 
trials. One recent review of six large nonrandom-
ized studies found that the data is confl icting in 
that half of the studies showed a safety benefi t, 
while half did not [ 87 ]. However, the largest stud-
ies suggest that routine IOC could prevent one 
ductal injury in every 500 operations, thereby 
roughly halving the risk of ductal injury during 
cholecystectomy [ 87 ]. This data point is particu-
larly interesting because the rate of iatrogenic 

bile duct injuries in  open  cholecystectomies was 
reportedly 0.2 % and the LC duct injury rate is 
0.3–0.6 % or about double that fi gure [ 88 – 91 ]. 

 A separate issue involves the role of IOC in 
diagnosis and treatment of patients with sus-
pected choledocholithiasis. The data suggests 
that IOC is very effective at identifying stones in 
the CBD as demonstrated in a recent meta- 
analysis, which found IOC had a pooled sensitiv-
ity of 0.87 (95 % CI 0.77–0.93) and a pooled 
specifi city of 0.99 (95 % CI 0.98–0.99) [ 92 ]. 
Since the advent of endoscopic techniques for 
stone removal, the most commonly employed 
method for management of suspected choledo-
cholithiasis has been a two-stage approach, 
where ERCP is performed fi rst to fi nd and remove 
CBD stones and a follow-up LC is performed for 
defi nitive treatment of the gallbladder disease 
[ 93 ]. In this context, the value of IOC is limited, 
since its use would be in detecting rare retained 
stones after ERCP or stones that had subse-
quently migrated into the CBD in the interval 
between ERCP and LC. However, several recent 
papers have shown equivalent clinical results and 
superior economics with a single-stage approach 
where LC is combined with IOC and subsequent 
laparoscopic common bile duct exploration 
(LCBDE) [ 94 ] (discussed below). In our view, 
the best role for IOC and LUS is in complete 
laparoscopic management of CBD stones. 

 In experienced hands, laparoscopic ultraso-
nography (LUS) can certainly play a similar 
though less invasive role in single-stage treatment 
of CBD stones. In LUS, an ultrasound transducer 
is introduced through a 12 mm port during LC, 
where it is used to identify biliary tree structures 
and stones in the CBD. Although it requires spe-
cialized laparoscopic ultrasound equipment, com-
pared to IOC, LUS is faster, less expensive, less 
invasive, and avoids the risks of radiation and 
iodinated dye exposure [ 95 ]. For detection of 
CBD stones, LUS is equivalent to IOC with a 
recent meta-analysis showing pooled sensitivity 
of 0.87 (95 % CI 0.80–0.92) and a specifi city of 
1.00 (95 % CI 0.99–1.00) [ 92 ]. LUS has also 
been utilized successfully as a routine intraoper-
ative prescreening tool for determining which 
patients get selective IOC [ 85 ]. Finally, LUS has 
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demonstrated the capacity of avoiding intraopera-
tive bile duct injuries [ 85 ]. In this case, LUS is 
superior to IOC in that a ductotomy (potentially 
of a misidentifi ed CBD) is not necessary to delin-
eate biliary anatomy. 

 In summary, abdominal US should be the fi rst 
imaging modality used in all patients with sus-
pected biliary pathology, regardless of suspicion 
for choledocholithiasis. Additional imaging and 
diagnostic modalities should be chosen based 
upon risk, index of suspicion for cCDL and avail-
ability of local expertise. The routine use of 
ERCP as a diagnostic modality is not justifi ed 
due to its cost and invasiveness and because both 
IOC and LUS at surgery may be just as effective 
at identifying choledocholithiasis. The advan-
tages and limitations of the aforementioned 
imaging modalities are summarized in Table  14.1 .

       Clinical Decision Making 
and Treatment 

 Fundamentally in cases of suspected or docu-
mented choledocholithiasis, the goals of treat-
ment are to clear the CBD of stones if present and 
to remove the gallbladder. The fi rst step in the 
aforementioned process involves determining the 
likelihood of choledocholithiasis [ 96 ,  97 ]. The 
literature is replete with predictive models for 
choledocholithiasis [ 6 ,  29 ,  31 – 33 ,  48 ,  98 – 101 ]. 
For a thorough example of such an algorithm, the 
reader is referred to the 2010 ASGE recommen-
dations [ 24 ]. In these recommendations, Maple 
and co-authors present three predictor categories: 
 very strong ,  strong , or  moderate . Clinical factors 
such as patient demographics, physical exam 
fi ndings, labs, and imaging, fi t into these  predictor 
categories (Table  14.2 ). Risk of CBD stone is cat-
egorized as  high ,  medium , or  low,  based on the 
presence of various predictors (Table  14.3 ). 
Treatment is then advised based upon the risk 
stratifi cation [ 24 ].

    Despite these and other expert recommenda-
tions, there is currently no consensus approach to 
patients with suspected choledocholithiasis. 
Rather, management of these patients is based 
upon index of suspicion for CBD stones, avail-

ability of both resources and expertise, and local 
referral patterns (Fig.  14.2 ). Fundamentally, three 
strategies may be identifi ed. The fi rst option 
involves inpatient admission of patients at mild to 
moderate risk of choledocholithiasis (as evi-
denced primarily by laboratory derangements) 
for serial laboratory evaluation. ERCP is per-
formed in patients with either persistent or wors-
ening laboratory derangements. By contrast, 
patients in whom laboratory derangements 
improve are taken for LC without CBD imaging 
(the presumption being that the CBD stone has 
passed). This particular strategy is lengthy, costly, 
and dissatisfying to patients, who must be admit-
ted, additional blood work obtained, and defi ni-
tive surgery delayed. Furthermore, multiple 
studies have shown that patients classifi ed as 
high likelihood of CBD stone (by ASGE recom-
mendations) have a 40–80 % rate of actual stone 
on EUS or ERCP, with faster timing being postu-
lated as the reason for better results [ 102 ,  103 ].

   The second management strategy, or the “two- 
stage approach,” involves both routine ERCP and 
LC as separate procedures. In this strategy, ERCP 
functions to access, interrogate, and clear the 
CBD, including various combinations of tech-
niques such as cholangiography, stone extraction, 
lithotripsy, and biliary sphincterotomy. Typically, 
ERCP is performed fi rst and routinely, followed 
by LC. However, ERCP may also be used selec-
tively following cholecystectomy in patients with 
IOC fi ndings suggestive of choledocholithiasis. 
Although this latter approach carries the possibil-
ity of a third, open surgery being needed in the 
case of failed ERCP, this risk is exceedingly low, 
as contemporary technology is highly effective at 
clearing even larger (e.g., 8–10 mm) stones endo-
scopically [ 104 – 106 ]. US national healthcare 
survey data indicate that greater than 90 % of 
patients with CBD stones are managed using the 
two-stage approach. Although the order of the 
procedures is not clear, data suggest that ERCP 
fi rst is the most popular method [ 107 ,  108 ]. 

 The main advantage to the two-stage approach 
involves endoscopic clearance of the CBD. Prior 
to laparoscopic surgery, there was no advantage 
to pre-cholecystectomy stone removal because 
open bile duct clearance was common and either 
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as good or better than ERCP at clearing CBD 
stones [ 109 ,  110 ]. However, the advent of LC 
rendered the CBD inaccessible by traditional 
means. As a result, preoperative or postoperative 
stone clearance with ERCP gained popularity as 
LC became more common. 

 However, as both the practice and effi cacy of 
laparoscopic CBD clearance increased, the pri-
mary advantage of the two-stage approach has 
come under scrutiny. Because the two-stage 
approach involves at least two separate proce-
dures, time, resources, costs, and complications 
are increased. The main risks of ERCP have been 
discussed earlier and involve duodenobiliary 
refl ux, pancreatitis due to accidental cannulation 
of the pancreatic duct, duodenal perforation, and 
intraluminal massive hemorrhage from injury to 
the gastroduodenal artery. 

 Furthermore, as many as 65–80 % of patients 
with suspected choledocholithiasis will be nega-
tive for stones on ERCP/EUS, rendering the 
procedure unnecessary [ 103 ,  102 ]. Even after 
stones have been confi rmed intraoperatively with 

IOC, only 50 % of post-LC ERCPs are positive 
for CBD stones [ 111 ], presumably because either 
the stone has passed in the interim or was misdi-
agnosed by IOC. 

 Finally, as many as one-third of patients man-
aged with the two-stage, ERCP fi rst approach, 
never end up having a cholecystectomy. Although 
biliary sphincterotomy may prevent further epi-
sodes of cCDL, both biliary colic and cholecysti-
tis are still possible as long as the gallbladder 
remains in situ. The incidence of recurrent biliary 
symptoms is signifi cantly higher in patients fol-
lowing endoscopic sphincterotomy who are dis-
charged with gallbladder in situ versus those who 
receive same admission cholecystectomy [ 112 , 
 113 ]. A prospective study of patients who had LC 
within 72 h of ERCP versus those who waited 
6–8 weeks found that the group who waited had a 
36 % rate of repeat complications compared to 
2 % in the LC within 72 h group [ 114 ]. In a retro-
spective study at our institution, our colleagues 
showed that of 24 patients discharged after medi-
cal management of gallstone pancreatitis with 
specifi c instructions to return for LC, only seven 
(29 %) returned for defi nitive treatment of their 
gallstone disease [ 112 ]. 

 The fi nal strategy is referred to as the “single- 
stage” approach. This approach involves immedi-
ate LC on all patients with cholelithiasis, 
regardless of preoperative probability of choledo-
cholithiasis (with three important exceptions, 
discussed below). In patients in whom choledo-
cholithiasis is suspected preoperatively (either 
dilated CBD on transabdominal US or direct 
hyperbilirubinemia), one or both LUS and IOC 
are performed. If choledocholithiasis is con-
fi rmed on these imaging modalities, a laparo-
scopic CBD exploration (LCBDE) is performed, 
with defi nitive clearance of the CBD. 

 The technique of LCBDE was originally 
described in the 1990s and has undergone several 
recent modifi cations, including improvements in 
both technique and equipment. A choledocho-
scope is introduced though a laparoscopic port 
and the CBD is cannulated either through a cystic 
ductotomy (prior to cholecystectomy) or a pri-
mary choledochotomy; both approaches have 
been reported to be safe [ 115 ]. Various devices, 

   Table 14.2    Predictors of choledocholithiasis   

 Very strong  Strong  Moderate 

 CBD stone on 
transabdominal 
US 

 Dilated 
CBD on US 
>6 mm with 
gallbladder 
in situ 

 Abnormal 
liver 
biochemical 
test other 
than bilirubin 

 Clinical 
ascending 
cholangitis 

 Total 
bilirubin 
1.8–4 mg/dL 

 Age older 
than 55 years 

 Total bilirubin 
>4 mg/dL 

 Clinical 
gallstone 
pancreatitis 

   CBD  common bile duct,  US  ultrasound. Adapted from 
Maple et al. [ 24 ]  

   Table 14.3    Risk of common bile duct stone   

 High (>50 %)  Moderate (10–50 %)  Low (<10 %) 

 Presence of 
any very 
strong 
predictor 

 Presence of any 
combination of 
predictors other than 
those for high 

 No 
predictors 
present 

 Presence of 
both strong 
predictors 

  Adapted from Maple et al. [ 24 ]  
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including power irrigators, balloons, baskets, and 
lithotripsy devices, are then introduced through 
the working channel of the choledochoscope to 
achieve ductal clearance. 

 The single-stage approach has several poten-
tial advantages. First, if either the IOC disproves 
choledocholithiasis, or the LCBDE is successful, 
ERCP is avoided. Second, defi nitive treatment of 
choledocholithiasis, i.e., cholecystectomy, is 
accomplished during the same procedure. Finally, 
when ERCP is unavailable in a timely fashion (or 
at all), the single-stage approach minimizes 
delays in defi nitive treatment. The primary disad-
vantage of the single-stage approach is the 
relative lack of availability and expertise in 
LCBDE. Another potential disadvantage is the 
need for postoperative ERCP in the case of failed 

LCBDE, however, the necessity of a second pro-
cedure occurs by defi nition in the two-stage 
approach—making this situation equivalent. 

 Several RCTs have suggested the superiority 
of a single-stage approach in terms of time to 
defi nitive care, number of procedures, length of 
stay, and costs [ 106 ,  116 – 120 ]. Single-stage 
treatment has also been shown to be safe in 
elderly patients [ 121 ]. The results of these trials 
must be interpreted cautiously, as the LCBDEs 
were performed by surgeons with additional 
training in advanced laparoscopy at high volume 
centers. However, one group recently reported 
favorable outcomes following adoption of the 
single-stage approach by a group of acute care 
surgeons with less ERCPs, higher same admission 
cholecystectomy, and fewer gallbladder- related 

Suspected 
Choledocholithiasis

Cholangitis

Urgent Ductal 
Decompression via 

ERCP or PTC

Same Admission LC 
when Symptoms 

Resolve

Gallstone 
Pancreatitis

Total Billirubin > 4 
mg/dL

Urgent ERCP

Same Admission LC 
when Symptoms 

Resolve

Total Billirubin < 4 
mg/dL

Pancreatitis resolves 
clinically

Same Admission LC 
with LUS/IOC

No 
Choledocholithiasis Choledocholithiasis

LCBDE

Suscessful Unsuccessful

Post-op ERCP

Pancreatitis 
persists/worsens 

clinically

ERCP

Same admission LC 
when symptoms 

resolve

Large (>10 mm) CBD 
Stone(s)

Open 
Cholecystectomy  

with CBDE

All Other

Immediate LC 
with LUS and IOC

Choledocholithiasis

LCBDE

Successful Unsuccessful

Post-Op ERCP

No 
Choledocholithiasis

  Fig. 14.2    Algorithm for management of suspected cho-
ledocholithiasis. Choledocholithiasis is suspected in the 
presence of cholelithiasis plus (1) jaundice, (2) direct 
hyperbilirubinemia or (3) dilated common bile duct diam-
eter.  ERCP  endoscopic retrograde cholangiopancreatog-

raphy,  PTC  percutaneous transhepatic cholangiostomy, 
 LC  laparoscopic cholecystectomy,  LUS  laparoscopic 
ultrasound,  IOC  intraoperative cholangiogram,  CBDE  
common bile duct exploration,  LCBDE  laparoscopic 
common bile duct exploration       
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readmissions [ 122 ]. The cost-effectiveness of LC 
plus ERCP vs. LC plus LCBDE has been studied 
specifi cally with most studies suggesting the sin-
gle-stage approach is superior [ 123 ]. Depending 
on the local success rate of LCBDE, the single-
stage approach may frequently in essence become 
a two-stage approach if the laparoscopic clear-
ance methods prove unsuccessful. 

 A recent addition to the single-stage manage-
ment pathway has been termed the “rendezvous 
approach,” and involves simultaneous LC and 
ERCP. Intraoperative ERCP may be used routinely 
in cases of choledocholithiasis documented by 
either IOC or LUS or alternatively, it may be 
employed selectively in cases of failed 
LCBDE. Although outcomes data regarding the 
rendezvous approach remain scant, initial reports 
have been favorable [ 124 – 126 ]. This technique 
represents a potential step forward in the manage-
ment of choledocholithiasis and a viable option for 
surgeons who do not practice LCBDE but want to 
manage cCDL during one procedure [ 126 ]. 

 Although the vast majority of patients with 
suspected choledocholithiasis will be eligible for 
management via the single-stage approach, sev-
eral important exceptions warrant discussion. 
Cholangitis involves bacterial infection of the 
biliary tree, most commonly with associated sep-
sis, and occasionally with both bacteremia and 
shock. Early biliary decompression is paramount 
to successful management of this disease [ 127 ]. 
Surgical stress, including induction of general 
anesthesia, pneumoperitoneum, bleeding, and 
tissue trauma, exacerbate the effects of cholangi-
tis. As such, biliary decompression should occur 
by the least invasive means possible; usually in 
the form of either ERCP or percutaneous transhe-
patic cholangiostomy (PTC). Patients with acute 
cholangitis should generally not be managed 
using a single-stage approach. Once sepsis has 
resolved following biliary ductal decompression, 
LC may be performed safely. 

 Interesting, recent data have challenged the 
aforementioned, traditional management strategy 
for patients with cholangitis. Chan et al. reported 
favorable outcomes for a small group of patients 
with cholangitis managed with a single-stage 
approach, including immediate LC plus LCBDE 

[ 128 ]. However, we believe that a larger experi-
ence is necessary prior to recommend a change in 
practice, and biliary decompression via ERCP or 
PTC remains the safest option for patients with 
cholangitis. 

 Acute pancreatitis is characterized by intense 
retroperitoneal infl ammation, resulting in the 
systemic infl ammatory response syndrome, dif-
fuse tissue edema, and, in particular, obscuring of 
biliary anatomy. Patients often require resuscita-
tion using both volume expansion and vasopres-
sors. In light of this, gallstone pancreatitis has 
been managed traditionally by bowel rest and 
watchful waiting until clinical markers of infl am-
mation, including abdominal pain and tender-
ness, have resolved. Patients who present with 
gallstone pancreatitis should not be taken for 
immediate LC. Moreover, the rare patients with 
gallstone pancreatitis and coexisting cholangitis 
or biliary obstruction (TB > 4 mg/dL) benefi t 
from urgent ERCP [ 129 ]. LC may then be per-
formed safely following ERCP, and during the 
same admission. 

 Finally, bypassing both LC and ERCP to ini-
tial surgery should be considered in cases of 
larger (e.g., >10 mm) CBD stones as these may 
not be amenable to ERCP-guided stone removal. 
Imaging of such patients may be quite impres-
sive, showing giant CBD stones, as well as a 
massively dilated gallbladder and CBD 
(Fig.  14.3 ). Although no formal size threshold 
exists, patients with one or more CBD stone 
>10 mm should be considered for open CBD 
exploration, choledochotomy, and stone clear-
ance. Important technical points of this operation 
include utilizing a longitudinal incision to pre-
serve blood supply to the CBD, placement of the 
incision near the confl uence of the common 
hepatic and cystic ducts, utilization of stay 
sutures on the duct, and Kocherization of the 
duodenum to palpate and manipulate distal CBD 
stones. Following removal of all CBD stones 
both proximal and distal to the choledochotomy, 
the incision is closed over a large T-tube to allow 
for subsequent imaging and intervention of the 
biliary tree if needed.

   Large stones that are impacted at the ampulla 
may be impossible to remove. In the case of a 
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dilated CBD and absent pancreatitis, a choledo-
choenterostomy may be performed, utilizing either 
the Kockerized duodenum (choledochodoudenos-
tomy) or a Roux limb of jejunum (choledochojeju-
nostomy). In the case of a normal sized CBD or 
recurrent pancreatitis from the impacted stone, an 
open, transduodenal sphincterotomy may be per-
formed. For an excellent description of these 
operations, the reader is referred to Gliedman’s 
Atlas of Surgical Techniques [ 130 ]. 

 One fi nal clinical scenario involving symp-
tomatic choledocholithiasis is the post gastric 
bypass patient. Management options include LC 
with LCBDE, laparoscopic-assisted, transgastric 
remnant ERCP, or traditional, transoral ERCP 
using an extra-long endoscope. Selection of a 
technique will depend upon patient anatomy and 
operator expertise. 

 Although treatment discussions thus far have 
addressed either suspected or confi rmed choledo-
cholithiasis, one fi nal discussion point involves 
management of incidentally discovered choledo-
cholithiasis. This situation arises most commonly 

during routine IOC for elective cholecystectomy. 
In institutions where either IOC or LUS are used 
routinely, surgeons should expect incidental fi nd-
ings of CBD stones in a small minority of low- 
risk patients—studies have suggested between 2 
and 12 % [ 7 ,  131 ,  132 ]. Although once believed 
to be benign, recent studies of patients in whom 
small CBD stones were found incidentally have 
suggested that approximately 25 % of these 
patients go on to experience symptoms related to 
their choledocholithiasis [ 133 ]. Thus, when 
 choledocholithiasis is found intraoperatively, 
regardless of the clinical scenario, we advocate 
for clearance of the CBD.  

    Conclusion 

 Choledocholithiasis commonly complicates cho-
lelithiasis. It is suspected in the presence of jaun-
dice, direct hyperbilirubinemia, and dilation of 
the CBD on transabdominal US. Whether CBD 
stones are found incidentally or in symptomatic 
patients, many advocate a policy of routine ductal 
clearance. The optimal means by which to 
achieve this remains controversial, and is depen-
dent upon operator expertise and resource avail-
ability. If local expertise allows, many recommend 
a single-stage approach, to include immediate LC 
in all patients regardless of the level of suspicion 
of choledocholithiasis, followed by both LUS 
and IOC, and fi nishing with LCBDE in cases of 
confi rmed choledocholithiasis. Important excep-
tions include cholangitis, acute gallstone pancre-
atitis, and relatively large, impacted CBD stones. 
Continued advancements in technology, as well 
as more universal training in minimally invasive 
surgical approaches to CBD clearance will refi ne 
management strategies.     
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  Fig. 14.3    Large common bile duct stone. Percutaneous 
transhepatic cholangiogram from an 88-year-old woman 
who presented with ascending cholangitis. A large, 2.5 cm 
stone ( arrow ) is seen within a massively dilated common 
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