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Abstract: The recurrence rate of choledocholithiasis in the general population has been reported to ex-
ceed 10%. The incidence of cholelithiasis was reported to be higher in patients following gastrectomy
than that in the general population. However, there is no study for recurrent choledocholithiasis
incidence in patients following gastrectomy. This study aimed to evaluate the recurrence rate of
choledocholithiasis and identify risk factors for recurrent choledocholithiasis in patients following
gastrectomy. A retrospective analysis was performed on patients with gastrectomy history who
underwent choledocholithiasis removal in Kyungpook National University Hospital between January
2011 and December 2019. Choledocholithiases were treated by endoscopic retrograde cholangiopan-
creatography (ERCP) (n = 41) or percutaneous transhepatic biliary drainage (PTBD) (n = 90). The
gastrectomy type was classified as subtotal gastrectomy with Billroth I (18.3%), Billroth II (45.0%), and
total gastrectomy with Roux-en-Y (36.6%). During a median follow-up period of 31.5 (range, 6–105)
months, choledocholithiasis recurrence was noted in 19 of 131 patients (14.5%). In subgroup analysis,
the ERCP group (24.4%) had higher choledocholithiasis recurrence than the PTBD group (10.0%).
Stone removal modality (ERCP), no use of balloon sphincteroplasty, and the presence of periampullary
diverticulum were significant risk factors for recurrent choledocholithiasis. In multivariate analysis,
ERCP (hazard ratio (HR), 3.597; 95% confidence interval (CI): 1.264–10.204) CBD stricture (HR, 3.823;
95% CI: 1.118–13.080) and no use of balloon sphincteroplasty (HR, 4.830; 95% CI: 1.669–13.889) were
risk factors for recurrent choledocholithiasis following stone removal. The incidence of CBD stones
in patients who underwent gastrectomy is similar to that of the general population. ERCP, CBD
stricture, and no use of balloon sphincteroplasty are potential risk factors for recurrent CBD stones
following gastrectomy. When we consider PTBD disadvantages, the ERCP procedure with active use
of balloon sphincteroplasty is recommended to decrease recurrent CBD stones.

Keywords: gastrectomy; choledocholithiasis; endoscopic retrograde cholangiopancreatography;
percutaneous transhepatic biliary drainage; recurrence

1. Introduction

The incidence of choledocholithiasis is approximately 10–15% in the general popula-
tion [1]. Choledocholithiasis exhibits a wide range of clinical manifestations, with most
cases being symptomatic. Right upper quadrant pain, nausea, vomiting, fever, and jaundice
are the common symptoms. If cholangitis due to common bile duct (CBD) stones is not
properly treated with antibiotics and timely intervention, including endoscopic retrograde
cholangiopancreatography (ERCP) or percutaneous transhepatic biliary drainage (PTBD),
it can lead to sepsis and, in serious cases, even death [2,3].

Several recent studies have reported that gallbladder (GB) stone incidence increased
following gastrectomy [4]. Researchers have hypothesized that gastric hypomotility, which
occurs following surgery, disrupts bile flow in the GB, thereby leading to bile stasis [5].
In the same context, one study has suggested that concomitant cholecystectomy could be
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beneficial in preventing cholecystitis, a condition that is highly likely to develop following
gastrectomy [5–7]. However, CBD stone formation after gastrectomy is not well established.

Furthermore, the altered anatomy resulting from gastrectomy may pose challenges
for the ERCP procedure, particularly in cases of total gastrectomy. A short-type balloon
enteroscope is currently available for ERCP in the Roux-en-Y reconstruction anatomy.
However, the long Roux and pancreatobiliary surgical limbs are still hurdles for advancing
the scope into the target site with minimal bowel loop formations [8]. The difficulty of
the procedure due to structural changes can ultimately lead to incomplete bile duct stone
removal, subsequently resulting in a high recurrence rate.

However, to date, no other study has validated the occurrence of CBD stone recurrence
following gastrectomy. Therefore, we analyzed the CBD stone recurrence rates in patients
with gastrectomy history. Additionally, we compared the recurrence rates on the basis
of treatment modalities (ERCP or PTBD) and identified risk factors contributing to an
increased CBD stone recurrence rate in patients with a history of gastrectomy.

2. Materials and Methods
2.1. Patients

A retrospective analysis was performed on patients who underwent CBD stone re-
moval via ERCP or PTBD between January 2011 and December 2019 for choledocholithiasis
following gastrectomy.

The following were the inclusion criteria: (1) eligible patients underwent first-time
CBD stone removal via ERCP or PTBD and (2) a history of gastrectomy before CBD
stone removal. The following were the exclusion criteria: (1) with a history of prior
CBD stone removal via ERCP or PTBD; (2) a history of gastrectomy following CBD stone
removal; (3) no definite presence of CBD stone or sludge (e.g., suspicious sphincter of
Oddi dyskinesia and passed CBD stone); (4) follow-up duration < 1 year following CBD
stone removal; (5) PTBD not removed; and (6) biliary malignancy directly influencing
the CBD stone (e.g., GB, bile duct, ampulla of Vater, and pancreatic cancers); (7) history
or case of surgical CBD stone removal (e.g., exploration of the CBD). The study design
was reviewed and approved by the Institutional Review Board of Kyungpook National
University Hospital, Republic of Korea (approval no. 2023-02-015-001). The study protocol
conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior
approval by the institution’s Human Research Committee.

2.2. ERCP Method

Two experienced gastrointestinal endoscopists (Professors J.M.K. and H.J.) performed
the ERCP procedures in this study period. A duodenoscope (TJF 260V or JF 260V, Olympus,
Tokyo, Japan) was used with fluoroscopic guidance in the ERCP rooms. Two or three nurses
assisted with the procedures. The endoscopists used papillotomes using the guidewire
technique in almost all ERCP procedures. Balloon sphincteroplasty is a procedure that uses
a balloon catheter for relieving blockages or strictures in the sphincter of Oddi, which can
lead to problems with the flow of bile and pancreatic fluid. The endoscopists performed
the balloon sphincteroplasty procedure and balloon size selection. Following CBD stone
confirmation using fluoroscopy, a basket or retrieval balloon catheter was used as per
endoscopists’ discretion. Furthermore, endoscopic papillary large balloon dilatation or
endoscopic retrograde biliary drainage stent insertion was performed by the endoscopists.
Endoscopic retrograde pancreatic duct drainage with a stent was also performed in cases
with a high possibility of pancreatitis following ERCP. Saline irrigation (40–200 cc) was
sometimes used for the removal of suspicious remnant CBD stones or sludge into the
duodenum with a retrieval balloon catheter.

2.3. PTBD Method

Two experienced interventional radiologists (L.S.Y. and C.J.G) performed PTBD. Un-
der sonographic guidance and fluoroscopic assistance, the puncture was performed using a
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21-gauge Chiba needle (Cook, Bloomington, IN, USA) on the transhepatic approach. Subse-
quently, 0.035-inch guidewires (Terumo, Tokyo, Japan) were typically inserted through the
needle, and an 8.5-French drainage catheter (Cook) was inserted into the intrahepatic duct.
Stone removal was typically performed the day after PTBD insertion. A basket (Cook) was
usually used. Following CBD stone removal, balloon sphincteroplasty was performed as
per the interventional radiologists’ discretion. Moreover, saline irrigation was used for the
removal of suspicious remnant CBD stones into the duodenum.

2.4. Follow-Up

Following CBD stone removal, patients were usually treated for 2–3 days in the
hospital. After discharge, they were followed up in the outpatient department every
4–12 weeks until 1–2 years. If they did not visit the outpatient department after 6 months,
we called them to inquire regarding symptoms or any treatment in other hospitals.

2.5. Definition of CBD Stone Recurrence

A recurrent CBD stone is considered if the CBD stone is visible in abdominal imaging,
including ultrasonography, computed tomography, or identified on cholangiogram during
an ERCP procedure.

2.6. Study Outcomes

The primary outcome was CBD stone recurrence rate. Secondary outcome was identi-
fying factors that influence CBD stone recurrence.

2.7. Statistical Analysis

All statistical analyses were performed using Statistical Package for the Social Sciences
(version 22, IBM, Chicago, IL, USA). Statistical analyses of the results were performed
using the chi-square test. Fisher’s exact test and Student’s t-test were used for categorical
and normally distributed data, respectively. Recurrence was analyzed using the Cox
proportional hazard model test as a survival model. For all analyses, p-values < 0.05 were
considered statistically significant.

3. Results
3.1. Baseline Characteristics

The baseline characteristics of enrolled patients in this study are shown in Table 1.
Of the 373 patients with CBD stones following gastrectomy who underwent treatment
with either ERCP or PTBD, 242 were excluded for not meeting the inclusion criteria,
thereby leaving 131 included in the final analysis (Figure 1). Of the 131 patients, 76.3%
(n = 100) were male participants. The mean age was 72.0 ± 9.4 (standard deviation (SD))
years. The Charlson comorbidity index score was 3.4 ± 1.9 (mean ± SD) points. Of the 131
patients, 91 (68.7%) underwent treatment with PTBD, whereas 41 (31.3%) received treatment
with ERCP. Regarding the gastrectomy type, patients predominantly underwent subtotal
gastrectomy with Billroth II anastomosis (n = 59, 45.0%), followed by total gastrectomy
(n = 48, 36.6%) and subtotal gastrectomy with Billroth l anastomosis (n = 24, 18.3%). The
characteristics of CBD stones could only be identified in patients who underwent ERCP.
Among the identified CBD stone types, the brown pigment stone was observed to be
the most predominant (28 of 31 identified stones, 90.3%). The mean CBD stone size was
9.5 ± 4.4 (SD) mm.

Table 1. Baseline demographic and clinical characteristics of the patients.

Characteristic Patients Who Underwent CBD Stone Removal
Following Gastrectomy (N = 131)

Sex, male, n (%) 100 (76.3)
Age, mean ± SD (years) 72.0 ± 9.4



Diagnostics 2023, 13, 2651 4 of 9

Table 1. Cont.

Characteristic Patients Who Underwent CBD Stone Removal
Following Gastrectomy (N = 131)

Charlson comorbidity index score, mean ± SD, (points) 3.4 ± 1.9
Gastrectomy type, n (%)

Subtotal gastrectomy with Billroth I 24 (18.3)
Subtotal gastrectomy with Billroth II 59 (45.0)
Total gastrectomy with Roux-en-Y 48 (36.6)

Treatment modality for CBD stones
ERCP, n (%) 41 (31.3)
PTBD, n (%) 90 (68.7)

Duration between gastrectomy and CBD stone removal, mean ± SD (days) 183.7 ± 133.3
CBD stone, numbers, mean ± SD 1.7 ± 1.5
CBD stone size, mean ± SD (mm) 9.5 ± 4.4

CBD stone type, n (%)
Brown 28 (21.4)
Black 3 (2.3)

Sludge 1 (0.8)
Unknown 99 (75.6)

Follow-up duration, mean ± SD (months) 31.5 ± 28.5

CBD, common bile duct; SD, standard deviation; ERCP, endoscopic retrograde cholangiopancreatography; PTBD,
percutaneous transhepatic biliary drainage.
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Figure 1. Flow chart of participants through study.

3.2. Recurrence Rate

The subgroup characteristics of the 131 participants divided into the recurrent and
non-recurrent groups are presented in Table 2. No significant differences were noted in age,
sex, history of cholecystectomy, and GB stones/sludge between the two groups. During
a median follow-up period of 31.5 (range, 6–105) months, choledocholithiasis recurrence
was noted in 19 of 131 patients (14.5%). Based on the comparison between the two groups,
stone removal modality (ERCP, p = 0.030), no use of balloon sphincteroplasty (p = 0.004),
and the presence of periampullary diverticulum (p = 0.039) were significant risk factors for
recurrent choledocholithiasis.
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Table 2. Comparison of characteristics between the recurrent and non-recurrent groups.

Recurrent Group (N = 19) Non-Recurrent Group (N = 112) p-Value

Sex, male, n (%) 15 (78.9) 85 (75.9) 0.772
Age (years) 73.0 ± 9.2 71.8 ± 9.5 0.616

ERCP stone removal, n (%) 10 (52.6) 31 (27.7) 0.030
Balloon sphincteroplasty, n (%) 8 (42.1) 84 (75.0) 0.004

Balloons larger than 12 mm, n (%) 4 (21.1) 60 (53.6) 0.009
Cholecystectomy, n (%) 5 (26.3) 28 (25.0) 1.000
GB stone/sludge, n (%) 11 (57.9) 67 (59.8) 0.874

Distal CBD angulation ≤ 135◦, n (%) 14 (73.7) 88 (78.6) 0.765
CBD stricture, n (%) 4 (21.1) 8 (7.1) 0.074

CBD diameter, mean ± SD (mm) 13.5 ± 3.9 11.9 ± 3.6 0.089
Periampullary diverticulum, n (%) 5/11 (45.5) 5/36 (13.9) 0.039

SD, standard deviation; GB, gallbladder; CBD, common bile duct.

The subgroup characteristics of patients based on their treatment modality, with 41 and
90 patients undergoing ERCP and PTBD, respectively, are shown in Table 3. No significant
differences were observed in terms of age, sex, or Charlson comorbidity index scores
between the two groups. In the ERCP group, the patients were nearly evenly distributed to
subtotal gastrectomy with Billroth I and II (48.8% and 51.2%). However, total gastrectomy
patients were only treated by PTBD (53.3%). The CBD stone recurrence rate in patients
treated with ERCP was 24.4%, which was not significantly higher (p = 0.057) than the 10.0%
noted in the PTBD-treated group. The use of Balloon sphincteroplasty was higher in the
PTBD group than in the ERCP group (75.6% vs. 58.5%, p = 0.001). Moreover, patients in the
PTBD group tended to utilize larger balloons for sphincteroplasty than those in the ERCP
group. The proportion of patients using balloons larger than 12 mm was 58.9% in the PTBD
group, which was significantly higher (p = 0.001) than the 26.8% observed in the ERCP
group. The number of procedures needed for CBD stone removal was different between
PTBD and ERCP groups (3.71 ± 1.23 vs. 1.39 ± 0.67 (mean ± SD) times, p < 0.001).

Table 3. Comparison of characteristics of subgroups divided by treatment modality.

ERCP (N = 41) PTBD (N = 90) p-Value

Sex, male, n (%) 31 (75.6) 69 (76.7) 0.895
Age (years) 71.7 ± 9.7 72.1 ± 9.4 0.801

Charlson comorbidity index score, mean ± SD (points) 3.5 ± 2.0 3.3 ± 1.8 0.736
Gastrectomy type, n (%) <0.001

Subtotal gastrectomy with Billroth I 20 (48.8) 4 (4.4)
Subtotal gastrectomy with Billroth II 21 (51.2) 38 (42.2)
Total gastrectomy with Roux-en-Y 48 (53.3)

CBD stone recurrence, n (%) 10 (24.4) 9 (10.0) 0.030
Balloon sphincteroplasty, larger than 12 mm, n (%) 11 (26.8) 53 (58.9) 0.001

Balloon sphincteroplasty, n (%) 24 (58.5) 68 (75.6) 0.048

ERCP, endoscopic retrograde cholangiopancreatography; PTBD, percutaneous transhepatic biliary drainage; SD,
standard deviation.

The results of the multivariate analysis of risk factors and recurrent choledocholithiasis
are shown in Table 4. In multivariate analysis, ERCP (hazard ratio (HR), 3.597; 95%
confidence interval (CI): 1.264–10.204), CBD stricture (HR, 3.823; 95% CI: 1.118–13.080) and
no use of balloon sphincteroplasty (HR, 4.830; 95% CI: 1.669–13.889) were risk factors for
recurrent choledocholithiasis following stone removal.
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Table 4. Multivariable analysis of recurrent choledocholithiasis.

Variable HR 95% CI p-Value

PTBD 0.278 0.078–0.791 0.016
CBD stricture 3.823 1.118–13.080 0.033

Balloon sphincteroplasty 0.207 0.072–0.599 0.004
HR, hazard ratio; CI, confidence interval; PTBD, percutaneous transhepatic biliary drainage; CBD, common bile duct.

4. Discussion

The incidence of gallstones following gastrectomy is 3.6% to 25.0% in Asia. However,
it is nearly impossible to know the exact incidence of gallstones after gastrectomy because
most gallstone patients are asymptomatic [5,9,10]. The incidence of gallstones tends to
increase with time after gastrectomy. The incidence of gallstones was reported as a 5-year
incidence of 13.6% and a 10-year of 22.1% [9]. In the general population, the prevalence of
gallstones increases according to age. In 60-year-olds, the prevalence is reported as 7.3–7.9%
in males and 8.2–11.9% in females in the United States and China [11,12]. Therefore,
patients who underwent gastrectomy should be informed of the higher risk of gallstone
formation. Abdominal imaging of ultrasonography or computed tomography is needed
for gastrectomy patients with alarm symptoms such as right upper quadrant abdominal
pain or dyspepsia.

The hypothesis that gastrectomy leads to a higher GB stone incidence is based on
cholestasis in the GB, which can cause cholesterol formation. An increase in the cholesterol
ratio contributes to cholesterol stone formation in the GB. During gastrectomy, vagal nerve
branch injury or damage can occur. This result may reduce GB contractions. Another
aspect is an alteration in gastrointestinal anatomy. The passage time of food material in
the duodenum may be increased in patients after gastrectomy. This change decreases
cholecystokinin secretion, which influences GB function [4,10]. The types of gastrectomy
can also influence the incidence of gallstone formation. A larger extent of gastrectomy has
a higher risk of damage to surrounding blood vessels, vagal nerves, and other tissues. In
a cohort study of 698 gastrectomy patients, the incidence of gallstones was significantly
higher in total gastrectomy and proximal gastrectomy than in distal gastrectomy (38.5%
and 6.2% vs. 1.0%, p = 0.000) [4]. Among the subtotal gastrectomies, the Billroth II operation
showed a higher incidence of gallstone formation than the Billroth Ioperation. Although the
mechanism was not fully understood, the change in the pattern of cholecystokinin secretion
according to the type of subtotal gastrectomy might have a role in gallstone formation [9].

Based on this theory, it was believed that CBD stones developed in patients with a
gastrectomy history were predominantly cholesterol stones. However, the most common
type was brown pigment stones among the stones that were identified in the ERCP group
in this study. Additionally, our study showed that cholecystectomy did not decrease CBD
stone recurrence. The brown-pigmented CBD stones are primary CBD stones. This finding
could be the main reason that cholecystectomy did not decrease the CBD stone recurrence.
A recent study also concluded that a routine prophylactic cholecystectomy is not recom-
mended after gastrectomy. During median follow-up of 48 months in 1480 patients after
gastrectomy, 106 patients (7.2%) had developed gallstone formation, and only 9 patients
had gallstone-related symptoms. CBD stones occurred in 20 patients (1.4%). Therefore,
prophylactic cholecystectomy is not essential during gastrectomy. Other risk factors such
as age, sex, body mass index, and diabetes also contribute to gallstone formation. These
factors should be considered for the decision of prophylactic cholecystectomy at the time
of gastrectomy [13].

The CBD stone recurrence rate was 14.5%, which is similar to that noted in patients
without gastrectomy history [14]. Risk factors of recurrent CBD stones in normal gastroin-
testinal anatomy patients were evaluated in previous studies [15–17]. The risk factors were
revealed as GB stones, the use of mechanical lithotripsy, dilatation of CBD, periampullary
diverticulum, distal CBD angulation ≤ 135–145◦, and distal CBD stricture. We applied these
risk factors to patients following gastrectomy in this study. We noted that the CBD stone
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recurrence rate was higher in patients with periampullary diverticulum (univariate analy-
sis, p = 0.039) and CBD stricture (multivariable analysis, HR, 3.823; 95%, CI: 1.118–13.080).
Diverticulum may facilitate bacterial colonization and consequently increase the intralumi-
nal pressure in the duodenum as well as affect the function of the sphincter of Oddi, thereby
increasing the risk of CBD stone recurrence [14]. Distal CBD stricture and the consequent
narrowing of the lumen may impair bile flow, hinder access and the subsequent procedure
for ERCP, and cause incomplete stone removal, thereby increasing the recurrence rate [18].

Regarding the procedure types and methods, our findings indicate a higher recurrence
rate when CBD stones were removed using ERCP. The altered anatomy could be attributed
to the difficulty in achieving complete stone removal. A more challenging endoscopic
approach is needed in patients who underwent gastrectomy compared with those without
gastrectomy history. Conversely, CBD stone removal through PTBD was not affected by
changes in the gastroduodenal anatomy in patients who underwent gastrectomy. However,
if the intubation of an endoscope is possible at the level of the ampulla of the duodenum,
the following procedures of stone removal are not much different between ERCP and
PTBD. The common treatments for the removal of CBD stones are using basket (and/or
retrieval balloon catheter in ERCP) or balloon sphincteroplasty (or sphincterotomy in
ERCP) in ERCP and PTBD procedures. Furthermore, we observed that the balloons used in
ERCP-treated patients were smaller (<12 mm diameter) than those used in PTBD-treated
patients (26.8% vs. 57.8%, p = 0.002). This difference in balloon size may have contributed
to impaired bile flow. In the same vein, our study observed a lower recurrence rate when
a 12 mm or larger balloon (21.1% vs. 53.6%, p = 0.009) was used for dilatation, possibly
indicating improved bile flow. Therefore, the difference in effectiveness between ERCP and
PTBD for recurrent CBD stones in this study is mostly affected by the retrieval balloon size
and not the ERCP or PTBD modality itself. However, this finding remains controversial as
it has also been reported that a larger bile duct sphincter opening size may actually increase
reflux and increase the risk of CBD stone recurrence [14,19]. Further prospective studies
with a larger sample size are necessary.

PTBD procedure has some disadvantages, such as higher complication rates (e.g., bleed-
ing, bile peritonitis, etc.), catheter insertion site pain, and risk of dislodgement. Hepatocu-
taneous tract maturation time is also needed for about 2 weeks [20]. Therefore, additional
procedure is necessary in PTBD, although CBD stone was removed. In our study, the
number of procedures for CBD stone removal was higher in PTBD than ERCP group
(3.71 ± 1.23 vs. 1.39 ± 0.67 (mean ± SD) times, p < 0.001). In contrast, ERCP techniques
have been improved with the development of various endoscopy types and accessories
(e.g., pediatric colonoscope or balloon enteroscope for total gastrectomy, cap-assisted upper
gastrointestinal endoscope for subtotal gastrectomy Billroth II) to overcome the hurdles of
altered anatomy in patients who underwent gastrectomy [8,21]. These advancements can
reduce the difference in choledocholithiasis recurrence rate between ERCP and PTBD.

This study had some limitations. First, this study had a retrospective design; provided
that patients who receive treatment for CBD stones do not undergo follow-up imaging,
including computed tomography, unless their symptoms recur, it is possible that the recur-
rence rate was underestimated, considering that asymptomatic patients with recurrence
would have been missed. Second, the sample size was small, and the complete follow-
up period varied widely among patients. Third, the characteristics of CBD stones were
mostly unknown because the CBD stones removed through PTBD could not be accessed
in this study. To determine a more accurate recurrence rate and identify risk factors [20],
prospective studies with larger sample sizes and regular follow-up imaging are warranted.

5. Conclusions

The incidence of CBD stones in patients who underwent gastrectomy is similar to that
of the general population. ERCP, CBD stricture, and no use of balloon sphincteroplasty are
potential risk factors for recurrent CBD stones following gastrectomy. When considering
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PTBD disadvantages, we recommend an ERCP procedure with active use of balloon
sphincteroplasty to decrease the recurrent CBD stones.
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