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            Gerald M. Fried, M.D., F.A.C.S., Liane S. Feldman, M.D., F.A.C.S., and Dennis R. Klassen, M.D. 21 CHOLECYSTECTOMY AND COMMON BILE DUCT EXPLORATION Cholecystectomy is the treatment of choice for symptomatic gall- stones because it removes the organ that contributes to both the formation of gallstones and the complications ensuing from them. 1 The morbidity associated with cholecystectomy is attributable to injury to the abdominal wall in the process of gaining access to the gallbladder (i.e., the incision in the abdominal wall and its clo- sure) or to inadvertent injury to surrounding structures during dissection of the gallbladder. Efforts to diminish the morbidity of open cholecystectomy have led to the development of laparoscop- ic cholecystectomy, made possible by modern optics and video technology. Carl Langenbuch performed the ﬁrst cholecystectomy in Berlin, Germany, in 1882. Erich Mühe performed the ﬁrst laparo- scopic cholecystectomy in Germany in 1985, 2 and by 1992, 90% of cholecystectomies in the United States were being performed laparoscopically. Compared with open cholecystectomy, the laparoscopic approach has dramatically reduced hospital stay, postoperative pain, and convalescent time. However, rapid adop- tion of laparoscopic cholecystectomy as the so-called gold stan- dard for treatment of symptomatic gallstone disease was associat- ed with complications, including an increased incidence of major bile duct injuries. Since the early 1990s, considerable advances have been made in instrumentation and equipment, and a great deal of experience with laparoscopic cholecystectomy has been amassed worldwide. Of particular signiﬁcance is the miniaturization and improvement of optics and instruments, which has reduced the morbidity of the procedure by making possible ever-smaller incisions. With proper patient selection and preparation, laparoscopic cholecystectomy is being safely performed on an outpatient basis in many centers. 3 The primary goal of cholecystectomy is removal of the gall- bladder with minimal risk of injury to the bile ducts and sur- rounding structures. Our approach is designed to maximize the safety of both routine and complicated cholecystectomies. In what follows, we describe our approach and discuss current indications and techniques for imaging and exploring the common bile duct (CBD). Laparoscopic Cholecystectomy PREOPERATIVE EVALUATION To plan the surgical procedure, assess the likelihood of conver- sion to open cholecystectomy, and determine which patients are at high risk for CBD stones, the surgeon must obtain certain data preoperatively. Useful information can be obtained from the patient’s history, from imaging studies, and from laboratory tests. Preoperative Data History and physical examination A good medical histo- ry provides information about associated medical problems that may affect the patient’s tolerance of pneumoperitoneum. Patients with cardiorespiratory disease may have difﬁculty with the effects of CO 2 pneumoperitoneum on cardiac output, lung inﬂation pres- sure, acid-base balance, and the ability of the lungs to eliminate CO 2 . Most bleeding disorders can also be identiﬁed through the history. A disease-speciﬁc history is important in identifying patients in whom previous episodes of acute cholecystitis may make laparoscopic cholecystectomy more difﬁcult, as well as those at increased risk for choledocholithiasis (e.g., those who have had jaundice, pancreatitis, or cholangitis). 4-9 Physical examination identiﬁes patients whose body habitus is likely to make laparoscopic cholecystectomy difﬁcult and is help- ful for determining optimal trocar placement. Abdominal exami- nation also reveals any scars, stomas, or hernias that are likely to necessitate the use of special techniques for trocar insertion. Imaging studies Ultrasonography is highly operator depen- dent, but in capable hands, it can provide useful information. It is the best test for diagnosing cholelithiasis, and it can usually deter- mine the size and number of stones. 4 Large stones indicate that a larger incision in the skin and the fascia will be necessary to retrieve the gallbladder. Multiple small stones suggest that the patient is more likely to require operative cholangiography (if a policy of selective cholangiography is practiced) [see Operative Technique, Step 5, below]. A shrunken gallbladder, a thickened gallbladder wall, and pericholecystic ﬂuid on ultrasonographic examination are signiﬁcant predictors of conversion to open cholecystectomy. The presence of a dilated CBD or CBD stones preoperatively is predictive of choledocholithiasis. Other intra- abdominal pathologic conditions, either related to or separate from the hepatic-biliary-pancreatic system, may inﬂuence opera- tive planning. Preoperative imaging studies of the CBD may allow the sur- geon to identify patients with CBD stones before operation. Such imaging may involve endoscopic retrograde cholangiopancreatog- raphy (ERCP) [see 5:18 Gastrointestinal Endoscopy], 10 magnetic resonance cholangiopancreatography (MRCP) [see Figure 1], 11,12 or endoscopic ultrasonography (EUS). These imaging modalities also provide an anatomic map of the extrahepatic biliary tree, identifying unusual anatomy preoperatively and helping the sur- geon plan a safe operation. Endoscopic sphincterotomy (ES) is performed during ERCP if stones are identiﬁed in the CBD. MRCP has an advantage over ERCP and EUS in that it is nonin- vasive and does not make use of injected iodinated contrast solu- tions. 11 Most surgeons would probably recommend that preoper- ative cholangiography be performed selectively in patients with clinical or biochemical features associated with a high risk of choledocholithiasis. The speciﬁc modality used in such a case varies with the technology and expertise available locally. Laboratory tests Preoperative blood tests should include © 2005 WebMD, Inc. All rights reserved. 5 Gastrointestinal Tract and Abdomen ACS Surgery: Principles and Practice 21 Cholecystetomy and Common Bile Duct Exploration — 1 
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Gerald M. Fried, M.D., F.A.C.S., Liane S. Feldman, M.D., F.A.C.S., and Dennis R. Klassen, M.D.
 21 CHOLECYSTECTOMY AND COMMON BILE DUCT EXPLORATION
 Cholecystectomy is the treatment of choice for symptomatic gall-stones because it removes the organ that contributes to both theformation of gallstones and the complications ensuing from them.1The morbidity associated with cholecystectomy is attributable to injury to the abdominal wall in the process of gaining access tothe gallbladder (i.e., the incision in the abdominal wall and its clo-sure) or to inadvertent injury to surrounding structures duringdissection of the gallbladder. Efforts to diminish the morbidity ofopen cholecystectomy have led to the development of laparoscop-ic cholecystectomy, made possible by modern optics and videotechnology.
 Carl Langenbuch performed the first cholecystectomy inBerlin, Germany, in 1882. Erich Mühe performed the first laparo-scopic cholecystectomy in Germany in 1985,2 and by 1992, 90%of cholecystectomies in the United States were being performedlaparoscopically. Compared with open cholecystectomy, thelaparoscopic approach has dramatically reduced hospital stay,postoperative pain, and convalescent time. However, rapid adop-tion of laparoscopic cholecystectomy as the so-called gold stan-dard for treatment of symptomatic gallstone disease was associat-ed with complications, including an increased incidence of majorbile duct injuries.
 Since the early 1990s, considerable advances have been madein instrumentation and equipment, and a great deal of experiencewith laparoscopic cholecystectomy has been amassed worldwide.Of particular significance is the miniaturization and improvementof optics and instruments, which has reduced the morbidity of theprocedure by making possible ever-smaller incisions.With properpatient selection and preparation, laparoscopic cholecystectomy isbeing safely performed on an outpatient basis in many centers.3
 The primary goal of cholecystectomy is removal of the gall-bladder with minimal risk of injury to the bile ducts and sur-rounding structures. Our approach is designed to maximize thesafety of both routine and complicated cholecystectomies. In whatfollows, we describe our approach and discuss current indicationsand techniques for imaging and exploring the common bile duct(CBD).
 Laparoscopic Cholecystectomy
 PREOPERATIVE EVALUATION
 To plan the surgical procedure, assess the likelihood of conver-sion to open cholecystectomy, and determine which patients are athigh risk for CBD stones, the surgeon must obtain certain datapreoperatively. Useful information can be obtained from thepatient’s history, from imaging studies, and from laboratory tests.
 Preoperative Data
 History and physical examination A good medical histo-ry provides information about associated medical problems that
 may affect the patient’s tolerance of pneumoperitoneum. Patientswith cardiorespiratory disease may have difficulty with the effectsof CO2 pneumoperitoneum on cardiac output, lung inflation pres-sure, acid-base balance, and the ability of the lungs to eliminateCO2. Most bleeding disorders can also be identified through thehistory. A disease-specific history is important in identifyingpatients in whom previous episodes of acute cholecystitis maymake laparoscopic cholecystectomy more difficult, as well as thoseat increased risk for choledocholithiasis (e.g., those who have hadjaundice, pancreatitis, or cholangitis).4-9
 Physical examination identifies patients whose body habitus islikely to make laparoscopic cholecystectomy difficult and is help-ful for determining optimal trocar placement. Abdominal exami-nation also reveals any scars, stomas, or hernias that are likely tonecessitate the use of special techniques for trocar insertion.
 Imaging studies Ultrasonography is highly operator depen-dent, but in capable hands, it can provide useful information. It isthe best test for diagnosing cholelithiasis, and it can usually deter-mine the size and number of stones.4 Large stones indicate that alarger incision in the skin and the fascia will be necessary toretrieve the gallbladder. Multiple small stones suggest that thepatient is more likely to require operative cholangiography (if apolicy of selective cholangiography is practiced) [see OperativeTechnique, Step 5, below]. A shrunken gallbladder, a thickenedgallbladder wall, and pericholecystic fluid on ultrasonographicexamination are significant predictors of conversion to opencholecystectomy. The presence of a dilated CBD or CBD stonespreoperatively is predictive of choledocholithiasis. Other intra-abdominal pathologic conditions, either related to or separatefrom the hepatic-biliary-pancreatic system, may influence opera-tive planning.
 Preoperative imaging studies of the CBD may allow the sur-geon to identify patients with CBD stones before operation. Suchimaging may involve endoscopic retrograde cholangiopancreatog-raphy (ERCP) [see 5:18 Gastrointestinal Endoscopy],10 magneticresonance cholangiopancreatography (MRCP) [see Figure 1],11,12
 or endoscopic ultrasonography (EUS).These imaging modalitiesalso provide an anatomic map of the extrahepatic biliary tree,identifying unusual anatomy preoperatively and helping the sur-geon plan a safe operation. Endoscopic sphincterotomy (ES) isperformed during ERCP if stones are identified in the CBD.MRCP has an advantage over ERCP and EUS in that it is nonin-vasive and does not make use of injected iodinated contrast solu-tions.11 Most surgeons would probably recommend that preoper-ative cholangiography be performed selectively in patients withclinical or biochemical features associated with a high risk ofcholedocholithiasis. The specific modality used in such a casevaries with the technology and expertise available locally.
 Laboratory tests Preoperative blood tests should include
 © 2005 WebMD, Inc. All rights reserved.5 Gastrointestinal Tract and Abdomen
 ACS Surgery: Principles and Practice21 Cholecystetomy and Common Bile Duct Exploration — 1
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 liver function, renal function, electrolyte, and coagulation studies.Abnormal liver function test results may reflect choledocholithia-sis or primary hepatic dysfunction.
 Selection of Patients
 Patients eligible for outpatient cholecystectomy Patientsin good general health who have a reasonable amount of supportfrom family or friends and who do not live too far away from ade-quate medical facilities are eligible for outpatient cholecystecto-my, especially if they are at low risk for conversion to laparotomy[see Special Problems, Conversion to Laparotomy, below].3 Thesepatients can generally be discharged home from the recoveryroom 6 to 12 hours after surgery, provided that the operation wentsmoothly, their vital signs are stable, they are able to void, they canmanage at least a liquid diet without vomiting, and their pain canbe controlled with oral analgesics.
 Technically challenging patients Before performing lapa-roscopic cholecystectomy, the surgeon can predict which patientsare likely to be technically challenging. These include patientswho have a particularly unsuitable body habitus, those who arehighly likely to have multiple and dense peritoneal adhesions, andthose who are likely to have distorted anatomy in the region of thegallbladder.
 Morbidly obese patients present specific difficulties [see Opera-tive Technique, Step 1, Special Considerations in Obese Patients,below].13 Small, muscular patients have a noncompliant abdominalwall, resulting in a small working space in the abdomen and neces-sitating high inflation pressures to obtain reasonable exposure.
 Patients with a history of multiple abdominal operations, espe-cially in the upper abdomen, and those who have a history of peri-tonitis are likely to pose difficulties because of peritoneal adhe-sions.14 These adhesions make access to the abdomen more riskyand exposure of the gallbladder more difficult. Patients who haveundergone gastroduodenal surgery, those who have any history ofacute cholecystitis, those who have a long history of recurrent gall-
 bladder attacks, and those who have recently had severe pancre-atitis are particularly difficult candidates for laparoscopic chole-cystectomy. These patients may have dense adhesions in theregion of the gallbladder, the anatomy may be distorted, the cys-tic duct may be foreshortened, and the CBD may be very closelyand densely adherent to the gallbladder. Such patients are a chal-lenge to the most experienced laparoscopic surgeon. When suchproblems are encountered, conversion to open cholecystectomyshould be considered early in the operation.14,15
 Predictors of choledocholithiasis CBD stones may bediscovered preoperatively, intraoperatively, or postoperatively.Thesurgeon’s goal is to clear the ducts but to use the smallest numberof procedures with the lowest risk of morbidity.Thus, before elec-tive laparoscopic cholecystectomy, it is desirable to classify pa-tients into one of three groups: high risk (those who have clinicaljaundice or cholangitis, visible choledocholithiasis, or a dilatedCBD on ultrasonography), moderate risk (those who have hyper-bilirubinemia, elevated alkaline phosphatase levels, pancreatitis, ormultiple small gallstones), and low risk.
 In our institution, where MRCP and EUS are available andreliable and where ERCP achieves stone clearance rates higherthan 90%, we recommend the following approach: (1) preopera-tive ERCP and sphincterotomy (if required) for high-risk patientsand (2) MRCP, EUS, or intraoperative fluoroscopic cholangiog-raphy for moderate-risk patients. Patients at low risk for CBDstones do not routinely undergo cholangiography [see Figure 2].Laparoscopic CBD exploration and postoperative ERCP appearto be equally effective in clearing stones from the CBD.
 Ultimately, surgeons and institutions must establish a reason-able approach to choledocholithiasis that takes into account theexpertise and equipment locally available.
 Contraindications There are few absolute contraindica-tions to laparoscopic cholecystectomy. Certainly, no patient whoposes an unacceptable risk for open cholecystectomy should be
 LHD
 CHDRHD
 CBD
 PD
 Stones
 Duo
 GB
 LHDRHD
 CBD
 CBDStones
 GB
 PD
 Acc
 Figure 1 Laparoscopic cholecystectomy. Preoperative MRCP alerts the surgeon to abnormal anatomyand the presence of stones in the distal CBD. (GB—gallbladder, containing stones; RHD—right hepaticduct; LHD—left hepatic duct; CHD—common hepatic duct; Acc—accessory duct entering common hepat-ic duct near neck of gallbladder; PD—pancreatic duct; Duo—duodenum)

Page 3
						

© 2005 WebMD, Inc. All rights reserved.5 Gastrointestinal Tract and Abdomen
 ACS Surgery: Principles and Practice21 Cholecystetomy and Common Bile Duct Exploration — 3
 considered for laparoscopic cholecystectomy, because it is alwayspossible that conversion will become necessary. Of the relativecontraindications, surgical inexperience is the most important.
 Neither ascites nor hernia is a contraindication to laparoscopiccholecystectomy. Ascites can be drained and the gallbladder visu-alized. Large hernias may present a problem, however, becausewith insufflation, the gas preferentially fills the hernia. Patientswith large inguinal hernias may require an external support tominimize this problem and the discomfort related to pneumo-scrotum. Patients with umbilical hernias can have their herniasrepaired while they are undergoing laparoscopic cholecystectomy.For such patients, the initial trocar should be placed by open inser-tion according to the Hasson technique [see Operative Technique,Step 1, below], with care taken to avoid injury to the contents ofthe hernia.The sutures required to close the hernia defect can beplaced before insertion of the initial trocar.A similar technique canbe applied to patients with incisional hernias, although for largeincisional hernias, laparoscopic cholecystectomy may have noadvantages over open cholecystectomy if a large incision and dis-section of adhesions are required. Patients with stomas may alsoundergo laparoscopic cholecystectomy, provided that the appro-priate steps are taken to prevent injury to the bowel during place-ment of trocars and division of adhesions.
 Patients with cirrhosis or portal hypertension are at high risk formorbidity and mortality with open cholecystectomy.16,17 Ifabsolutely necessary, laparoscopic cholecystectomy may beattempted by an experienced surgeon.The risk of bleeding can beminimized by rigorous preoperative preparation, meticulous dis-section with the help of magnification available through thelaparoscope, and use of the electrocautery.
 Patients with bleeding diatheses, such as hemophilia, vonWillebrand disease, and thrombocytopenia, may undergo laparo-scopic cholecystectomy. They require appropriate preoperativeand postoperative care and monitoring, and a hematologist shouldbe consulted.
 Questions have been raised about whether laparoscopic chole-cystectomy should be performed in pregnant patients; it has been
 argued that the increased intra-abdominal pressure may pose arisk to the fetus. Because of the enlarged uterus, open insertion ofthe initial trocar is mandatory, and the positioning of other trocarsmay have to be modified according to the position of the uterus.Inflation pressures should be kept as low as possible, and prophy-laxis of deep vein thrombosis (DVT) is recommended. Despitethese potential problems, safe performance of laparoscopic chole-cystectomy and other laparoscopic procedures in pregnantpatients is increasingly being described in the literature. If chole-cystectomy is necessary before delivery, the second trimester is thebest time for it.18-21
 Patients in whom preoperative imaging gives rise to a strongsuspicion of gallbladder cancer should probably undergo opensurgical management.
 OPERATIVE PLANNING
 Antibiotic Prophylaxis
 Some surgeons recommend routine preoperative administra-tion of antibiotics to all patients undergoing cholecystectomy, onthe grounds that inadvertent entry into the gallbladder is notuncommon and can lead to spillage of bile or stones into the peri-toneal cavity. Other surgeons do not recommend routine prophy-laxis. Resolution of this controversy awaits appropriate prospectivetrials. We recommend selective use of antibiotic prophylaxis forpatients at highest risk for bacteria in the bile (including those withacute cholecystitis or CBD stones, those who have previouslyundergone instrumentation of the biliary tree, and those olderthan 70 years) and for patients with prosthetic heart valves andjoint prostheses.
 Prophylaxis of DVT
 The reverse Trendelenburg position used during laparoscopiccholecystectomy, coupled with the positive intra-abdominal pres-sure generated by CO2 pneumoperitoneum and the vasodilatationinduced by general anesthesia, leads to venous pooling in the lowerextremities.This consequence may be minimized by using antiem-
 Perform preoperative cholangiography.
 Continue with laparoscopiccholecystectomy.
 Patient is identified preoperatively as being at moderate or high risk for CBD stones
 Stones are detected
 Intraoperative CBD exploration (open or laparoscopic) is not planned
 No stones are detected
 Exploration is successful
 Perform postoperativeERCP/ES.
 Exploration is unsuccessful
 Perform ERCP with ES.
 Intraoperative CBD exploration (open or laparoscopic) is planned
 Perform cholecystectomy and intraoperative CBDexploration (open orlaparoscopic).
 Proceed to laparoscopiccholecystectomy.
 ERCP/ES is unsuccessful ERCP/ES is successful
 Figure 2 Laparoscopic cholecystectomy. Shown is analgorithm outlining the use of preoperative cholangiogra-phy in patients at moderate or high risk for CBD stones.
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 bolic stockings or by wrapping the legs with elastic bandages.Subcutaneous heparin and pneumatic compression devices maybe employed for patients at increased risk for DVT [see 6:6 VenousThromboembolism]. As yet, however, there is no convincing evi-dence that the incidence of DVT is higher with laparoscopy thanwith open surgery.
 Patient Positioning
 In North American positioning, the patient is lying supine andthe surgeon is positioned on the patient’s left side [see Figure 3a].In European positioning, the patient is in low stirrups and thesurgeon is on the patient’s left or between the patient’s legs [seeFigure 3b].
 With North American positioning, the camera operator usuallystands on the patient’s left and to the left of the surgeon, while theassistant stands on the patient’s right. The video monitor is posi-tioned on the patient’s right above the level of the costal margin. Ifa second monitor is available, it should be positioned on thepatient’s left to the right of the surgeon, where the assistant canhave an unobstructed and comfortable view. Exposure can beimproved by tilting the patient in the reverse Trendelenburg posi-tion and rotating the table with the patient’s right side up. Gravitypulls the duodenum, the colon, and the omentum away from thegallbladder, thereby increasing the working space available in theupper abdomen.
 The OR table should allow easy access for a fluoroscopic Carm, to facilitate intraoperative cholangiography. The table covershould be radiolucent.
 Equipment
 The equipment required for laparoscopic cholecystectomyincludes an optical system, an electronic insufflator, trocars(cannulas), surgical instruments, and hemostatic devices [seeTable 1].
 Optical system The laparoscope can provide either astraight, end-on (0°) view or an angled (30° or 45°) view. Scopesthat provide an end-on view are easier to learn to use, but angledscopes are more versatile. Scopes with a 30° angle cause less dis-orientation than those with a 45° angle and are ideal for laparo-scopic cholecystectomy. Excellent 30° scopes are currently avail-able in diameters of 10 mm, 5 mm, and 3.5 mm.
 Fully digital flat-panel displays are now available that yield bet-ter resolution than analog video monitors, take up less space, areless subject to signal interference, and require less power.
 The resolution and quality of the final image depend on (1) thebrightness of the light source; (2) the integrity of the fiberopticcord used to convey the light; (3) clean and secure connectionsbetween the light source and the scope; (4) the quality of thelaparoscope, the camera, and the monitor; and (5) correct wiringof the components.The distal end of the scope must be kept cleanand free of condensation: bile, blood, or fat will reduce brightnessand distort the image. Lens fogging can be prevented by immer-sion in heated water or by antifogging solutions.
 Insufflator CO2 is the preferred insufflating gas for laparo-scopic procedures because it is highly soluble in water and it doesnot support combustion when the electrocautery is used.The CO2
 should be insufflated with an electronic pump capable of a flowrate of at least 6 L/min; most current systems have a maximumflow rate of 20 L/min or higher.The insufflator is connected to oneof the trocars by means of a flexible tube and a stopcock.
 Trocars For cholecystectomy, at least one trocar site must belarge enough to allow passage of the gallbladder and any stonesremoved. Most surgeons prefer to use a 10/12 mm trocar at theumbilicus for this purpose.The other trocars can range from 2 to12 mm, depending on the size of the instruments to be placedthrough them. The conventional approach is to use a 10/12 mm
 Anesthesia
 2nd Video Monitor(Optional)
 Video Monitor
 Assistant
 Surgeon
 Camera Operator
 a
 Anesthesia
 2nd Video Monitor(Optional)
 Video Monitor
 Assistant
 Surgeon
 Camera Operator
 b
 Figure 3 Laparoscopic cholecystectomy. A patient undergoing laparoscopic cholecystectomyshould be positioned so as to allow easy access to the gallbladder and a clear view of the moni-tors. Shown are the positions of the surgeon, the camera operator, and the assistant in the ORaccording to (a) North American positioning and (b) European positioning.
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 trocar at the operating port site and 5 mm trocars for the otherinstruments; however, if a 5 mm laparoscope and a 5 mm clipapplier are used, the operating port size can be reduced to 5 mm.Although 2 mm instrumentation is also available, it must beremembered that as a rule, the smaller the working port, the lessversatile the instruments. In our experience, the combination of a10 mm umbilical trocar, a 5 mm operating port, and 2 mm portsfor grasping forceps is a good one: optical quality is maintained, lit-tle flexibility is lost with respect to selecting operating instruments,trocar size is minimized, and the cosmetic result is excellent.
 Hemostatic devices Hemostasis can be achieved withmonopolar or bipolar electrocauterization. A monopolar electro-cautery can be connected to most available instruments; however,bipolar electrocauterization may eventually prove safer. With amonopolar electrocautery, depth of burn is less predictable, cur-rent can be conducted through noninsulated instruments and tro-
 cars, and any area of the instrument that is stripped of insulationmay conduct current and result in a burn. Caution is essentialwhen the electrocautery is used near metallic hemostatic clipsbecause delayed sloughing may occur.
 Electrocauterization should be avoided near the CBD becausedelayed bile duct injuries and leaks may occur as a result ofsloughing from a burned area and devascularization of the duct.Care must be exercised when a cautery is employed near thebowel and when intra-abdominal adhesions are being taken down.The electrocautery can be used with a forceps, scissors, hooks (Lor J shaped), a spatula, and other instruments. Some cauteryprobes incorporate nonstick surfaces to prevent buildup of eschar.The use of hand-activated cautery probes and the presence of achannel that allows suction and irrigation through the cauteryprobes are especially convenient.
 More advanced energy sources and instruments are also avail-able. Bipolar devices designed to weld tissues have proved capable
 Table 1—Equipment for Laparoscopic Cholecystectomy
 Instrument/Device
 Laparoscopic cartHigh-intensity halogen light source
 (150–300 watts)High-flow electronic insufflator (minimum
 flow rate of 6 L/min)Laparoscopic camera boxVideocassette recorder (optional)Digital still image capture system (optional)
 Laparoscope
 Atraumatic grasping forceps
 Large-tooth grasping forceps
 Curved dissector
 Scissors
 Clip appliers
 Dissecting electrocautery hook or spatula
 High-frequency electrical cord
 Suction-irrigation probe
 10–to–5 mm reducers
 5–to–3 mm reducer
 Ligating loops
 Endoscopic needle holders
 Cholangiogram clamp with catheter
 Veress needle
 Allis or Babcock forceps
 Long spinal needle
 Retrieval bag
 Comments
 Available in 0° and angled views; we prefer to use a 30° 5 mm diameter laparoscope
 Selection of graspers should allow surgeon choice appropriate to thickness and consistency of gallbladder wall; insulation is unnecessary
 Used to extract gallbladder at end of procedure
 Should have a rotatable shaft; insulation is required
 One curved and one straight scissors with rotating shaft and insulation; additionalmicroscissors may be helpful for incising cystic duct
 Either disposable multiple clip applier or 2 manually loaded reusable single clip appliers forsmall and medium-to-large clips
 Available in various shapes according to surgeon’s preference; instrument should havechannel for suction and irrigation controlled by trumpet valve(s); insulation required
 Cord should be designed with appropriate connectors for electrosurgical unit and instrumentsbeing used
 Probe should have trumpet valve controls for suction and irrigation; may be used withpump for hydrodissection
 Allow use of 5 mm instruments in 10 mm trocar without loss of pneumoperitoneum; theseare often unnecessary with newer disposable trocars and may be built into some reusabletrocars
 Allows use of 2–3 mm instruments and ligating loops in 5 mm trocars
 Allows passage of catheter and clamping of catheter in cystic duct
 Used if initial trocar is inserted by percutaneous technique
 Allow atraumatic grasping of bowel or gallbladder
 Useful for aspirating gallbladder percutaneously in cases of acute cholecystitis or hydrops
 Useful for preventing spillage of bile or stones in removal of inflamed or friable gallbladder;facilitates retrieval of spilled stones
 Number
 1
 2–4
 1
 1
 2–3
 1–2
 1
 1
 1
 2
 1
 1–2
 1
 1
 1–2
 1
 1
 Size
 3.5–10 mm
 2–10 mm
 10 mm
 2–5 mm
 2–5 mm
 5–10 mm
 5 mm
 5–10 mm
 5 mm
 5 mm
 5 mm
 14-gauge
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of achieving superb hemostasis. Ultrasonic dissecting shears canalso be used to dissect and coagulate tissues effectively and pre-cisely. For laparoscopic cholecystectomy, however, suchadvanced—and costly—devices are rarely needed.
 OPERATIVE TECHNIQUE
 Step 1: Placement of Trocars and Accessory Ports
 Placement of initial trocar The first step in laparoscopiccholecystectomy is the creation of pneumoperitoneum and theinsertion of an initial trocar through which the laparoscope can bepassed. This step is critical because complications resulting fromimproper placement may cause serious morbidity and death.Thesurgeon may use either a percutaneous technique or an open tech-nique. We prefer the open technique, which eliminates the risksinherent in the blind puncture [see Figure 4].22,23
 Scars Patients who have previously undergone abdominalsurgery may have adhesions, both to the undersurface of theabdominal wall and intra-abdominally. Adhesions to the under-surface of the abdominal wall make access to the abdominal cavi-ty potentially hazardous, particularly when the percutaneousmethod is used for placement of the initial trocar. Scars from pre-vious operations may affect insertion of the initial trocar, depend-ing on its orientation and location. If a patient has a scar in thelower abdomen (e.g., from a Pfannenstiel incision or an incision inthe right lower quadrant for an appendectomy), the position of theinitial trocar need not be changed. If the scar is in the upperabdomen, the initial trocar may be inserted below the umbilicus inthe midline. If there is a long midline scar that is impossible toavoid, careful dissection of the peritoneum through a vertical inci-sion that is somewhat longer than usual affords safe access to theperitoneum in most cases.
 An alternative is to insert the initial trocar high in the epigastri-um or in the right anterior axillary line, where bowel adhesions areless common.The laparoscope is inserted through this trocar and
 used to examine the undersurface of the old scar for a clear sitenear the umbilicus where a 10 mm trocar can be placed. Previouslaparoscopy, which rarely creates significant intra-abdominaladhesions, rarely necessitates modification of trocar insertion.
 The surgeon should also consider the reason for the previoussurgery. For example, a patient who underwent an appendectomyfor perforating appendicitis may have had diffuse peritonitis andmay have adhesions well away from the old scar.
 Placement of accessory ports In most cases, four ports arenecessary.The first port is for the laparoscope; the remaining portsare for grasping forceps, dissectors, and clip appliers.The preciseposition of the accessory ports depends on the surgeon’s prefer-ence, the patient’s body habitus, and the presence or absence ofprevious scars or intra-abdominal adhesions. A rigid approach toport placement is inappropriate: trocar placement determinesoperative exposure, and improper placement will haunt the sur-geon throughout the procedure. In some cases, a fifth trocar isrequired to elevate a floppy liver or to depress or retract the omen-tum or a bulky hepatic flexure of the colon. In trocar placement,as in patient positioning, European practice tends to differ fromNorth American practice [see Figure 5].
 Most surgeons elect to place one of the grasping forceps on thefundus of the gallbladder through an accessory port placed approx-imately in the anterior axillary line below the level of the gallblad-der. Because the level of the gallbladder varies from patient topatient, the placement of this accessory port should not be decid-ed on until the gallbladder is visualized. If the gallbladder is lowlying and the trocar is placed too high, the surgeon will have diffi-culty achieving the appropriate angle of retraction. As a generalrule, positioning the trocar in the anterior axillary line approxi-mately halfway between the costal margin and the anterosuperioriliac spine provides the appropriate exposure. A 2 to 5 mm portusually suffices at this site because its only likely function is to allowretraction of the gallbladder. In some cases of acute cholecystitis,however, a larger port may be preferable, so that a larger grasper
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 Figure 4 Laparoscopic cholecystectomy. With the open insertion technique, the initial trocar is placed under directvision. (a) The umbilical skin is elevated with a sharp towel clip. A curvilinear incision is made in the inferior umbili-cal fold. The skin flap is elevated, and the raphe leading from the dermis to the fascia is thereby exposed. (b) The fasciais grasped in the midline between forceps and elevated. The fascia and the underlying peritoneum are incised underdirect vision. (c) A blunt instrument is placed into the peritoneum to ensure that the undersurface of the peritoneum isfree of adhesions. The opening can be enlarged sufficiently to allow placement of a blunt 10/11 mm trocar.
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can be inserted and used to hold the gallbladder without tearing it.A second accessory port (also 2 to 5 mm) allows the surgeon to
 grasp the gallbladder in the area of Hartmann’s pouch for retrac-tion. This port is usually positioned just beneath the right costalmargin. Some surgeons prefer it to be approximately at the mid-clavicular line; others prefer it to be higher and more medial, justto the right of the falciform ligament.
 The main operating port should be 5 or 10 mm in diameter, sothat clip appliers can be readily placed through it and the laparo-scope can be moved to this port at the end of the procedure.Thepositioning of this port is determined by the surgeon’s preferenceand, in particular, by the patient’s body habitus. The optimumplacement is at about the same horizontal level as the gallbladderor slightly higher, so that during the operation, the laparoscopeand the operating instrument form an angle of about 90º. Somesurgeons prefer to place the operative port in the midline, to theright of the falciform ligament; others prefer to place it to the leftof the falciform, passing the trocar underneath the ligament andelevating it with the trocar.
 Surgeons should be encouraged to use both hands when per-forming laparoscopic cholecystectomy. One hand should controlthe grasping forceps holding Hartmann’s pouch, so that the gall-bladder can be moved to provide the best possible exposure.Theother hand should control the dissecting instruments placedthrough the operating port.
 Special considerations in obese patients Port placementin obese patients may be complicated by the thick abdominal wall,the large amount of intra-abdominal fat, or both. A thick abdom-inal wall makes it more difficult to rotate the trocar around thenormal fulcrum point in the abdominal wall. Consequently, thetrocar must be placed at the angle most likely to be used duringthe procedure.When a trocar is tunneled through the abdominal
 wall, more of the cannula is within the abdominal wall than if thetrocar had been placed perpendicularly; accordingly, the trocar isless mobile. If the trocars are not easily rotated, the instrumentsplaced through them will be difficult to manipulate smoothly.Thus, in the patient with a very thick pannus, a standard-lengthtrocar may be too short. Displacement of trocars can lead to insuf-flation into the abdominal wall and consequently to subcutaneousemphysema, which further thickens the abdominal wall and hin-ders exposure.
 To prevent such problems, special extra-length trocars designedfor morbidly obese patients have been developed. It may also benecessary to place the trocars closer to the area of the gallbladderto ensure that the operating instruments can reach the gallbladder.For example, the initial port may have to be placed above theumbilicus.
 In obese patients, the bulky falciform ligament and the largeomentum may adversely affect exposure. A 30° laparoscope mayhelp the surgeon see over the omentum and the high-lying hepat-ic flexure of the colon. In some cases, it is useful to place a fifthport so that the surgeon can retract the hepatic flexure downward.Fat may envelop the cystic duct and artery and the portal struc-tures, obscuring normal anatomic landmarks. When the electro-cautery is used, the heat melts the fat and causes it to sizzle andspray onto the lens of the laparoscope, resulting in a blurry image.To prevent this, the camera operator should pull the scope slight-ly away from the operative field during electrocauterization, thenadvance the scope during dissection. This should also be donewhen an ultrasonic dissector is being used.
 Given that obese patients are more difficult candidates for opencholecystectomy and have a higher complication rate with laparo-tomy, the advantages of laparoscopic cholecystectomy in theseindividuals justify the effort needed to overcome the technicalproblems.
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 5–12 mmDissecting Forcepsand Clip Appliers
 2–5 mm Grasping Forceps
 5–12 mmDissecting Forceps and Clip Appliers
 2–5 mmGraspingForceps
 10–12 mmLaparoscope
 10–12 mmLaparoscope
 2–5 mmGraspingForceps
 a b
 Figure 5 Laparoscopic cholecystectomy. Illustrated are the differences between typical North Americanpractice (a) and typical European practice (b) with respect to the placement of the trocars and the instru-ments inserted through each port.
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Step 2: Exposure of Gallbladder and Calot’s Triangle
 Dissection of adhesions Adhesions must be dissected toprovide an unimpeded view of the gallbladder through the laparo-scope. Not all intra-abdominal adhesions must be taken down,just enough to allow entry of accessory trocars under direct visionand thus permit access to the gallbladder.This process is facilitat-ed by pneumoperitoneum, which provides traction on adhesionsto the abdominal wall, and by the magnification provided by theoptical system, which allows identification of the avascular planeof attachment.
 The most difficult problem is positioning the dissecting instru-ments so that they can reach the undersurface of the anteriorabdominal wall. A rigid trocar inserted through the anteriorabdominal wall cannot be rotated enough to allow scissors passedthrough this port to cut adhesions to the anterior abdominal wall.In such cases, one or two trocars should be placed laterally, nearthe anterior axillary or midaxillary line. Instruments passedthrough these ports can easily be angled parallel to the anteriorabdominal wall, and the adhesions can then be dissected withoutdifficulty.
 Bowel adhesions should be taken down with endoscopic scis-sors at their insertion to the abdominal wall, where they are leastvascular. Electrocauterization, generally unnecessary, should beavoided because of the risk of thermal injury to the bowel.Interloop adhesions, which rarely interfere with exposure of thegallbladder, need not be dissected. Frequently, adhesions to thegallbladder occur as a reaction to inflammatory attacks [see Figure6].They are usually relatively avascular. Dissection of these adhe-sions should begin at the fundus of the gallbladder and shouldthen proceed down toward the neck of the gallbladder.The bestway to take them down is to grasp the gallbladder with one grasp-ing forceps at the site where the adhesions attach and graduallyplace traction on the adhesions with the other hand. Usually, theadhesions peel down in an avascular plane. Dissection shouldcontinue until all adhesions to the inferolateral aspect of the gall-bladder have been taken down. It is not necessary to divide adhe-sions between the superior surface of the liver and the undersur-face of the diaphragm unless they impede superior retraction ofthe liver.
 Exposing Calot’s triangle Obtaining adequate exposure ofCalot’s triangle is a key step. First, the patient is placed in a reverseTrendelenburg position, with the table rotated toward the left side.Next, the fundus of the gallbladder and the right lobe of the liverare elevated toward the patient’s right shoulder. One grasping for-ceps, inserted through the most lateral right-side port and held byan assistant, is placed on the fundus of the gallbladder [see Figure7], and the gallbladder is retracted superiorly and laterally abovethe right hepatic lobe.This maneuver straightens out folds in thebody of the gallbladder and permits initial visualization of the areaof Calot’s triangle. If Calot’s triangle is still obscured, the patientcan be placed in a steeper reverse Trendelenburg position, thestomach can be emptied of air via an orogastric tube inserted bythe anesthetist, or, if necessary, a fifth trocar can be inserted on thepatient’s right side to push down the duodenum.
 In some patients, such as those with acute cholecystitis andhydrops of the gallbladder, the gallbladder is tense and distended,making it difficult to grasp and easy to tear. In these patients,retraction of the fundus is difficult, and exposure of Calot’s trian-gle is unsatisfactory. This problem is best managed by aspiratingthe contents of the gallbladder either percutaneously with a 14- or16-gauge needle inserted into the fundus of the gallbladder underlaparoscopic vision or by using the 5 mm trocar in the right upperabdomen to puncture the fundus and then aspirate with the suc-tion irrigator. After the needle is withdrawn, a large atraumaticgrasping forceps can be used to hold the gallbladder and occludethe hole; a 10 mm forceps may be preferred if the wall is marked-ly thickened. An alternative is to place a stitch or a ligating looparound the fundus of the collapsed gallbladder; the tail of thesuture can then be grasped with a forceps to achieve a secure gripand also prevent further leakage of gallbladder contents from theneedle hole.
 Once the fundus of the gallbladder is retracted superiorly by theassistant, the surgeon places a grasping forceps in the area ofHartmann’s pouch. Using both hands, the surgeon controls thegrasper on Hartmann’s pouch as well as the operating instrument.The surgeon maneuvers Hartmann’s pouch to provide variousangles for safe dissection of Calot’s triangle. Initially, lateral and
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 Duodenum
 Figure 6 Laparoscopic cholecystectomy. Adhesions of duode-num and omentum to gallbladder wall obscure view of structuresof Calot’s triangle.
 CBDCD
 HP
 Figure 7 Laparoscopic cholecystectomy. Initial view of gallblad-der and related structures is facilitated by appropriate tilting ofthe operating table. Hartmann’s pouch (HP), the cystic duct(CD), and the common bile duct (CBD) can be readily identifiedbefore any dissection.
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inferior traction are placed on Hartmann’s pouch, opening up theangle between the cystic duct and the common ducts [see Figure8], avoiding their alignment [see Figure 9].
 A large stone impacted in the gallbladder neck may impede thesurgeon’s ability to place the forceps on Hartmann’s pouch.Thisproblem can usually be managed by dislodging the stone early inthe operation, as follows: the gallbladder is grasped as low as pos-sible with one grasping forceps; a widely opening dissecting instru-ment, such as a right-angle dissector, a Babcock forceps, or acurved dissector, is used to dislodge the stone and milk it uptoward the fundus; with the same forceps or another large grasper,the stone is held up and away from the neck of the gallbladder, andappropriate retraction is provided.
 If the stone cannot be disimpacted, an instrument can be usedto elevate the infundibulum of the gallbladder superiorly, allowingexposure of Calot’s triangle. Alternatively, one can attempt tocrush the stone, but small pieces of the stone may fall into the cys-
 tic duct. A third option is to place a stitch in Hartmann’s pouchand grasp the end of the stitch to provide exposure.
 Step 3: Stripping of Peritoneum
 The key to avoiding injury to the major ducts during laparo-scopic cholecystectomy is accurate identification of the junctionbetween the gallbladder and the cystic duct [see Figure 10]. Unlessthe gallbladder–cystic duct junction is immediately obvious uponexamination of Calot’s triangle anteriorly, our approach is to begindissection of Calot’s triangle posteriorly [see Figure 11]. From thisapproach, the insertion of the gallbladder neck into the cystic ductis usually more clearly identified, especially with the aid of a 30°laparoscope. Exposure is obtained by retracting Hartmann’s
 pouch superomedially and is facilitated by looking from belowwith a 30° scope.
 Dissection should always start high on the gallbladder and hug
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 CHD
 CBD
 CD
 Figure 8 Laparoscopic cholecystectomy. The area of Hartmann’spouch is retracted laterally. The cystic duct (CD) is seen at anangle to the common hepatic duct (CHD) and the common bileduct (CBD).
 CBD
 CD
 Figure 9 Laparoscopic cholecystectomy. In this case, the gall-bladder is retracted cephalad. The cystic duct (CD) can be seenrunning in the same direction as the common bile duct (CBD).The CBD may be misinterpreted as being the cystic duct andconsequently is at risk for injury.
 GB-CD Junction
 Figure 11 Laparoscopic cholecystectomy. A view from belowwith a 30º laparoscope demonstrates the point for beginning dis-section (arrow), where the gallbladder funnels down to its junc-tion with the cystic duct. Just below this point can be seen a cleftin the liver known as Rouvier’s sulcus. This cleft, present in 70%to 80% of livers, reliably indicates the plane of the CBD.
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the gallbladder closely until the anatomy is identified clearly. Usinga curved dissector, the surgeon gently teases away peritoneumattaching the neck of gallbladder to the liver posterolaterally tovisualize the funneling of the neck of the gallbladder into the cys-tic duct [see Figure 12]. Only the posterior layer of peritoneum isdissected; care must be taken not to dissect deeply in this areabecause of the risk of injury to the cystic artery [see Figure 13].
 In some problem cases, edema, fibrosis, and adhesions makeidentification of the gallbladder–cystic duct junction very difficult.An anatomic landmark on the liver known as Rouvier’s sulcus maybe helpful in such circumstances [see Figure 11].This sulcus, or theremnant of it, is present in 70% to 80% of livers and usually con-tains the right portal triad or its branches. Its location is consis-tently to the right of the hepatic hilum and anterior to the caudateprocess (Couinaud segment 1). This landmark reliably indicatesthe plane of the CBD.Therefore, dissection dorsal to it should bedone with caution. Once the funneling of the gallbladder into thecystic duct has been identified, the area of Hartmann’s pouch
 should be again pulled laterally and inferiorly so that the anteriorperitoneum can be dissected, while the 30° scope is angled to viewthe area. The two-handed technique facilitates the surgeon’smovement between the posterior and anterior aspects of Calot’striangle, providing complete visualization. Dissection shouldalways take place at the gallbladder–cystic duct junction, stayingclose to the gallbladder to avoid inadvertent injury to the CBD. Acurved dissecting forceps is used to strip the fibroareolar tissue justsuperior to the cystic duct.The superior border of the cystic ductcan then be identified and the cystic duct gently and gradually dis-sected [see Figure 14].The cystic duct lymph node is a useful land-mark at this location and may facilitate identification of the gall-bladder–cystic duct junction.
 When traction is placed as described, the cystic artery tends torun parallel and somewhat cephalad to the cystic duct.This arterycan often be identified by noting its close relation to the cystic ductlymph node. Complete dissection of the area between the cysticduct and the artery develops a window through which the livershould be visible.The cystic duct is then encircled with a curved dis-secting instrument or an L-shaped hook. Downward tractionshould be applied to the cystic duct to open this window and ensurethat there is no ductal structure running through this space inCalot’s triangle to join the cystic duct (i.e., the right hepatic duct).
 Dissection of Calot’s triangle should be completed before thecystic duct is clipped or divided.This is best accomplished by dis-secting the neck of the gallbladder from the liver bed. Unequivocalidentification of the gallbladder–cystic duct junction is impera-tive.24,25 The cystic duct should be dissected for a length sufficientto permit secure placement of two clips; it is not necessary, andindeed may be hazardous, to attempt to dissect the cysticduct–CBD junction.
 The cystic artery is exposed next [see Figure 15]. A small veincan usually be identified in the space between the cystic duct andthe cystic artery; it can usually be pulled up anteriorly and cauter-ized. Because dissection is done near the gallbladder, it is notunusual to encounter more than one branch of the cystic artery.Each of these branches should be dissected free of the fibroareo-lar tissue. Care should also be taken to ensure that the right hepat-ic artery is not inadvertently injured as a result of being mistakenfor the cystic artery.
 Step 4: Control and Division of Cystic Duct and Cystic Artery
 At this point, the cystic duct is clipped on the gallbladder side,and a cholangiogram is obtained if desired [see Step 5, below]. If acholangiogram is not desired, three or four clips should be placedon the cystic duct and the cystic duct divided between them.Twoor three hemostatic clips are placed on the cystic artery, and thevessel is divided. It is prudent to incise the artery partially beforetransecting it completely to ensure that the clips are secure andthat there is no pulsatile bleeding. Once the artery is completelydivided, the proximal end will retract medially, making it more dif-ficult to expose and control the artery safely if bleeding occurs.Electrocauterization should be avoided near the cystic duct and allmetallic clips. Electrical current will be conducted through metal-lic clips and may result in delayed sloughing of the duct or a clip.Delayed injuries to the CBD may be caused by a direct burn tothe duct or by sparking from noninsulated instruments or clipsduring dissection. An alternative is to use locking polymer clipsthat fit through 5 mm ports, clip across a greater width of tissue,and do not conduct electricity.
 Control of short or wide cystic duct Edema and acuteinflammation may lead to thickening and foreshortening of the
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 Figure 12 Laparoscopic cholecystectomy. The peritoneum is dis-sected from the gallbladder–cystic duct junction (arrow), as seenfrom below through a 30º angled laparoscope.
 Figure 13 Laparoscopic cholecystectomy. Arterial bleeding canbe seen (arrow) from a branch of the cystic artery injured duringdissection from the posterior approach.
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 cystic duct, with subsequent difficulties in dissection and ligation.If the duct is edematous, clips may cut through it; if the duct is toowide, the clip may not occlude it completely. A modified clippingtechnique can be employed, with placement of an initial clip toocclude as much of the duct as possible.The occluded portion ofthe duct is then incised, and a second clip is placed flush with thefirst so as to occlude the rest of the duct. Alternatively, wider poly-mer clips may be used.
 Because this technique is not always possible, the surgeonshould be familiar with techniques for ligating the duct with eitherintracorporeal or extracorporeal ties. It is extremely helpful to
 know how to tie extracorporeal ties so that the cystic duct can beligated in continuity before it is divided. In some cases, the ductcan be divided, held with a forceps, and controlled with a ligatingloop. If there is concern about secure closure of the cystic duct, aclosed suction drain may be placed. If inflammation, as in chole-cystitis, has caused the duct to be shorter than usual, dissectionmust be kept close to the gallbladder to avoid inadvertent injury tothe CBD. A short cystic duct is often associated with acute chole-cystitis. Patient blunt dissection with the suction-irrigation devicemay be the safest technique.
 Cystic duct stones Stones in the cystic duct may be visual-ized or felt during laparoscopic cholecystectomy. Every effortshould be made to milk them into the gallbladder before applyingclips. Placing a clip across a stone may push a fragment of thestone into the CBD and will increase the risk that the clip willbecome displaced, leading to a bile leak. If the stone cannot bemilked into the gallbladder, a small incision can be made in thecystic duct (as is done for cholangiography), and the stone canusually be expressed and retrieved. Given that cystic duct stonesare predictive of CBD stones, cholangiography or intraoperativeultrasonography is indicated.26
 Step 5: Intraoperative Cholangiography
 Whether intraoperative cholangiography should be performedroutinely is still controversial.Advocates believe that this techniqueenhances understanding of the biliary anatomy, thus reducing therisk of bile duct injury27,28; at present, however, there are no objec-tive data to confirm this impression. Cholangiography is not a sub-stitute for meticulous dissection, and injuries to the CBD canoccur before cystic duct dissection reaches the point at whichcholangiography can be performed. Catheter-induced injuries andperforations of the biliary tree have been reported, and cholan-giograms have been misinterpreted. On the other hand, one of themain advantages of cholangiography is that injuries can be recog-nized during the operation and promptly repaired.Another advan-tage of routine cholangiography is that it helps develop the skillsrequired for more complex biliary tract procedures, such as trans-cystic CBD exploration.
 The two methods of laparoscopic cholangiography differ intheir technique for introducing the cholangiogram catheter intothe cystic duct. In both approaches, a clip is placed at the gall-bladder–cystic duct junction and a small incision made in theanterior wall of the cystic duct. In the first technique, a speciallydesigned 5 mm cholangiogram clamp (the Olsen clamp) with a 5French catheter is inserted via a subcostal trocar. For easy guid-ance of the catheter into the incision in the cystic duct, the cathetershould be parallel, rather than perpendicular, to the cystic duct.This angle is facilitated by placing the subcostal port directlybelow the costal margin, near the anterior axillary line. A fifth tro-car may occasionally be needed if exposure is lost when one of thegrasping forceps is removed to allow passage of the cholangiogramclamp.The clamp and the catheter are then brought to the cysticduct under direct vision, and the catheter is steered into the duct[see Figure 16]. The clamp is then closed, holding the catheter inposition and sealing the duct to avoid extravasation of dye.
 In the second method, the cholangiogram catheter is intro-duced percutaneously through a 12- to 14-gauge catheter, insert-ed subcostally as described (see above).The surgeon then graspsthe cholangiogram catheter and directs it into the cystic duct. Ahemostatic clip is applied to secure the catheter in place. If passageof the catheter into the cystic duct is prevented by Heister’s valve,a guide wire can be passed initially.
 CA
 CDGB
 Figure 15 Laparoscopic cholecystectomy. Dissection of Calot’striangle further exposes the cystic duct (CD) and the cystic artery(CA) near their entry into the gallbladder (GB) in preparation forclipping and division.
 Figure 14 Laparoscopic cholecystectomy. The superior border ofthe cystic duct has been dissected. Funneling of the gallbladderinto the cystic duct is clearly seen (arrow).
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 If the cystic duct is tiny and cannulation is expected to be diffi-cult or impossible, the gallbladder can be punctured, bile aspirat-ed, and contrast material injected through the gallbladder until thebiliary tree is filled.
 The cannulas and operating instruments should be positionedso as not to obstruct the view of the biliary tree. If the cannulas can-not be positioned outside the x-ray window, radiolucent cannulasshould be used, or the cannulas should be removed and replacedafter the cholangiogram. A cholangiogram that does not visualizethe biliary tree from the liver to the duodenum is inadequate.
 Fluoroscopic cholangiography [see Figure 17] may be per-formed either with hard-copy film or with digital imaging andstorage.After the C arm is positioned, with the operating staff pro-tected behind a lead screen, full-strength contrast is slowly inject-ed under fluoroscopic control. The goal is to visualize the biliarytree in its entirety, including the right and left hepatic ductal sys-tems as well as the distal duct. Once the cholangiogram isobtained, the catheter is removed, and the cystic duct is double-clipped and transected.
 Laparoscopic ultrasonography Evaluation of the biliarytree with intraoperative laparoscopic ultrasonography appears tobe as accurate as intraoperative fluorocholangiography in identify-ing biliary stones.28,29 This modality has several advantages overconventional cholangiography: it does not expose patients andstaff to radiation; contrast agents are unnecessary; there is no needto cannulate the cystic duct; significantly less time is required; thecapital cost of most ultrasound units is less than that of fluoro-scopic equipment; and disposable cholangiogram catheters arenot needed.
 Most of the laparoscopic ultrasound devices in use at presentare 7.5 MHz linear-array rigid probes 10 mm in diameter. Flexibleprobes capable of multiple frequencies are also available, and it islikely that future probes will be increasingly versatile.The probe isinserted through a 10/12 mm port (usually a periumbilical or epi-gastric port) and placed directly on the porta hepatis, perpendic-
 ular to the structures of the hepatoduodenal ligament.The probeis then moved to the cystic duct–CBD junction. The transverseimage obtained should show the three tubular structures of thehepatoduodenal ligament in the so-called Mickey Mouse headconfiguration: the CBD, the portal vein, and the hepatic artery [see Figure 18]. As the probe is moved distally, it is rotated clock-wise to allow identification of the distal CBD and the pancreaticduct where they unite at the papilla. Instillation of saline into theright upper quadrant can enhance acoustic coupling and improvevisualization.
 Because of its many advantages, intraoperative laparoscopicultrasonography may eventually replace fluorocholangiography inthis setting, particularly for surgeons who practice routine intra-operative evaluation of the CBD.30 Although the learning curve foreffective performance of laparoscopic ultrasound examination isnot long, surgeons should receive expert mentoring and formalinstruction in ultrasonography before attempting it. During thefirst few attempts, it may be instructive to perform intraoperativelaparoscopic ultrasonography in conjunction with fluorocholan-giography. It should be emphasized that intraoperative laparo-scopic ultrasonography is not a replacement for intraoperativecholangiography if the purpose of the examination is to define ananomalous anatomy or to evaluate a suspected injury or leak.
 Step 6: Dissection of Gallbladder from Liver Bed
 The gallbladder is grasped near the cystic duct insertion andpulled down toward the right anterosuperior iliac spine, placingthe areolar tissue between the gallbladder and liver anteriorly
 Catheter
 Cystic Duct
 Figure 16 Laparoscopic cholecystectomy. The cystic duct hasbeen clipped, a small incision has been made for placement of thecholangiogram catheter, and the catheter has been advancedthrough the specialized cholangiogram clamp into the cystic duct.
 Figure 17 Laparoscopic cholecystectomy. Shown is a normalintraoperative cholangiogram.
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under tension. The areolar tissue is cauterized with an L-shapedhook dissector or spatula, and dissection is carried upward as faras possible for as long as there is sufficient exposure.When expo-sure begins to diminish, the cystic duct end of the gallbladdershould be pulled up toward or over the left lobe of the liver toexpose the posteroinferior attachments of the gallbladder. A two-handed approach by the surgeon facilitates this dissection. It issometimes helpful to apply downward and lateral traction on theforceps grasping the fundus. Bleeding during this stage generallyindicates that the surgeon has entered the wrong plane and dis-section has entered the liver. Bleeding can usually be readily con-trolled with the electrocautery. In some difficult cases (e.g., anintrahepatic gallbladder), it may be prudent to leave some of theposterior wall of the gallbladder in situ and cauterize it rather thanpersist with an excessively bloody dissection.16
 Dissection continues until the gallbladder is attached only by asmall piece of peritoneum at the fundus. Before the last attach-ment to the gallbladder is completely divided, the vital clips arereinspected to ensure that they have not slipped off, and the oper-ative field is checked for hemostasis and the presence of any bileleakage. The final attachment to the gallbladder is then divided.The gallbladder is placed over the right lobe of the liver and later-ally so that it can be found again to be retrieved.The grasping for-ceps on the gallbladder should not be removed.
 Perforation of gallbladder The gallbladder may be acci-dentally breached at some point in the operation, with the resultthat bile and stones spill into the peritoneal cavity.31,32 Effortsshould be made to suction the spilled bile, which accumulates inthe suprahepatic space, the right subhepatic space, and the lowerabdomen because of the patient’s position. Each of these areasshould be irrigated and the effluent aspirated until it is clear.Stones should be located and removed whenever possible. Aneffective way of removing small stones is to irrigate the subhepat-ic space copiously. Cholesterol stones usually float on the irriga-tion fluid and can then be suctioned through a 10 mm suction
 probe or through a 32 French chest tube passed through the 10mm operating port. Unfortunately, small stones may be lost in theomentum or between bowel loops. In such cases, it is probablyappropriate to leave the stones within the peritoneum rather thanperform a laparotomy to attempt to retrieve them. However, therehave been reports of serious morbidity, including intra-abdominalabscess, fistula, empyema, and bowel obstruction, resulting fromlost stones.
 If the gallbladder is perforated and it seems likely that multiplestones will be spilled, the surgeon should introduce a sterile baginto the peritoneal cavity, placing it close to the perforation.Spilled stones can then be transferred immediately into the bag.After the gallbladder is removed from the liver bed, it too is placedin the bag, affording some protection to the wound when it isremoved from the abdominal cavity.
 Step 7: Extraction of Gallbladder
 The laparoscope is moved to the epigastric port, and a large-tooth grasping forceps is inserted through the umbilical port tograsp the gallbladder at the area of the cystic duct. Under directvision, the gallbladder is then retrieved and pulled out as far aspossible through the umbilical port. If the gallbladder is smallenough, it can be drawn right into the trocar sleeve, and it and thetrocar can then be removed together. It is sometimes necessary tostretch the fascial opening with a Kelly clamp or to aspirate bilefrom the gallbladder. It is far preferable to enlarge the incisionthan to have stones or bile spill into the abdominal cavity from aripped gallbladder. Enlargement of this incision is easier if initialaccess was obtained via the Hasson technique. All of the otherports are then removed from the abdominal wall under directvision to ensure that there is no bleeding. All residual CO2 shouldbe removed to prevent postoperative shoulder pain. The fascialopening at the umbilicus should be sutured closed to prevent sub-sequent herniation, and all skin incisions should be closed.
 Need for drainage The decision to place a drain afterlaparoscopic cholecystectomy should be governed by the sameprinciples applied to patients undergoing open cholecystectomy.There are two main indications for drainage: (1) the cystic ductwas not closed securely, and (2) the CBD was explored by eithera direct or a transcystic approach.
 Drain placement is easily accomplished. A closed suction drainis inserted intra-abdominally through the 10 mm operative port.A grasping forceps placed through the right lateral port is used topull one end of the drain out through the abdominal wall. Theother end is then positioned according to the surgeon’s prefer-ence, usually in the subhepatic space.
 COMPLICATIONS
 Intraoperative
 Veress needle injury A syringe must always be attached tothe Veress needle, and fluid must be aspirated before insufflationis initiated: failure to do so may lead to insufflation into a vesseland consequently to massive gas embolism. If the aspirate fromthe syringe attached to the Veress needle contains copiousamounts of blood, a major vascular injury may have occurred, andimmediate laparotomy is indicated. Because the problem at thispoint is a needle injury, it can usually be repaired easily and with-out serious sequelae.
 Puncture of the bowel by a Veress needle is usually signaled byaspiration of bowel contents through the needle. If this occurs, theneedle should be withdrawn and the approximate course and
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 Portal Vein
 CommonHepaticArtery
 CBD
 Figure 18 Laparoscopic cholecystectomy. A transverse intraop-erative ultrasound scan of the hepatoduodenal ligament reveals atypical “Mickey Mouse head” appearance. Visible are the CBD,the common hepatic artery, and the portal vein.
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direction of the puncture remembered. The initial trocar shouldthen be inserted by means of the open technique, under directvision, to ensure that the undersurface of the abdominal wall is freeof adherent bowel. Once pneumoperitoneum is created, carefulexamination of the abdomen through the laparoscope is undertak-en. In most cases, either further leakage of bowel contents, stain-ing of the serosal surface with bowel contents, or an ecchymosis onthe serosal surface of the bowel helps the surgeon locate the site ofthe bowel injury. If ecchymosis is present without spillage of bowelcontents, the bowel loop should be marked with a suture and rein-spected at the end of the procedure. If ongoing leakage of bowelcontents is noted, the injured loop of bowel can be either repairedby means of laparoscopic suturing or grasped with an atraumaticforceps and gently withdrawn through an enlarged umbilical inci-sion for suture repair.The bowel is returned to the peritoneal cav-ity and the laparoscopic cholecystectomy completed.
 Improper placement of the Veress needle into the omentum, theretroperitoneum, or the preperitoneal space may be signaled byhigh inflation pressures, uneven distribution of the gas on percus-sion, or marked subcutaneous emphysema. If such misplacementgoes unrecognized, creation of a safe intraperitoneal space isimpossible, and subsequent blind insertion of the trocar may resultin injury to an intraperitoneal structure.
 Trocar injury Trocar injury to blood vessels or bowel ismuch more dangerous than Veress needle injury to the same struc-tures. Major vascular injuries virtually never occur when trocarsare placed under direct vision; however, they remain a potentiallylethal—though rare—complication of percutaneous trocar inser-tion. If active bleeding follows removal of the trocar from the can-nula, prompt laparotomy is mandatory; if bleeding passes unno-ticed and insufflation begins, massive air embolism will result. Atthe time of laparotomy, both the anterior and the posterior wall ofthe vessel must be examined after proximal and distal control ofthe vessel have been obtained.
 Bowel injuries can result from either percutaneous or openinsertion of the initial trocar.With open insertion, the bowel injuryshould be immediately obvious and can be repaired after theinjured bowel is pulled through an enlarged umbilical incision;laparoscopic cholecystectomy can then proceed. Bowel injuriescaused by percutaneous insertion may occur even in the absenceof abdominal wall adhesions and can be managed in the same wayas those caused by open insertion.The one caveat is that it is pos-sible to spear the bowel in a through-and-through fashion so thatwhen the laparoscope is inserted through the trocar, the view isnormal and the injury is not recognized.This type of injury can bediagnosed only if the laparoscope is repositioned to the operatingport at some time during the procedure and the undersurface ofthe umbilical site is carefully examined. This step is mandatoryduring the course of the operation, preferably early.
 Bleeding Abdominal wall. Bleeding from the abdominalwall can usually be prevented by careful trocar placement. Theabdominal wall should be transilluminated before percutaneoustrocar insertion and the larger vessels avoided. If a vessel is speared,the cannula usually tamponades the bleeding reasonably effective-ly during the procedure.
 Once the procedure is completed, each trocar is removed underdirect vision. If bleeding follows the removal of a trocar, the punc-ture hole can be occluded with digital pressure to maintain pneu-moperitoneum and the bleeding controlled by cauterization orsuture repair. Alternatively, the surgeon may place a Foley catheterthrough the trocar site with a stylet, inflate the balloon, and place
 traction on the catheter for 4 to 6 hours; however, tissue ischemiacan make this technique quite painful.
 Omental or mesenteric adhesions. Generally, omental adhesionscan be bluntly teased from their attachments to the gallbladder,with the plane of dissection kept close to the gallbladder, where theadhesions are less vascular. Adhesions to the liver should be takendown with the electrocautery to prevent capsular tears. Persistentbleeding from omental adhesions is unusual but can be managedby means of electrocauterization (with care taken to avoid damageto the duodenum or colon) or the application of hemostatic clipsor a pretied ligating loop.
 Cystic artery branch. Arterial bleeding encountered during dis-section in Calot’s triangle is usually from loss of control of the cys-tic artery or one of its branches. Biliary surgeons must be aware ofthe many anatomic variations in the vasculature of the gallbladderand the liver. Because the main cystic artery frequently branches,it is common to find more than one artery if dissection is main-tained close to the gallbladder. If what seems to be the main cysticartery is small, a posterior cystic artery may be present and mayhave to be clipped during the dissection.
 Prevention of arterial bleeding begins by dissecting the arterycarefully and completely before clipping and by inspecting theclips to ensure that they are placed completely across the arterywithout incorporating additional tissue (e.g., a posterior cysticartery or right hepatic artery). When arterial bleeding is encoun-tered, it is essential to maintain adequate exposure and to avoidblind application of hemostatic clips or cauterization.The laparo-scope should be withdrawn slightly so that the lens is not spatteredwith blood.The surgeon should then pass an atraumatic graspingforceps through a port other than the operating port and attemptto grasp the bleeding vessel. An additional trocar may have to beinserted for simultaneous suction-irrigation. Once proximal con-trol is obtained, the operative field should be suctioned and irri-gated to improve exposure. Hemostatic clips are then appliedunder direct vision; in addition, a sponge may be introduced toapply pressure to the bleeding vessel. Conversion to open chole-cystectomy is indicated whenever bleeding cannot be promptlycontrolled laparoscopically.
 Liver bed. Bleeding from the liver bed may be encountered whenthe wrong plane is developed during dissection of the gallbladder.Patients who have portal hypertension, cirrhosis, or coagulationdisorders are at particularly high risk. Control of bleeding requiresgood exposure, accomplished via lateral and superior retraction ofthe gallbladder; hence, all bleeding should be controlled before thegallbladder is detached from the liver bed. Most liver bed bleedingcan be controlled with the electrocautery, and it should be con-trolled as it is encountered to allow exposure of the specific bleed-ing site. Either a hook-shaped or a spatula-shaped coagulationelectrode is effective. If oozing continues, oxidized cellulose can beplaced as a pack through the operative port and pressure appliedon the raw surface of the liver. If needed, fibrin glue can be appliedto the bleeding raw surface.
 Postoperative
 If a patient (1) complains of a great deal of abdominal painnecessitating systemic narcotics, (2) has a high or prolonged fever,(3) experiences ileus, or (4) becomes jaundiced, an intra-abdomi-nal complication may have occurred. Blood should be drawn forassessment of the white blood cell count, hemoglobin concentra-tion, liver function, and serum amylase level. Abdominal ultra-
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sonography may help diagnose dilated intrahepatic ducts and sub-hepatic fluid collections [see Figure 19].
 Fluid collection or bile leakage When a significant fluidcollection is seen, it should be aspirated percutaneously underultrasonographic guidance. If the fluid is blood and the patient ishemodynamically stable and requires no transfusion, observationof the patient and culture of the fluid are usually sufficient. If thefluid is enteric contents, immediate laparotomy is indicated. If thefluid is bile and the patient is ill, immediate laparotomy should beconsidered; if the patient is stable and the appropriate facilities areavailable, MRCP or ERCP may be performed to identify the siteof bile leakage, determine whether obstruction is also present, andassess the integrity of the extrahepatic biliary tree. If the bile ductsare in continuity and the bile is coming from the cystic duct stumpor a small lateral tear in the bile duct, ES, with or without stent-ing, usually controls the leak. Percutaneous placement of a drainunder ultrasonographic guidance allows control of the bile leakageand measurement of the quantity of fluid present.
 Fever Postoperative fever is a common complication oflaparoscopic cholecystectomy. As noted, it may be indicative of acomplication such as a bile collection or bile leakage. Other com-mon reasons for postoperative fever (e.g., atelectasis) should alsobe considered.
 Abnormal liver function When postoperative blood testsindicate significantly abnormal liver function, possible causesinclude injury to the biliary tree and retained CBD stones [seeFigure 20].33 Cholangiography is required, even if it was performedintraoperatively. If MRCP or ERCP yields normal results, obser-vation is sufficient; the abnormalities may be attributable to apassed stone or drug-related cholestasis. If stones are present, EScan usually solve the problem. If ERCP demonstrates extravasa-tion of bile, it is important to establish whether the CBD is in con-tinuity. If the duct is interrupted, early reoperation, ideally at a spe-cialized center, is the best option. If the duct is in continuity, endo-scopic and radiologic techniques may successfully resolve the
 problem without substantial morbidity.34,35 Percutaneous drainageis instituted to control the fistula, and sphincterotomy or stentingis useful to overcome any resistance at the sphincter of Oddi. Anyretained stones causing distal obstruction should also be removed.Major ductal injuries usually call for operative repair.When suchan injury is identified at operation, the surgeon must decidewhether to attempt repair immediately; this decision should bebased on the surgeon’s experience with reconstructive biliarysurgery and on the local expertise available. At a minimum, ade-quate drainage must be established. Most major ductal injuries arenot in fact identified intraoperatively.When such an injury is iden-tified postoperatively, adequate drainage must be established andthe anatomy of the injury clarified as well as possible before repair.MRCP or transhepatic cholangiography may be required to delin-eate the anatomy of the proximal biliary tree when ERCP does notopacify the biliary tract above the injury. If surgical repair is indi-cated, it should be performed by a surgeon experienced in com-plex biliary tract procedures. Often, referral to a specialized centeris the most appropriate decision, especially in the case of moreproximal biliary injuries.
 SPECIAL CONSIDERATIONS
 Conversion to Laparotomy
 Conversion from laparoscopy to laparotomy may be required inany laparoscopic cholecystectomy, in accordance with the judg-ment of the surgeon.The most common reason for such conver-sion is the inability to identify important anatomic structures in theregion of the gallbladder. Distorted anatomy may be the result ofprevious operations, inflammation, or anatomic variations.Conversion may also be required because of an intraoperativecomplication [see Complications, Postoperative, above]. Ideally, thesurgeon would wish to convert before any complication occurs. Itmust be emphasized that conversion to open surgery should notbe considered a failure or a complication. Rather, it should be con-sidered a prudent maneuver for achieving the desired objective—namely, safe removal of the gallbladder. Accordingly, every patientconsent obtained for a laparoscopic cholecystectomy must explic-
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 Perform 99mTc-HIDA scan. Aspirate fluid.
 Perform immediate laparotomy.
 Perform percutaneousdrainage.
 Perform abdominal ultrasonography.
 Patient has severe abdominal pain, has high or prolonged fever, experiences ileus, or becomes jaundiced
 No fluid collection is seen Fluid collection is seen
 Fluid is enteric contents Fluid is bile
 Observe patient.
 Scan is normal
 Perform cholangiography.
 Scan is abnormal
 Perform immediate laparotomy.
 Patient is ill
 Perform MRCP or ERCP to delineate biliary anatomy.
 Patient is stable
 Observe patient.
 Fluid is blood
 Figure 19 Laparoscopic cholecystectomy. Shownis an algorithm outlining a screening approach thatis often useful when the patient shows signs (e.g.,pain, fever, or ileus) that are suggestive of a post-operative intra-abdominal complication, such asfluid collection or bile leakage.
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itly allow for the possibility of conversion to an open procedure.Attempts have been made to predict the probability of conversionon the basis of preoperative information.36,37 It is clearly useful tostratify patients according to likelihood of conversion. This infor-mation is helpful in selecting patients for laparoscopic cholecystec-tomy in an outpatient versus hospital setting, in determining theresources required in the OR, and in assisting patients in planningtheir work and family needs around the time of surgery.
 Factors found to be predictive of an increased probability ofconversion include acute cholecystitis, either at the time of surgeryor at any point in the past; age greater than 65 years; male sex; andthickening of the gallbladder wall to more than 3 mm as measuredby ultrasonography. Other factors more variably associated with anincreased likelihood of conversion are obesity, previous upperabdominal operations (especially gastroduodenal), multiple gall-bladder attacks over a long period, and severe pancreatitis. Factorsnot associated with an increased likelihood of conversion are jaun-dice, previous ES, previous lower abdominal procedures, stomas,mild pancreatitis, and diabetes.
 On the basis of our data, a 45-year-old woman with no historyof acute cholecystitis and no gallbladder wall thickening has aprobability of conversion lower than 1%; such a patient is a goodcandidate for laparoscopic cholecystectomy in an outpatient set-ting. Conversely, a 70-year-old man with acute cholecystitis andultrasonographic evidence of gallbladder wall thickening has aprobability of conversion of about 30%; such a patient would bebetter managed in a traditional hospital environment.
 Acute Cholecystitis
 Laparoscopic cholecystectomy has been shown to be safe andeffective for treating acute cholecystitis.38,39 There are, however,several technical problems in this setting that must be addressed ifthe procedure is to be performed with minimal risk. It should alsobe recognized that the probability of conversion to laparotomy isgreatly increased in these circumstances. There appears to be noadvantage to delaying surgery in patients with acute cholecystitis,even if rapid improvement is noted with nonoperative manage-ment.40,41 Many patients return within a short time with recurrentattacks, and delaying surgery does not reduce the probability of
 conversion.Technical difficulties associated with cholecystectomy for acute
 cholecystitis include dense adhesions, the increased vascularity oftissues, difficulty in grasping the gallbladder, an impacted stone inthe gallbladder neck or the cystic duct, shortening and thickeningof the cystic duct, and close approximation of the CBD to the gall-bladder wall.
 The surgeon should not hesitate to insert additional ports (e.g.,for a suction-irrigation apparatus) if necessary. Because the tense,distended gallbladder is difficult to grasp reliably, it should be aspi-rated through the fundus early in the procedure, as previouslydescribed. If the graspers fail to grasp the wall or cause it to tear,exposure of Calot’s triangle can be achieved by propping up or lev-ering the neck of the gallbladder and the right liver with a bluntinstrument. A sponge can be used for this purpose, thereby reduc-ing the potential trauma of the retraction. This maneuver is alsouseful when an impacted stone in the neck of the gallbladder pre-vents the surgeon from grasping the gallbladder in the area ofHartmann’s pouch. Dense adhesions that may be present betweenthe gallbladder and the omentum, duodenum, or colon should bedissected bluntly (e.g., with a suction tip). Because the tissues arefriable and vascular, oozing may be encountered. Electrocauteri-zation should be only sparingly employed until the vital structuresin Calot’s triangle are identified. Instead, the surgeon should moveto another area of dissection, allowing most of the oozing to coag-ulate on its own. Liberal use of suction and irrigation will keep theoperative field free of blood.
 In the identification of anatomic structures, it is important tokeep dissection close to the gallbladder wall, working down fromthe gallbladder toward Calot’s triangle. Dissection of the lower partof the gallbladder from the liver bed early in the operation may aidin identification of the gallbladder neck–cystic duct junction (anal-ogous to an open, retrograde dissection). The surgeon should beaware that edema and acute inflammation may cause foreshorten-ing of the cystic duct. If the anatomy cannot be identified, prelim-inary cholangiography through the emptied gallbladder may indi-cate the position of the cystic duct and the CBD.
 Often, the obstructing stone responsible for the acute attack isin the neck of the gallbladder; thus, the cystic duct will be normaland easily secured with clips. If the stone is in the cystic duct, itmust be removed before the duct is clipped or ligated.A thickened,edematous cystic duct is better controlled by ligation with anextracorporeal tie or a ligating loop than by clipping. If closure ofthe cystic duct is tenuous, closed suction drainage is advisable.Obviously, conversion to open cholecystectomy is indicated if theanatomy remains obscure. Conversion should also be considered ifno progress is made after a predesignated period (e.g., 15 minutes)because at this point, the surgeon is unlikely to make any headway.
 CBD Stones
 Identification of patients at risk About 10% of all patientsundergoing cholecystectomy for gallstones will also have choledo-cholithiasis. To select from the various diagnostic and therapeuticoptions for managing choledocholithiasis, it is helpful to know pre-operatively whether the patient is at high, moderate, or low risk forstones. Patients with obvious clinical jaundice or cholangitis, adilated CBD, or stones visualized in the CBD on preoperativeultrasonography are likely to have choledocholithiasis (risk >50%). Patients who have a history of jaundice or pancreatitis, ele-vated preoperative levels of alkaline phosphatase or bilirubin, orultrasonographic evidence of multiple small gallstones are some-what less likely to have choledocholithiasis (risk, 10% to 50%).Patients with large gallstones, no history of jaundice or pancreati-
 © 2005 WebMD, Inc. All rights reserved.5 Gastrointestinal Tract and Abdomen
 ACS Surgery: Principles and Practice21 Cholecystetomy and Common Bile Duct Exploration — 16
 ERCP yields normal results
 Observe patient.
 Reoperate at an earlystage.
 Perform ERCP to detect biliary tree injury or retained CBD stones.
 Determine whether CBD is in continuity.
 Perform percutaneous drainage in conjunction with ES or endoscopic stenting. Remove any retained stones.
 ERCP reveals presence of CBD stones
 Perform ES.
 Postoperative liver function tests yield abnormal results
 ERCP reveals leakage of bile
 Duct is in continuityDuct is completelyinterrupted or lackscontinuity
 Figure 20 Laparoscopic cholecystectomy. Shown is an algo-rithm outlining an approach to abnormal liver function testresults after laparoscopic cholecystectomy.
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tis, and normal liver function are unlikely to have choledo-cholithiasis (risk < 5%).
 Diagnostic and therapeutic options One argument forroutine intraoperative cholangiography is that it is a good way ofidentifying unsuspected CBD stones. However, more selectiveapproaches to diagnosing choledocholithiasis make use of preop-erative cholangiography via MRCP, EUS, or, more invasively,ERCP [see 5:18 Gastrointestinal Endoscopy]. Preoperative identifica-tion of choledocholithiasis allows the surgeon to attempt preoper-ative clearance of the CBD by means of ES or intraoperative clear-ance during laparoscopy, depending on his or her expertise.Preoperative cholangiography is suggested when the patient’s his-tory and the results of laboratory and diagnostic tests suggest thatthere is a moderate or high risk of CBD stones. It is our practice tohave patients at high risk for CBD stones undergo ERCP and ESif warranted. For patients at moderate risk, MRCP or EUS is donefirst, followed by therapeutic ERCP if CBD stones are identified.Intraoperative cholangiography can also be used to identify chole-docholithiasis. ERCP with ES may result in pancreatitis, perfora-tion, or bleeding and carries a mortality of approximately 0.2%.
 When stones are detected during the operation, the optionsinclude laparoscopic transcystic duct exploration, laparoscopiccholedochotomy and CBD exploration, open CBD exploration,and postoperative ERCP/ES.10,42 If a single small (~ 2 mm) stoneis visualized, it can probably be flushed into the duodenum byflushing the CBD via the cholangiogram catheter and administer-ing glucagon, 1 to 2 mg I.V., to relax the sphincter of Oddi. Evenif a stone of this size does not pass intraoperatively, it will usuallypass on its own postoperatively.
 Laparoscopic transcystic CBD exploration Access to bil-iary tree. The cholangiogram is reviewed; the size of the cysticduct, the site where the cystic duct inserts into the CBD, and thesize and location of the CBD stones all contribute to the successor failure of transcystic CBD exploration.43-45 For example, trans-cystic exploration is extremely challenging in a patient who has along, spiraling cystic duct with a medial insertion.The size of thestones to be removed dictates the approach to the CBD: stonessmaller than 4 mm can usually be retrieved in fluoroscopicallydirected baskets and generally do not necessitate cystic ductdilatation; larger stones (4 to 8 mm) are retrieved under direct
 vision with the choledochoscope.A hydrophilic guide wire is inserted through the cholangiogram
 catheter into the CBD under fluoroscopic guidance.The cholan-giogram catheter is then removed. If the largest stone is larger thanthe cystic duct, dilatation of the duct is necessary, not only for pas-sage of the stone but also to allow passage of the choledochoscope,which may be 3 to 5 mm in diameter.
 Dilatation is accomplished with either a balloon dilator orsequential plastic dilators. Because plastic dilators may cause thecystic duct to split, balloon dilatation is recommended. A balloon3 to 5 cm in length is passed over the guide wire and positionedwith its distal end just inside the CBD and its proximal end justoutside the incision in the cystic duct.The balloon is then inflatedto the pressure recommended by the manufacturer and observedclosely for evidence of shearing of the cystic duct.The cystic ductshould not be dilated to a diameter greater than 8 mm. Largerstones in the CBD may be either fragmented with electrohy-draulic or mechanical lithotripsy, if available, or removed viacholedochotomy.
 Once dilatation is complete, the guide wire may be removed orleft in place to guide passage of a choledochoscope or baskets.When the choledochoscope is used, a second incision in the cys-tic duct, close to the CBD, avoids Heister’s valves and allowsremoval of the guide wire. If baskets are used, a 6 French plasticintroducer sheath may be inserted through the trocar used forcholangiography into the cystic duct.This sheath is especially use-ful if multiple stones must be removed.
 Fluoroscopic wire basket transcystic CBD exploration. Stonessmaller than 2 to 4 mm that do not pass with irrigation through thecholangiocatheter after injection of glucagon can usually beretrieved by using a 4 French or 5 French helical stone basketpassed into the CBD over a guide wire under fluoroscopic guid-ance.The baskets can be passed alongside the cholangiocatheter orinserted via a plastic sheath replacing the cholangiocatheter. Thebasket is opened in the ampulla of Vater, pulled back into theCBD, and rotated clockwise until the stone is entrapped.The stoneand basket are then removed together. A Fogarty catheter shouldnot be used, because the stones are likely to be pulled up into thehepatic ducts, where they are much more difficult to remove.
 Endoscopic transcystic CBD exploration. When stones are 4 to 8
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 Figure 21 Open cholecystectomy. (a) Shown are the resting positions of the cystic duct and the CBD(with Calot’s triangle closed). (b) Improper upward retraction of Hartmann’s pouch lines up the CBD andthe cystic duct so that one can easily encircle the CBD or clamp the cystic duct and the CBD. (c) Correctdownward and rightward retraction opens Calot’s triangle; dissection proceeds lateral to the CBD.
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mm in diameter, the helical stone basket wires are generally tooclose together to permit retrieval. Hence, choledochoscopic bas-keting is utilized. A 7 to 10 French choledochoscope with a work-ing channel is either passed over the guide wire or inserted direct-ly into the cystic duct. Because the usual grasping forceps maydamage the choledochoscope, forceps with rubber-covered jawsshould be used. A separate camera should be inserted onto thecholedochoscope, and the image it produces can be displayed onthe monitor by means of an audiovisual mixer (i.e., a picture with-in a picture) or displayed on a separate monitor.
 Once the choledochoscope enters the cystic duct, warm salineirrigation is begun under low pressure to distend the CBD andprovide a working space.The choledochoscope usually enters theCBD rather than the common hepatic duct.When a stone is seen,a 2.4 French straight four-wire basket is inserted through the oper-ating port.The stones closest to the cystic duct are removed first,by advancing the closed basket beyond each stone, opening thebasket, and pulling the basket back, thereby trapping the stone.The basket is then closed and pulled up against the choledocho-scope so that they can be withdrawn as a unit. Multiple passes maybe required until the duct is clear. A completion cholangiogram isdone to ensure that the duct is clear and to rule out proximalstones.The dilated, traumatized cystic duct is ligated with a ligat-ing loop rather than a hemostatic clip. If drainage is required, a redrubber catheter can be inserted into the CBD via the cystic duct.
 Because of the angle created by the cephalad and superiorretraction of the gallbladder, it may be difficult to pass the chole-dochoscope into the proximal ducts. If a common hepatic ductstone is seen on the cholangiogram, the patient is placed in a steepreverse Trendelenburg position. In this position, any nonimpactedstones may fall into the distal duct for retrieval. It may be possibleto pass the choledochoscope into the proximal ducts by applyingcaudal traction to the cystic duct so as to align it with the commonhepatic duct.An additional access port in the right upper quadrant
 may be needed. If the cystic duct is long or spiraling or insertsmedially, this measure may not be feasible, in which case accessmust be obtained by means of choledochotomy.
 Laparoscopic CBD exploration Large stones (> 1 cm), aswell as most stones in the common hepatic ducts, are not retriev-able with the techniques described above. Ductal clearance can beachieved via choledochotomy if the duct is dilated and the surgeonis sufficiently experienced.46,47 The anterior wall of the CBD isbluntly dissected for a distance of 1 to 2 cm. When small vesselsare encountered, it is preferable to apply pressure and wait forhemostasis rather than use the electrocautery in this area.Two staysutures are placed in the CBD. An additional 5 mm trocar isplaced in the right lower quadrant for insertion of an additionalneedle driver. A small longitudinal choledochotomy (a few mil-limeters longer than the circumference of the largest stone) ismade with curved microscissors on the anterior aspect of the ductwhile the stay sutures are elevated. A choledochoscope is theninserted and warm saline irrigation initiated. In most cases, bas-kets should suffice for stone retrieval; however, lithotriptor probesand lasers are available for use through the working channel of thecholedochoscope.The choice of approach depends on availabilityand individual surgical experience.
 Subsequently, a 12 or 14 French latex T tube is fashioned with
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 Figure 22 Open cholecystectomy. In so-called fundus down dis-section, the fundus and infundibulum are retracted up and awayfrom the liver while dissection is performed with electrocautery.Sharp dissection with scissors or scalpel or blunt digital dissec-tion all may be used, at the surgeon’s discretion.
 Figure 23 Open cholecystectomy. In patients with severeinflammation and edema, the surgeon must be cautious whenapproaching Calot’s triangle during fundus down dissection. Insuch circumstances, digital palpation can be very helpful in safe-ly identifying the cystic duct and artery.
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short limbs, placed entirely intraperitoneally to prevent CO2 fromescaping, and positioned in the CBD.The choledochotomy is thenclosed with fine interrupted absorbable sutures.The first suture isplaced right next to the T tube, securing it distally, and the secondis placed at the most proximal end of the choledochotomy; liftingthese two sutures facilitates placement of additional sutures.Intracorporeal knots are preferred to avoid sawing of the delicate tis-sues.The end of the T tube is then pulled out through a trocar, andcholangiography is performed after completion of the procedure.
 Open Cholecystectomy
 Open cholecystectomy is usually reserved for patients in whomthe laparoscopic approach is not feasible or is contraindicated. Assuch, it is typically performed only in the most difficult situationsor when additional maneuvers such as CBD exploration are antic-ipated. Conversion from the laparoscopic to the open approach isnot considered a complication and does not represent failure.Rather, conversion to this time-honored and effective procedurerepresents the prudent judgment of a safe surgeon.
 OPERATIVE TECHNIQUE
 The choice of incision depends on the surgeon’s experience andpreference, along with patient factors such as previous surgicalprocedures and body habitus. Typically, open cholecystectomy isperformed through a right subcostal (Kocher) incision, but it canalso be approached through an upper midline incision or, lesscommonly, through a right paramedian or transverse incision. Amechanical retraction system should be used, if available, so thatthe hands of the participating surgeons are free; there is no good
 rationale for struggling to perform difficult biliary surgery withhandheld retractors.
 The abdomen is opened and then explored; the abdominal vis-cera are inspected and palpated and a retraction system is put inplace. Long curved or angled clamps, such as Kelly or Mixter, areplaced on the gallbladder fundus and infundibulum for the appli-cation of gentle traction. The fundus is elevated and theinfundibulum is pulled laterally and away from the liver [see Figure21]. If the gallbladder is not too inflamed and edematous, the pro-cedure may be performed similarly to the typical laparoscopicapproach: the surgeon identifies and ligates the cystic duct andartery, and then removes the gallbladder from the liver bed.
 With more difficult open cases, the above technique may not bepossible. In such cases, a retrograde or so-called fundus downapproach is usually employed. Staying as close to the gallbladderwall as is possible, the surgeon uses electrocautery or sharp anddigital blunt dissection to remove the gallbladder from the liverbed, continuing downward to the cystic duct and artery [see Figure22]. Anatomic variations of the duct and artery must always beanticipated.These structures can be very difficult to identify andsafely dissect in cases of severe inflammation and markedly ede-matous tissues. In such cases, palpation and gentle digital bluntdissection of the duct and artery between thumb and index fingeris useful [see Figure 23]. Opening the gallbladder to remove stonesor aspirate bile or pus may be necessary when it is tense and dis-tended or necrotic and gangrenous. As with laparoscopic chole-cystectomy, it is critical to identify the cystic duct and artery andtheir anatomic relations to the gallbladder and common bile ductbefore division and to avoid injury to the common bile duct orcommon hepatic duct.The cystic duct and artery may be suture
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 Figure 24 Open common bile duct exploration. (a) The common bile duct is opened vertically between later-ally positioned stay sutures. (b) A catheter is then used to irrigate and flush stones from the duct. If stones areimpacted within the duct, they can be retrieved with Fogarty catheters, wire stone retrieval baskets, or stoneretrieval forceps. The choledochoscope can be used if any of these methods fail or as the initial method ofexploration.
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ligated or divided between clips. Stones found in the cystic ductshould be gently milked back into the gallbladder.
 SPECIAL CONSIDERATIONS
 Cholangiography
 The indications for cholangiography are the same as for laparo-scopic cholecystectomy. Several techniques for the performance ofcholangiography can be utilized. Usually the same technique as forlaparoscopic cholecystectomy is employed; the cystic duct is ligat-ed or clipped high near the infundibulum and incised just belowthis point for insertion of a cholangiography catheter, which issecured against leakage by another clip or ligature. Alternatively,the cystic duct can be divided near the infundibulum and the gall-bladder removed; then the cystic duct is cannulated. Needle punc-ture cholangiography can also be performed via the cystic duct orthe common duct. Once cholangiography is complete, the gall-bladder is removed and sent for pathologic examination.The oper-ative field is inspected for hemostasis and irrigated. Any bile leakis identified. Drains are not routinely placed but can be used at thesurgeon’s discretion. If drains are used, a closed suction Jackson-Pratt or similar drain is recommended; the drain should bebrought out through a separate stab incision.
 Open CBD Exploration
 Open common bile duct exploration has become a rare proce-dure, but it remains a skill that surgeons require. If ERCP hasfailed or is not possible, if the surgeon does not have the experi-ence and necessary tools to perform laparoscopic duct explo-ration, or if laparoscopic efforts have failed, then open explora-
 tion becomes necessary. Ductal stones are identified either preop-eratively or intraoperatively by ultrasound, cholangiography, or palpation.
 Appropriate retraction and exposure are crucial. The anterioraspect of the duct is exposed over a distance of 1 to 2 cm, avoid-ing electrocautery during dissection. Two stay sutures of a 3-0monofilament are placed lateral to the midline of the duct. Thecommon hepatic duct is sharply opened with a No. 11 or No. 15scalpel and longitudinally incised further with a Potts’ arteriotomyor similar scissors.When performing these maneuvers, the surgeonmust respect the arterial blood supply of the duct, which courseslaterally on either side of the duct in the 3 o’clock and 9 o’clockpositions [see Figure 24]. In some cases, stones are immediately vis-ible and can simply be plucked from the duct once it is opened.Flushing the duct with saline, proximally and then distally,through a 12 or 14 French Foley or red rubber catheter may alsoclear the duct of stones.The intravenous administration of 1 to 2mg of glucagon will relax the sphincter of Oddi, which may helpin the flushing of stones from the duct. In some cases, stones willbe impacted within the duct and will require additional maneu-vers. Kocher’s maneuver (liberally mobilizing the lateral duode-num and head of the pancreas) will allow the surgeon to hold andpalpate the duodenum, the head of the pancreas, and stones with-in the duct, facilitating instrumentation. Stone retrieval forceps,biliary Fogarty catheters, and wire baskets can all be employed toretrieve stones. A choledochoscope can also be used, either at theoutset of exploration or for stone retrieval, if simpler maneuversare not successful.
 Either T tube cholangiography or choledochoscopy may beemployed to confirm clearance of ductal stones. If no stones are
 © 2005 WebMD, Inc. All rights reserved.5 Gastrointestinal Tract and Abdomen
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 Figure 25 Open common bile duct exploration. (a) After common bile duct exploration, a T tube isfashioned and is placed into the duct. (b) Interrupted 4-0 absorbable sutures are used to close the chole-dochotomy snug around the tube. A completion cholangiogram may then be performed. The tube isbrought out through the right abdominal wall, through a separate stab incision, and secured to the skin.
 a b

Page 21
						

present, primary closure of the choledochotomy has been suc-cessfully employed, although most surgeons will leave in place a12 or 14 French T tube, which is brought out through a separatestab incision in the right lateral abdominal wall [see Figure 25]. Ifstone clearance is not achieved, a T tube is mandatory fordecompression of the biliary tract and to provide a route forfuture duct instrumentation. The T tube is connected to a bagfor free drainage. Several days later, cholangiography is repeat-
 ed. If it shows good flow into the duodenum without obstruc-tion, the tube may be clamped and removed at the 2-week mark.If there are retained stones, a more mature tract must be allowedto develop over 4 to 6 weeks for future instrumentation andstone retrieval. Retained stones may require ERCP, percuta-neous transhepatic instrumentation, T tube tract instrumenta-tion, or combinations of these for removal.
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