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Abstract
AIM: To analyze the efficacy of routine intraoperative 
ultrasound (IOUS) as a guide for understanding biliary 
tract anatomy, to avoid bile duct injury (BDI) after 
laparoscopic cholecystectomy (LC), as well as any burden 
during the learning period.

METHODS: A retrospective analysis was performed 
using 644 consecutive patients who underwent LC from 
1991 to 2006. An educational program with the use of 
IOUS as an operative guide has been used in 276 cases 
since 1998. 

RESULTS: IOUS was highly feasible even in patients 
with high-grade cholecystitis. No BDI was observed after 
the introduction of the educational program, despite 
72% of operations being performed by inexperienced 
surgeons. Incidences of other morbidity, mortality, 
and late complications were comparable before and 
after the introduction of routine IOUS. However, the 
operation time was significantly extended after the 
educational program began (P  < 0.001), and the 
grade of laparoscopic cholecystitis (P  = 0.002), use of 
IOUS (P  = 0.01), and the experience of the surgeons  
(P  = 0.05) were significant factors for extending the 
length of operation. 

CONCLUSION: IOUS during LC was found to be a 
highly feasible modality, which provided accurate, real-
time information about the biliary structures. The 

educational program using IOUS is expected to minimize 
the incidence of BDI following LC, especially when 
performed by less-skilled surgeons.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Laparoscopic cholecystectomy (LC) is widely accepted as 
a standard treatment for symptomatic cholecystolithiasis. 
However, the incidence of  complications in the form of  
bile duct injury (BDI) is high, and it has been reported 
to be as high as twice the normal rate[1,2]. Once such 
BDI occurs, it increases postoperative morbidity[3] and 
mortality[4,5], and decreases long-term quality of  life[6], 
which consequently results in a high number of  lawsuits[7]; 
therefore, it should be prevented if  at all possible[1,8]. It 
is necessary to have a sufficient understanding of  the 
biliary anatomy to prevent BDI[1], yet the damage is often 
caused by misidentification of  the bile duct and other 
normal structures[9-11]. Therefore, the inappropriateness of  
a procedure is often not discovered until the bile duct has 
already been injured.

To prevent  BDI,  in t raoperat ive  gu idance  by 
intraoperative cholangiography and intraoperative 
ultrasonography (IOUS) has been suggested. Although 
cholangiography is effective in diagnosing biliary tract 
injury, it remains controversial as to whether the routine 
implementation of  cholangiography will prevent BDI[2,12-15]. 
Moreover, intraoperative cholangiography requires a 
significant amount of  hospital treatment to prevent BDI[16]. 
On the other hand, IOUS requires a shorter examination 
time[17-19], is safe without incurring radiation exposure, 
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and is minimally invasive[18,20]. It has been reported that 
IOUS allows for visualization equal to or better than that 
of  cholangiography[17,20-23] in the case of  biliary anatomy 
and diagnosis of  bile duct stones. However, there have 
been few studies that have investigated whether the 
routine implementation of  IOUS decreases BDI during 
LC[24]. Moreover, a sufficient learning period is considered 
necessary for IOUS[25,26]. However, there have been very 
few studies on visualization of  biliary anatomy, diagnostic 
performance, or changes in decision-making during the 
learning period in less-skilled surgeons, or on the extension 
of  operation time caused by the introduction of  IOUS.

Therefore, in this study, IOUS was routinely introduced 
to an educational program for laparoscopic biliary surgery, 
to analyze its efficacy in helping surgeons avoid biliary 
tract injury and other complications, and to analyze the 
extension of  operation time during the learning curve.

MATERIALS AND METHODS
Patients
Among 664 patients who underwent laparoscopic 
biliary surgery at the Hirosaki University Hospital from 
March 1991 to December 2006, 644 were targeted after 
excluding 20 in whom surgery other than biliary tract 
surgery was performed. Senior surgeons with experience 
in laparoscopic surgery in at least 100 cases were in charge 
from 1991 to 1997 as a rule, but the educational program 
for laparoscopic biliary surgery began in 1998 to teach 
young surgeons with experience of  less than 30 LCs. 
Furthermore, IOUS using a linear probe was introduced in 
October 1992 for the purpose of  making an intraoperative 
diagnosis and as a guide for surgical procedures at the start 
of  a cholecystectomy. IOUS was used on a sporadic basis 
at first, but it became routine at the start of  the educational 
program in 1998.

Endoscopic retrograde cholangiopancreatography 
was performed preoperatively on selective cases with 
icterus or a high level of  serum transaminases. Moreover, 
intraoperative cholangiography was selectively adopted in 
the earlier period when bile duct stones were suspected by 
preoperative examination, and was selectively performed 
in the later period when bile duct stones or variations in 
biliary distribution were suspected via IOUS.

We included 368 cases before the introduction of  the 
educational program and 276 cases after its introduction 
(Table 1). There was no gender difference. Although the 
age was significantly higher in the latter term, all cases 
underwent elective surgery after sufficient assessment 
of  their general health status. There was no significant 
difference in the indicated disorders for surgery, and 
cholecystolithiasis accounted for at least 80% of  the cases. 
The rate of  coexisting biliary infection and the diameter 
of  the bile duct measured in the preoperative examination 
were comparable between the two periods. 

These cases were retrospectively assessed for 
postoperative morbidity and mortality, operation time, and 
length of  hospital stay, as well as late outcomes before and 
after the introduction of  the educational program that 
adopted IOUS as a routine operative guide.

For statistical analysis, Student’s t test, χ2 test, and 
analysis of  covariance were used appropriately, and 
the SPSS 11.0 for Windows was used for the analysis. 
Statistically, it was determined that P < 0.1 indicated a 
tendency and P < 0.05 indicated a significant difference.

Procedure of IOUS 
A deflectable sonographic probe with a linear head 
of  7-7.5 MHz LAP-703LA (Toshiba-Mochida, Tokyo, 
Japan),  PEF-704LA (Toshiba, Tokyo, Japan) and 
MH-300 (Olympus, Tokyo, Japan) were used. After 
pneumoperitoneum, a probe was inserted from a port on 
the left upper abdomen, and the entire extrahepatic biliary 
tract from the hepatic hilum to the biliary terminal was 
scanned, before initiating an exfoliating procedure around 
the gallbladder. The presence or absence of  visualization 
of  the right and left hepatic duct, the common hepatic 
duct, the common bile duct, the intrapancreatic bile duct, 
the gallbladder, the cystic duct, and the right hepatic artery 
were recorded as video recordings and photographs. 
Next, an intraoperative diagnosis for surgery was made by 
creating both transverse and longitudinal ultrasonographic 
images of  the gallbladder and the bile duct. When the 
anatomy at the confluence of  the extrahepatic bile duct 
and the cystic duct could not be sufficiently confirmed 
due to either acute cholecystitis or adhesion, IOUS was 
performed during and after the exfoliating procedure and 
before clipping to avoid duct injury.

In the earlier period, senior surgeons performed IOUS. 
In the later period, when a senior surgeon performed 
the operation, a demonstration of  the IOUS procedure 
was given to a junior surgeon. On the other hand, when 
a junior surgeon performed the operation, they were 
required to perform IOUS on their own, to understand 
the biliary anatomy and to make a correct diagnosis. The 
senior surgeon gave appropriate suggestions or aids, if  
necessary, according to the junior surgeon’s skill.

Table 1  Patient demographic data

Before routine
IOUS
(1991-1997)

Routine IOUS
(1998-2006)

 P

Patient number (n) 368 276
Male/Female 140/228 107/169 0.85
Age (yr) 53.3 ± 13.9 57.1 ± 13.6 0.004
Operative indications, n (%) 0.73
   Cholecystolithiasis 296 (80.4) 228 (82.6)
   Cholecystocholedocholithiasis   39 (10.6)   23 (10.5)
   Choledocholithiasis     7 (1.9)     4 (1.4)
   Gallbladder polyp   22 (6.0)   11 (4.0)
   Others1     4 (1.1)     4 (1.4)
Symptomatic gallstones, n (%) 284 (77.2) 220 (79.7) 0.44
Acute cholecystitis/cholangitis,
n (%)

  42 (11.4)   32 (11.6) 0.94

Bile duct diameter2 (mm)     8.9 ± 4.2     8.4 ± 3.6 0.12

1Other benign processes including chronic cholecystitis and adenomyomatosis, 
which need whole biopsy of the gallbladder for suspected malignancy. 
2Maximal dimension of the extrahepatic bile duct was measured by drip 
infusion cholangiography (51%), endoscopic retrograde cholangiography 
(35%), percutaneous transhepatic cholangiography (4%), magnetic resonance 
cholangiography (2%), and/or extracorporeal ultrasonography (8%).



Laparoscopic cholecystitis grading
Inflammation around the gallbladder affects the visual field 
in laparoscopic surgery, as well as the level of  difficulty of  
a surgical procedure. Moreover, it may affect diagnostic 
ability of  IOUS. Therefore, laparoscopic cholecystitis 
grading (LCG) was suggested, based on macroscopic 
findings at the start of  the laparoscopic surgery. The 
severity of  cholecystitis was classified into four grades: 
G0, normal; G1, no acute inflammation with old fibrous 
adhesion; G2, marked inflammatory wall thickening with 
light adhesion; and G3, unidentifiable gallbladder due to 
dense inflammatory adhesion of  the surrounding tissues 
(Figure 1).

RESULTS
In the earlier period, senior surgeons performed surgery 
in 93% of  cases, while junior surgeons performed 72%. 
The average number of  operations per surgeon was 5.1 in 
the later period. IOUS was performed in 19% of  cases in 
the earlier period, but after introduction of  the educational 
program, it was performed in 84% of  cases. There was 
no significant difference in the frequency of  anatomical 
variations of  the biliary tree between the two groups (2.7 
vs 4.3%, P = 0.26). According to the cholecystitis grade 
as determined under laparoscopic view, the degree of  
cholecysitis was different between the two periods (P = 
0.03); the percentage with G2 disease was higher in the 
earlier period, while G3 was higher in the later period. The 
number of  conversions to open surgery due to cholecystitis 
or adhesion significantly increased in the later period (P = 
0.007). In the earlier period, there were two cases of  BDI 
treated with hepaticojejunostomy, while in the later period, 
no patients underwent laparotomy for BDI.

After the educational program began, the operation 
time increased by an average of  23 min in patients that 
were treated laparoscopically. There was no difference in 
surgery for bile duct stones, but in the later period, there 
was a significant extension of  operation time in patients 
who underwent cholecystectomy (P < 0.0001). On the 
other hand, there was no significant difference in the 
amount of  blood loss between the two groups (Table 2).

An analysis of  covariance conducted on the prescribed 
factors of  operative time showed that the degree of  LCG 
(P = 0.002), presence or absence of  implementation of  
IOUS (P = 0.01), and experience of  the surgeon (P = 0.05) 
were significant factors for an extension of  operation 
time after introduction of  the educational program. No 
confounding effect was observed for these three factors 
(Table 3). The relationship between these three factors and 
the operation time is shown diagrammatically in Figure 2. 
The operation time was extended as LCG became more 
severe, and junior surgeons required more time for IOUS 
for all LCG compared with senior surgeons. The extension 
of  operation time caused by implementation of  IOUS for 
senior surgeons in the earlier period was 12.7 min (78.2 ± 
37.8 min with IOUS vs 90.9 ± 32.4 min without IOUS, 
P = 0.02), while the average extension due to the use of  
IOUS for junior surgeons was 20.9 min (94.3 ± 43.6 min 
vs 115.2 ± 40.2 min, P = 0.003).

Regarding the frequency of  early intraoperative and 
postoperative complications, the number that required re-
operation, and mortality, there was no significant difference 
between the two periods, despite the fact junior surgeons 
performed many operations in the later period. Moreover, 
there were no cases of  BDI after introduction of  IOUS, 
and a decreasing tendency was observed (P = 0.08). The 
length of  hospital stay was shortened in the later period, 

A B

C D

Figure 1  Laparoscopic cholecystitis 
grading. A: Normal (G0); B: No 
inflammation with light adhesion 
(G1); C: Marked wall thickening 
w i t h  l i gh t  adhes ion  (G2 ) ;  D : 
Marked inflammation with dense 
adhes ion (G3) .  C lass i f ica t ion 
of severity of cholecystit is was 
based on laparoscopic findings to 
assess the effect of the presence 
of cholecystitis on intraoperative 
diagnostic performance and operative 
performance. 
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but it was assumed that a major reason for this included 
changes in the clinical pathway applied. There was no late 
bile duct stenosis in the later period (Table 4).

The BDI that occurred in the earlier period included 
three cases of  complete disjunction of  the bile duct. All 
cases were identified for the first time after the bile duct 
was damaged. In Case 1, the bile duct was severed due to 

misidentification of  the cystic duct, but it was caused by a 
variant distribution of  the cystic duct and the extrahepatic 
bile duct. In Case 2, because tenting occurred in the 
common bile duct due to pulling of  the gallbladder, the 
bile duct was misidentified as the cystic duct. Case 3 was 
caused by variation in the distribution of  the biliary tract 
where the cystic duct joined the accessory hepatic duct. In 
the remaining case, a small fissure occurred in the hepatic 
duct during an exfoliating procedure of  the severely 
inflamed gallbladder, and was treated with simple suturing. 
Furthermore, hepatocholangiojejunostomy was performed 
during laparotomy in two cases (Table 5).

Regarding the 299 cases  in which IOUS was 
performed, anatomical visualization of  IOUS was 100% 
for the gallbladder, 97.3% for the extrahepatic bile 
duct, 96.3% for the pancreatic bile duct, 98.5% for the 
gallbladder duct, and 98.4% for the right hepatic artery. 

Table 2  Various operations before and after routine IOUS

Before 
routine IOUS
(n  = 368)

Routine
IOUS 
(n  = 276)

   P

Surgeon, n (%)
   Senior (≥ 100 cases) 341 (92.7)   77 (27.9) < 0.0001
   Junior (< 30 cases)   27 (7.3) 199 (72.1)

Intraoperative image 
studies, n (%) 
   Ultrasound   68 (18.5) 231 (83.7) < 0.0001
   Cholangiography   45 (12.7)   25 (9.1)     0.14
   Anatomical variations 
   of the bile ducts, n (%)

  10 (2.7)   12 (4.2)     0.26

Laparoscopic cholecystitis
grading, n (%)
   G0 203 (55.2) 166 (60.1)     0.03
   G1   59 (16.0) 40 (14.5)
   G2   72 (19.6) 33 (12.0)
   G3   34 (9.2) 37 (13.4)

Conversion to open 
surgery, n (%)

    6 (1.6) 15 (5.4)     0.007

   BDI     2 0     0.27
   Severe cholecystitis     2 4
   Cholecystoduodenal fistula     0 1
   Access failure due to 
   dense adhesion 

    1 5

   Cancer suspected     1 1
   Systemic co-morbidity     0 3

Total laparoscopic 
procedures, n (%)

362 (98.4) 261 (94.6)     0.007

   Cholecystectomy 317 (87.6) 235 (90.0)     0.34
   Cholecystectomy and 
   choledocholithotripsy

  45 (12.4) 26 (10.0)

Operative time1 (min)   93.7 ± 53.1 116.7 ± 49.7 < 0.0001
   Cholecystectomy   80.6 ± 36.2 109.4 ± 42.1 < 0.0001
   Cholecystectomy and 
   choledocholithotripsy

185.4 ± 62.0 187.6 ± 61.2     0.88

Blood loss1 (g)   16.9 ± 75.5 14.1 ± 53.2     0.6
   Cholecystectomy   10.1 ± 42.8 15.1 ± 55.4     0.23
   Cholecystectomy and 
   choledocholithotripsy

  65.1 ± 175.4   4.2 ± 20.4     0.1

1In cases treated with total laparoscopic procedures.

Table 3  Factors determining operation time of LC

Factors F  value P  value

Use of IOUS 6.524 0.011
Operative indication 1.071 0.370
Presence of cholecystitis symptom 2.381 0.123
Surgeon (senior/junior) 3.778 0.053
Intraoperative cholangiography 1.685 0.195
LCG: G0/G1/G2/G3 5.148 0.002
IOUS × Surgeon 0.208 0.648
IOUS × LCG 0.359 0.782
Surgeon × LCG 0.424 0.736

Table 4  Early and late results

Outcome Before routine use 
(n  = 368)

Routine use
(n  = 276)

 P

Early complication, n (%)
   BDI   4 (1.1) 0 0.08
   Arterial bleeding 
   requiring clips

  9 (2.4) 5 (1.8) 0.59

   Postoperative bleeding   2 (0.5) 1 (0.4) 0.74
   Surgical site infection   1 (0.3) 1 (0.4) 0.84
Re-operation   11 (0.3) 12 (0.4) 0.84
Hospital death   13 (0.3) 0 0.39
Postoperative treatment
for duct stone

  74 25 0.19

Hospital stay (d) 5.4 ± 5.7 4.4 ± 2.6 0.006
Late complication 
(> 1 yr), n (%)
   Bile duct recurrence   1 (0.3%) 0 0.39
   Bile duct stricture   0 0    -

1Open hemostasis of postoperative bleeding from the liver bed; 2Laparoscopic 
hemostasis of a small arterial bleeding at the port site; 3Brain stem infarct 
on POD 4; 4All treated with percutaneous cholangiofiberscopic lithotripsy 
through preoperatively-established sinus tracts; 5Both treated with 
endoscopic sphincterotomy.

Figure 2  Operative time for LC. In an analysis of covariance, LCG, as well as 
presence and absence of implementation of IOUS, were significant factors that 
affected operation time. Operation time when IOUS was implemented significantly 
increased for junior surgeons (all, P < 0.01), regardless of LCG, thus requiring 
approximately double the time in comparison to that of senior surgeons.
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The diagnostic performance of  IOUS regarding the 
indicated disorders was equal to preoperative diagnostic 
imaging, but 10 cases determined to have no bile duct 
stones via preoperative diagnostic imaging were diagnosed 
to have complications of  choledocholithiais via IOUS, 
which turned out to be useful for making changes in 
the operation policy (Table 6). Biliary tract anatomy was 
visualized in almost all patients with G0-G2 laparoscopic 
cholecystitis, whereas visualization remained at 88% for 
G3 disease (Table 7).

DISCUSSION
In the educational program for laparoscopic biliary surgery 
with IOUS as a guide, no cases of  BDI were observed, 
despite the fact that less-skilled surgeons performed the 
operation in 72% of  patients.

BDI is mostly caused by anatomical misidentification of  
the bile duct[9-11]. In addition, it is frequently caused by less-
skilled surgeons[27,28]. The reasons for this misidentification 
are that laparoscopic surgery is performed in a two-
dimensional world without any touch sensation, and that 
young surgeons have fewer opportunities to understand 
the anatomy of  the biliary tract in abdominal surgery. 
Therefore, auxiliary means to improve understanding of  
the biliary tract anatomy is necessary to avoid BDI.

Cholang iog raphy i s  an  ef fect ive  method for 
understanding biliary tract pathology[2,5,14]. However, 
its preventive effect against BDI is controversial[12,13,15], 
because a randomized control trial has not yet been 
conducted. Moreover, cholangiography has an unavoidable 
risk that examination can cause ductal injury during 
cannulation. Furthermore, there is the problem that BDI 

cannot be prevented in patients in whom the cystic duct 
merges into the accessory bile duct, as in our Case 3.

IOUS, on the other hand, is a less-invasive procedure 
than cholangiography. It can be performed in most cases 
more quickly and repeatedly, without any damage to the 
biliary tree[17-20]. Moreover, it does not require new X-ray 
apparatus, radiologists, or laboratory technicians. Many 
studies, including two randomized control trials, have 
reported that visualization of  the biliary tract anatomy and 
diagnostic performance of  IOUS for bile duct stones are 
as high, or better, than those for cholangiography[17,21-23]. It 
has also been reported that IOUS decreases the necessity 
to perform cholangiography[29,30].

However, it is necessary to learn properly and fully the 
technique of  implementing IOUS[25]. Falcone et al[26] have 
reported it is necessary to learn the procedure from at least 
10 cases. While there are many reports on the efficacy of  
IOUS, there has been no analysis on the clinical outcome 
and the time burden in these learning curve periods 
needed for IOUS.

Therefore, we introduced routine IOUS to laparoscopic 

Table 5  BDI during LC

Age
(yr)/gender

Indication Anatomical
variation

LCG Type of injury Repair

1 58/female Cholecystolithiaisis +1 2 Cutting of the common hepatic duct Hepaticojejunostomy (Roux-en-Y) 
2 43/female Cholecystolithiaisis - 0 Cutting of the common hepatic duct Hepaticojejunostomy (Roux-en-Y)
3 86/female Chronic cholecystitis 

(cancer suspected)
+2 0 Cutting of the posterior branch of the 

right hepatic duct
Duct-to-duct anastomosis using an 
internal stent

4 63/female cholecystocholedocholithiais - 3 A small tear of the common hepatic duct at the 
dense adhesion to the neck of the gallbladder

Simple suture

1The cystic duct ran behind the common hepatic duct and connected with it at the left lateral wall near the pancreas; 2The cystic duct joined the posterior branch 
of the right hepatic duct.  

PPV: Positive predictive value; NPV: Negative predictive value; Pre-op: Preoperative image studies; Anatomical variation: Anatomical variation of the 
extrahepatic bile duct. Preoperative image studies included extracorporeal ultrasonography (100%), computed tomography (73%), endoscopic retrograde 
cholangiopancratography (51%), drip infusion cholangiography (42%), magnetic resonance cholangiopancreatography (20%), and/or percutaneous transhepatic 
cholangiography (5%).

Table 6  Diagnostic accuracy of IOUS  (%)

Sensitivity Specificity PPV NPV Overall accuracy
Pre-op IOUS Pre-op IOUS Pre-op IOUS Pre-op IOUS Pre-op IOUS

Anatomical variation 25 100 100 100 100 100 96 100 96 100 
Cholecystolithiasis 99 100 100 100 100 100 87 100 99 100 
Bile duct stone 76   76 100 99 100   93 95   95 96   95 
Polyps 77   82   98 98   77   75 98   99 97   97 
Others 50   81   93 95   70   82 86   94 83   92 

Table 7  Ultrasonographic visualization of the biliary and arterial 
structures according to the laparoscopic cholecystitis grading (%)

G0 G1 G2 G3 P  value
Gallbladder 100 100 100 100 -
Cystic duct 100   95.6 100   91.4 0.001
Bifurcation   97.1   95.6   93.3   88.6 0.15
Common hepatic duct   99.4   95.6   97.8   88.6 0.003
Intrapancreatic bile duct   98.3   97.5   93.3   88.6 0.03
Right hepatic artery 100   97.5 100   89.3 0.0004
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surgery for the purpose of  educating less-skilled surgeons 
regarding the anatomy of  the biliary tract and avoidance 
of  BDI. IOUS was able to be implemented in all cases, 
and the visualization ability for the extrahepatic bile duct 
was almost 100%. The diagnostic sensitivity for abnormal 
distribution of  the biliary tract also significantly improved 
to 100% through the concomitant use of  IOUS, from 
25% by preoperative examinations only. Consequently, 
an abnormal distribution or tenting of  the biliary tract 
was identified in all of  our patients before the exfoliating 
procedure and other invasive procedures such as clipping 
of  the cystic duct, so BDI was avoided. Moreover, the 
incidence rate of  postoperative morbidity and mortality in 
the latter stages did not increase, despite operations being 
performed by less-skilled surgeons.

While IOUS has high feasibility, there is a concern that 
inflammatory processes around the gallbladder may reduce 
visualization of  the biliary anatomy. Therefore, an LCG 
system was suggested to study the visualization rate of  the 
biliary structures according to the degree of  cholecystitis. 
In G0-G2, the confluence of  the cystic and bile ducts was 
confirmed within the hepatoduodenal ligament in almost 
all cases. Biliary tract injury due to misidentification occurs 
frequently in cases without or with mild-to-moderate 
cholecystitis, therefore, IOUS is expected to have an effect 
in preventing biliary tract injury. On the other hand, for 
severe cholecystitis (G3), the gallbladder was identified 
in all cases, but the visualization rate of  the extrahepatic 
bile duct and cystic duct decreased to 88%. In patients in 
whom the bile duct was visualized via IOUS, laparoscopic 
surgery was performed safely, but in cases in which the 
bile duct could not be identified, insufficient identification 
of  the bile duct was determined to be the reason for 
conversion to laparotomy. Therefore, the number of  cases 
converting to a laparotomy increased in the later period, 
which had a higher percentage of  G3 disease.

After the introduction of  the educational program for 
laparoscopic biliary surgery, the operative time became 
significantly extended. Higher LCG, implementation of  
IOUS, and performance by an inexperienced surgeon 
were independent factors that significantly extended the 
operation time. The operation time with a junior surgeon 
was extended by an average 20.9 min, after implementation 
of  IOUS, which was approximately double the time in a 
previous study of  10 min[17]. In addition to the technical 
demonstration of  IOUS by senior surgeons, junior 
surgeons were required to perform IOUS again and record 
all the biliary structures on a check list. Moreover, the 
extended time required for IOUS implementation was 
calculated by measuring the total operation time, which 
included the time required for preparation and recording 
of  IOUS, unlike in previous studies in which only the time 
of  implementing IOUS was recorded[17,19,22]. Consequently, 
a longer period of  time was recorded in this study, 
especially when junior surgeons operated.

In any educational programs, the burden on the patient 
must be within acceptable limits. The extended time 
required for IOUS is believed acceptable compared with 
the time required for cholangiography[17-20], along with 
the advantage of  increasing the possibility of  avoiding 

biliary tract injury. Of  course, it is necessary to analyze 
the economic efficiency of  the introduction of  IOUS. 
The system of  paying medical expenses in Japan has 
largely changed during the past 10 years, therefore, it is 
difficult to directly compare expenses. However, after the 
introduction of  this educational program, the frequency 
of  complications did not increase, and the frequency 
of  BDI tended to decrease. Therefore, an extension of  
operation time was the only economic disadvantage, and 
the increase in expenses was moderate. Furthermore, the 
amount invested in probes for IOUS is small, and cost 
effectiveness is higher than that of  cholangiography.

This study had prospective data collection but it did 
not constitute a randomized control trial. Moreover, 
because the decrease in frequency of  BDI remained at 
P = 0.08, the benefit of  the education program for using 
IOUS cannot be concluded. Furthermore, to confirm the 
educational outcomes, it is necessary to conduct a follow-
up review on the performance of  subsequent laparoscopic 
biliary tract surgery performed by a physician who has 
completed the educational program. It will therefore 
be necessary to assess the benefits of  this educational 
program for laparoscopic biliary surgery using IOUS after 
more extensive randomized control trials.
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 COMMENTS
Background
Bile duct injury (BDI) following laparoscopic cholecystectomy (LC) occurs at a 
rate twice that observed after open surgery, and misidentification of the biliary 
tract structures is the major cause of BDI. Intraoperative ultrasound (IOUS) is less 
invasive and reportedly has an equal or higher visualization ability of the biliary 
tract anatomy in comparison to cholangiography.

Research frontiers
In this study, the authors developed a new educational program for laparoscopic 
biliary surgery by introducing IOUS routinely as a guide for anatomical 
understanding, and analyzed its efficacy in enabling surgeons to avoid BDI and 
other complications, as well as any burden during the learning period.

Innovations and breakthroughs
Under the IOUS-guided educational program, no case of BDI was observed, 
despite the fact that less-skilled surgeons performed the operation in 72% of 
patients. Excess operation time was minimal. IOUS was feasible even in the 
presence of severe cholecystitis.

Applications
The educational program using IOUS is expected to minimize the incidence of BDI 
following LC, especially when performed by less-skilled surgeons, by giving them 
accurate, real-time information about the biliary tract structures.

Peer review
This study is very interesting, as it appeared to explore a good alternative 
to intraoperative cholangiography. In general, this clinical research was well 
performed and the results were convincing.
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