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 Introduction

Since Langenbuch introduced cholecystectomy in 1892, bile 
duct injuries have occurred with significant morbidity and 
mortality rates [1]. Kehr, the pioneer of biliary surgery, pub-
lished a two-volume textbook in 1913 on gallbladder diseases 
and surgical treatments based on experience from 2600 cho-
lecystectomies and 400 common bile duct (CBD) explora-
tions. He invented the T-tube for CBD drainage [2]. Mayo 
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and Halsted visited Kehr. Halsted, founder of the teaching 
system in American surgery, died from complication of biliary 
disease [3–5]. By 1930, increasing numbers of cholecystecto-
mies with CBD injury created an urgent indication for intra-
operative cholangiography (IOC). It was recommended by 
Mirizzi for indications to include:

 A. Detection of occult CBD stones
 B. To avoid negative exploration of dilated (empty) ducts
 C. Recognition of anatomic anomalies to reduce the inci-

dence of duct injuries [6] (Fig. 8.1)

Hicken et al. in 1936 (USA) tried to popularize IOC with-
out success. The major impediment was technical shortcom-
ings that included the following: (a) only three films were 
exposed, (b) the patients’ position had to be lifted onto the 
table to insert and remove film, (c) and the anesthesiologist 
had to withhold ventilation for each exposure. Due to techni-
cal difficulties, it was not unusual that anatomy was misinter-
preted or that films were poorly exposed. In addition, the 
operating time was extended [7].

Cystic duct
anatomy

17%

83%

Figure 8.1 Variations of cystic duct anatomy include lateral duct 
drainage in 17% and in 83% drainage posterior, spiral, or parallel to 
the common hepatic duct or into the right hepatic duct
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Introduction of video-fluoroscopy created significant 
improvements. Lackner et al. in 1957 ushered in a new era in 
IOC by introducing a mobile fluoroscope for immediate 
visual observation including single film exposure [8]. 
Improved IOC technique was demonstrated by Mallet-Guy 
in 1958, drawing attention to a mobile video cholangiography 
unit, which opened the way to today’s modern, simplified 
IOC [9]. This technique was immediately adopted by ortho-
pedic surgeons and other disciplines.

Hamlin and Berci introduced a mobile unit in 1975 for 
IOC that underwent further improvement. Results of this 
innovation were reported in 1981 [10]. A short learning curve 
was required to become proficient with the technique.

These steps during the performance of cholangiography 
are crucial to save operating room (OR) time and obtain a 
good result:

 A. Interpretation of the complete cholangiogram by the sur-
geon to include proximal filling of the right and left hepatic 
ducts and distal drainage into the duodenum through the 
ampulla of Vater (Fig. 8.2).

a b

Figure 8.2 Critical components of a complete cholangiogram 
include (a) appearance of the distal CBD with the sphincter and 
contrast flow into the duodenum. (b) Hepatic ductal structure to 
include the left duct and right anterior and posterior ducts
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 B. Cystic duct cannulation techniques include beveled chol-
angiogram catheters and disruption of the valves of 
Heister.

 C. Rotation of the image amplifier 15° to separate the cath-
eter tip from the CBD and spine (Fig. 8.3).

 D. Pneumoperitoneum needle insertion into the gallbladder 
(GB) fundus for a cholecysto-cholangiogram as an alter-
native to cystic duct cannulation (Fig. 8.4).

 E. Required instruments should be in the OR and checked 
by the surgeon and nurses before surgery starts.

 F. Arrangements should be made so that the image amplifier 
is in the OR at the start of the surgery and the technician 
should be advised to return in time for the IOC.

 Radiation Hazard

If basic recommendations are observed, there is no risk of 
radiation-induced injury to OR personnel if exposure remains 
under 5  milliroentgens per year. The anesthesiologist, sur-

a
b

Figure 8.3 Critical aspects of cholangiogram technique include (a) 
catheter position in the cystic duct note the access point lateral to 
the spine. (b) Image amplifier rotated 15° to separate the catheter 
tip from images of CBD and spine
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geon’s assistant, and scrub nurse should wear lead aprons or 
observe the cholangiogram behind a (translucent) lead 
screen placed at a distance of 5–6 ft [11].

 Anatomy

Important anatomical variants have been detected in this 
early stage of IOC application. The cystic duct anatomy in 
17% displays a short (dangerous) lateral drainage. The short 
cystic duct (CD) can be easily overlooked when the gallblad-
der is pulled laterally often leading to CBD injury (Fig. 8.5). 
Other anomalies include the parallel CD and CBD run, the 
spiral CD around the CBD, and drainage of the CD into the 
right hepatic duct (total 83%) (Fig. 8.1). Variant anatomy and 
inflammation play a significant role in creation of operative 

Figure 8.4 Cholecysto-cholangiogram is visualized from insertion 
of a pneumoperitoneum needle into the fundus. Two clips are placed 
near the probable location of the cystic duct
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injuries. (The reader is referred to Chap. 2 of this manual for 
a detailed description of the anatomy and its variants.)

Hamlin (1981) reported on approximately 500,000 cholecys-
tectomies annually and that approximately 1000 patients suf-
fered avoidable surgical injuries. Approximately 90% of ductal 
injuries were errors of surgical techniques [12]. In our first col-
lections of cholangiograms, we reported 791 cases with 197 CBD 
explorations. Six to nine films were performed per case, and a 
total of 5,381 films were analyzed. Other institutions accepted 
the value of IOC and reported their results as well [13, 14].

 Laparoscopic Cholecystectomy

Muhe introduced a new era of biliary surgery in 1986 by per-
forming the first laparoscopic cholecystectomy followed by 
Dubois (1989), Perrisat (1990), Reddick, (1989), Cuschieri, 
Berci, (1990), Sackier (1990), and Phillips (1991) [15–21]. The 
introduction of a completely new surgical approach to replace 
a century-old procedure was rapidly accepted. This caused 
significant problems in training. Within months it became the 
procedure of choice, and media coverage was extremely well 

a b

Figure 8.5 (a) The pictured short cystic duct that enters the right 
hepatic can lead to injury. (b) The pictured short cystic duct retracted 
laterally exposes the common hepatic duct to potential injury
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organized. Reports indicated that patients were discharged on 
the first post-op day mostly pain free with the ability to 
resume normal activities within a week’s time [22].

SAGES established training courses as did others adver-
tised without certification. The incidence of complications 
was significant. Cuschieri reported in (1990) that “We shall 
witness an explosion of lap chole’s. There is a risk that many 
surgeons will perform it without adequate training and con-
trol.” It was also recommended that this procedure should be 
restricted to specialized centers that participate in prospec-
tive studies with accreditation [23]. Deziel et  al. in 1993 
reported a bile duct injury incidence of 0.6% out of 77,604 
cases. This incidence of bile duct injury was extremely high 
compared to open cholecystectomies [24–26]. Recognition of 
the consequences of bile duct injury was delayed due to late 
onset of secondary biliary cirrhosis following reconstruction 
and stricture formation. The important role of IOC in preven-
tion of CBD injury was overlooked [27–38].

Advantages of IOC include:

 A. Demonstration of variant anatomy indicating areas of dif-
ficulty and dangerous dissection (Fig. 8.1).

 B. Recognition of contrast extravasation alerts the surgeon 
of the possibility of a major bile duct injury with the 
potential need for immediate exploration, to repair duct 
injury, provide drainage, and call an experienced surgeon 
for assistance. This avoids complications of delayed diag-
nosis of the injury including increased morbidity and mor-
tality rates (Figs.  8.6 and 8.7) (The reader is referred to 
Chap. 9 of this manual).

 C. IOC can diagnose concomitant CBD stones with great 
accuracy allowing removal of calculi in the same surgical 
session. Incidence of occult CBD stones is 10% (Fig. 8.8).

With a volume of approximately 700,000 laparoscopic cho-
lecystectomies annually, the incidence of bile duct injuries 
(BDI) is two to three times higher than in open surgery. BDI 
cannot be eliminated, but with improved education about IOC, 
we should be able to reduce its incidence and in some cases to 
reduce its severity when diagnosed at the time of the IOC.
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 Common Bile Duct Stones

In 1940, Glenn reported 120 CBD explorations in which 50 
demonstrated calculi [39]. Colcock (1964) reported on 1754 
cholecystectomies with 503 explorations finding stones in 

a b

Figure 8.6 (a) Pictured is a short cystic duct with small contrast leak 
(arrow). (b) Repair of an injury in the CBD is shown with T-tube 
drainage

a b

Figure 8.7 (a) Cholangiogram demonstrates significant extravasa-
tion of contrast and injury at the hepato-cystic duct junction fol-
lowed by exploration and immediate repair without complications. 
(b) Cholangiogram demonstrates multiple clips occluding the right 
hepatic duct. Clips were removed on exploration, and final cholan-
giogram shows normal ducts
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only 339 cases [40]. Detection of occult calculi created an 
important role for well-performed IOC [41].

Choledochoscopy was utilized in the open cholecystec-
tomy era with the expectation that endoscopic inspection 
would improve stone detection accuracy. Wildegans (1960) 
introduced a modified angulated cystoscope with excellent 
results [42, 43]. Hopkins introduced a new optical system that 
was successfully employed in choledochoscopy [44]. 
Significant improvements included attachment of a small 
video camera to the choledochoscope allowing image projec-
tion onto a large screen. This provided an enlarged image for 
surgeons that facilitated coordination of movement [45]. 
Recent technologies to include smaller flexible scopes and 
distal-chip cameras shortened the learning curve to manipu-
late stones and record findings [46–48].

Out of 700,000 laparoscopic cholecystectomies performed 
annually, 10% harbor CBD stones. In a multi-institutional 
SAGES study of 226 patients, 12% harbored occult CBD 
stones found at IOC. IOC was performed in 99.5% of these 

Figure 8.8 Cholangiogram demonstrates two small calculi (arrows). 
After administering intravenous glucagon, the small calculi were 
flushed through the sphincter
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cases; in 83%, calculi were removed through a trans-cystic 
approach; and 17% were extracted through the CBD [49] 
(Fig. 8.9).

Today the majority of CBD stones found at time of sur-
gery are removed during ERCP that means that the patient 
has a second anesthesia with a 4–5% incidence of pancreati-
tis. Extension of hospitalization for ERCP also increases 
health-care costs [50–53]. Surgeons that perform laparoscopic 
CBD exploration with stone extraction at the time of chole-
cystectomy have been the minority.

 Conclusion

Laparoscopic cholecystectomy was introduced three decades 
ago, and it became widely accepted. However, serious compli-
cations were discovered already at the beginning of this era 
[54]. An editorial was published 8  years ago, signed by 16 
surgeons drawing attention to the still existing problems. With 
700,000 laparoscopic cholecystectomies annually, approxi-
mately 3000–3500 patients suffer from BDI complications 
requiring a second or third reconstructive procedure with 

a b

Figure 8.9 (a) The video-choledochoscope pictured (double arrow) 
is inserted into the cystic duct, and to the side of the duct is a single 
removed stone (arrow). (b) Pictured is the endoscopic view of calculi 
in the distal CBD
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high morbidity [55]. The situation has not changed signifi-
cantly in the past 30  years. Our recommendations include 
requiring adequate training to include imaging techniques, 
evaluation of findings, recognition of complications, and orga-
nized follow-up. These measures will result in better-educated 
and competent biliary surgeons with reduced complications.

Another aspect that should also be emphasized is the 
potential for astronomical savings in health-care cost. 
Approximately $1 billion dollars per year are spent on surgi-
cal re-explorations, insurance companies’ compensation, and 
legal litigation fees from BDI. Costs of IOC that may include 
extended OR time (up to 1 h), increased surgeon remunera-
tion, additional instrumentation, and radiology charges will 
still leave a significant profit margin for the supporting 
agencies.

It is time to recognize that we can improve the outcome of 
700,000 laparoscopic cholecystectomies by reeducating sur-
geons to implement IOC and laparoscopic CBD exploration 
to improve patient care. Recommendations for increased 
utilization of IOC can be a factor in preventing BDI and 
assist in surgical removal of CBD stones.

Acknowledgment We appreciate the work of Marc Arizmendez for 
video editing contribution to reproduce the figures.

References

 1. Langenbuch C. Ein Fall von Extirpation der Gallenblase wegen 
chronischer Cholelithiasis. Berl Klin Wochenschr. 1882;19:725.

 2. Kehr H.  Practice der Gallenwege  – Chirurgie. Munchen: 
Lehmann; 1913.

 3. Halsted W.  Contribution to the surgery of the bile passages, 
especially of the common bile duct. Johns Hopkins Hosp Bull. 
1900;11:1.

 4. Morgenstern L. Halsted’s nemesis: the common bile duct. Surg 
Endosc. 1994;8:1165–7.

 5. Mayo WJ. Some observations on the surgery of the gallbladder 
and bile ducts. Ann Surg. 1899;30:452.

Chapter 8. Intraoperative Cholangiography (IOC)…



102

 6. Mirizzi PL. La Cholangiografia durante las Operaciones de las 
vias Biliares. Bol Soc Cir Buenos Aires. 1932;16:1133, pages 5–9.

 7. Hicken NF, Best RR, Hunt HB.  Cholangiography. Ann Surg. 
1936;103:210., 5–12.

 8. Lackner J, Volkel L.  Die Technik der Intraoperative 
Cholangiographie unter Verwendung des Roentgen-Bildver- 
staerkers. Roentgenbl. 1957;10:119.

 9. Mallet-Guy P.  Television radioscopy during operations of the 
biliary passages. Surg Gynecol Obstet. 1958;106:747–51.

 10. Berci G, Hamlin JA.  Operative biliary radiology, 17 Chapters, 
271 pages. Baltimore: Williams and Wilkins; 1981.

 11. Early D.  Radiation hazard, Chapter 4. In: Berci H, editor. 
Operative biliary radiology. Baltimore: Williams & Wilkins; 1981. 
p. 27–37.

 12. Hamlin JA.  Critical analysis, Chapter 17. In: Berci G, Hamlin 
JA, editors. Operative biliary radiology. Baltimore: Williams and 
Wilkins; 1981.

 13. Woods MS, Traverso LW, Kozarek RA, Donohue JH, Fletcher 
DR, Hunter JG, Oddsdottir M, Rossi RL, Tsao J, Windsor 
J.  Biliary tract complications of laparoscopic cholecystectomy 
are detected more frequently with routine intraoperative chol-
angiography. Surg Endosc. 1995;9:1076–80.

 14. Madhavan KK, MacIntyre IMC, Wilson RG, Saunders JH, Nixon 
SJ, Hamer-Hodges DW. The role of intraoperative cholangiogra-
phy in laparoscopic cholecystectomy. Brit J Surg. 1995;82:249–52.

 15. Muhe E.  Laparoscopic cholecystectomy (galloscopy). 
Langenbuch’s Arch. 1986;369:804.

 16. Dubois F, Berthelot G, Levard H. Cholecystectomie par coelios-
copie. La Press Medicale. 1989;18:980–2.

 17. Perrisat J, Collet D, Belliard R.  Gallstones: laparoscopic treat-
ment  – cholecystectomy, cholecystostomy, and lithotripsy. Our 
own technique. Surg Endosc. 1990;4:1–5.

 18. Reddick EJ, Olsen DO.  Laparoscopic laser cholecystectomy. 
A comparison with mini-lap cholecystectomy. Surg Endosc. 
1989;3:131–3.

 19. Cuschieri A, Berci G.  Laparoscopic biliary surgery. London: 
Blackwell Scientific Publications, 100 pages; 1990.

 20. Cuschieri A, Berci G, McSherry C.  Laparoscopic cholecystec-
tomy (editorial). Am J Surg. 1990;159:273–4.

 21. Sackier J, Berci G. Diagnostic and interventional laparoscopy for 
the general surgeon. Contemp Surg. 1990;37:14–29.

G. Berci and B. R. Davis



103

 22. Berci G, Sackier. The Los Angeles experience with laparoscopic 
cholecystectomy. J Am J Surg. 1991;161:382–4.

 23. Sackier JM, Berci G, Phillips E, Carroll B, Shapiro S, Paz-Partlow 
M. The role of cholangiography in laparoscopic cholecystectomy. 
Arch Surg. 1991;126:1021–6.

 24. Deziel D, Millikan KW, Economou SG, Doolas A, Ko ST, Airan 
MC. Complications of laparoscopic cholecystectomy: a national 
survey of 4,292 hospitals and an analysis of 77,604 cases. Am J 
Surg. 1993;465:1–6.

 25. Strasberg S, Hertl M, Soper N.  An analysis of the problem of 
biliary injury during laparoscopic cholecystectomy. Am J Surg. 
1995;180:101–25.

 26. Lillemoe K, Martin SA, Cameron JL, Yeo CJ, Talamini MA, 
Kaushal S, Coleman J, Venbrux AC, Savaderm SJ, Osterman FA, 
Pitt HA. Major bile duct injuries during laparoscopic cholecys-
tectomies. Ann Surg. 1997;225(5):459–71.

 27. Flum DR, Dellinger EP, Cheadle A, Chan L, Koepsell 
T. Intraoperative cholangiography and risk of common bile duct 
injury during cholecystectomy. JAMA. 2003;289(13):1639–44.

 28. Massarweh NN, Flum D. Role of intraoperative cholangiography 
in avoiding bile duct injury. J Am Coll Surg. 2007;204:656–64.

 29. Massarweh NN, Devlin A, Symons RG, Broeckel E, Flum 
D.  Risk tolerance and bile duct injury: surgeon characteristics, 
risk-taking preference and common bile duct injuries. J Am Coll 
Surg. 2003;209:17–24.

 30. Soper NJ.  Prevention of biliary leaks. Gastrointest Surg. 
2011;15:1005–6.

 31. Dageforde LA, Landman MP, Feurer ID, Poulose B, Pinson 
CW, Moore DE.  A cost-effectiveness analysis of Early vs late 
reconstruction of iatrogenic bile duct injuries. Am Coll Surg. 
2012;214(6):919–27.

 32. Schwaitzberg S, Scott D, Jones DB, McKinley SK, Castrillion J, 
Hunter TD. Three-fold increased bile duct injury rate is associ-
ated with less surgeon experience in an insurance claims data-
base. Surg Endosc. 2014;28:3068–73.

 33. Stilling NM, Fristrup C, Wettergren A, Ugianskis A, Nygaad J, 
Holte K, Bardram L, Sall M, Mortensen MB.  Long-term out-
come after early repair of iatrogenic bile duct injury. A National 
Danish Multicentre Study. HPB. 2015;17:394–400.

 34. Halbert C, Pagkratis S, Yang J, Meng Z, Altieri MS, Parikh P, 
Pryor A, Talamini M, Telem DA.  Beyond the learning curve: 
incidence of bile duct injuries following laparoscopic cholecys-

Chapter 8. Intraoperative Cholangiography (IOC)…



104

tectomy normalize to open in the modern era. Surg Endosc. 
2016;30:2239–43.

 35. Strasberg S, Pucci MJ, Brunt LM, Deziel D. Subtotal cholecystec-
tomy – “Fenestrating” vs “Reconstituting” subtypes and the pre-
vention of bile duct injury: definition of the optimal procedure in 
difficult operative conditions. J Am Coll Surg. 2016;222(1):89–96.

 36. Waage A, Nilsson M. Iatrogenic bile duct injury: a population- 
based study of 152,766 cholecystectomies in the Swedish inpa-
tient registry. Arch Surg. 2006;40:73–80.

 37. Rystedt J, Lindell G, Montgomery A. Bile duct injuries associ-
ated with 55,134 cholecystectomies: treatment and outcome 
from a national perspective. World J Surg. 2016;40:73–80.

 38 Altieri MS Yang J, Obeid N, Zhu C, Talamini M, Pryor A. Bile 
duct injury and decreasing utilization of intraoperative chol-
angiogram and common bile duct exploration over 14 years: 
an analysis of outcomes in New York State. Surg Endosc. 
2017;32(2):667–74.

 39. Glenn F.  Exploration of the common bile duct. Ann Surg. 
1940;112(1):64–79.

 40. Colcock BP, Perey B. Exploration of the common bile duct. Surg 
Gynecol Obstet. 1964;81:20–4.

 41. Berci G, Hamlin JA.  Operative biliary radiology. Baltimore: 
Williams and Wilkins; 1981.

 42. Wildegans H. Die operative Gallengangsendoskopie. München: 
Urban & Schwarzenberg; 1960.

 43. Berci G, Cuschieri A. (with 21 Co-contributors)Bile ducts and 
bile duct stones, 23 Chapters, 169 pages. Philadelphia: Saunders; 
1997.

 44. Berci G, Shore JM.  Advances in cholangiography. Endoscopy. 
1972;4:29–51.

 45. Berci G, Shulman AG, Morgenstern L, Pas-Partlow M, Cuschieri 
A, Wood RA.  Television choledochoscopy. J Surg Gynecol 
Obstet. 1985;160:176–7.

 46. Petelin JB.  Laparoscopic common bile duct exploration. Surg 
Endosc. 2003;17:1705–15.

 47. Phillips P, Berci G, Barber K, Williams J.  The role of choledo-
choscopy: the eternal problem of how to remove a CBD stone. 
Surg Innov. 2015;22(5):540–5.

 48. Phillips E, Berci G, Barber K.  The role of the video- 
choledochoscopy. J Surg Innov. 2016;23:546–9.

 49. Berci G, Morgenstern LM. Laparoscopic management of com-
mon bile duct stones. Surg Endosc. 1994;8:1452–3.

G. Berci and B. R. Davis



105

 50. Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RCG, 
Meyers WC, Liguory C, Nickl N.  Endoscopic sphincterotomy 
complications and their management: an attempt at consensus. 
Gastrointest Endosc. 1991;37:383–93.

 51. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME, 
Dorsher PJ, Moore JP, Fennerty B, Ryan ME, Shaw MJ, Lande 
JD, Pheley AM. Complications of endoscopic biliary sphincter-
otomy. N Engl J Med. 1996;335(13):909–18.

 52. Cirocchi R, Kelly MD, Griffiths EA, Tobola R, Sartelli M, Carlini 
L, Ghersi S, Di Saverio S. A systematic review of the manage-
ment and outcome of ERCP related duodenal perforations using 
a standardized classification system. Surgeon. 2017;15:379–87.

 53. Urbach DR, Khanjanchee YS, Jobe BA, Standage BA, Hansen 
PD, Swanstrom LL. Cost-effective management of common bile 
duct stones. Surg Endosc. 2001;15:4–13.

 54. Strasberg SM, Brunt LM. The critical view of safety. Ann Surg. 
2017;265:464–5.

 55. Berci G, Hunter J, Morgenstern L, Arregui M, Brunt LM, Carroll 
B, Edye M, Fermelia D, Gerzli G, Greene F, Petelin J, Phillips E, 
Ponsky J, Sax H, Schwaitzberg S, Soper N, Swanstrom L, Traverso 
W. Laparoscopic cholecystectomy: first, do no harm; second, take 
care of bile duct stones. Surg Endosc. 2013;27:1051–4.

Chapter 8. Intraoperative Cholangiography (IOC)…


	Chapter 8: Intraoperative Cholangiography (IOC): Important Aid in Biliary and Common Bile Duct Surgery
	Introduction
	Radiation Hazard
	Anatomy
	Laparoscopic Cholecystectomy
	Common Bile Duct Stones
	Conclusion
	References


