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CHAPTER 2

Identification of risk factors for an unfavourable laparoscopic cholecystectomy course
after endoscopic retrograde cholangiography
in the treatment of choledocholithiasis
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Abstract
Background: Laparoscopic cholecystectomy (LC) after an endoscopic retrograde cholangiography (ERC) has higher rates for complications and conversion caused by unpredictable adhesions. The risk factors for an adverse outcome of LC after an ERC were analyzed.
Methods: Variables from patients treated by LC after ERC for cholelithiasis in two clinics
from 1996 to 2003 were retrospectively stored in a database. Complications and conversions were recorded.
Results: A total of 140 patients underwent LC after ERC (83 from clinic A and 57 from clinic
B), 31% (44/140) of whom were men. Peri- or postoperative complications occurred for
28 patients (20%). For 19 patients (14%), a conversion was necessary.
Significant variables associated with complications and conversions were an elevated
level of C-reactive protein (CRP) at the time of LC (odds ratio [OR], 10.2; 95% confidence
interval [CI], 1.1–91, P =0.037 for both) and severe adhesions during laparoscopy (OR,
3.6; 95% CI, 1.5–8.6; P = 0.003 and OR, 5.2; 95% CI, 1.9–14.4; P = 0.002, respectively). Male
gender (OR, 2.8; 95% CI, 1.1–7.6; P = 0.037) and serum bilirubin level at the time of ERC
(OR, 3.7; 95% CI, 1.24–11; P = 0.014) were associated with conversion only. Time after ERC
(LC within 1 week vs. < 1 week or ≤2 weeks vs. 2–6 weeks vs. >6 weeks or ≤6 weeks vs. >
6 weeks) was not associated with complications or conversion.
Multivariate regression analysis showed a pre-LC CRP exceeding 6 to be predictive
of complications (OR, 10.5; 95% CI, 1.1–95; P = 0.040) and conversion (OR, 10.6; 95% CI,
1.1–99; P = 0.034).
Conclusion: Male gender, bilirubin levels during ERC, severe adhesions during LC, and
pre-LC CRP levels were associated with an adverse outcome for an LC after endoscopic
cholangiography. The time between LC and ERC failed to be a significant risk factor in
this larger series.
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In the treatment of choledochocystolithiasis, endoscopic retrograde cholangiography
(ERC) is a well-established method for attaining ductal clearance before a laparoscopic
cholecystectomy (LC) is performed [1–4]. The procedure of LC after ERC is, however,
unpredictable, ranging from an easy uneventful procedure to a battle against fibrosis
and adhesions involving the gallbladder and the hepatoduodenal ligament. The latter
is reflected in higher complication and conversion rates for LC after ERC than for a standard LC [3, 5, 6].
If risk factors for complications or conversion can be identified, morbidity rates can be
reduced by optimizing perioperative management after ERC or by selecting specialized
surgeons for high-risk procedures.
It is well known that bile is infected with bacteria after disruption of Oddi’s sphincter
by sphincterotomy and stone extraction during ERC. The infection of the bile could be
the initiator of inflammation in and around the bile duct and gallbladder [5, 7]. Precut
papillotomy during ERC, the level of inflammation at ERC, and the timing of surgery
after ERC could hypothetically be risk factors for adhesions, leading to complications or
conversion.
To date, the literature on specific risk factors that predict the course during and after
LC is insufficient. Pre-ERC serum bilirubin was significantly associated with conversion
of LC to an open procedure in a small series of 34 patients [6]. In an earlier single-centre
study, we found timing of surgery after ERC to be a risk factor for conversion [8]. Until
this writing, studies have been hampered by small numbers of patients. Searching for
more evidence to predict a ‘‘difficult cholecystectomy’’ after ERC, we evaluated a broad
spectrum of risk factors in an extended retrospective cohort of patients who underwent
LC after ERC. This cohort currently includes patients from two regional teaching hospitals. Among a wide range of risk factors, the issue of optimal timing for surgery after ERC
is re-addressed.

Patients and methods
A retrospectively collected database of 140 patients who had ERC for suspicion of
choledocholithias and subsequently underwent LC for cholecystolithiasis from 1996 to
2003 was analyzed. The hospital cohort of our previous publication [8] was extended
by a second cohort from another hospital. This new database included more extensive
variables, and regression analysis was performed to determine the predictive potential
of these variables.
The aforementioned variables were derived from demographic data, admission and
discharge notes, blood results, radiology reports, and ERC reports. Operative notes were
reviewed. The main outcome variables studied were minor and major complications and
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conversion to open cholecystectomy. Major complications were defined as major organ
injury, retained stones, bile leak, infection/ abscess, bleeding requiring transfusion, and
reintervention.
Potential risk factors for an unfavourable LC course were defined before data deduction. The risk factors scored consisted of age and gender, time between ERC and LC,
ERC intervention (stone extraction, papillotomy, stent placement, multiple procedures),
complicating events (cholecystitis, biliary pancreatitis, cholangitis), severity of cholestasis at ERC (level of: bilirubine, gamma glutamyltransferases [GGT], transaminases), and
severity of inflammatory reaction (levels of white blood cell count [WBC] and CRP).
For patients with cholelithiasis, the indications for ERC were jaundice or cholangitis,
biliary pancreatitis (acute abdominal pain, at least a fourfold increase in serum amylase
activity, and suspicion of biliary obstruction), common bile duct (CBD) diameter greater
than 8 mm, and stones detected by abdominal ultrasonography. Magnetic resonance
cholangiopancreatography (MRCP) was not yet implemented in the diagnostic pathway.
During ERC, selective cannulation of the CBD was performed. If necessary, sphincterotomy and stone removal were carried out. If no bile duct stones were found at ERC, if
symptoms subsided, and if laboratory test results normalized, the CBD was determined
to be cleared. Intraoperative cholangiography was not performed to prove clearance of
the CBD for any of the patients. The time between LC and ERC during the study period
was not taken into account for management decisions when surgery was planned for
the patient.
Acute cholecystitis was diagnosed if right upper abdominal pain was associated with
fever and elevated serum inflammatory parameters with or without ultrasonographic
evidence of acute inflammation. In cases of acute cholecystitis, surgery was either performed in an acute setting or delayed after initial conservative treatment. This decision
was dictated by the surgeon’s preference.

Statistical analysis
Categorical data were analyzed using chi-square testing or Fisher’s exact testing. Continuous variables were analyzed using the Mann–Whitney test, the Kruskal-Wallis test,
or Student’s t-test as appropriate. A P value less than 0.05 was considered statistically
significant.
We performed univariate logistic-regression analyses to identify factors associated
with peri- and postoperative complications and conversion to open procedure. Only
clinical variables significantly related in the univariate analyses to the outcome variables
were included in the multivariable logistic regression model.
Statistical tests were conducted using the SPSS 16.0 software package for Windows
(SPSS Inc., Arlington VA, USA).
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Results
Choledochocystolitiasis was suspected for 140 patients: 96 females (67%) and 44 males
(31%). Patient and baseline data are listed in Table 1. Treatment was administered to
83 patients in clinic A (previous cohort) and 57 patients in clinic B. No bile duct stones
were found in 44 patients during ERC. Sphincterotomy was performed for 90 patients
(64%) and stone removal for 77 patients (55%). A total of 18 patients (13%) were treated
additionally with a stent. Acute cholecystitis developed in 18 patients. For 11 patients,
the acute cholecystitis was diagnosed at the time of ERC, whereas for 9 patients, the
acute cholecystitis developed several weeks later while they were waiting for a surgical
procedure. A total of 25 patients presented with pancreatitis at the time of ERC.
Table 1. Patient and surgery characteristics
P-value

Complication
(n = 28)
n (%)

No complication
(n = 112)
n (%)

Male

11 (39)

33 (30)

0.32

Mean age

63 ± 16

54 ± 17

0.06

Clinics

14 (50)

69 (62)

0.26

Preexistent cholecystitis

6 (21)

12 (11)

0.20

Preexistent pancreatitis

9 (32)

37 (33)

0.93

Sphincterotomy performed

18 (64)

72 (64)

1.00

Stone extracted

17 (61)

60 (54)

0.50

Stent placed

4 (14)

14 (13)

0.76

45 (15 to 94)

54 (14 to 91)

0.90

Patient characteristics

Characteristic ERCP preceding LC

LC characteristics
No. of ERCPs preceding LC: median (IQR)
Time between last ERCP and LC-Median days (IQR)
Adhesions
None
Mild/moderate
Severe
Conversion

0.02
6 (21)

43 (38)

7 (25)

42 (38)

15 (54)

27 (24)

8 (29)

11 (10)

0.03

ERCP endoscopic retrograde cholangiopancreatography, LC laparoscopic cholecystectomy, IQR interquartile range (p25–p75)

Laparoscopic cholecystectomy was performed a median of 53 days (interquartile
range, 14–91 days) after the ERC. For almost half of the patients, timing of the LC was
within 6 weeks after the ERC. Due to a significant waiting list for LC in these years, the
majority of the patients underwent surgery after 6 weeks. However, surgery was per-
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formed for some patients as late as half a year after ERC (Fig. 1). Comparison of patients
with and without complications showed that those with complications were somewhat
older (Table 1). The ERC intervention and the time between ERC and LC were not significantly different between the two patient groups. Complications were associated with
severe adhesion during operations and conversion to an open procedure.
Fig. 1. Number of patients with complications and conversion in relation to time between endoscopic
retrograde cholangiography (ERC) and laparoscopic cholecystectomy (LC)
Conversion
N=19
Complications N=28
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The type of the complications, peri- and postoperative are shown in Table 2. Only 5 of
the 28 patients with complications required an intervention: laparotomy for 2 patients
(bleeding and infected hematoma) and percutaneous drainage for 3 patients (infected
hematoma, subhepatic abscess, bile leakage including ERC with stenting). No deaths
occurred.
For 19 patients (14%), the laparoscopic procedure had to be converted to open
surgery (Table 2). Adhesions and unclear anatomy were the main factors necessitating
conversion. The relation of complications and conversion of LC to the time between ERC
and LC is shown in Fig. 1.
The results of the univariate analysis for risk factors associated with complications
or conversion of LC to an open procedure are shown in Table 3. The only significant
variables for both complications and conversion were an elevated level of serum CRP
at the time of LC (OR, 10.2; 95% CI, 1.1–91; P = 0.037 for both) and severe adhesions
encountered during laparoscopy (OR, 3.6; 95% CI, 1.5–8.6; P = 0.003 and OR, 5.2; 95% CI,
1.9–14.4; P = 0.002, respectively).
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Table 2. Peri‑ and postoperative complications, reinterventions, and reasons for conversion
Complication

Patients n (%) 28 (20)

Perioperative complication

15 (54)

Postoperative complication

9 (32)

Peri‑ and postoperative complication

4 (14)

Perioperative events
Ruptured gallbladder

16

Choledochus injury

2

Bleeding cystic artery

1

Postoperative events
Wound infection

4

Ileus

1

Intraabdominal bleeding

3 1 laparotomy, 2 conservative

Infected hematoma

2 1 percutaneous drain, 1 laparotomy

Abdominal wall hematoma

1

Subhepatic abscess

1 percutaneous drain

Bile leakage

1 percutaneous drain? ERC? stent

Conversion reasons

19 (14)

Adhesions

12

Unclear anatomy

3

Wide cystic duct

1

Lesion common bile duct

1

Bleeding cystic artery

1

Unknown

1

ERC endoscopic retrograde cholangiography

Male gender (OR, 2.8; 95% CI, 1.1–7.6; P = 0.037) and serum bilirubin level higher than
30 mmol/l at the time of ERC (OR, 3.7; 95% CI, 1.24–11; P = 0.014) were associated with
conversion only. Because conversion is significantly related as a variable to complications, these variables should be noted. A trend toward association of variables with risk
for complications or conversion (P<0.10) involved alkaline phosphate (AF), bilirubin,
WBC, preexistent cholecystitis, and an LC 2–6 weeks after ERC. All in all, the time from
ERC to surgery or the type of intervention during ERC (e.g., stone extraction, sphincterotomy) yielded no clear association with complications or conversion.
The findings showed no significant difference in the complication or conversion rates
between the two clinics. The distribution of complications and conversion per hospital
group related to the time between LC and ERC is shown in Fig. 2.
In the multivariable logistic regression analysis, only an elevated CRP at LC was shown
to be a significant prognostic risk factor for complications (OR, 10.5; 95% CI, 1.1–95; P =
0.040) or conversion (OR, 10.6; 95% CI, 1.1– 99; P = 0.034).
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17 (61)
20 (71)
4 (14)
6 (21)
9 (32)

Sphincterotomy or stone extraction

Stent placed

Cholecystitis present at time of ERCP

Pancreatitis present at time of ERCP

13 (46)
6/7 (86)
2/5 (40)

CRP at LC >median 6

WBC at LC >median 25

18 (64)

AF at ERCP >median 145

GGT at ERCP >median 240

17 (63)

Bilirubine at ERCP > median 30

Laboratory variables

18 (64)

4/47 (9)

20/54 (37)

56 (51)

51 (46)

48 (44)

37 (33)

12 (11)

14 (13)

75 (67)

60 (54)

72 (64)

69 (62)

14 (50)

Stone extraction

33 (30)

11 (39)

Complication No complication
(n = 28)
(n = 112)

Sphincterotomy

No. of ERCPs preceding LCt – median (IQR)*

ERCP variables

Clinic A

Male

Age in yearsa,b

General characteristics

Predictor

Group

7.2 (0.9–56) 0.061

10.2 (1.1–9) 0.037

0.85 (0.4–2.0) 0.704

2.15 (0.9–5.1) 0.076

2.20 (0.9–5.3) 0.072

0.96 (0.4–2.3) 0.928

2.3 (0.8–6.7) 0.137

1.2 (0.4–3.9) 0.801

1.2 (0.5–3.1) 0.651

1.3 (0.6–3.1) 0.498

1.0 (0.4–2.4) 1.0

0.6 (0.3–1.4) 0.266

1.5 (0.67–3.7) 0.319

1.02 (0.99–1.1) 0.095

P

Univariate
OR (95% CI)

Table 3. Univariate analysis for risk factors associated with complication and conversion of LC

2/6 (33)

6/7 (86)

10 (53)

13 (68)

14 (74)

4 (21)

5 (26)

4 (21)

13 (68)

11 (58)

12 (63)

13 (68)

10 (53)

4 (9)

20 (37)

59 (49)

56 (46)

51 (43)

42 (35)

13 (10)

14 (12)

82 (68)

66 (55)

78 (65)

70 (83)

34 (28)

Conversion No conversion
(n = 19)
(n = 121)

P

5.3 (0.7–38) 0.101

10.2 (1.1–91) 0.037

1.1 (0.4–3.0) 0.779

2.5 (0.9–7.1) 0.080

3.7 (1.2–11) 0.014

0.5 (0.2–1.6) 0.246

3.0 (0.9–9.6) 0.069

2.0 (0.6–7.0) 0.259

1.0 (0.4–2.9) 0.955

1.1 (0.4–3.0) 0.785

0.95 (0.4–2.6) 0.912

1.6 (0.6–4.4) 0.386

2.8 (1.1–7.6) 0.037

1.00 (0.98–1.00) 0.748

OR (95% CI)

Univariate
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98 (88)
61 (55)

23 (82)
15 (54)
15 (54)

>1 week

>6 weeks

Severe adhesions

61 (55)

3.6 (1.5–8.6) 0.003

0.97 (0.4–2.2) 0.932

0.66 (0.2–2.0) 0.462

0.87 (0.2–4.4) 0.863

0.95 (0.4–2.6) 0.918

0.96 (0.3–3.3) 0.953

– –

0.84 (0.4–1.9) 0.673

1.0 (0.99–1.00) 0.993

Univariate

12 (63)

10 (53)

17 (90)

17 (90)

10 (53)

7 (37)

2 (11)

10 (53)

62 (18–93)

2.4 (0.5–12) 0.271
0.5 (0.1–2.7) 0.440
1.4 (0.3–6.6) 0.678
0.9 (0.4–2.4) 0.876
5.2 (1.9–14.4) 0.002

10 (53)
104 (86)
66 (55)
30 (25)

4.9 (0.9–26) 0.062

114 (94)

23 (19)

–

1.1 (0.4–3.0) 0.805

32 (26)

1.1 (0.7–2.3) 0.498

60 (50)

Univariate

50 (14–88)

Conversion No conversion
(n = 19)
(n = 121)

OR odds ratio, CI 95% confidence interval, ERCP endoscopic retrograde cholangiopancreatography, LC laparoscopic cholecystectomy, AF alkaline phosphate, GGT gamma glutamyltransferase, CRP C-reactive protein, WBC white blood cell count
All variables were in numbers (%), mean ± SD or median (IQR) where appropriate
* IQR interquartile range (=25–75%)

27 (24)

105 (94)

15 (54)
26 (93)

24 (21)

27 (24)

>6 weeks

6 (21)

57 (51)

52 (15–90)

>3 days

7 (25)

2–6 weeks

13 (46)

45 (14–87)

Complication No complication
(n = 28)
(n = 112)

<2 weeks

As former article

>median median of 50 days

Time between last ERCP and LCt – median days (IQR)*

Time interval

Group

Table 3. (continued)
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Fig. 2. The distribution of complications and conversions per hospital group related to the time between
laparoscopic cholecystectomy (LC) and endoscopic retrograde cholangiography (ERC).
Hospital
Clinic A
Clinic B

N.S.
N.S.
N.S.

N.S.

N.S.
N.S.

30

Conversion (%)

30

Complications (%)

42

20

10

0

20

N.S.

N.S.

10

0
<2 weeks

2-6 weeks

Time interval

>6 weeks

<2 weeks

2-6 weeks

>6 weeks

Time interval

Complication: <2wks (P = 0.86), 2–6 weeks (P = 0.54), >6 weeks (P = 0.23). Conversion: < 2wks (P = 0.56), 2–6
weeks (P = 0.095), > 6 weeks (P = 0.5) (Pearson chi-square test

Discussion
Compared with a standard LC, LC after an ERC is known to have higher complication and
conversion rates, caused by an unpredictable battle against adhesions and fibrosis of
the hepatoduodenal ligament [5, 6, 8]. Identifying reliable risk factors for peri- and postoperative complications in patients undergoing LC after ERC would be useful. It would
allow patient outcomes to be optimized and morbidity to be minimized, for example, by
allocation of highly specialized surgeons to manage potentially difficult cases.
In our search to find potential risk factors for an adverse outcome of LC after ERC, we
found an elevated CRP at time of LC to be predictive for both complications and conversion. In the univariate analysis, severe adhesions involving the hepatoduodenal ligament
during LC were significantly associated with both complications and con- version. Male
gender and bilirubin levels at the time of ERC were associated with conversion only.
Conversion should be performed with a low threshold and preferably at an early stage
in the procedure to prevent severe complications to the CBD. However, because con- version is a reflection of a difficult cholecystectomy, male gender and bilirubin levels could
be extrapolated as identifiable risk factors, and allocation of this subgroup of patients
to a specialized surgeon could be considered. In a previous published study, we found a
trend toward higher conversion rates 2–6 weeks after ERC [8]. Besides the time interval,
it could be expected that patients who undergo a sphincterotomy or removal of stones
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by manipulation will sustain a stronger inflammatory reaction of the hepatoduodenal
ligament than patients who undergo an uneventful ERC. If so, this subset of patients
could be more prone to a complicated course of LC. Interestingly, we found neither association between timing of LC nor intervention during ERC and an adverse outcome
of the surgical procedure in our study, in which we extended our previous cohort with
patients from a second hospital. The importance of timing of LC after ERC with respect
to adhesions and fibrosis is not reflected by our current data.
Levels of preoperative CRP, bilirubin at the time of ERCP, severe adhesions during LC,
and male gender seem to play some role in the course of an LC after ERC, but clear
evidence is lacking because regression analysis fails to show a predictive role for any
variables except CRP. Regarding the CRP level, our study was hampered by the small
number of patients in whom CRP was measured; although it could be argued that there
was no clinical reason such as suspicion of infection for patients who had no CRP measurements. In addition, the 95% confidence interval is wide, making preoperative CRP an
unreliable and doubtful predictor.
Allen et al. [6], attempted to define risk factors for conversion and complications of
an LC after ERC. They found that elevated pre-ERC serum bilirubin was associated with
an increased likelihood of a converted procedure. Before the LC era, Neoptolemos et al.
[9] reported that a preoperative elevated serum bilirubin was independently associated
with increased morbidity after cholecystectomy. Findings have shown that elevated serum bilirubin is a predictive factor for the severity of cholangitis [10] and therefore could
reflect increased inflammation of the hepatoduodenal ligament, making the dissection
of Calot’s triangle more difficult.
In our study, we found that the pre-ERC serum bilirubin level was associated with a
risk of conversion but did not appear to be a significant univariate predictor for an adverse outcome of LC in the multivariate logistic regression analysis. In contrast, studies
investigating acute cholecystitis and outcome for LC showed that an elevated serum
bilirubin level was associated with increased infectious complications but did not find
an association with conversion [11, 12].
Notably, we found a significant association between male gender and an increased
risk for conversion. This finding is not new. Series analyzing risk factors for standard
LC in patients with symptomatic cholecystolithiasis found that male patients have a
higher risk for conversion. The sex of the patient has been discussed as a risk factor for
conversion to open surgery, with some authors questioning its relevance [3, 13–15]. It
is suggested that gallbladder disease in males is a different entity [16]; that males pay
less attention to their health problems, leading to advanced disease; and that males
have a greater incidence of gall- bladder and biliary tree anatomic difficulties. Yol et al.
[17] analyzed the severity of inflammation and fibroplasia in the submucosal area of
the gallbladder wall and in pericholecystic tissue and fibrosis by comparing histopatho-
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logic biopsies between men and women with symptomatic gallbladder disease. They
found significantly higher tissue collagen in men and concluded that more extensive
inflammation and fibrosis in men lead to a higher risk of a ‘‘difficult cholecystectomy’’
and consequently conversion. To date, risk factors for an adverse outcome of LC after
ERC have not been studied by many authors. Symptomatic gallbladder disease or acute
cholecystitis and the risk of complications and conversion of LC have been studied more
extensively [3, 18–20]. A higher complication rate is reported for LC in acute cholecystitis
than for symptomatic cholecystolithiasis, with a post-operative complication rate of approximately 9% to 17% in various recently published series.
Besides gender, findings have shown that patient characteristics such as ASA classification and body weight are risk factors. Furthermore, geriatric patients are shown
to have a greater likelihood of experiencing a severely inflamed or scarred gallbladder,
with a 12% higher peri-operative local complication rate for each additional interval of
10 years of age and a 30% higher risk of postoperative systemic complications, probably
attributable to increasing comorbidities [20–22].
For LC after ERC, our data do not confirm the predictive value of all potential risk factors. The retrospective character of our data for a relatively small number of events could
have underestimated potential risk factors. In addition, we used a very broad definition
of a complication. The wide confidence intervals probably reflect the choice of definition.
Because the techniques of laparoscopic procedures and experience with them
will develop, the complication and conversion rates will drop. A further reduction in
complication and conversion rates could be pursued by better identification of patientrelated risk factors so management can be optimized or by involvement of a specialized
surgeon. To date, strong evidence for risk factors in patients is lacking. A prospective
analysis with a larger patient population may show which patient has a high risk for
a ‘‘difficult cholecystectomy’’ after ERC. Future effort should be directed at such highpower study design with high methodologic quality.
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