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Abstract Common bile duct (CBD) stones continue
to pose a significant problem both to the patient and the
surgeon. They increase the morbidity of a patient undergo-
ing Cholecystectomy from less than 5% to as much as 20%
and almost zero mortality to as high as 30%. Recent times
have thrown up a fair share of controversy in the manage-
ment of this condition both due to technological innova-
tions and costreduction-pressures. The aim in CBD stone
disease, as in any benign disease is to discover a therapeutic
algorithm with minimal morbidity, no mortality and at rea-
sonable cost. This can be achieved only by a thorough un-
derstanding of the disease and also the available diagnostic
and treatment modalities. This article dicusses the diagnosis,
investigation and therapy of CBD stones and gives a thera-
peutic algorithm.
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Introduction

Common bile duct (CBD) stones continue to pose a sig-
nificant problem both to the patient and the surgeon. They
increase the morbidity of a patient undergoing cholecys-
tectomy from less than 5% to as much as 20% and almost
zero mortality to as high as 30% [1-53]. Recent times have
thrown up a fair share of controversy in the management
of this condition both due to technological innovations and
cost-reduction-pressures. The aim in CBD stone disease, as
in any benign disease is to discover a therapeutic algorithm
with minimal morbidity, no mortality and at reasonable
cost. This can be achieved only by a thorough understand-
ing of the disease and also the available diagnostic and
treatment modalities.

Presentation

CBD are often asymptomatic and are detected incidentally
during workup in up to 7-20% of patients with gallbladder
stones awaiting cholecystectomy [1-8, 49]. From studies of
biliary acute pancreatitis it is clear that up to 90% of stones
pass through the CBD and into the faeces [10]. Stones less
than 3 mm if they do not cause pancreatitis pass unnoticed
into the stools [10].

Incidence of bile duct stones in patients with cholelithia-
sis increases with age and duration of the disease. In patients
below 60 years CBD stones occur in 8-15% while in those
above 60 they are seen in 15-60% [9]. In patients with acute
cholecystitis they are seen in 18% of patients [9].

Stones may present with any combination of the follow-
ing: biliary colic, obstructive jaundice, cholangitis, acute
pancreatitis, biliary fibrosis, or as a choledochoduodenal
fistula. Primary ductal stones are stones that are brown;
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powdery; usually oval shaped; crumble easily and are
found either in the absence of the gall bladder or 2 years
after cholecystectomy [11]. They are more common in pa-
tients with duodenal diverticula. Stones may also be found
in the CBD in the absence of gallbladder stones in patients
with recurrent pyogenic cholangitis, infection with clonor-
chis sinensis or fasciola hepatica and may occur in patients
secondary to sphincter of oddi dysfunction, papillary steno-
sis, proximal to CBD strictures etc. They behave differently
from secondary stones and require some form of drainage
of the biliary tree after choledochotomy and evacuation of
the stones [11].

Investigation of CBD stones [12-50]

One of the main reasons of investigating a patient with
gallstones prior to cholecystectomy is to exclude the pres-
ence of associated CBD stones. All investigations are aimed
at evolving a minimally invasive approach with the least
number of complications achieved in a cost effective man-
ner to achieve a low overall morbidity of treatment. The
most controversial aspect has been the relative timing of
MRCP, ERCP and surgery. Reporting on 88 patients with
gallbladder stones, Bose et al. found that of 53 patients
with one or more risk factors, 26 harbored CBD calculi;
none of 35 patients without risk factors had CBD stones.
Jaundice correlated best, with a sensitivity of 69%; and
pancreatitis had the lowest sensitivity (12%) [7]. Elevated
serum bilirubin and alkaline phosphatase levels correlated
better than liver enzymes and serum amylase [7]. The sen-
sitivity and negative predictive value of cholescintigraphy
scanning for diagnosing CBD calculi were better than those
of ultrasonography, the sensitivity being 84% versus 50%
and the negative predictive value 95% versus 82% [7].
Endoscopic retrograde cholangiopancreaticography was
successful in 94% of the patients, and CBD calculi were
diagnosed in 74% [7]. Moreover, peroperative cholangiog-
raphy was 100% sensitive with no false-positive results [7].
Ultimately, a palpable stone at surgery was the best predic-
tor. When all the criteria were analysed, it was found that
as the number of criteria increased so did the percentage of
patients harboring CBD calculi [7]. There is considerable
variation among individual surgeon’s practice in this area.
We will present in the following sections an overview of the
different diagnostic modalities available. It is for individual
surgeons to evolve a dignostic flow chart based on each pa-
tients clinical presentation, availability of the investigative
modality and economic feasability given the population that
they treat.

1. Biochemical investigations

Liver function tests are commonly performed to evaluate a
patient with jaundice. A raised alkaline phosphatase along
with a raised gamma glutamyl transpeptidase (GGT) con-
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firms obstruction to the biliary tree. SGOT and SGPT are
not usually markedly elevated unless the patient has post
cholangitic liver abscesses. If they are increased associated
conditions such as cirrhosis and viral hepatitis should be
considered. Single tests such as bilirubin, alkaline phos-
phatase, or GGT are predictive of CBD stones to the extent
of 25-40% [7]. When all biochemical tests are normal, the
incidence of CBD stones is just 7% [7]. Yang et al. report
on 1,002 patients undergoing laparoscopic cholecystec-
tomy [46]. They found that at least one abnormal elevation
among the five biochemical parameters had the highest sen-
sitivity (87.5%). Total bilirubin had the highest specificity
(87.5%), highest probability ratio (3.9), highest accuracy
(84.1%), and highest positive predictive value (27.4%). All
five biochemical predictors had high negative predictive
values; gamma glutamyl transferase was highest (97.9%),
while the lowest was total bilirubin (94.7%) [46]. Multi-
variate analysis showed only gamma glutamyl transferase,
alkaline phosphatase, and total bilirubin to be independent
predictors; gamma glutamyl transferase appeared to be the
most powerful predictor (odds ratio 3.20) [46].

2. Cholangiography

Berggren et al. reporting on 782 of the 1,000 patients who
had successful preoperative intravenous cholangiography,
demonstrated detection of 30 CBD stones and information
about anatomical variation in CBD anatomy [15]. Patients
with inconclusive i.v.c. studies, or those with a history of
contrast allergy, had intraoperative cholangiography, which
demonstrated a further 19 CBD stones [15]. There were
no contrast reactions and no damage to the biliary system
which might have been obviated by intraoperative cholan-
giography. In the 724 patients who did not require compli-
mentary intraoperative cholangiography, there has been no
clinical evidence of missed CBD stones [15]. It has disad-
vantages of reactions to iodinated contrast, difficulty in suf-
ficiently opacifying the CBD and inability to perform any
therapeutic procedure. It is now not popular for diagnosing
CBD stones having been replaced by MRCP and ERCP.

3. Ultrasound abdomen

This test is a screening procedure for CBD stones. In the di-
agnosis of CBD stones, US exhibits poor test performance
at detecting CBD stones with sensitivities in the range of
25-58% and specificities of 68-91% [48]. A normal US re-
sult in conjunction with normal total bilirubin and alkaline
phosphatase levels has been shown to have an excellent
negative predictive value for choledocholithiasis, approach-
ing 95% [7-10]. When used in tandem with 5 biochemical
parameters (bilirubin, SGOT, SGPT, alkaline phosphatase,
GGT, it achieves a predictive accuracy as high as 95%, if,
any two biochemical parameters are positive [7-10]. Inter-
preting this data if there is a high suspicion of stone based
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on clinical and biochemical parameters, ultrasound would
be capable of confirming a CBD stone at a statistically sat-
isfactory level [1-42].

The disadvantages of US are:

(1) It cannot detect stones in the retro duodenal, pan-
creatic, intraduodenal portion of CBD due to the
echogenicity of duodenal gas. An impacted stone
can be diagnosed by indirect evidence of biliary
dilatation.

(ii) No therapy is possible.

4. MRCP (Magnetic resonance cholangio-
pancreatogram)

This relatively new diagnostic procedure which involves
capturing a heavily T2 weighted image (which enhances
fluid containing structures) is rapidly gaining acceptance
[12-23]. The reasons for this are

(1) Itis non-invasive

(i1) It simultaneously gives considerable information
regarding adjacent structures such as the pancreas
and liver

(ii1) Allows for 3 dimensional reconstruction

(iv) Combined with Gadolinium enhanced MR angi-
ography forms a complete single investigation

(v) Can replace intraoperative cholangiogram once
experience at interpretation improves

(vi) Shares the same disadvantages as ERCP in that it
cannot differentiate between stone, sludge, mucus

plugs

The drawbacks of MRCP are its high cost and require-
ment of an expert interpreter. Pitfalls were caused by flow
artifacts, compression by vessels, and low contrast between
calculi and surrounding parenchyma [17]. The sensitivity
for detecting stones appears to decrease according to the
size of the stone: 67-100% for stones >10 mm in size,
89-94% for stones measuring 6—10 mm, and 33-71% for
bile duct stones <6 mm in size [47].

Choledocholithiasis can be diagnosed with a sensitiv-
ity of 88-92% and specificity of 91-98% (vs. 98% for
ERCP) [12-23]. In a blinded study with 110 patients, 30
with choledocholithiasis, 2 observers, one of whom had an
experience of 2 years, achieved comparable results with a
sensitivity of 90%, specificity of 93%, positive predictive
value of 82%, and negative predictive value of 96% and
overall accuracy of 92% with inter-observer agreement of
93% [21].

5. ERCP

ERCP can detect 94% of CBD stones [7]. In the diagnosis
of choledocholithiasis ERCP has a sensitivity of 90%, a
specificity of 98%, and an accuracy of 96% [48]. It has
the added advantage of allowing therapeutic interventions

in the same sitting. But proper technique is essential to
achieve accuracy. ERCP will be dealt with in detail in the
section on treatment.

6. CT scan

It is not a commonly done investigation once a clinical di-
agnosis of CBD stone is made. Usually when the etiology
of distal common duct obstruction is not clear an ultrasound
followed by a CT scan would be done. Now in modern
practice the patient is more likely to undergo an endoscopic
ultrasound followed by an ERCP. CT scan however is
more accurate than abdominal ultrasound in detecting
retroduodenal and intra-pancreatic stones; but requires
a dilated common duct. The classical appearance is
described as a “Target sign”. For the diagnosis of CBD
stones, high resolution computed tomographic cholangi-
ography achieved a sensitivity of 87% (95% CI (84-90)),
a specificity of 97% (95% CI (95-98)), and an overall
accuracy of 95% (95% CI (94-97)) for the diagnosis
of CBD stones compared to direct imaging such as ERCP
or IOC [47].

In an occasional patient CT cholangiography is a useful
alternative to ERCP for example in a patient with a gastric
outlet obstruction or duodenal diverticulum or a patient
unwilling to have an ERCP. In this procedure the CBD is
opacified by oral or IV cholangiography and spiral CT with
a slice thickness of 2 mm is used for imaging the common
duct.

7. Endoscopic ultrasound

This procedure is very efficient in imaging the intrapancre-
atic and the intraduodenal portion of the CBD. In addition
it allows differentiation from a cholangiocarcinoma at the
lower end and also FNABC from any suspected non-calcu-
lous lesion. Its imaging of the upper biliary tract including
the intrahepatic branches is, however, less accurate. Sensi-
tivity is 93-97% and specificity is 97-100% [29]. Dilatation
of the CBD as a marker of choledocholithiasis has a speci-
ficity of 94% [29]. EUS is very accurate in determining the
cause of extrahepatic obstruction with a sensitivity of 97%
and a specificity of 88% compared with the combined gold
standard of ERCP, intraoperative cholangiography (I0C),
and clinical follow-up [47]. In particular, EUS is very ac-
curate in diagnosing CBD stones, with a sensitivity of
95%, specificity of 98%, and an accuracy of 96%. EUS is
especially more accurate in detecting small stones or stones
within small caliber CBDs [47].

8. Intraoperative cholangiogram (I0C)
Many groups believe in routine intraoperative cholangio-
gram [54]. Groups that believe in routine intraoperative

cholangiogram argue that it increases the operative time
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just by a few more minutes. It is also less morbid and has
no mortality as compared to ERCP, while being more cost
effective. However, this requires surgical units to invest in a
C arm device/portable X-ray device with radiolucent tables
which is outside the reach of many centres performing
laparoscopic cholecystectomies.

Mir et al. [45] report on 1,267 patients (976 females/
291 males) where laparoscopic cholecystectomy without
routine IOC was performed. Twenty-three cases were con-
verted to open procedures; 12 patients developed port site
infection, and there was no procedure related mortality. One
patient had CBD injury and 4 patients had biliary leak. One
cholecystohepatic duct was detected and managed intraop-
eratively, 1 patient had retained CBD stones, while 1 patient
had retained cystic duct stones. Incidental gallbladder ma-
lignancy was detected in 2 cases [45].

Reporting on 343 patients undergoing laparoscopic cho-
lecystectomy over a one year period, Korman et al. [55]
advocate preoperative ERCP in patients with biochemi-
cal or ultrasound abnormalities. They discourage 10C in
individuals where ERCP is normal citing increased
incidence of false positives resulting in additional
procedures and advocate postoperative ERCP with stone
clearance for those stones that become symptomatic.
Following this policy they had a 1% incidence of post-
cholecystectomy stone disease and a 3% false positive rate
when IOC was done. They also report no bile duct injury in
both groups.

Echoing this advice in a series of 997 patients [56] in
whom IOC was accomplished in 962 patients (96%), 46
patients (4.6%) had at least one filling defect. Twelve of
these had a normal cholangiogram at 48 hours (26% pos-
sible false positive operative cholangiogram) and a fur-
ther 12 at 6 weeks (26% spontaneous passage of calculi)
[56]. Spontaneous passage was not determined by either
the number or size of calculi or by the diameter of the
bile duct. Only 22 patients (2.2% of total population)
had persistent CBD calculi at 6 weeks after laparoscopic
cholecystectomy and retrieved by endoscopic retrograde
cholangiopancreatography [56]. Treatment decisions based
on assessment by operative cholangiography alone would
result in unnecessary interventions in 50% of patients who
had either false positive studies or subsequently passed the
stone [56].

I0C should be therefore probably be done in units where
experience to perform laparoscopic CBD exploration ex-
ists since in the absence of this and with the availability of
ERCP a minimally invasive approach will not be possible.
Again it makes sense to perform this procedure if access to
ERCEP is not available or if the patient comes from a remote
location since this will allow the cholecystectomy and CBD
clearance to be performed in one single setting. Intraopera-
tive cholangiography should also be performed either in all
or in those with high risk of residual CBD stones when an
open cholecystectomy is being performed.
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9. Laparoscopic ultrasound

Recently some surgical units have advocated the use of
laparoscopic ultrasound as an alternative to Intraoperative
cholangiogram but many reports show that this procedure is
inadequate to examine the intrapancreatic CBD. Since most
CBD stones are situated in this portion, this procedure ap-
pears to be inferior to IOC [9].

Treatment of CBD stones

The treatment of CBD stones has shown considerable evo-
lution over the last 4 decades (Fig. 1). The cause for this
evolution has been constant upgradation of technological
capability, which allows treating clinicians to offer cure
with minimal discomfort and morbidity. At times, these
technological innovations have been adopted without
clear-cut guidelines from randomised trials. It is difficult
for many non-surgical clinicians to accept the fact that for a
“Good risk” patient surgical CBD clearance offers the best
chance of a complete cure with minimal morbidity. This
argument may become moot in a few years if laparoscopic
CBD clearance is standardised in which circumstance, a
treatment option with minimal patient discomfort can be
offered [24, 25-27, 50, 53].

The factors that decide treatment are:

Size of the stone

Size of the duct

Post cholecystectomy status of the patient

Drainage tube in CBD

Location of the stone,

multiple intrahepatic stones,

presence of stricture

Risk assessment of the patient-age, cholecystitis,
pancreatitis, associated systemic diseases such as
cirrhosis of the liver

O\ L B W~

Surgical therapy of CBD stones [24-27, 50-55]

Open choledocholithotomy (with or without a drainage
procedure)

Indications

(1) Dilated CBD with or without inflammation with a
positive intraoperative cholangiogram or diagnostic
choledochoscopy

(ii)) Previous history of cholangitis or jaundice

(iii) Previous history of gall stone pancreatitis with a
positive Intraoperative cholangiogram

(iv) Palpable stones in the CBD

This is the standard surgical procedure and the reader is ad-
vised to consult standard operative manuals for the technical
details. Certain details, however, need to be highlighted.



Indian J Surg (September—October 2009) 71:229-237

233

[Clinical and Biochemical suspicion of CBD stone

in a good risk patient
S [ | |
Preferable MRCP Available
|Local Expertise for Lap CBDE | | @ a‘i_f"__ | Lap. Operative Cholangiogram

N
Yes - INo

[ Lap. Operative i

| Cholangiogram

ERCP Expertise |

/

J
Hagatron

I | ——
| Positive |

Local Expertise for Lap CBDE
 BESRAe

R

PIIECREE | A
| LapCBD | [ Yes No — No Yes
| Clearance | = - ' \i,
/| Fails k—{OpenCBDE | 35 CBD Cearance |
[EPT, Stone RN SN aE e i
| extraction
I . 7
B Lap Cholecystectomy

Fig.1 Algorithm of management of CBD stones in a good risk patient

(i) Kocherization of the duodenum so as to palpate
the retroduodenal and intra-pancreatic CBD
Palpate the ampulla carefully but gently

Avoid excessive instrumentation of the CBD;
Bakes’ or any similar rigid dilatation should be
avoided

DO NOT pass the Desjardin’s forceps through
the ampulla

Do not hesitate to perform a choledochoduode-
nostomy, sphincteroplasty or choledochojejunos-

tomy provided all required criteria are met.

(i1)
(iii)

(iv)
V)

(vi) Perform choledochoscopy if facilities are avail-
able or perform a completion cholangiogram and
follow every “minor” technical detail.

(vii) Use the smallest possible diameter T-tube

The residual stone rate of routine CBD exploration
with completion cholangiogram is in the range of 7-11%
[1-45, 50, 52] and in recent results less than 6% [53]. The
reasons for such a high rate are related to missed intrahepatic
stones or an improperly done completion cholangiogram.
Completion choledochoscopy has shown better results
achieving successful clearance of the CBD in up to 98%.
Choledochotomy can on occasion be avoided by cystic
duct dilatation and usage of therapeutic choledochoscopy
to clear the common duct. An important determinant of
whether transcystic CBD exploration will be effective is the

size of the stone and the location of the stone. Stones larger
than 9 mm cannot be extracted through the cystic duct
without fragmentation or in the presence of a friable cystic
duct. In addition, stones proximal to the cystic duct-CBD
junction can be extracted in only 40% of cases and these
cases require either a laparoscopic or open choledochotomy
[1-50].

Primary closure of the CBD may be done if the duct
is normal and the surgeon is satisfied of clearance of the
CBD. But these conditions are rarely met with in clinical
practice.

Indications for choledochoduodenostomy
1. Multiple CBD stones
2. Ampullary stenosis with stones
3. Impacted ampullary stone in the absence of pancre-
atitis
4. Intrahepatic stones
Contraindications for choledochoduodenostomy are
1. CBD<15mm
2. Perivaterian diverticulum
3. Sclerosing cholangitis

Indications and prerequisites for sphincteroplasty
1. Multiple CBD stones
2. Recurrent CBD stones
3. Stone impacted at ampulla
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4. Papillary stenosis with stones

Contraindications for sphincteroplasty are
1. Long stricture >15 mm
2. Perivaterian diverticulum
3. Duodenal wall or pancreas grossly inflamed

Laparoscopic CBD exploration

CBD exploration may be done after initial confirmation
(detection) of a stone by IOC laparoscopic ultrasound. The
cystic duct is dilated with graded dilators/balloon dilatation
and choledochoscopic stone removal is done. The same lim-
itations to transcystic intervention are applicable in laparos-
copy as well. Alternatively the CBD may be approached by a
choledochotomy where the CBD is opened with scissors or a
harmonic scalpel and the CBD explored using a therapeutic
choledochoscope. Alternatively Steerable catheters under
fluoroscopic guidance are used. Laparoscopic ante grade
sphincterotomy may be added to provide bile duct drainage
and to prevent the problem of recurrent ductal stones [12,
25]. At completion, a cholangiogram is done and the CBD
may be closed over a T-tube using endosutures. In a report
of 300 laparoscopic CBDE procedures [57], 173 (58%) were
managed using a transcystic approach and 127 (42%) with
choledochotomy. Successful laparoscopic stone clearance
was achieved in 271 (90%). Of the 29 (10%) patients not
cleared laparoscopically, 10 had an elective postsurgical
ERC, 12 were converted to an open procedure early in the
series, and 7 had unexpected retained stones. There was one
death (mortality rate 0.3%) and major morbidity occurred in
22 patients (7%). The last 100 procedures were performed
from July 1995 to February 1997, and stone clearance was
unsuccessful in only two patients. There are now reports of
series where laparoscopic choledochoduodenostomy has
been done for post cholecystectomy CBD stones, for recur-
rent pyogenic cholangitis with recurrent CBD stones without
strictures or as an adjunct to cholecystectomy [58—60].

Advantages
(i) Minimally invasive
(il) Wound related morbidity is avoided
Disadvantages
(i) Advanced and expensive instrumentation required.
(il) Technical and laparoscopic skills of a high order

are required including endosuturing skills
(iii) No long-term follow up data is available

Non-surgical approaches
ERCP

This particular procedure has wrought the maximum change
in the management of CBD stone disease. Successful
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cannulation of the CBD is seen in up to 98% in expert hands
and clearance is achieved in 85 to 92% [1-8, 3941, 48].
Morbidity is approximately 7% with the highest reported
mortality being in the range of approximately 2%. Chol-
angitis can occur after ERCP in up to 4-5% of individuals
and can be prevented by pre-procedure antibiotics at least
30 minutes before the procedure and ensuring that adequate
serum levels are maintained during the procedure [1-8,
39-41, 51]. Sphincterotomy with stone extraction is the
commonest procedure performed. Balloon catheters are
preferred as opposed to Basketing because of the chance
of impaction of the basket at the papilla. Sphincterotomy
has a bleed rate of 1%, perforation rate less than 1% and
can cause pancreatitis in 1-2% [1-8, 3941, 48]. Most
of the patients with these complications can be managed
conservatively. Pancreatitis can be prevented by a safely
performed papillotomy without using an excessive blend
current, prevention of contrast visualisation of acini during
pancreatogram, using non-ionic contrast medium and more
controversially pre-procedure octreotide. In young indi-
viduals a sphincterotomy is not preferred because the long-
term effects of sphincterotomy are unknown. It has been
demonstrated that the bacterial clearance in the CBD is
impaired after sphincterotomy. In response to this criticism
of sphincterotomy, some groups have advocated balloon
dilation of the sphincter of oddi. Pancreatitis has been seen
in up to 7% of patients after balloon dilatation and also there
appears to be a limitation to the size of stones that can be
extracted though there was no difference as compared to ES
[1-8, 3941, 48]. In patients with stones larger than 15 mm
success was seen in 47% of balloon dilatation and 54% in
the endoscopic sphincterotomy group [39]. A randomised
controlled trial between sphincterotomy and balloon dilata-
tion has shown no benefit for balloon dilatation [1-8, 3941,
48]. A meta-analysis of trials of endoscopic balloon dilation
and sphincterotomy has concluded that balloon dilatation
probably useful only in patients with a coagulopathy and
even for younger patients it is not advisable to use balloon
dilatation [1-8, 39, 40, 41, 48].

Radiological interventions

These techniques are usually applied in the post-cholecys-
tectomy CBD stone with a T-tube in situ. The stone extract-
ed using a Steerable basket after the T-tube tract is dilated.
In the absence of a T-tube tract, a transhepatic approach
using PTC can be used, if ERCP is not possible and surgery
is contraindicated. While giving good results, it requires
considerable skill on the part of the radiologist and has a
success rate from 88-97% and a morbidity rate of 5-10%
[9]. Larger stones can be fragmented and then extracted.

T-tube tracts also allow passage of choledochoscopes
and extraction of stones under direct vision and radiological
guidance. Ultrasonic shock wave lithotripsy has also been
used to fragment the stone [9].
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Dissolution of common duct stones

This modality of treatment has decreased considerably in
popularity due to the technical difficulties, complications
and recurrence of stones. Various agents have been used
such as ether, chloroform, heparin, clofibrate and bile acids
and all have now been abandoned. Methyl tert-butyl ether
(MTBE) is an investigational agent. In addition, it causes
necrosis when it comes in contact with the duodenal mu-
cosa. It has a very foul odour making patient acceptance
difficult. Monooctanoin is the best agent for dissolution
of cholesterol gallstones. It is instilled either through a
preexisting T-tube/nasobiliary drain or by the transhepatic
route after balloon occlusion of the distal bile duct. Though
results are good, toxicity resulting in disruption of the bili-
ary epithelium, necrotizing CBD inflammation and gastric
mucosal injury is not uncommon. Reporting on an extreme-
ly small series of 5 patients, Saraya et al. [42] found only
one patient showed complete disappearance of the bile duct
stone following MTBE perfusion. Others did not show any
appreciable response and had to be treated by endoscopic
papillotomy (three patients) or mono-octanoin perfusion
(one patient). Side effects of MTBE perfusion included
pain in the abdomen in all patients, somnolence and nausea/
vertigo in two patients and the smell of ether on the breath
in two patients [9, 28, 42].

ESWL

Extra-Corporeal Shock Wave lithotripsy involves focusing
the shock wave produced by a spark generator onto a stone
resulting in fragmentation and evacuation of these frag-
ments endoscopically through a previous sphincterotomy.
To prevent cholangitis and septicemia, pre-procedure anti-
biotics are used. Mora et al. [43] reported 19 patients with
high risk diseases preventing surgery who underwent ESWL
for bile duct stones. The procedure was successful in 16 of
the 19 patients (84.2%), where combined treatment with
ESWL and subsequent instrumental endoscopic extraction
achieved complete clearance of the biliary tract. The treat-
ment failed in 3 patients who underwent surgery. No early
or late complications were observed, except in one patient
who presented a self-limiting febrile syndrome. Reporting
on a small series [44] of 16 patients with impacted stones or
stones present above biliary strictures White et al. showed
that 16 patients received 27 ESWL treatments (mean =
2101 shock at 21 kV) while 4 patients (22%) required mul-
tiple treatments. Stone fragmentation was achieved in 94%
of patients. All patients had ERCP performed post-ESWL,
and only 2 (13%) patients required immediate operations.
At discharge, 94% of patients were stone-free. Minor com-
plications (e.g. pain, hematuria) were common. With an
average follow-up of 3 years, only 1 patient (6%) required
retreatment for recurrence. Hepatic transplantation was re-
quired in one patient.

Therefore there appears to be a role for the appplication
of ESWL limited to its use as an adjunct to endoscopic
therapy in bile duct stones and also in high risk patients
unfit for other procedures.

Post cholecystectomy and post choledocholithotomy CBD
stones

Post-cholecystectomy CBD stones can be managed by
ERCP and stone extraction if no contraindications for ERCP
exist. Large stones (>2 cms) in good risk, young patients are
probably better managed by open choledocholithotomy or
laparoscopic choledochotomy.

Post choledochotomy stones are managed depending on
whether any direct access in the form of a T-tube is available.
The various options are radiological approaches, choledo-
choscopic approaches, gallstone dissolution followed by
extraction or dissolution alone, ESWL and ERCP [9].

Management of CBD stones in special situations
(1) Associated with portal hypertension or cirrhosis

In a study of 112 patients with cirrhosis of whom 87 un-
derwent surgery and 12 underwent more conservative
procedures patients with Child’s grade A disease had fewer
emergency procedures, operative blood loss and transfusion
were less and they had a shorter hospital stay compared
with patients with grades B and C. There were 4 deaths after
definitive surgery for emergency conditions and these were
all in Child’s grade C. Of the 83 survivors after definitive
procedures 78 patients (93.9%) were still alive 52.8 months
later without any biliary tract symptoms. Of the 25 patients
undergoing conservative treatment 2 were Child’s B and 23
were Child’s C grade. The authors suggest that definitive
surgery be done in Child’s A and B cirrhotic patients, either
electively or as an emergency. However, a more conserva-
tive approach was advised in Child C patients. Definitive
surgery was to be defferred till after liver function had
improved [30, 31].

Another situation is portal biliopathy in extrahepatic
portal vein thrombosis. In this situation the bile duct
is surrounded by large collaterals which bleed profusely
if open surgical exploration of the CBD is attempted.
In this situation endocopic therapy is safer either by
allowing stenting or allowing sphincterotomy and clear-
ance of the CBD. One precaution however is to be aware
that dilated varices in the CBD wall may mimick
stone disease and EUS must be done to confirm pres-
ence of stones before evacuation is attempted. In
those patients where open surgery becomes neces-
sary a prior shunt followed by surgery should be
attempted. Most authors recommed a 6—8 weeks waiting
period after shunt is performed [32].
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(i) Mirizzi syndrome

In this condition there is a stone impacted in the gallbladder
neck associated with common bile duct compression with
or without cholecysto-choledochal fistula. Mc Sherry has
classified Mirizzi syndrome into Mc Sherry type one where
there is compression but no fistula and type two where there
is a fistula. In a series of 24 patients with Mirizzi syndrome
out of 2012 cholecystectomies 14 patients had type 1 and
underwent laparoscopic cholecystectomy while the 10 with
type 2 underwent an open operation. However, where CBD
stones are being dicussed the stone resides within the CBD
only in type 2 Mc Sherry when there is complete erosion
or 3/4ths erosion of the CBD wall. In these situations an
open operation with a hepaticojejunostomy is appropriate
[33-36].

(ii1) Associated with hepatolithiasis

In a series of 54 patients [37] with hepatolithiasis biliary
disease included 27 benign strictures, 7 sclerosing cholan-
gitis, 5 choledochal cysts, 5 parasitic infections, 5 choledo-
cholithiasis, and 5 biliary tumours. Fourteen patients (26%)
were treated exclusively with percutaneous techniques. This
involved placing transhepatic stents and the track being
used for choledochoscopic extraction of stones. 74% (40
patients) had surgery, including 36 Roux-en-Y hepaticoor
choledochojejunostomies with large-bore transhepatic
stents. Eighteen of these 40 patients (45%) with multiple
intrahepatic stones, strictures, or both required additional
procedures after operation. There was no inhospital mortal-
ity. With a mean follow-up of 60 months, 94% of patients
were stone free, 87% of patients were symptom free, and
73% have had their transhepatic stents removed. Catena et
al. however advocate hepatic lobectomy where hepatoli-
thiasis is restricted to one lobe [37, 38].

Conflict of interest The authors do not have any
disclosable interest

References

1. Glen F (1974) Retained Calculi within the biliary ductal
system. Ann Surg 179:528-539

2. Glen F (1975) Trends in surgical treatment of Calculous dis-
ease of the biliary tract. Surg Gyn Obst 140:877-884

3. Vella cott KD, Powell PH (1979) Exploration of the common
bile duct; a comparative study. BJS 66:389-391

4. McSherry CK, Glen F (1980) The incidence and causes of
death following surgery for non-malignant biliary tract dis-
ease. Ann Surg 191:271-275

5. Pitt HA, Cameron JL, Postier RG et al. Factors affecting
morbidity and mortality after surgery for obstructive jaun-
dice; a review of 373 patients. Gut 24:845-852

6. Blamey DH (1992) Biliary laser lithotripsy SCNA 72:
641-654

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Bose SM, Mazumdar A, Prakash VS et al. (2001) Evaluation
of the predictors of choledocholithiasis: comparative analy-
sis of clinical, biochemical, radiological, radionuclear, and
intraoperative parameters. Surg Today 31(2):117-122

Cetta F (1994) Common Duct stones in the era of lapa-
roscopic cholecystectomy: changing treatments and new
pathologic entities. J Laparoendoscopic Surg 4:41-44
Rosenthal RJ, Ricardo RL, Martin RF (1998) Options and
strategies for the management of choledocholithiasis. World
J Surg 22:1125-1132

Imrie CW (1994) Biliary acute pancreatitis. Surgery of the
liver and biliary tract. (Ed) Blumgart LH. Churchill Living-
stone; Ch 43:613-622

Saharia PC, Zuidema GD, Cameron JL (1977) Primary com-
mon duct stones. Ann Surg 185:598-602

Slim K, Bousquet J, Kwiatowski F et al. (1997) Analysis of
randomised controlled trials in laparoscopic surgery. BJS 84:
610-614

Parks RW, Johnston GW, Rowlands BJ (1997) Surgical
biliary bypass for benign and malignant biliary tract disease.
BJS 84:488-492

Lomanto D, Pavone P, Laghi A et al. (1997) Magnetic reso-
nance cholangiopancreatography in the diagnosis of Bilio-
pancreatic diseases. Am J Surgery 174:33-38

Berggren P, Farago I, Gabrielsson N et al. (1997) Intrave-
nous cholangiography before 1000 consecutive laparoscopic
choleystectomies. BJS 84:472-476

Chan Y, Chan ACW, Lam WWM et al. (1996) Choledocholi-
thiasis: Comparison of MR cholangiography and endoscopic
retrograde cholangiography. Radiology 200:85-89
Holzknecht N, Gauger J, Sackman M et al. (1998) Breath-
hold MR cholangiography with snapshot techniques: Pro-
spective comparison with endoscopic retrograde cholangi-
ography. Radiology 206:657-664

Soto JA, Yucel EK, Barish MA et al. (1996) MR Cholan-
giopancreatography after unsuccessful or incomplete ERCP.
Radiology 199:91-98

Guibaud L, Bret PM, Reinhold C et al. (1995) Bile duct
obstruction and choledocholithiasis: Diagnosis with MR
cholangiography. Radiology 197:109-115

Irie H, Honda H, Tajima T et al. (1998) Optimal MR chol-
angiopancreatographic sequence andits clinical application.
Radiology 206:379-387

Reinhold C, Taourel P, Bret PM et al. (1998) Choledocho-
lithiasis: Evaluation of MR cholangiography for diagnosis.
Radiology 209:435-442

Becker CD, Grossholz M, Becker M et al. (1997) Choledo-
cholithiasis and bile duct stenosis: Diagnostic accuracy of
MR cholangiography. Radiology 205:523-530

Soto JA, Barish MA, Alvarez O et al. (2000) Detection
of Choledocholithiasis with MR cholangiography: Com-
parison of three dimensional fast Spin-Echo and single-and
multisection Half-Fourier rapid acquisition with relaxation
enhancement sequences. Radiology 215:737-745
Scott-Conner CEH (1997) Surgical decision making in ob-
structive jaundice. Contemporary Surgery 51(1):15-22
Aroori S, Bell JC (2002) Laparoscopic managment of com-
mon bile duct stones: our initial experience. The Ulster
Medical Journal 71(1):22-25

Berci G, Sackier JM (1994) Laparoscopic cholecystectomy
and laparoscopic choledocholithotomy. Surgery of the liver



Indian J Surg (September—October 2009) 71:229-237

237

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

and biliary tract. (Ed) Blumgart LH. Churchill Livingstone;
Ch 45:633-662

Parks RW, Johnston GW, Rowlands BJ (1997) Surgical
Biliary bypass for benign and malignant extrahepatic biliary
tract disease. BJS 84:488-492

Mack E (1994) Dissolution of common duct stones. Surgery
of the liver and biliary tract. (Ed) Blumgart LH. Churchill
Livingstone; Ch 52:739-752

Yuk Tong Lee, Francis KL, Chan WK, Leung et al. (2008)
Comparison of EUS and ERCP in the investigation with sus-
pected biliary obstruction caused by choledocholithiasis:a ran-
domized study. Gastrointestinal Endoscopy 67(4):660—668
Cheng-Chung Wu, Chi-Jou Hwang, June-Hei Fang et al.
(1995) Definitive surgical treatment for cholelithiasis in se-
lected patients with liver cirrhosis. HPB Surgery 9:43-46
Yajaira S, Irving W (2001) Choledocholithiasis in the setting
of portal hypertension current treatment options in Gastroen-
terology 4:133-137

Ignacio Guerrero Hernandez, Mariana Weimersheimer
Sandoval, Eric Lopez Méndez et al. (2005) Biliary stricture
caused by portal biliopathy: Case report and literature review.
Ann Hepatol 4(4):286-288

A-Hon Kwon, Hiroaki Inui (2007) Preoperative diagnosis
and efficacy of laparoscopic procedures in the treatment of
Mirizzi syndrome. ] Am Coll Surg 204:409-415

RE England, DF Martin (1997) Endoscopic management of
Mirizzi’s syndrome. Gut 40:272-276

Michael Safioleas, Michael Stamatakos, Panagiotis Safioleas
et al. (2008) Mirizzi syndrome: an unexpected problem of
cholelithiasis. Our experience with 27 cases International
Seminars in Surgical Oncology 5:12

Gomez D, Rahman SH, Toogood GJ (2006) Mirizzi’s syndrome
results from a large western experience. HPB 8:474-479

Pitt HA, Venbrux AC, Coleman J Intrahepatic Stones-The
transhepatic team approach. Annals of Surgery 219(5):
527-537

Catena M, Aldrighetti L, Finazzi R (2006) Treatment of non-
endemic hepatolithiasis in a Western country. The role of
hepatic resection. Ann R Coll Surg Engl 88:383-389
Vlavianos P, Chopra K, Mandalia S (2003) Endoscopic bal-
loon dilatation versus endoscopic sphincterotomy for the
removal of bile duct stones: a prospective randomised trial.
Gut 52:1165-1169

Nathanson LK, O’Rourke NA, Martin 1J et al. (2005) Post-
operative ERCP versus laparoscopic choledochotomy for
clearance of selected bile duct calculi: a randomized trial.
Ann Surg 242(2):188-192

Baron TH, Harewood GC (2004) Endoscopic balloon dila-
tion of the biliary sphincter compared to endoscopic biliary
sphincterotomy for removal of common bile duct stones dur-
ing ERCP: a metaanalysis of randomized, controlled trials.
Am J Gastroenterol 99(8):1455-1460

Saraya A, Rai RR, Tandon RK (1990) Experience with
MTRBE as a solvent for common bile duct stones in patients
with T-tube in situ. J Gastroenterol Hepatol 5(2):130-134
Mora J, Aguilera V, Sala T (2002) Endoscopic treatment
combined with extracorporeal shock wave lithotripsy of
difficult bile duct stones. Gastroenterol Hepatol 25(10):
585-588

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

White DM, Correa RJ, Gibbons RP et al. (1998) Extracorpo-
real shock-wave lithotripsy for bile duct calculi. Am J Surg
175(1):10-13

Mir IS, Mohsin M, Kirmani O et al. (2007) Is intra-operative
cholangiography necessary during laparoscopic cholecys-
tectomy? A multicentre rural experience from a developing
world country. World J Gastroenterol 13(33):4493-4497
Yang MH, Chen TH, Wang SE et al. (2008) Biochemical pre-
dictors for absence of common bile duct stones in patients
undergoing laparoscopic cholecystectomy. Surg Endosc
22(7):1620-1624

Tse F, Barkun JS, Romagnuolo J et al. (2006) Nonoperative
imaging techniques in suspected biliary tract obstruction.
HPB (Oxford) 8(6):409-425

Frey CF, Burbige EJ, Meinke WB, Pullos TG, Wong HN,
Hickman DM, et al. (1982) Endoscopic retrograde cholan-
giopancreatography. Am J Surg 144:109-114

Verbesey JE, Birkett DH (2008) Common bile duct explo-
ration for choledocholithiasis. Surgical Clinics of North
America 88(6):1315-1328

Blumgart LH ed. Surgery of the liver, biliary tract, and pan-
creas. Fourth Edition Vol 1:623-834

Thompson BF, Arguedas MR, Wilcox CM (2002) Anti-
biotic prophylaxis prior to endoscopic retrograde cholan-
giopancreatography in patients with obstructive jaundice:
is it worth the cost? Aliment Pharmacol Ther 16(4):
727-734

Uchiyama K, Onishi H, Tani M (2003) Long-term prognosis
after treatment of patients with choledocholithiasis. Ann
Surg 238(1):97-102

Targarona EM, Bendahan GE (2004) Management of com-
mon bile duct stones: controversies and future perspectives.
HPB 6(3):140-143

Cuschieri A, Shimi S, Banting S, et al. (1994) Intraoperative
cholangiogram during laparoscopic cholecystectomy: rou-
tine vs. selective policy. Surg Endos 8:302-305

Korman J, Cosgrove J, Furman M et al. (1996) The Role
of Endoscopic Retrograde Cholangiopancreatography and
Cholangiography in the Laparoscopic Era. Ann Surg 223(2):
212-216

Collins C, Maguire D, Ireland A et al. (2004) A prospective
study of common bile duct calculi in patients undergoing
laparoscopic cholecystectomy natural history of choledo-
cholithiasis revisited. Ann Surg 239:28-33

Martin 1J, Bailey IS, Rhodes M et al. (1998) Towards T-tube
free laparoscopic bile duct exploration: a methodologic evo-
lution during 300 consecutive procedures. Ann Surg 228(1):
29-34

Bhandarkar DS, Shah RS (2009) Laparoscopic choledocho-
duodenostomy for retained bile duct stone. J Postgrad Med
51:156-157

Jeyapalan M, Almeida JA, Michaelson RL, Franklin ME Jr.
(2002) Laparoscopic choledochoduodenostomy: Review of
a 4-year experience with an uncommon problem. Surg Lapa-
rosc Endosc Percutan Tech 12:148-153

Tang CN, Siu WT, Ha JP, Li MK (2003) Laparoscopic
choledochoduodenostomy: An effective drainage proce-
dure for recurrent pyogenic cholangitis. Surg Endosc 17:
1590-1594

@ Springer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


