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Natural Course vs Interventions to Clear
Common Bile Duct Stones
Data From the Swedish Registry for Gallstone Surgery and
Endoscopic Retrograde Cholangiopancreatography (GallRiks)
Mats Möller, MD; Ulf Gustafsson, MD, PhD; Finn Rasmussen, MD, PhD;
Gunnar Persson, MD, PhD; Anders Thorell, MD, PhD

IMPORTANCE The optimal strategy for common bile duct stones (CBDSs) encountered during
cholecystectomy is yet to be determined.

OBJECTIVE To evaluate the outcomes after various interventional techniques to clear the bile
ducts and the natural course of CBDSs found during intraoperative cholangiography.

DESIGN, SETTING, AND PARTICIPANTS In a large retrospective cohort analysis, we analyzed
data from the Swedish Registry for Gallstone Surgery and Endoscopic Retrograde
Cholangiopancreatography (GallRiks). We included all patients with CBDSs found on
intraoperative cholangiography during cholecystectomy from May 1, 2005, through
December 31, 2009.

EXPOSURES Presence of CBDSs on intraoperative cholangiography.

MAIN OUTCOMES AND MEASURES Relation between strategies for handling CBDSs in terms of
complication rates and/or incomplete clearance with need of intervention (ie, unfavorable
outcomes).

RESULTS In 38 864 cholecystectomies, CBDSs were found in 3969 patients, of whom 3828
underwent analysis. Earlier or ongoing symptoms were more common with increasing stone
size (P < .001). In total, postoperative unfavorable outcomes were found in 14.9% but less
frequently for patients with smaller stones (P < .01). Among patients in whom no
intraoperative measures were taken (representing natural course), the risk for unfavorable
outcomes was 25.3%. This risk was significantly lower in patients in whom any measure was
taken to clear the ducts (12.7%; odds ratio, 0.44 [95% CI, 0.35-0.55]). The same was found
when small (<4 mm) and medium (4-8 mm) stones were analyzed separately (odds ratio,
0.52 [95% CI, 0.34-0.79] and 0.24 [95% CI, 0.17-0.32], respectively).

CONCLUSIONS AND RELEVANCE The high rates of unfavorable outcomes associated with
taking no measures when CBDSs are found during cholecystectomy suggest that the natural
course might not be as favorable as earlier suggested. This finding implies that, in general,
efforts should be made to clear the bile ducts.
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C holecystectomy is one of the most common surgical in-
terventions in the western world, and in Sweden alone,
12 000 to 13 000 patients undergo this procedure annu-

ally. In Sweden, most surgical units routinely perform intraop-
erative cholangiography during cholecystectomy, and in 10% to
15%, common bile duct stones (CBDSs) are encountered.1 What
measures should be taken in response to the intraoperative find-
ing of CBDSs is controversial. Common bile duct stones might
cause serious morbidity, such as pancreatitis and/or cholangitis;
therefore, many surgeons traditionally advocate compulsory
clearance of the bile ducts.2 The interventional alternatives avail-
able are by themselves associated with various risks for morbid-
ity and even mortality,3-6 and no consensus exists as to which is
superior.7-10 The relation between risks associated with the
interventions and the risk for complications due to CBDSs left
without measures taken is not known. Data from several small
studies suggest that spontaneous clearance rates of such
CBDSs without complications might be higher than previously
believed,11-13 which raises the question whether an expectant
strategy should be recommended, at least for small CBDSs.

In Sweden, the nationwide Registry for Gallstone Surgery
and Endoscopic Retrograde Cholangiopancreaticography
(GallRiks) was established on May 1, 2005. The aims of GallRiks
were to obtain as complete a registration as possible for all pro-
cedures performed in Sweden and to provide the participating
hospitals with information on results, including complications.

We used data from GallRiks with the following 2 aims:
(1) to investigate what measures were taken when CBDSs were
found intraoperatively in Sweden from May 1, 2005, through
December 31, 2009; and (2) to analyze the outcomes in terms
of complications and success rates of bile duct clearance in re-
lation to various stone sizes and strategies used.

Methods
GallRiks
GallRiks is financially supported by the Swedish National Board
of Health and Welfare and approved by the Swedish Surgical
Society. GallRiks uses an Internet platform (http://www.ucr
.uu.se/gallriks/) with online registration of the procedures and
a 30-day follow-up. Data from participating centers can be up-
loaded at any given time for analysis and comparison with na-
tional data. A continuously increasing number of Swedish cen-
ters have joined the registry. Thus, data in GallRiks from the
years 2007, 2008, and 2009 represent approximately 70%, 80%,
and 90%, respectively, of all cholecystectomies performed in
Sweden compared with plain registration of surgical proce-
dures from the Swedish National Board of Health and Wel-
fare. Representatives for GallRiks perform audits at the par-
ticipating units for validation of the data on a regular basis. In
2009, 67 of the participating 72 centers had been visited by such
representatives, who confirmed a complete match of regis-
tered data with medical journals in 98%.1

Data Collection
The study was approved by the regional ethics committee of
Stockholm. We collected data on age, sex, American Society

of Anesthesiologists (ASA) physical status classification, acute
or elective admission to the hospital resulting in procedures,
present or previous symptoms of CBDSs (ie, pancreatitis, jaun-
dice, or confirmed CBDS), size of CBDSs found on intraopera-
tive cholangiography, strategy chosen for handling the CBDS,
postoperative complications related to the CBDS within 30 days
and/or known incomplete clearance of the bile ducts at 30 days
postoperatively (unfavorable outcomes [UOs]), and the indi-
cation for and findings at any endoscopic retrograde cholan-
giopancreatography (ERCP) performed during or at any time
after the cholecystectomy. Strategies, complications, clear-
ance of the bile duct, and UOs were assessed separately.

The following 7 possible alternatives are given in GallRiks
to register the selected CBDS strategy:
1. Nomeasurestakenintraoperativelyorplannedpostoperatively
2. Preparation for postoperative ERCP
3. Laparoscopic choledochotomy
4. Open choledochotomy
5. Laparoscopic transcystic stone extraction
6. Intraoperative ERCP
7. Flushing and/or manipulation of CBDSs into the duodenum
At the 30-day follow-up after the cholecystectomy, several dif-
ferent complications can be registered. Postoperative pancre-
atitis, cholangitis, or obstruction of bile duct/jaundice could
be assumed to be related to the CBDS intervention or any re-
maining CBDSs and were therefore included in the analysis as
present or absent. The presence of 1 or more of these catego-
ries was classified as a complication within 30 days.

Clearance of the bile ducts is normally evaluated only if
remaining CBDSs are suspected postoperatively. Patients with
such symptoms in whom CBDSs were confirmed were classi-
fied as having incomplete clearance at the 30-day follow up.
Moreover, if an ERCP was performed at any time during the
entire follow-up (0 days to 4 years) that was not a part of the
primary strategy or otherwise planned, the result of that ERCP
was evaluated. If a CBDS could be confirmed, the patient was
also considered to have incomplete clearance. If a patient had
incomplete clearance and/or complications within 30 days as
defined above, this patient was considered to have a UO re-
lated to the strategy chosen for handling of the CBDSs.

Statistical Analysis
Results are presented as percentages, mean (SD), and odds ra-
tios (95% confidence intervals) where appropriate. We used the
2-tailed t test for crude group comparisons of continuous vari-
ables. Crude associations between categorical variables were
analyzed with χ2 tests or the Fisher exact test as appropriate.
Baseline characteristics were analyzed to determine the uni-
variate predictors of the UO variable. We then used multiple
logistic regression to assess the adjusted association between
specific interventions and outcome. The adjustment vari-
ables included age, sex, and ASA. P < 05 was considered sta-
tistically significant. All data were analyzed using commer-
cially available software (STATA, version 10.0; StataCorp).
Missing data for stone size excluded patients from analyses in-
volving size. We had no reason to believe that the patients with
missing data for stone size were unevenly distributed in the
material.
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Results

From the start of the registry on May 1, 2005, through Decem-
ber 31, 2009, 38 864 cholecystectomies were registered in
GallRiks. Intraoperative cholangiography was performed in
34 200 procedures (88.0%), and, in 3969 of these (11.6%), 1 or
more CBDSs were found. Two centers using GallRiks (Uppsala
and Kalmar) were known to not register data on ERCP during
this period, and all data (n = 141) from these units were there-
fore excluded from the study. Remaining data from GallRiks
included 3828 patients with CBDSs for analysis.

The distributions of age and sex in the 3828 patients with
CBDSs were similar compared with all patients undergoing cho-
lecystectomy during the study period (Table 1). However, a
larger proportion of procedures in which CBDSs were found
were performed during an admission for acute illness (Table 1).

In 3452 of the 3828 procedures in which CBDSs were found
(90.2%), the size of the largest stone was recorded in 1 of the
following 3 categories: less than 4, 4 to 8, and greater than 8
mm (Table 2). More than 50% of CBDSs were classified as being
4 to 8 mm in size. With increasing stone size, we found a sta-
tistically significant increase in rates of stones reported as
symptomatic.

The distribution of UOs in relation to stone size is also given
in Table 2. In total, UOs were encountered in 513 of 3452 pa-
tients in whom CBDSs were found (14.9%). The rate of UOs in-
creased with increasing stone size. However, the difference was
statistically significant only between the smallest stones and
the other 2 categories (P < .01). For each of the 3 stone size
groups, we found no significant differences in rates of UOs be-
tween those patients classified as symptomatic or asymptom-
atic (data not shown).

Strategies Used
The distribution of different strategies used is shown in Table 3.
For all CBDSs irrespective of size, strategy 1 was chosen in 15.5%.
Intraoperative or postoperative ERCP was the most com-
monly used strategy, and open choledochotomy was used in
20.4% of all procedures. With increasing size of CBDSs, we
found a trend toward more invasive strategies used. Almost
one-third of the smallest stones were left without measures
taken (strategy 1), whereas slightly less than half of patients
with stones of 4 to 8 mm underwent intraoperative or post-
operative ERCP, and almost half of the patients with the larg-
est stones underwent open choledochotomy.

Unfavorable Outcomes
All CBDS Sizes
The rates of UOs, irrespective of stone sizes, are shown in
Table 4. After the use of strategy 1, UOs were recorded in 25.3%
of patients. In a multivariate analysis adjusted for age, sex, and
ASA classification, the alternative of taking any measure (strat-
egies 2-7) was associated with a risk reduction of 56% for UOs
compared with strategy 1 (odds ratio, 0.44 [95% CI, 0.35-
0.55]) (Table 4). Moreover, all individual strategies (2-7) were
found to be associated with reduced risk for UOs compared with
strategy 1 (odds ratio range, 0.18-0.66).

CBDSs of Less Than 4 mm
Rates of UOs after each strategy for CBDSs of less than 4 mm
are shown in Table 5. For strategy 1, the rate of UOs was 15.9%.
Again, in multivariate analysis, all interventions together (strat-
egies 2-7) were associated with lower rates of UOs. Regarding
individual techniques, strategies 5, 6, and 7 by themselves were
found to be associated with a reduced risk for UOs by 50% to
78% (odds ratio range, 0.22-0.50) compared with strategy 1
(P < .001), whereas no statistically significant difference was
seen for strategies 2 to 4 (Table 5).

CBDSs of 4 to 8 mm
Rates of UOs after each strategy for CBDSs of 4 to 8 mm are
shown in Table 5. For strategy 1, UOs were found at a rate of

Table 1. Characteristics of Study Patients Undergoing Cholecystectomy
Registered in GallRiks

Characteristic

Patients
With CBDSs
(n = 3828)

All GallRiks
Patients

(n = 38 864)a

Sex, No. ( %)

Male 1248 (32.6) 33

Female 2580 (67.4) 67

Admission for acute illness, No. (%) 1879 (49.1)b 30

Age, mean (SD), y

Male 57.8 (17.0) 55

Female 50.3 (18.1) 49

ASA, No. (%)

1 2038 (53.2) NA

2 1469 (38.4) NA

3 291 (7.6) NA

Abbreviations: ASA, American Society of Anesthesiologists; CBDSs, common
bile duct stones; GallRiks, Swedish Registry for Gallstone Surgery and
Endoscopic Retrograde Cholangiopancreatography; NA, not applicable.
a Data were obtained directly from the annual report of all patients registered

from May 1, 2005, through December 31, 2009, for whom distribution of ASA
classification is not given.

b P < .001 vs all patients.

Table 2. Distribution of Size of CBDSs Encountered
During Cholecystectomy in 3452 Patientsa

CBDS
Size, mm

No. (%) of Patients

All Symptomaticb
With Unfavorable

Outcomec

<4 904 (26.2) 362 (40.0)d 101 (11.2)e

4-8 1923 (55.7) 980 (51.0)f 295 (15.3)

>8 625 (18.1) 425 (68.0) 117 (18.7)

All 3452 (100.0) 1767 (51.2) 513 (14.9)

Abbreviation: CBDSs, common bile duct stones.
a Includes patients in whom CBDS size was registered.
b Includes pancreatitis, jaundice, or confirmed CBDSs.
c Defined as incomplete clearance and/or complications within 30 days after

cholecystectomy.
d P < .001 vs 4 to 8 and greater than 8 mm.
e P < .01 vs 4 to 8 and greater than 8 mm, χ2 test.
f P < .001 vs greater than 8 mm, χ2 test.

Research Original Investigation Clearing Common Bile Duct Stones

1010 JAMA Surgery October 2014 Volume 149, Number 10 jamasurgery.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archsurg.jamanetwork.com/ by a Kaiser Permanente User  on 11/12/2014



Copyright 2014 American Medical Association. All rights reserved.

36.9%, which was significantly higher than those for each of
the other strategies (P < .001). Notably, UOs were seen only in
7.1% after the use of strategy 5 (transcystic extraction).

CBDSs of Greater Than 8 mm
Rates of UOs after each strategy for CBDSs of greater than 8 mm
are shown in Table 5. Strategy 1 was associated with the high-
est risk for UOs (26.5%). Again, the lowest rates of UOs were
seen after transcystic extraction, but owing to the relatively
small number of patients within each category of interven-
tion, no multivariate analysis comparing individual strate-
gies was performed. However, when comparing strategy 1 with
all other strategies together (2-7), no significant difference in
the risk for UOs could be confirmed.

Discussion
In this study consisting of 3828 unselected patients with CBDSs
encountered during cholecystectomy, the strategies chosen for
handling the stones varied markedly among the different sizes
of stones. For all stones, the rate of UOs, as defined above, was
14.9%. This rate was significantly lower for smaller stones but
was not associated with earlier or ongoing symptoms/signs of
CBDSs. The major finding was that, for small stones, the choice
of taking no measures was associated with a surprisingly high
risk for UOs compared with intervention to clear the bile ducts,
implying that the natural course for CBDSs found during cho-
lecystectomy is not as favorable as earlier suggested.11-13 For
larger stones, several treatment options might be similarly rec-
ommendable, whereas for small stones (<4 mm), transcystic
stone extraction and flushing/manipulation of the stone into the
duodenum seem to be associated with the most favorable out-
come.

To our knowledge, this report constitutes the largest data
set to evaluate the outcome related to various treatment strat-
egies when CBDSs are found during cholecystectomy. The rate
of UOs increased with increasing size of CBDSs when strategy
was not taken into account. The observation of a more fre-
quent admission for acute illness in patients with CBDSs is a
consistent finding in GallRiks.1

Previous or ongoing symptoms caused by CBDSs were seen
in 51.2% of included patients and were reported to be more com-
mon with increasing size of CBDSs. The risk for UOs was not in-
fluenced by occurrence of symptoms. This finding might seem

unexpected because the presence of symptoms might have
called for preparations with proper equipment and surgical com-
petence. We could not, however, confirm any differences in
strategies chosen depending on symptoms (data not shown).

When CBDSs are encountered during cholecystectomy, a de-
cision on how to handle this finding is necessary. To make this
decision, information is needed on the relation between risks
associated with various interventional strategies and those as-
sociated with leaving the stone. Such information is, however,
lacking today, primarily because the natural course of CBDSs
found during cholecystectomy is largely unknown. To com-
bine the risks associated with a specific strategy, we defined the
composite variable UO as described above. A possible short-
coming with this variable is that it does not distinguish be-
tween the negative outcomes associated with a complication
resulting from a primary interventional strategy itself or a com-
plication caused by any remaining CBDSs. However, any of these
complications could be considered a direct consequence of the
decision to choose a particular strategy for CBDSs, and there-
fore the variable UO gives an estimate of the total risk for nega-
tive outcomes associated with that strategy.

Table 3. Distribution of Treatment Strategies Chosen for CBDSs

Strategy

Patients With CBDSs, No. (%)a

All Sizes <4 mm 4-8 mm >8 mm
1. No intraoperative measures 594 (15.5) 289 (32.0) 222 (11.5) 34 (5.4)

2. Postoperative ERCP 572 (14.9) 76 (8.4) 341 (17.7) 101 (16.2)

3. Laparoscopic choledochotomy 141 (3.7) 12 (1.3) 56 (2.9) 14 (2.2)

4. Open choledochotomy 781 (20.4) 50 (5.5) 359 (18.7) 300 (48.0)

5. Transcystic extraction 512 (13.4) 102 (11.3) 337 (17.5) 43 (6.9)

6. Intraoperative ERCP 889 (23.2) 152 (16.8) 517 (26.9) 128 (20.5)

7. Flushing/manipulation 339 (8.9) 223 (24.7) 91 (4.7) 5 (0.8)

Total 3828 (100.0) 904 (100.0) 1923 (100.0) 625 (100.0)

Abbreviations: CBDSs, common
bile duct stones; ERCP, endoscopic
retrograde
cholangiopancreaticography.
a Percentages have been rounded

and may not total 100.

Table 4. Unfavorable Outcomes for Each CBDS Strategy Chosen
in 3828 Patientsa

Strategy

Unfavorable
Outcome, No./
Total No. (%)
of Patientsb OR (95% CI)c

1. No intraoperative measures 150/594 (25.3) 1 [Reference]

Strategies 2-7 411/3234 (12.7) 0.44 (0.35-0.55)

2. Postoperative ERCP 103/572 (18.0) 0.66 (0.49-0.87)

3. Laparoscopic choledochotomy 8/141 (5.7) 0.18 (0.08-0.37)

4. Open choledochotomy 141/781 (18.1) 0.65 (0.49-0.85)

5. Transcystic extraction 35/512 (6.8) 0.23 (0.15-0.33)

6. Intraoperative ERCP 98/889 (11.0) 0.37 (0.28-0.49)

7. Flushing/manipulation 26/339 (7.6) 0.26 (0.17-0.41)

Total 561/3828 (14.7) NA

Abbreviations: CBDS, common bile duct stone; ERCP, endoscopic retrograde
cholangiopancreaticography; NA, not applicable; OR, odds ratio.
a Includes all patients with CBDSs encountered during cholecystectomy,

irrespective of stone size.
b Defined as incomplete clearance and/or complications within 30 days after

cholecystectomy.
c Multiple logistic regression was used to assess the adjusted association

between specific interventions and outcomes. Adjusted for age, sex, and
American Society of Anesthesiologists classification.
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Choice of strategy is likely to depend on various factors
such as technical equipment available, number of stones found,
personal skills, and local traditions. Because the size of CBDSs
is likely to influence the choice of strategy, we analyzed each
of the 3 size categories separately. For small stones (<4 mm),
the alternatives of no measures or flushing/manipulation were
chosen in more than 50%. Somewhat surprising, the alterna-
tive to leave the stone was associated with UOs in 15.9%, which
was found to be significantly higher compared with the com-
bined alternatives (strategies 2-7) representing any interven-
tion. This finding suggests that the natural course, also for small
CBDSs found during cholecystectomy, might not be as un-
eventful as earlier suggested.11-13 One possible explanation for
these discrepancies might be our longer follow-up time com-
pared with previous reports, ranging from 30 days to 4 years.

Within specific stone size categories, the choice of tech-
nique depends on variables such as available competence,
equipment, time of the day, etc. Such variables are difficult to
control for in a register study; therefore, comparisons on out-
come between individual interventional techniques must be
considered more uncertain than comparisons between any in-
tervention (strategies 2-7) and no intervention (strategy 1). Nev-

ertheless, for stones of less than 4 mm, postoperative ERCP was
associated with a high rate of UOs (23.7%), which is compa-
rable to those reported earlier.14,15

Strategies 5, 6, and 7 were the alternatives associated with
the lowest risk for UOs with small CBDSs. One might specu-
late that manipulation of the CBDS into the duodenum was
more likely be chosen for the smallest stones within the cat-
egory (<4 mm), which in turn might have contributed to the
benign outcome. Also, because only 1 strategy can be regis-
tered in GallRiks, any unsuccessful attempt to clear the bile
ducts with the use of this or any other strategy was never re-
corded. Thus, if a change of strategy occurred during the sur-
gical procedure, the replacement strategy is reported and the
failure of the abandoned strategy is never documented. Lapa-
roscopic transcystic exploration was also associated with a par-
ticularly low risk for UOs (4.9%). This finding confirms sug-
gestions of earlier reports that this approach is a safe and
effective alternative.14

For stones of 4 to 8 mm, more invasive measures were
taken. The risk for UOs for strategy 1 was significantly higher
compared with all other strategies (P < .001). For specific tech-
niques, the difference in favor of intraoperative compared with

Table 5. Unfavorable Outcomes for Each Strategy Chosen According to Size of CBDSs

Strategy
Unfavorable Outcome, No./

Total No. (%) of Patientsa OR (95% CI)b

CBDSs <4 mm (n = 904)

1. No intraoperative measures 46/289 (15.9) 1 [Reference]

Strategies 2-7 55/615 (8.9) 0.52 (0.34-0.79)

2. Postoperative ERCP 18/76 (23.7) 1.73 (0.93-3.22)

3. Laparoscopic choledochotomy 1/12 (8.3) 0.48 (0.06-3.86)

4. Open choledochotomy 9/50 (18.0) 1.10 (0.49-2.46)

5. Transcystic extraction 5/102 (4.9) 0.29 (0.11-0.75)

6. Intraoperative ERCP 13/152 (8.6) 0.50 (0.26-0.95)

7. Flushing/manipulation 9/223 (4.0) 0.22 (0.11-0.47)

Total 101/904 (11.2) NA

CBDSs 4-8 mm (n = 1923)

1. No intraoperative measures 82/222 (36.9) 1 [Reference]

Strategies 2-7 213/1701 (12.5) 0.24 (0.17-0.32)

2. Postoperative ERCP 62/341 (18.2) 0.37 (0.25-0.55)

3. Laparoscopic choledochotomy 5/56 (8.9) 0.17 (0.06-0.44)

4. Open choledochotomy 58/359 (16.2) 0.30 (0.20-0.45)

5. Transcystic extraction 24/337 (7.1) 0.13 (0.08-0.22)

6. Intraoperative ERCP 52/517 (10.1) 0.19 (0.13-0.29)

7. Flushing/manipulation 12/91 (13.2) 0.28 (0.14-0.56)

Total 295/1923 (15.3) NA

CBDSs >8 mm (n = 625)

1. No intraoperative measures 9/34 (26.5) 1 [Reference]

Strategies 2-7c 108/591 (18.3) 0.68 (0.30-1.55)

2. Postoperative ERCP 19/101 (18.8) NP

3. Laparoscopic choledochotomy 2/14 (14.3) NP

4. Open choledochotomy 61/300 (20.3) NP

5. Transcystic extraction 4/43 (9.3) NP

6. Intraoperative ERCP 21/128 (16.4) NP

7. Flushing/manipulation 1/5 (20.0) NP

Total 117/625 (18.7) NA

Abbreviations: CBDSs, common
bile duct stones; ERCP, endoscopic
retrograde
cholangiopancreaticography;
NA, not applicable; NP, not
performed;
OR, odds ratio.
a Defined as incomplete clearance

and/or complications within 30 days
after cholecystectomy.

b Multiple logistic regression was
used to assess the adjusted
association between specific
interventions and outcome.
Adjusted for age, sex, and American
Society of Anesthesiologists
classification.

c Owing to the relatively low number
of patients within each category of
intervention, no multivariate
analysis comparing individual
strategies was performed.
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postoperative ERCP remained, and transcystic extraction was
associated with a particularly low risk for UOs with stones of
4 to 8 mm. In addition, laparoscopic choledochotomy re-
sulted in low rates of UOs for small and medium CBDSs (8.3%
and 8.9%, respectively).

Only 625 patients had CBDSs greater than 8 mm in our ma-
terial, making comparisons between different strategies more
uncertain. Invasive measures were taken even more fre-
quently, and open choledochotomy was chosen in almost half
of all procedures. The rate of UOs for these procedures was
20.3%, which is similar to the rate of UOs after the same pro-
cedure in small and medium CBDSs (18.0% and 16.2%, respec-
tively), suggesting that this risk is associated with the proce-
dure itself rather than the size of the stones. Although chosen
in a relatively small number of procedures, transcystic extrac-
tion of CBDSs was again associated with a low risk for UO. Strat-
egy 1 had a 26.5% risk for UOs, but in multivariate analysis we
were not able to confirm any significant difference compared
with strategies 2 to 7, most likely owing to the small number
of patients who followed strategy 1.

Our study has a number of limitations, including lack of
information regarding the severity of complications that makes
the group of patients with OUs heterogeneous. The number
of CBDSs found on intraoperative cholangiography, which
might influence strategy chosen and outcome, was not re-
corded. The inability to register more than 1 technique for clear-
ance of bile ducts might also make direct comparisons be-
tween various strategies more uncertain. Any treatment for
CBDSs before cholecystectomy or any data about patients with
missed stones were not included in the analysis; therefore, the
results and conclusions are limited to situations in which CBDSs

are found during cholecystectomy. The major strengths of the
study include the large population-based material and the high
rate of inclusion of patients undergoing cholecystectomy in
Sweden during the study period.

In the present study, we focused particularly on interven-
tional strategy 1 (no measures) because this represents the natu-
ral course of CBDSs found during cholecystectomy. When the
size of the CBDS was not considered, this strategy was asso-
ciated with UOs in 25.3% of patients, which was a signifi-
cantly higher risk compared with the alternative of clearing the
bile ducts, irrespective of the technique used. The opinion
seems to be relatively widespread that, for small CBDSs, the
risk associated with taking no measures is low.11-13 This view
might also be supported by the fact that the alternative to leav-
ing the stones was chosen in almost one-third of patients with
CBDSs smaller than 4 mm. The major finding of this study is
that, for small stones (<4 mm), the risk for a negative out-
come is 15.9%, which in turn is statistically significantly higher
compared with the risk after use of an intervention aimed to
clear the bile ducts (P < .001). This risk did not seem to be re-
lated to the occurrence of previous or ongoing symptoms.

Conclusions
High rates of unfavorable outcomes are associated with taking
no measures when CBDSs are found during cholecystectomy.
The natural course of CBDSs might not be as favorable as ear-
lier implied. Together our observations suggest that, irrespec-
tive of symptoms, efforts to clear the bile ducts should be made
when small CBDSs are found during cholecystectomy.
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Invited Commentary

Clearing Common Bile Duct Stones
One Size Does Not Fit All
Paul Montero, MD; Richard D. Schulick, MD, MBA

Möller et al1 report on common bile duct stone (CBDS) inci-
dence, management, and outcomes in a large retrospective
cohort analysis. They find a higher rate of unfavorable out-

comes when stones are en-
countered and no measures
are taken to address them.

Limitations, including the heterogenous metric of unfavor-
able outcome and the inability to compare or register more than
1 intervention technique, are acknowledged. Ultimately, their
findings have very limited effect on the debatable topic of CBDS
management. Variables persist in this patient population, in-
cluding patient selection and preoperative suspicion; routine
vs selective cholangiography; preoperative, intraoperative, and
postoperative endoscopic retrograde cholangiopancreat-
ography (ERCP); and intraoperative open and laparoscopic
management. New diagnostic measures, including magnetic
resonance cholangiopancreatography and endoscopic ultra-
sonography, are more frequently used2 but add cost and ex-
tra procedures to the overall management. Routine intraop-
erative cholangiography is championed by many3 but may
result in nontherapeutic interventions in as many as one-

third of cases.4 In a compelling study by Collins et al,4 an in-
traoperative cholangiographic catheter was left in place when
stones were found, and repeated cholangiograms at 48 hours
and 6 weeks demonstrated normal findings in more than half
of the patients, suggesting false-positive intraoperative chol-
angiographic findings or natural passage of the stones. Iatro-
genic complications, availability, and experience related to
laparoscopic bile duct exploration and ERCP remain areas of
concern in this management schema. Given these variables,
most surgeons in our academic practice perform selective chol-
angiography when evidence suggestive of CBDS is low, at-
tempt CBDS flushing and/or manipulation, and obtain post-
operative ERCP when clinically significant stones persist.
Anecdotally, these procedures have resulted in a low rate of
complications, avoided the technical and logistic demands of
laparoscopic bile duct exploration, and minimized the inci-
dence of open incisions. The availability of pertinent equip-
ment, specialists, and technical ability varies among institu-
tions, and therefore management algorithms must be
individualized until these variables are more uniform among
all surgeons’ practices.
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