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The hypothesis has been tested that postcholecystectomy common duct stones of the brown subtype are
a consequence of three factors: bile infection, old age and previous sphincterotomy. It was found that:
(i) 27 of 39 consecutive patients with recurrent common duct stones had brown stones. Nineteen of these
27 patients (70.3%) had previous sphincterotomy or sphincteroplasty: (ii) six of 15 patients with stone
and bile analysis both at the time of cholecystectomy and at the second operation and who had sterile
operative bile and non brown stones at the first operation, formed brown stones after T-tube drainage
and after the onset of bile infection; (iii) patients with both intra and postoperative negative bile culture
(n 39 out of 137) had a lower mean age (50.5 years) and less frequently had a sphincterotomy than did
individuals with a negative culture at operation, who subsequently had bile infection (n 37; mean age
58.5 years; sphincterotomy in 88.8% of cases).

In addition, in a follow up study of 105 patients with sphincterotomy and with sphincteroplasty
(including ERCP or i.v. cholangiography in all cases), mean follow-up interval 6.1 years, 11.3 % of
patients had brown recurrent common duct stones.

It is suggested that, since brown recurrent common duct stones are secondary to bile stasis and
infection and the duodenum is going to be colonized by bacteria with increasing age, sphincterotomy
(and subsequent stricture), facilitating bile contamination and bacterial overgrowth, could be one of the
major determinants of brown recurrent common duct stones (RCS) formation. In particular, more than
11% of the patients with a sphincterotomy are going to form in the future RCS of the brown subtype.
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Sphincterotomy is a common surgical and endoscopic procedure with an increased
range of indications 1-5, both in the treatment of papillary stenosis and of common
duct stones. However, even if sphincterotomy and sphincteroplasty are widespread
procedures, with a low perioperative mortality and morbidity, very little is known
on their possible long term side effects 1-6.

In particular, the incidence of recurrent duct stones after damage of the
sphincteric mechanism has never been evaluated carefully.
We have recently documented that7:

1) Recurrent common duct stones of the brown subtype are usually associated with
infection by E. coli; 2) Bile infection is not secondary to the presence of brown
stones, but precedes brown stones formation; 3) Bile infection by E. coli is,
together with bile stasis, the main factor in the pathogenesis of brown stones.
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The aim of the present study has been to evaluate the possible role of sphinctero-
tomy and sphincteroplasty (and of biliary enteric anastomosis) in the pathogenesis
of recurrent common duct brown stones.
The following features were specifically evaluated:

(i) the prevalence of brown stones among recurrent common duct stones;
(ii) the prevalence of sphincterotomy in patients with brown recurrent common
duct stones;
(iii) the incidence of brown recurrent common duct stones in a follow-up study of
patients with surgical sphincterotomy and sphincteroplasty;
(iv) the incidence of sphincterotomy and/or bile infection in patients with non
brown postcholecystectomy stones.
(v) the incidence of postoperative positive bile culture in patients with sphinctero-
tomy and previous negative bile culture. The latter study was specifically performed
to assess the importance of the loss of the sphincteric mechanism in the pathogene-
sis of bactibilia in patients with a non sterile duodenum (i.e. the great majority of
old patients);
(vi) in particular, the following hypothesis has been tested, namely that recurrent
common duct stones of the brown subtype, which are the most frequent, are a
consequence of three factors: bile infection, age and previous sphincterotomy.

MATERIAL AND METHODS

Patient Groups
In order to test the hypothesis presented in the introduction, four different groups
of individuals belonging to different patient populations have been evaluated.

1. 51 patients with postcholecystectomy stones (found in a surgical series of 1000
consecutive patients who underwent surgery for biliary tract diseases in our
institution from 1980 to 1988 and who had systematic stone and bile analysis in
every case). Thirty-nine of these 51 patients were considered as having true
recurrent common duct stones (i.e. entirely formed in the common duct after
cholecystectomy713.
These patients were selected in order to: a) evaluate the prevalence of stones of

the brown subtype among postcholecystectomy stones; b) document the frequency
of association between brown recurrent common duct stones and sphincterotomy
or sphincteroplasty.
2. 15 patients belonging to the group of 51 postcholecystectomy stone subjects,
who had stone and bile analysis not only at the second operation (i.e. when they had
postcholecystectomy stones), but also at cholecystectomy time (i.e. they were
included twice in the prospective study, at cholecystectomy and at the second
operation).

This special group of patients (the largest in the literature) was specifically
analyzed in order to demonstrate: a) that brown stones can form in postcholecys-
tectomy patients with previous non brown stones; b) the relative importance of bile
contamination in their formation.
3. 131 patients, also belonging to the same group of 1000 patients, who had T-tube
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drainage and monitoring of operative and postoperative bile bacteriology through
the T-tube. This group of patients (some with and some without associated
sphincterotomy) was analyzed in order to evaluate the relative importance of the
T-tube, age and sphincterotomy in the postoperative contamination of previously
sterile bile.
4. 287 patients, who underwent sphincterotomy and sphincteroplasty from 1960 to
1984 (therefore only partly belonging to the previous group of 1000 patients) and
who were followed-up in the same period.

This study was undertaken to document the incidence of postsphincterotomy
stones and in particular the incidence of brown stones at various intervals post
sphincterotomy. All patients with proven recurrent stones in this group underwent
surgery for stone removal.

METHODS

In all of the 1000 consecutive patients, clinical and laboratory findings, gallbladder
histology, bile culture and bile pH were related to the analysis of stone composition
by X-ray diffractometry and infrared spectroscopy. A detailed description of
techniques has already been reported7-13

In particular, bile samples for bile culture were always obtained at operation and,
in patients with a T-tube (n 131), every two days in the postoperative period.
Bile culture was considered positive when a concentration greater than 106-Colony
Forming Units (CFU)/ml. was found. Details of these methods have been reported
elsewhere7-13.
Data concerning stone composition and bile analysis in the entire group of 1000

patients have been reported elsewhere5.
Sphincterotomy was usually performed by a 8-12 mm incision of the sphincter of

Oddi, even if sometimes a longer incision was necessary to remove stones of greater
diameter. With the help of a transpapillary probe, introduced through the common
duct, a small duodenotomy was performed (about 10 mm in length). The papilla
was exposed and incised towards the right of the midline in a 45 angle between
cephalad and strictly lateral. Primary suture of the common duct (because of the
high incidence of clinical cholangitis or bile infection at operation) was performed
in less than 10% of patients with choledochotomy. A T-tube was usually inserted
and removed 10-12 days postoperatively, after performing control cholangiogra-
phy.

Sphincteroplasty was performed as a routine procedure by another surgical team
in 133 cases from 1960 to 1984. In addition to the incision of the sphincter of Oddi,
according to the above mentioned indications, it also included the insertion of 2-3
absorbable fine sutures, approximating the choledochal and duodenal mucosa,
mainly on the lateral side after identification of the pancreatic duct.
Among the 287 patients with sphincterotomy or sphincteroplasty from 1960 to

1984 who were followed-up, a complete study including radiological review, was
performed in 61 (out 154) patients with sphincterotomy (24 males, 37 females,
mean age 64.9) and 44 (out of 133) with sphincteroplasty (15 males, 29 females,
mean age 65.5). All of these patients (n 105), who had routine cholangiogra-
phy at cholecystectomy, underwent i.v. cholangiography and/or endoscopic retro-
grade cholangio pancreatography (ERCP) at various intervals postoperation. In
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particular, 47 patients had i.v. cholangiography, 19 had ERCP and 39 both
procedures. The mean follow-up interval was 6.7 +2.5 years in patients with
sphincterotomy and 5.4 + 3 years in patients with sphincteroplasty.

Statistical analysis comparison between means were made using Student’s t-
test and between proportions using X square analysis.

RESULTS

1. Patients with Postcholecystectomy Stones (n 51)
Age, sex, bile culture and type of stones in this group are shown in Table 1.
Twenty-seven patients (11 males, 16 females, mean age 69.5) had typical recurrent
brown stones. They were single in 10 cases and multiple in 17 cases. Brown stones
were soft in consistence, easily crushed with fingers. In cross section they usually
showed alternate light and tan layers, but in some cases they were true aggregates
of brown mud, with no typical structure. Brown stones contained non absorbable
suture material in 5 cases and phytobezoars in other 5 cases. Recurrent brown
stones always had the same structure and composition both in the centre and in the
periphery, never presenting a central nucleus different from the rim. Bile culture
was always positive. In particular, E. coli was always found in a concentration
greater than 106 CFU/ml., alone or in association with other bacteria (Proteus,
Pseudomonas, Klebsiella, Enterococcus) in all of the patients with brown stones.

Tablel Data in patients with postcholecystectomy stones (n 51 of 1000 consecutive surgical patients.

N Age M F Bile culture +

Recurrent brown stones 27 69.5 11 16 27

suture material 5 50.2 4 3

Recurrent
non brown stones

long cystic remnant 7 65.5 2 5 3

Retained stones 12 52.2 7 5 6

Total 51 63.5 21 30 39

Twelve patients (7 males, 5 females, mean age 52.2) had retained stones. They
were similar to stones removed at cholecystectomy in 4 cases, while they had a
central nidus similar to gallbladder stones and a laminate brown periphery (in 6
cases), or were associated with entirely brown stones. Bile culture was positive in 6
cases (50%).

Twelve patients had non brown postcholecystectomy stones which could be
considered as formed entirely postcholecystectomy. Six of these patients had
cholesterol stones associated with a long cystic remnant. Therefore they could have
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formed postcholecystectomy, but not primarily in the common duct. They were not
considered retained, because in 5 cases patients had a postoperative asymptomatic
interval before stone recurrence greater than 10 years and in the last case (see
following paragraph) we could document the postcholecystectomy formation of the
cholesterol stone. On the contrary, 5 patients with no cystic remnant had non brown
stones, containing non absorbable suture material. (Stones primarily formed in the
common duct). The last patient had a long cystic remnant in association with stones
containing suture material.
The surgical procedures that were associated with cholecystectomy at the first

operation are reported in Table 2 (brown recurrent common duct stones) and Table
3 (non brown recurrent common duct stones and RTS). Only 14 of the 27 patients
with brown recurrent common duct stones had had the first operation in our
Institution. In these cases surgical sphincterotomy was performed according to
previously reported criteria. In particular, (Table 2) 70.3% of patients with
recurrent common duct stones had a previous operation on the papilla of Vater. On
the contrary, only one of the 24 patients with non brown recurrent common duct
stones or RTS (4.2%) had a previous sphincterotomy (p <0.001).

In addition, by comparing Table 2 and 3, it is evident that bile infection was less
frequent in the second group (44-60% versus 100% of the group with brown
recurrent common duct stones). Mean age was also lower in the group with non
brown stones. In particular, age difference between the group with brown recurrent
common duct stones and the small subgroup of patients with non brown recurrent
common duct stones containing suture material (69.5 versus 50.2) or the subgroup
with retained stones (69.5 versus 52.2) resulted as highly significant (p<0.001).

Recurrent brown stones formed early enough after operation in half of the
patients. In particular, in 13 of 27 patients (48%), stones reformed within 4 years.
In 4 patients, stones reformed between 4 and 6 years and in 3 patients between 6
and 12 years. In 7 of 27 patients (26%) stones were removed after 12 years (12-27
years).

2. Patients with Stone and Bile Analysis both at Cholecystectomy and at the
Second Operation (n 15)
Nine of the 15 patients who had stone and bile analysis both at cholecystectomy and
at the second operation had brown recurrent common duct stones. None of them
had common duct brown stones at the cholecystectomy time. Eight had sphinctero-
tomy, while one had choledochotomy plus T tube drainage. Bile culture was
already positive at the first operation in 3 patients. In the other 6 patients bile
culture was negative at the cholecystectomy time and became positive for E. coli
(> CFU/ml.) 8-14 days postoperatively (as detected by T-tube bile cultures).
Typical brown stones, with no nucleus different from the periphery were found at
reoperation. Bile culture was still positive for E. coli. Stones at the cholecystectomy
time had been cholesterol in 5 cases and black pigment in the last case.
The remaining 6 of the 15 patients had non brown stones at the reoperation. All

of these patients had cholesterol or mixed stones at the first operation. Stones were
retained in 3 cases, (bile culture positive in 2 cases, one having concomitantly
cholesterol and brown stones), non brown recurrent common duct stones contain-
ing suture material in 2 cases (bile culture positive in one case), non brown
recurrent common duct stones associated with a long cystic remnant in the last case.
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Table 2 Previous operation associated with cholecystectomy in patients with recurrent common duct
brown stones (n 27; mean age 69.5; positive culture 100%).

N %

Sphincterotomy or Sphincteroplasty

Choledochoduodenostomy

19 70.3

3 11.1

Hepaticojejunostomy 3.7

Choledochotomy 4 14.8

Total 27 100

Table 3 Previous operations associated with cholecystectomy in patients with non brown recurrent
stones containing suture material (SM) (mean age 50.2, positive culture 60%) or associated with long
cystic remnant (CR) (mean age 62.5, positive culture 44%) and in patients with retained stones (RTS)
(mean age 52.2, positive culture 50%).

SM CR RTS Total

N %0 N % N
SPHT or SPHP 8.3

Choledochoduodenotomy

Hepaticojejunostomy

Choledochotomy 2 40 2 28.6 3 25 7

No common duct procedure 3 60 5 71.4 8 66.6 16

Total 5 100 7 100 12 100 24

SPHT Sphincterotomy; SPHP Sphincteroplasty

In particular, in a 40-year-old female, a large cholesterol stone containing non
absorbable suture material was found. This patient had a choledochotomy and
T-tube drainage (but not sphincterotomy) 4 years before. At the second operation,
the duct was greatly dilated, indicating biliary stasis, but the cultures of operative
and postoperative bile, obtained in both operations, were always negative.

In another case, a 36-year-old female, the cystic duct was running along the
medial aspect of the common duct down to the ampulla of Vater and was left long
at cholecystectomy. Four years later, a single large cholesterol stone with a
composition similar to that of stones removed at cholecystectomy was found. This
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patient had simple cholecystectomy at the first operation. Operative cholangiogra-
phy showed no stone in the common duct or in the cystic stump at the cholecystec-
tomy time. Bile culture, obtained at both operations, was always negative.

3. Patients with Monitoring of Operative and Postoperative Bile Bacteriology
Through the T-tube (n 131)
Table 4 shows that patients with both intra and postoperative bile culture had a
lower mean age (50.5 years, range 29-65) and less frequently a sphincterotomy
(28.5%), than did individuals with a negative culture at operation, who subse-
quently had bile infection (mean age 58.5 years, range 41-71; sphincterotomy
associated in 88.8% of cases). Age difference between these two groups was
statistically significant (p<0.01) as well as difference between the mean age of
patients with both intra and postoperative negative culture and those with both
intra and postoperative positive culture (p<0.001). Environmental bacteria were
cultured in only 5 cases with a prolonged T-tube presence.

Therefore age, in association with sphincterotomy, was an important determi-
nant of postoperative bacterial overgrowth in patients with previously negative
cultures.

Table 4 Monitoring of bile culture in patients with common duct stones and T-tube drainage (n =131).

Bile culture
N Mean age Intraoperative Postoperative

39 50.5
55 66* + +
37 58.5 + #
2 68 +

Associated sphincterotomy in 11 cases
Associated sphincterotomy in 31 cases

: ’Environmental’ bacteria (through the T-tube) in 5 cases
*: p<0.001; : p <0.01

4. Follow up Study of Patients with Previous Sphincterotomy or Sphincteroplasty
(n 105 of 287).

Table 5 shows the data in the patients with postcholecystectomy stones that were
found during the follow up study of the 105 patients (out of 287), who had
radiological review. Thirteen patients with postcholecystectomy stones were
detected. All underwent surgery and all had typical brown recurrent common duct
stones. The mean time lapse after cholecystectomy was similar for both sphinctero-
tomy and sphincteroplasty and was less than 4 years. The overall incidence (11.3%,
i.e. 7 of 61 patients with sphincterotomy and 5 of 44 with sphincteroplasty) was also
similar. In particular, no patient with non brown stones was found in this series.
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Table 5 Patients with recurrent stones after sphincterotomy and sphincteroplasty (n 105 out of 287).

N Age M F /o "t" Morphology stones composition

SPHP 5 64 4 11.1 3.8 Brown pg. CBR, CPL, CHL

SPHT 7 68.8 6 11.3 3.4 Brown pg. CBR, CPL, CHL

SPHT Sphincterotomy; SPHP Sphincteroplasty. ’t’ mean time laps before recurrence (in years).
CBR Calcium bilirubinate; CPL Calcium palmitate. CHL cholesterol, pg Pigment; p:n.s.

DISCUSSION

Sphincterotomy and sphincteroplasty are undoubtedly safe and effective surgical
procedures1-5. In the 287 patients who were followed up, we observed no operative
mortality and a very low perioperative morbidity (pancreatitis in 3 cases).
However, from present data we strongly suggest that:

(i) 84.3% of true recurrent common duct stones (i.e. brown recurrent plus non
brown containing suture material) were brown pigment (27 of 32) (Table 1) and
patients with brown recurrent common duct stones had a previous sphincterotomy
in 70.3% of cases, and a biliary enteric anastomosis in 14% of cases (Table 2).
(ii) Postcholecystectomy stones in patients with cholesterol stones at the first
operation were brown in patients with previous sphincterotomy and non brown if
sphincterotomy was not performed (p< 0.001) (Tables 2 and 3).
(iii) The incidence of brown recurrent common duct stones in a follow-up study of
patients with sphincterotomy or sphincteroplasty was 11% and no difference was
observed in the incidence of recurrent common duct stones between the two
procedures (Table 5).
(iv) Brown recurrent common duct stones may become symptomatic even after
12-27 years. Therefore, even if the mean time lapse for stone recurrence is usually
shorter (3.5 years for sphincteroplasty and for sphincterotomy), it is evident that a
longer follow-up period will detect an increasing number of patients with brown
recurrent common duct stones.

After establishing that sphincterotomy and sphincteroplasty are associated with a
recurrence rate higher than 11%, two questions require further comment:
1) What are the possible mechanisms that make sphincterotomy and sphincterop-
lasty able to produce brown stones? 2) Why do brown recurrent common duct
stones form in some of the patients and do not in the others?
A definitive answer to these questions is not possible at the moment. Since bile

infection is the crucial factor in the pathogenesis of brown recurrent common duct
stones7-1, probably the persistent alteration of the sphincteric mechanism, that acts
as a protective system between the alimentary canal and bile tract, facilitates the
penetration of Gram negative bacteria. After sphincterotomy, Gram negative
bacteria enter the bile duct through the altered sphincter of Oddi. Data reported in
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Table 4 support this view and are consistent with those reported by Gregg after
endoscopic sphincterotomy14.
However, stricture of a previous sphincterotomy or sphincteroplasty and bile

stasis are probably required for bacterial persistance and proliferation.
Large bacterial concentrations, which could determine the precipitation of the

typical components of brown recurrent common duct stones (calcium bilirubinate,
calcium palmitate and organic matrix)7-13, probably persist in the postoperative
period only if a stricture is present.
Data in patients with biliary enteric anastomosis or with spontaneous enteric

fistulas, showing that 80% of these patients have brown stones in the common duct
and/or in the gallbladder (alone or in association with mixed stones), further
support the view that the loss of the sphincteric function facilitates both bacterial
overgrowth in the bile and brown stone formation15. Therefore the variable degree
of sphincteric damage and the variable incidence of postoperative "stricture" (very
difficult to define from a pathophysiologic point of view!) could explain, at least
partly, why postoperative bactibilia does not lead to the recurrence of brown stones
in every case.
Age of patients is also of importance. Table 4 shows that age, in association with

sphincterotomy, is an important determinant of postoperative bactibilia in patients
with previous negative culture.

In fact, it is well known that the duodenum is usually sterile in young healthy
patients1. However, with the passing of time, immunological deficiency and motor
disorders of the alimentary tract are known to increase. In particular, bile culture
performed in 1000 consecutive patients, as well as studies on the bacteriology of the
duodenum and common duct bile in the same patients, confirm that bacterial
colonization of the common duct is also an age dependent phenomenon9’1’5’6.

Therefore, in young patients bactibilia is unlikely to occur after sphincterotomy
(and therefore brown stones are unlikely to form).
However, when patients with a persistent damage of the sphincteric mechanism

acquire with age those conditions that determine bacterial overgrowth in the
duodenum, then bile infection is likely to occur and brown recurrent common duct
stones can also form. In conclusion, the message is: "Avoid unnecessary sphincter-
otomy".

Endoscopic sphincterotomy has its own specific indications: acute suppurative
cholangitis, stones impacted in the papilla, old patients or patients with repeated
bile tract operations, palliation of bile duct tumors, or even in the diagnosis of a
suspected ampulloma, etc.

Surgical sphincterotomy and sphincteroplasty should also be performed only
when strictly required. Even strenuous supporters of sphincteroplasty report 6-
10% of poor results in patients with a 5 year follow-up, controlled by i.v.
cholangiography or ERCP 1-3. The present study shows that at least 11% of patients
with sphincterotomy are going to develop in the future brown recurrent common
duct stones. Similar findings have also been suggested by others17, even if this close
relationship between sphincterotomy and recurrent common duct stones of the
brown subtype has never been stressed specifically.
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