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Background: Laparoscopic surgery for common bile duct stones varies procedurally
from a transcystic approach to laparoscopic choledochotomy (LC) with or without
biliary drainage. However, LC is a difficult procedure with higher documented mor-
bidity than the transcystic approach. We retrospectively investigated risk factors for
adverse outcomes of LC.

Methods: We used logistic regression models to assess 4 categories of adverse out-
comes: overall, complications, conversion to open operation and failed surgical clear-
ance. We calculated the area under the receiver operating characteristic curve to
evaluate diagnostic accuracy.

Results: We included 201 patients who underwent LC in our analysis. Adverse out-
comes occurred in 48 (23.9%) patients, complications occurred in 43 (21.4%), retained
stones were observed in 8 (4%), and conversion to laparotomy occurred in 7 (3.5%).
Multivariate analysis showed that total bilirubin (BIL) and the presence of medical risk
factors (MRFs) were significant predictors of adverse outcomes and complications. We
calculated the probability of adverse outcomes (p) using the following formula:
logit(p) = 0.977 (MRFs) + 0.014 (BIL) — 2.919. p = EXP (logit(p)) + [1+EXP (logit(p))].
According to their logit(p), all patients were divided into a low-risk group (logit(p) <
-1.32, 7 = 130) and a high-risk group (logit(p) > —1.32, n = 71). Patients in the low-risk
group had about a 1 in 10 chance (12 of 130) of adverse outcomes developing. Of the
71 patients in the high-risk group, 36 (50.7%) experienced adverse outcomes.

Conclusion: High BIL and the presence of MRFs could predict adverse outcomes in
patients undergoing LC.

Contexte : La chirurgie laparoscopique pour extraction de calculs biliaires logés dans
le cholédoque différe sur le plan technique de la cholédochotomie laparoscopique
(CL) par approche transcystique avec ou sans drain biliaire. Toutefois, la CL est une
intervention délicate, qui s’accompagne d’un taux de morbidité documenté plus élevé
comparativement a 'extraction transcystique. Nous avons analysé rétrospectivement
les facteurs de risque a ’égard d’une issue négative de la CL.

Méthodes : Nous avons utilisé des modeles de régression logistique pour évaluer
4 catégories d'issue négative : issue négative globale, complications, conversion vers
une chirurgie ouverte et échec de I'extraction chirurgicale. Nous avons calculé 1'aire
sous la courbe de la fonction d’efficacité du récepteur pour évaluer la précision
diagnostique.

Résultats : Nous avons inclus dans notre analyse 201 patients soumis a2 une CL. Une
issue négative est survenue chez 48 patients (23,9 %), des complications chez
43 (21,4 %), la persistance des calculs chez 8 (4 %) et la conversion vers la laparotomie
chez 7 (3,5 %). L'analyse multivariée a montré que la bilirubine totale (BIL) et la
présence de facteurs de risque médicaux (FRM) étaient des prédicteurs significatifs
d’une issue négative et de complications. Nous avons calculé la probabilité de sur-
venue d’une issue négative (p) a 'aide de la formule suivante : logit(p) = 0,977
(FRM) + 0,014 (BIL) - 2,919. p = EXP (logit(p)) + [1 + EXP (logit(p))]. En fonction de
leur valeur logit(p), tous les patients ont été répartis entre un groupe a faible risque
(logit(p) <-1,32, n=130) et un groupe a risque élevé (logit(p) >-1,32, n=71). Les
patients du groupe a faible risque présentaient 1 chance sur 10 (12 sur 130) d’issue
défavorable. Parmi les 71 patients du groupe a risque élevé, 36 (50,7 %) ont présenté
une issue défavorable.

Conclusion : Un taux de BIL élevé et la présence de FRM pourraient prédire 'issue
négative chez des patients soumis a une CL.
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ith the advent of laparoscopic cholecystectomy,

when the presence of common bile duct

(CBD) stones are suspected during the preop-
erative period, endoscopists can perform an endoscopic
retrograde cholangiopancreatography (ERCP) with stone
extraction before the surgeon performs a laparoscopic
cholecystectomy. This approach is practical, but it re-
quires the intervention of 2 teams: surgical and endo-
scopic. In addition, ERCP is associated with substantial
morbidity and mortality,"”” and adds costs to the proced-
ure. For this reason, there is growing acceptance that in
experienced hands laparoscopic bile duct exploration is
more efficient than, and at least as safe as, endoscopic
sphincterotomy in patients with CBD stones who are fit
enough for general anesthesia and cholecystectomy. A
meta-analysis of 5 randomized controlled trials’ and
recent clinical guidelines* have endorsed this opinion.

Laparoscopic surgery for CBD stones can be divided
into several procedural variations: a transcystic approach,
and laparoscopic choledochotomy (LC) with or without
biliary drainage. The transcystic approach has been
reported to be applicable in up to 93% of patients (mean
71%) with a success rate of 74%-98%." However, LC
is still a difficult procedure with higher documented
morbidity than the transcystic approach.® Surprisingly,
there is relatively little information on the results of LC
alone, as most series continue to pool the results of the
2 approaches.””*

To the best of our knowledge, only 1 published study
has specifically evaluated the predictors relating to poor
outcomes after laparoscopic bile duct exploration.®* How-
ever, in that report, they also pool the results of lapa-
roscopic transductal, transcystic and radiological explor-
ation. In Asian reports, the success rates of transcystic
exploration are much lower than those in Western re-
ports.”'* However, to our knowledge, there is no pub-
lished analysis focusing on predictors of adverse out-
comes after LC alone. Therefore, the purpose of the
present retrospective study was to investigate the results
and to evaluate the risk factors for adverse outcomes after
LC for the management of CBD stones in a large series
of consecutive patients.

METHODS

The study included patients who underwent LC per-
formed by or under the direct supervision of an experi-
enced laparoscopic surgeon (X.M. Hong) at Yinzhou
Second Hospital between April 2004 and April 2011.
Data were collected immediately after the operation. All
patients were routinely assessed 6 weeks after discharge
or rereferred if complications occurred after this period.
This study complied with the guidelines established by
the Ethics Committee of our hospital and the Declara-
tion of Helsinki.
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Operative technique

All patients underwent transabdominal ultrasonography
and liver function tests. Patients with severe acute suppura-
tive cholangitis or severe acute pancreatitis requiring im-
mediate biliary drainage were scheduled to undergo emer-
gency ERCP. Patients with CBD stones identified by
ultrasonography or computed tomography proceeded
straight to ERCP or LC. Equivocal cases (cholangitis, pan-
creatitis, current elevated liver function tests, CBD dilata-
tion = 8 mm on ultrasound) underwent magnetic resonance
cholangiopancreatography (MRCP), and the results were
used to select patients for subsequent ERCP or LC. Only
patients with confirmed CBD stones and a CBD diameter
of 8 mm or greater were selected for LC. Patients with a
CBD diameter of less than 8 mm at ultrasound or MRCP
and other patients deemed unfit for general anesthesia were
scheduled to undergo ERCP. However, for patients with a
CBD diameter of 8 mm or greater, there was still no stan-
dard protocol for patient selection in our institute.

We performed LC basically in the same way as open
exploration. After preparing the anterior wall of the CBD, we
used scissors to make a longitudinal incision in the CBD long
enough to accommodate the stone intact. All stones visible at
LC could be extracted with atraumatic forceps. Stones
located in the lower part of the CBD could be pushed
through choledochotomy by pressure on the CBD wall with
blunt forceps or flushed through the choledochotomy with
saline irrigation. The remaining stones were extracted with
baskets and balloons under choledochoscopic guidance. Pre-
senting cases of impacted biliary tract stones at the papilla
level, obstructing the access of the basket, were managed with
fragmentation achieved by holmium laser lithotripsy. In this
procedure, the transducer was introduced through the chole-
dochoscope and placed under direct visualization immedi-
ately over the stone, which was then broken into small frag-
ments and collected in the basket or flushed out.

We used choledochoscopy for a postexploratory check of
the bile ducts in all patients to ensure complete clearance of
the biliary system. We considered clearance of the distal
CBD to be complete only when the choledochoscope was
passed into the duodenum through the ampulla of Vater.
"This was done carefully, avoiding undue manipulation of the
ampulla.

We then assessed the CBD to decide on the method of
closure. Whenever there was a concern of residual debris,
extensive inflammation in the CBD or manipulation of the
ampulla, we preferred closure over a drainage tube through
a T-tube, or an endoscopic nasobiliary drainage (ENBD)
tube. If the CBD was completely cleared, there was no
debris or sludge in the CBD, and the papilla of Vater had
no evidence of stenosis, the choledochotomy was primarily
closed without biliary drainage. Subhepatic drainage was
routinely positioned through the lateral subcostal port in
all patients (Figs. 1-3).



Data collection

The following variables were documented for each case:
age, sex, American Society of Anesthesiologists (ASA)
grade, acute biliary-related affections, preoperative ERCP,
previous upper abdominal surgery, white cell count, serum
total bilirubin (BIL), serum alkaline phosphatase (ALP),
serum alanine transferase (ALT), albumin, creatinine,
medical risk factors (MRFs), preoperative CBD diameter,
number of stones (> 3 or < 3) and presence of biliary
sludge. We defined MRFs as any cardiovascular or respira-
tory condition requiring long-term drug therapy, diabetes
mellitus requiring oral hypoglycemic agents or insulin,
any medical condition requiring long-term steroids, cir-
rhosis, uremia and any major psychiatric disorder (psych-
osis or dementia) or central nervous system disturbance

(hemiplegia, multiple sclerosis). We divided patients into

2 groups (= 1 MRFs v. no MRFs) without any attempt at

weighting.

The following adverse outcomes were identified as
being suitable for investigation.

* Complications: postoperative complications were strati-
fied using a validated classification system developed by
Dindo and colleagues (the Clavien system)." This sys-
tem stratifies complications into 5 grades: any deviation
from the normal postoperative course (grade I), those
requiring certain pharmacological interventions (grade
1), those requiring surgical intervention (grade III), life-
threatening complications (grade IV) and death (grade
V). We sought predictors of relatively severe, Clavien
grade II-V, complications.

¢ Conversion to an open operation.

¢ Failed surgical clearance, which we defined as failure to
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clear the bile duct of stones at operation, requiring sub-
sequent intervention.

Statistical analysis

Quantitative variables are expressed as means and stan-
dard deviations (SD). Categorical variables are presented
as values and percentages. We assessed potentially relevant
risk factors by univariate analysis with the y? statistic in
the case of categorical variables and using simple logistic

Fig. 3. Laparoscopic placement of the T-tube with endosuturing

Fig. 1. Retrieval of a common bile duct stone. techniques.
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regression in the case of continuous variables. A signifi-
cance level of p < 0.05 was used to identify factors on uni-
variate analysis to enter into multivariate models. On mul-
tivariate analysis, we considered results to be significant at
p < 0.05. We used the Hosmer—Lemeshow test to assess
goodness of fit. The area under the receiver operating
characteristic curve was calculated to evaluate diagnostic
accuracy. We conducted all statistical analyses using SPSS
version 13.0 for Windows (SPSS Inc.).

REsuLTs

During a period of 7 years, 201 patients with a confirmed
diagnosis of CBD stones were treated with LC. The
patient demographic and clinical characteristics are shown
in Table 1. In all, there were 52 (25.9%) men and 149
(74.1%) women with a mean age of 57 (range 16-80) years.
Of these, 192 (95.5%) patients had ASA I and 1II grade dis-
ease, and 9 (4.5%) had ASA III and IV grade disease.
Twenty-two (10.9%) patients had undergone previous
abdominal surgery. Nine patients had a history of chole-
cystectomy. Sixty-three procedures were carried out in the
first 3 years and 138 in the latter 4 years of the study. A
total of 149 patients were managed with a T-tube, 36 were
managed with an ENBD tube, and 16 had a primary clo-
sure of the CBD. Of the 201 patients who underwent LC,
adverse outcomes occurred in 48 (23.9%; Table 2). Clavien
grade II-V complications occurred in 43 (21.4%) patients:
grade II in 24 (11.9%), grade I1I in 21 (10.4%) and grade
IVin 2 (1.0%). There was 1 death (grade V) for a mortality
of 0.5%; it occurred in a 70-year-old patient with acute

Table 1. Demographic and

who underwent laparoscopic choledochotomy

Characteristic Mean (SD) [range]*

pancreatitis and jaundice who had failed clearance at previ-
ous ERCP and died from biliary peritonitis, sepsis and
multiorgan failure after emergency surgery. Retained CBD
stones were observed in 8 (4%) patients. The residual
stones were removed through the T-tube tract by choledo-
choscopy in 6 of these 8 patients. The remaining 2 patients
underwent postoperative ERCP. Conversion to laparotomy
occurred in 7 (3.5%) cases owing to choledochojejunos-
tomy in 3 patients with a markedly dilated CBD and distal
biliary stricture harboring multiple stones, impacted stones
in 1 patient, and severe acute cholecystitis or difficult
access to CBD in 3 patients. Some patients had more than
1 adverse outcome.

Predictors of adverse outcomes

The results of our analysis of risk factors for adverse out-
comes are shown in Table 3. According to the data from
univariate analysis, 7 variables — the presence of MRFs,
BIL, number of stones, ALP, AL'T, white cell count and
acute biliary-related affections — were found to be signifi-
cantly associated with adverse outcomes. Multivariate
analysis showed that only 2 factors had independent sig-
nificance in terms of predicting adverse outcomes: BIL
and the presence of MRFs. We calculated the probability
(p) of adverse outcomes using the following formula:
logit(p) = 0.977 (MRFs) + 0.014 (BIL) — 2.919. p = EXP
(logit(p) / [1+EXP (logit(p))]

The presence of 1 or more MRFs was expressed as 1, and
the absence of MRFs was expressed as zero; BIL was ex-
pressed in pmol/L. The Hosmer—Lemeshow goodness of
fit test indicated satisfactory fit (p > 0.05). The area under

Table 2. Adverse outcomes in 201 patients undergoing
laparoscopic choledochotomy*

Serum albumin, g/L

Age, yr 56.9 (12.7) [16-80] Adverse outcome No. (%)
Sex, no. (%) male 52 (25.9) Conversion to laparotomy 7 (3.5)
Acute biliary-related affections, no. (%) 63 (31.3) Retained CBD stones 8 (4.0)
Preoperative ERCP, no. (%)t 58 (28.9) Clavien grade V complication (death) 1(0.5)
Previous upper abdominal surgery, no. (%) 22 (10.9) Clavien grade IV complication
Presence of medical risk factors, no. (%) 89 (44.3) Neurological ischemic stroke 1(0.5)
White blood cell count, x 10°%/L 9.3 (5.2) [3.2-26.7] Left ventricular failure 1(0.5)
Serum creatinine, umol/L 62.7 (15.0) [34-100] Clavien grade IIl complication
Serum total bilirubin, umol/L 79.0 (84.9) [9.1-368.4] Bile leak requiring ERCP or percutaneous drainage 9(4.5)
Serum alkaline phosphatase, |U/L 385.8 (394.9) [47-2107] Pleural effusion requiring drainage 5(2.5)
Serum alanine transferase, 1U/L 142.8 (152.9) [12-776] Intra-abdominal collection requiring drainage 5(2.5)
40.7 (4.7) [30-49] Intra-abdominal bleeding requiring reoperation 2(1.0)

ASA grade (I or ll), no. (%) 192 (95.5)
Preoperative CBD diameter, mm 16.5 (4.8) [8-32]
More than 3 stones, no. (%) 104 (51.7)
Presence of biliary sludge, no. (%) 50 (24.9)

ASA = American Society of Anaesthesiology; CBD = common bile duct;

ERCP = endoscopic retrograde cholangiopancreatography; SD = standard deviation.
*Unless otherwise indicated.

TIncluded acute pancreatitis, acute cholecystitis, acute cholangitis. More biliary-related
complications may coexist in the same patient. Isolated jaundice, chronic cholecystitis,
biliary colic pain and asymptomatic alteration of hepatic enzymes are not considered.

Clavien grade Il complication
Tachyarrhythmia

7 (
Chest infection 6(3.0)
Cholangitis 5 (2.5)
Urinary tract infection 2(1.0)
Infectious diarrhea 2(1.0)
Acute pancreatitis — de novo 2(1.0)

CBD = common bile duct; ERCP = endoscopic retrograde cholangiopancreatography.
*Some patients had more than 1 adverse outcome.
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the receiver operating characteristic curve was 0.812. A
cut-off value of logit p = —1.32 was selected with a sensitiv-
ity and specificity of 75.0% and 77.1%, respectively.
According to their logit(p), all patients were divided into a
low-risk group (logit(p) < -1.32, » = 130) and a high-risk
group (logit(p) > —1.32, »n = 71). Patients in the low-risk
group had about a 1 in 10 chance (12 of 130) of adverse
outcomes developing. Of these 71 patients in the high-risk
group, 36 (50.7%) experienced adverse outcomes.

Predictors of Clavien grade II-V complications

We analyzed risk factors for Clavien grade II-V compli-
cations. According to the data from univariate analysis,
7 variables — the presence of MRFs, BIL, number of
stones, ALP, AL'T, white cell count and acute biliary-
related affections — were significantly associated with
complications. Multivariate analysis showed that BIL and
the presence of MRFs had independent significance
in terms of predicting complications. We calculated
the probability (p) of complications using the following
formula:

logit(p) = 1.130 (MRFs) + 0.014 (BIL) — 3.264. p = EXP
(logit(p)) / [1+EXP (logit(p))]

Predictors of other adverse outcomes

Owing to the small numbers of patients who had retained
CBD stones or whose operations were converted to
laparotomy, a similar analysis was not possible for this

group.
The influence of the learning curve

The first 3 years of the series, referred to as the learning
curve period, was not associated with the occurrence of
adverse outcomes, complications, conversion to laparotomy
and retained CBD stones (all p > 0.05). Adverse outcomes
occurred in 13 of 63 (20.6%) patients during this period
compared with 35 of 138 (25.4%) patients afterwards.

RESEARCH

Discussion

We examined the incidence of and the risk factors associ-
ated with adverse outcomes after LC for the management
of CBD stones. We selected this procedure because there
are only a few series that report the results of LC, and
because LC is still a difficult procedure with higher docu-
mented morbidity than the transcystic approach.® Most
series continue to pool the results of transcystic and trans-
ductal approaches, and many have a relatively low propor-
tion of LC. For example, Tinoco and colleagues’ recently
reported 481 laparoscopic CBD explorations, of which
69 were formal choledochotomy, and Riciardi and col-
leagues” reported 76 transductal procedures out of
346 explorations.””®"?

In the present study, postoperative adverse outcomes
occurred in 23.9% of patients. In this group, Clavien grade
II-V complications occurred in 21.4% of patients, retained
CBD stones were observed in 4%, and conversion to
laparotomy occurred in 3.5%. These outcomes are rela-
tively similar to those observed in other studies.”**'*"

According to the data from multivariate analysis, the
serum BIL and the presence of MRFs were significantly
associated with adverse outcomes. The presence of toxic
substances, such as BIL and bile salts, impaired liver func-
tion, and altered nutritional status due to obstructive jaun-
dice have been characterized as factors for the develop-
ment of complications, including acute renal failure,
cardiovascular depression, hemorrhage from vitamin K
deficiency and septicaemia."*"” An obstructed biliary tree is
likely to be infected and, as a consequence, there will be a
higher incidence of severe chronic cholecystitis found at
operation, necessitating conversion.” In addition, patients
with higher BIL were more likely to undergo an emer-
gency operation, and an emergency operation was a risk
factor for poor outcomes.' As a result, BIL was one of the
risk factors for adverse outcomes. Morbidity was signifi-
cantly higher in patients with severe comorbidities who
may not have been able to tolerate longer procedures than
in those without comorbidities, whereas patient age had no

Table 3. Risk factors for adverse outcomes after laparoscopic choledochotomy in the univariate and multivariate analysis*

Patients with adverse outcomes All patients Univariate Odds ratio
Risk factor n=48 n=201 p value (95% CI)
Significant in the multivariate analysis
Presence of medical risk factors, no. (%) 32 (66.7) 89 (44.3) < 0.001 2.66 (1.22-5.80)
Serum total bilirubin, mean (SD) umol/L 157.8 (117.1) 79.0 (84.9) < 0.001 1.01 (1.00-1.02)
Significant in the univariate analysis only
More than 3 stones, no. (%) 31 (64.6) 104 (51.7) 0.041
Serum alkaline phosphatase, mean (SD) 1U/L 546.9 (5632.4) 385.8 (394.9) 0.002
White blood cell count, mean (SD) x 10%/L 11.8(6.2) 9.3 (6.2) < 0.001
Serum alanine transferase, mean (SD) |U/L 210.7 (174.7) 142.8 (152.9) 0.001
Acute biliary-related affections, no. (%) 28 (568.3) 63 (31.3) < 0.001
Cl = confidence interval; SD = standard deviation.
*Only risk factors that were significant (p < 0.05) in the univariate analysis were included in the multivariate analysis.
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influence on morbidity.’ The findings of the present inves-
tigation also showed that having MRF's was associated with
increased postoperative complications. According to these
risk factors, patients could be divided into a low-risk group
and a high-risk group. The implications of these findings
are as follows:

1. For patients without MRFs and a BIL of 114.2 umol/L
or lower, LC is a safe and advantageous procedure and
can result in low rates of adverse outcomes. If patients
with 1 or more MRFs and a BIL of 44.4 umol/L or
lower, LC is also recommended if the surgeons have the
skill and facilities required for the procedure.

2. For patients without MRFs and a BIL higher than
114.2 umol/L, or patients with 1 or more MRFs and a
BIL higher than 44.4 umol/L, medical treatment is pre-
ferred to lower the BIL. Laparoscopic choledochotomy
is still a good choice for patients who respond to the
medical treatment, especially those whose gallbladder is
left in situ, and for young patients with preservation of
the biliary sphincter. In this series, previous ERCP was
not found to be a predictor of adverse outcomes. These
data are similar to those reported by other authors.*'”"
For patients who fail to respond to medical treatment,
biliary drainage (ENBD or stenting) or stone extraction,
is therefore indicated. Whether further endoscopy or
LC should be adopted will largely depend on local
availability of surgical and endoscopic skills.

We found that the learning curve period was not associ-
ated with the occurrence of adverse outcomes. These find-
ings may be explained in part by the fact that the presence
of more MRFs and higher BIL were found in the latter
period. We found MRFs in 20 of 63 (31.7%) patients in the
early period compared with 69 of 138 (50%) afterwards
(p = 0.016). The mean (SD) BIL was 64.6 (80.6) umol/L in
the early period compared with 85.6 (86.2) umol/L after-
wards, although the differences were not significant.

Limitations

The principal limitation of this study was its nonrandom-
ized and retrospective nature, with a selection bias in LC.
Our study was conducted in only 1 medical centre, which
may limit the generalizability of our results. Even so, the
data from our current study could provide the support for
future prospective and randomized investigation.

ConcLusion
Laparoscopic choledochotomy is a safe and effective treat-
ment in most cases of CBD stones. The incidence of

adverse outcomes is low, but a high BIL and the presence
of MRFs do not favour the success of the procedure.
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