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Abstract

Endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (EST) has been
proven efficacious in the removal of CBD stones. Even after endoscopic stone removal, recurring cholangitis
due to a residual common bile duct (CBD) stone is prevalent in clinical practice with a residual recurrence
rate of 4-24% after successful stone retrieval. This comprehensive study and meta-analysis aimed to
determine if preventive saline irrigation of the bile duct (PSIB) reduces the amount of residual CBD stones.
Through a comprehensive search of PubMed, EMBASE, Cochrane Library, and Web of Science until
November 20, 2022, we identified 164 articles comparing the efficacy of PSIB and non-PSIB post-endoscopic
CBD stone removal. After stringent selection, three studies were included for meta-analysis using
ReviewManager (ReVman version 5.4.1; Cochrane, London, UK). Using a random effect (RE) model, we
derived a pooled odds ratio (OR) with confidence interval (CI) (95%CI). A total of three studies have been
included in the analysis. Out of which, two are randomized controlled trials (RCTs) and one is a non-
randomized study. Out of 323 patients, 157 underwent PSIB after an endoscopic stone removal of CBD
stones to reduce the residual of CBD stones, whereas 166 did not undergo saline irrigation (non-PSIB). In our
analysis, PSIB significantly reduced the risk of residual stones (OR: 0.22, 95%CI: 0.11-0.45). However, there
was no notable link between PSIB and post-irrigation cholangitis (OR: 1.08, 95%CI: 0.21-2.21). Although not
statistically significant, PSIB showed a trend toward lowered risks of post-procedural pancreatitis (OR: 0.65),
bleeding (OR: 0.68), and other complications (OR: 0.64). PSIB effectively reduces residual CBD stones after
endoscopy, offering a cost-effective alternative to invasive procedures such as intraductal ultrasound
(IDUS). However, larger RCTs are needed to validate its definitive role.

Categories: Internal Medicine, Gastroenterology, Therapeutics
Keywords: recurrent cholangitis, ultrasonography (usg), dilated common bile duct, saline flush-out, isotonic saline

Introduction And Background

One of the most common gastrointestinal illnesses is cholelithiasis. According to a national survey
conducted in Japan, 25.6% of cholelithiasis patients had common bile duct (CBD) stones, which frequently
result in serious side effects, such as acute cholangitis, obstructive jaundice, and acute pancreatitis [1-3].
Residual CBD stones (RCBDS) are a known complication following endoscopic sphincterotomy (EST),
occurring in approximately 20% of cases [4]. These stones can cause symptoms such as abdominal pain,
jaundice, and pancreatitis and can increase the risk of developing cholangitis [5]. Several maneuvers have
been performed to reduce the likelihood of recurrent stones, including the placement of a nasobiliary
catheter immediately after the extraction of the stones following up with cholangiogram for residual CBDS
detection, and there is also the involvement of intraductal ultrasonography (IDUS) detecting residual large
or small fragments of stones [6,7].

Preventive saline irrigation of the bile duct (PSIB) is a procedure that involves the use of saline solution to
flush out the bile duct and remove any remaining stones. It can be performed either percutaneously or
endoscopically, depending on the location and size of the stones [8]. This simpler technique is believed to
reduce the procedure costs and discomfort associated with IDUS or a follow-up cholangiogram [9].

Preventive saline irrigation usually involves flushing approximately 100 mL of normal saline and aspirated
until a clear effluent is seen. Overall, PSIB appears to be a promising approach for reducing the rate of
RCBDS and improving patient outcomes following cholecystectomy [8]. Endoscopic retrograde
cholangiopancreatography (ERCP) with EST has been proven to be efficacious in the removal of CBD stones
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[10]. Even after endoscopic stone removal, recurrent cholangitis due to residual CBD stones is prevalent in
clinical practice with a residual recurrence rate of 4-24% after successful stone retrieval [11]. This
comprehensive systematic review and meta-analysis is aimed to determine if PSIB reduces the amount of
residual CBD stones after ERCP.

Review
Methods

We performed this trial-level meta-analysis according to the Cochrane Collaboration guidelines and
reported following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
[12,13] (Figure I).
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FIGURE 1: PRISMA flowchart

Data sources, searches, and study selection

We searched PubMed, EMBASE, Cochrane Library, and Web of Science from inception till November 20,
2022, for studies that compared the effectiveness of PSIB post ERCP in the reduction of residual CBD stones
with non-PSIB, using broad search terms ("saline solution irrigation", "common bile ducts", "endoscopic
retrograde pancreatography”, "residual stones").

The pre-specified inclusion criteria were as follows: (1) randomized controlled trials (RCTs) and non-
randomized studies (NRSs) comparing the outcomes of preventive saline irrigation in the development of
bile duct stones after ERCP and (2) studies that report the outcomes of interest. We excluded case reports,
case series, animal studies, systematic reviews, meta-analyses, and articles in foreign languages. Duplicates
were eliminated, and the remaining articles underwent screening first at the title and abstract levels and
subsequently at the full-text level (as illustrated in Figure 7). The study search and selection process was
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carried out independently by two authors (M.V and M.F), and any discrepancies or conflicts were resolved
through discussion and mutual consensus.

Data extraction and risk of bias assessment

Data abstraction, assessment of data accuracy, risk of bias evaluation, and resolution of discrepancies were
carried out independently by three reviewers (U.A.A, M.V, and M.F). The process included abstracting
information related to trial and participant characteristics, such as age, gender, comorbidities, follow-up
duration, inclusion/exclusion criteria, and the definition of primary endpoints. Additionally, the reviewers
extracted data on the number of events and sample sizes. Any disagreements or inconsistencies were
addressed through discussions or by referring to the original publications.

RoB-2 and ROBINS-I were employed for the risk of bias assessment of included studies (Figures 2-5). We
evaluated the risk of bias on a study level, considering various domains. These included bias stemming from
the randomization process, bias arising from deviations in the intended interventions, bias due to missing
outcome data, bias in the measurement of outcomes, and bias in the selection of reported results for RCTs.
Additionally, for NRS, we assessed bias related to confounding, bias linked to the classification of
participants, and bias associated with the classification of interventions.

Risk of bias domains
| b3 | b4 | D5 | overal |

Ahn 2018 . . ® © & ©
Klinpong 2021 . . . @ . @

Domains: Judgement

D1: Bias arising from the randomization process.
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D5: Bias in selection of the reported result.

Study

FIGURE 2: Bias assessment of randomized controlled trials (traffic light
plots)

Source: Refs. [14,15]
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FIGURE 3: Bias assessment of randomized controlled trials (summary
of plots)

Source: Refs. [14,15]
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FIGURE 4: Bias assessment of non-randomized study (traffic light plots)

Source: Ref. [8]
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FIGURE 5: Bias assessment of non-randomized study (summary of
plots)

Source: Ref. [8]

Outcomes of interest

We primarily focused on residual CBD stones after endoscopic extraction of stones and post-procedural
complications, such as post-procedure cholangitis, post-procedure pancreatitis, post-procedural bleeding, or
any other complications.

Statistical analysis

Meta-analysis was performed via ReviewManager (ReVman version 5.4.1; Cochrane, London, UK). A Mantel-
Haenszel random effect (RE) model was used to calculate the odds ratio (OR) with 95% confidence intervals
(CIs). Funnel plots and Egger’s test were used to evaluate for publication bias. Additionally, we performed
the chi-square test and 1% statistic to detect the presence of heterogeneity and quantify it, respectively. The
12 values were interpreted according to the Cochrane Handbook for Systematic Reviews of Interventions,
and p < 0.10 was considered statistically significant for the chi-square test. For the primary outcome, we also
conducted a sensitivity analysis by excluding NRSs with some concerns of bias due to the non-
randomization process. A subgroup analysis based on the study design for the primary outcome was also
performed.

Results

Two RCTs and one NRS were analyzed (Table 7). Out of 323 patients, 157 went through PSIB after
endoscopic stone removal of CBD stones, whereas 166 did not undergo preventive saline irrigation (non-
PSIB). A total of 173 (53.5%) patients were male, with 42% (n=136) patients having multiple stones and 14%
(n=47) undergoing lithotripsy. The pooled analysis revealed a statistically significant decreased risk of the
presence of residual stones with PSIB (OR: 0.22, 95%CI: 0.11-0.45, P<0.0001, 12=0%) (Figure 6). The subgroup
analysis based on the study design found a similar association with the PSIB group in the subgroup of RCTs
(OR: 0.20, 95%CI: 0.08-0.47, P=0.0003, 12=0%). The sensitivity analysis performed after excluding the NRS
did not have much effect on the overall pooled OR (OR: 0.20; 95%CI: 0.08-0.47, P=0.0003, 12:0%). However,
the pooled analysis of post-irrigation cholangitis demonstrated no significant association with either PSIB
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or non-PSIB (OR: 1.08, 95%CI: 0.21-2.21, P=0.93, 12:26%) (Figure 7). Though the results were not
statistically significant, it demonstrated a decreased risk of post-procedural pancreatitis (OR: 0.65 95%CI:
0.22-1.93, P=0.44, 12=0%) (Figure 8), post-procedural bleeding (OR: 0.68, 95%CI: 0.08-5.61, P=0.72, 12=0%)
(Figure 9) and other complications (OR: 0.64, 95%CI: 0.16-2.67, P=0.54, 12=58%) (Figure 10) with PSIB. Out
of three studies, two were associated with a moderate risk of bias, and one study was found to have a low
risk of bias. Figure 11 presents the sensitivity analysis performed after excluding the NRS.

Presence of Peri- Median Residual stones Residual stones in Post- Post- Post- Post-irrigation
Author, Need for Time for
Population  Male/Female multiple gall  ampullary follow-up in saline non-saline irrigation irrigation irrigation  other
Year lithotripsy procedure
stones diverticulum period irrigation group irrigation group cholangitis  pancreatitis  bleeding complications
n=148, PSIB=10, PSIB=22, PSIB=4, PSIB=1,
Ahn et al. male=81, PSIB=33, PSIB=27, PSIB=5, PSIB=2, non-
PSIB=73, non- 12m non- 50f 73 17 of 75 non- non-
2018 [14] female=67 non-PSIB=30 non-PSIB=31 non-PSIB=6 PSIB=8
non-PSIB=75 PSIB=10 PSIB=19.2 PsIB=2 PSIB=1
Jang et n=99, PSIB=9, PSIB=28.4, PsiB=1, PSIB=0,
male=59, PSIB=26, PSIB=22, PSIB=1, PSIB=10, non-
al. 2013 PSIB=45, non- 252m non- 4 of 45 14 of 54 non- non-
female=40 non-PSIB=34 non-PSIB=17 non-PSIB=4 PSIB=9
(8] non-PSIB=54 PSIB=13 PSIB=21.2 PSIB=3 PSIB=1
Kiinpong ~ n=76,
male=33,
etal. PSIB=39, Total=13 NA Total=5 NA NA 20f39 12 of 37 NA NA NA NA
female=43

2021 [15] non-PSIB=37

TABLE 1: Baseline characteristics of the included studies

PSIB Non-PSIB 0Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1NRS
Jang 2013 4 45 14 54 351% 0.28[0.08,0.92] —
Subtotal (95% CI) 45 54  351% 0.28[0.08, 0.92] i
Total events 4 14

Heterogeneity: Not applicable
Test for overall effect Z= 210 (P = 0.04)

1.1.2RCTs

Kiinpong 2021 2 39 12 37 200% 0.11[0.02, 0.55) s S e
Wan Ahn 2018 5 73 17 75 448% 0.25([0.09,0.72) —
Subtotal (95% CI) 112 112 64.9% 0.20[0.08, 0.47] B
Tolal events 7 29

Heterogeneity: Tau® = 0,00; Chi*= 0,68, df= 1 (P = 0.41); F= 0%
Test for overall effect Z= 3.64 (P = 0.0003)

Total (95% CI) 157 166 100.0% 0.22[0.11,0.45] i
Total events " 43

Heterogeneity: Tau* = 0.00;, Chi*= 0,90, df= 2 (P = 0.64), F= 0%
Test for overall effect Z= 4.17 (P < 0.0001)

Testfor subaroup differences: Ch*= 0.22. df= 1 (P=064).F=0%

" " '
y +

0.01 01 10 100
Favours [PSIB] Favours [non-PSIB]

FIGURE 6: Forest plot comparing residual CBD stones in the PSIB and
non-PSIB groups

Sources: Refs. [8,14,15]

PSIB Non-PSIB 0dds Ratio 0Odds Ratio

Study of Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jang 2013 1 45 3 54 397% 0.39[0.04, 3.85) —
Wan Ahn 2018 4 73 2 75 603% 212(0.38,11.92) —r—
Total (95% CI) 118 129 100.0% 1.08[0.21, 5.51] —mim——
Total events 5 5

= = =1(P= = ' + 4 {
Heterogeneity. Tau*= 0,37, Chi*= 1.35,df= 1 (P = 0.25). F = 26% 501 o1 10 100

Test for overall effect Z= 0.09 (P = 0.93) Favours [PSIB) Favours [non-PSIB]

FIGURE 7: Post-procedural cholangitis

Source: Refs. [8,14]
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PSIB Non-PSIB Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jang 2013 1 45 4 54 234% 0.28[0.03, 264)
Wan Ahn 2018 5 73 6 75 766% 0.85(0.25, 2.90]
Total (95% CI) 118 129 100,0% 0.65[0.22, 1.93]
Total events ] 10

" " '
+ T + i

0.01 01 1 10 100
Favours [PSIB] Favours [non-PSIB]

Heterogeneity: Tau® = 0.00; Chi*= 0.71, df= 1 (P = 0.40), F= 0%
Testfor overall effect Z= 0.77 (P = 0.44)

FIGURE 8: Forest plot comparing post-procedural pancreatitis between
the PSIB and non-PSIB groups

Source: Refs. [8,14]

PSIB Non-PSIB Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ahn 2018 1 73 1 75 57.2% 1.03[0.086, 16.75)
Jang 2013 0 45 1 54 428% 0.39[0.02, 9.86) =
Total (95% CI) 118 129 100.0% 0.68[0.08, 5.61)
Total events 1 2

Y 100

Heterogeneity: Tau®= 0,00, Chi*= 0.20, df= 1 (P= 0.66), F= 0%
Testfor overall effect Z=0.36 (P = 0.72)

oT
o
-

0.1 1 10
Favours [PSIB] Favours [Non-PSIB]

FIGURE 9: Forest plot comparing post-procedural bleeding between the
PSIB and non-PSIB groups

Source: Refs. [8,14]

PSiB Non-PSIB Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Jang 2013 2 45 8 54 402% 0.27[0.05,1.33]
Wan Ahn 2018 10 73 9 75 598% 1.16[0.44, 3.05)
Total (95% CI) 118 129 100.0% 0.64 [0.16, 2.67]
Total events 12 17

" " '
+ t + {

0.1 1 10 100
Favours [PSIB] Favours [non-PSIB]

Heterogeneity: Tau*= 0.64, Chi*= 2.40,df=1 (P=0.12),F=58%
Test for overall effect Z= 0.61 (P=054)

c...
e

FIGURE 10: Forest plot comparing any other complication between the
PSIB and non-PSIB groups

Source: Refs. [8,14]

PSIB Non-PSIB 0dds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.2RCTs
Klinpong 2021 2 39 12 37 309% 0.11 [0.02, 0.55] el —
Van Ahn 2018 5 73 17 75 691% 0.25(0.09,0.72] —i—
Subtotal (95% CI) 112 112 100.0% 0.20[0.08, 0.47] e ol
Total evenls 7 29

Heterogeneity: Tau®= 0.00; Chi*= 0.68, df=1 (P = 0.41); F= 0%
Test for overall effect Z= 364 (P = 0.0003)

Total (95% CI) 112 112 100.0% 0.20[0.08, 0.47] g
Total events 7 29

Heterogeneity: Tau® = 0.00, Chi*= 068, df=1 (P=0.41),F=0%
Testfor overall effect Z= 3.64 (P = 0.0003)

Test for subaroup differences: Not applicable

4 . '

0.01 0.1 10 100
Favours [PSIB] Favours [non-PSIB]

FIGURE 11: Sensitivity analysis of residual CBD stones after excluding
NRSs

Source: Refs. [14,15]

Discussion

This meta-analysis of two RCTs and one NRS consisting of 323 patients found that there is a decreased risk
of the presence of residual bile stones in patients who went through PSIB after endoscopic stone removal of
CBD as compared to the non-PSIB group. However, post-procedural complications, such as pancreatitis,
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bleeding, and any other complications, were not significantly associated with either group. Additionally,
neither the PSIB group nor the non-PSIB group was found to be associated with post-irrigation cholangitis
and post-procedural bleeding. There was an individualized decision regarding post-procedural cholangitis,
which was specific to certain institutions’ policies.

Residual bile duct stones after ERCP have been reported to cause complications such as acute cholangitis [5].
Additionally, these stones can lead to long-term sequelae, such as persistent or recurrent cholangitis,
chronic pancreatitis, and biliary stricture [16]. There is some evidence to suggest that the risk of post-
procedural cholangitis may be higher with procedures that involve the placement of a naso-biliary catheter,
such as post-sphincterotomy intrahepatic biliary drainage (PSID), due to the increased pressure in the CBD
that can result from the placement of the catheter as reported by Ahn et al., but the pooled results did not
report any significant association with either of the group [14]. This specific study discovered that irrigation
with 100 mL of saline can flush residual stone fragments from the bile duct into the duodenum following
stone removal. However, IDUS has a high diagnostic sensitivity and specificity for bile duct stones/debris.
This method only produces indirect images of the debris.

The technique of using preventive saline for irrigation varied from one trial to another. For example, 100 mL
of saline solution was injected through the catheter from the CBD and aspirated. When the retained stones
or sludge were seen at this time, PSIB was performed again until a clear effluent was seen. A side-viewing
duodenoscope (Olympus Optical Co., Ltd., Tokyo, Japan) was used. Stones were extracted using a basket
and/or retrieval balloon, and mechanical lithotripsy was employed if necessary. In another study, a standard
duodenoscope (JF 240, TJF 240, JF 260, or TJF 260) by Olympus was used. Biliary cannulation was attempted,
and if difficult, alternative techniques such as precut sphincterotomy were used. Endoscopic sphincterotomy
(EST) was performed, usually major EST, but limited EST was used in certain cases. Post-sphincterotomy
balloon irrigation is done with 100 mL of sterile saline solution [8,14].

The proposed mechanism behind CDB stone recurrence involves the fragments of residual stones serving as
a nidus for further CBD stone growth [17,18]. The placement of a naso-biliary catheter soon after the stone
removal, a follow-up cholangiogram to detect residual CBD stones, and the visualization of residual CBD
stones using IDUS are some of the maneuvers employed to decrease the possibility of retaining large or
small residual stone fragments [19]. Currently, fluoroscopic cholangiographic imaging is the primary method
for determining the successful removal of CBD stones [20]. Despite the absence of filling defects on
cholangiography, IDUS studies have revealed the presence of residual biliary sludge within the bile duct.
However, the disadvantages of these maneuvers include patient discomfort, the high cost of the procedure,
and increased length of stay [7]. Therefore, simple procedures are needed that would reduce the occurrence
of residual bile duct stones. Hence, PSIB without IDUS can serve as an alternative in reducing residual stone
fragments and ultimately preventing a recurrence of cholangitis [19]. The reduced risk of post-procedural
bleeding stems from several factors; saline washes away debris and clots, improving visibility and reducing
tissue trauma. Saline's lubrication minimizes friction between instruments and the bile duct walls.
Furthermore, its flushing action might reduce inflammation and the potential for bleeding by clearing
irritants and residual stones.

In this review, PSIB has been associated with a statistically significant reduced incidence of residual bile
duct stones without IDUS. This is consistent with findings from a similar study employing saline irrigation
but using IDUS to detect residual stones [5]. Published data show that IDUS has been more sensitive than
ERCP in detecting residual stones [2]. The difference in frequency of residual stone detection can be
explained in the background of the sensitivity of IDUS detecting residual stones, which is higher than a CT or
cholangiogram [21]. This also includes the time interval between stone removal and detection of residual
stones. Furthermore, the rate of complications in our review did not differ between irrigation and the non-
irrigation group, which can also be explained by shorter follow-up.

Among the included studies, in Jang et al. [8], endoscopy operators repeated the injection and aspiration
with saline until the cholangiography revealed no residual stones or sludge. The technique took around
seven minutes, whereas Ahn et al. [14] used 100 mL of sterile saline solution to perform PSIB, and it took
three minutes longer than the non-PSIB group. Though the time required for PSIB was longer than the non-
PSIB group, the technique is really useful and easy to perform in clinical practice [8,14,15]. Ahn et al.
emphasized performing the procedure slowly in order to prevent excessive pressure build-up, leading to
post-ERCP ascending cholangitis [14]. Additionally, no significant post-procedural mortality or morbidity
was reported by individual studies, concluding that PSIB is a safe procedure [8,14].

To the best of our knowledge, this is the first meta-analysis to evaluate the role of PSIB in reducing the rate
of residual bile stones after ERCP. The broad inclusion criteria enabled us to include NRSs in addition to
RTCs and a better investigation of heterogeneity. The inclusion of studies from diverse settings,
populations, and countries also adds to the strengths of this study.

One of the limitations of this meta-analysis is that two of the included studies used a follow-up of “six
months” to define the presence of “residual stones” as it was difficult to confirm the presence of residual
stones without IDUS [9,13], and, as a result, the residual stones may in fact be “true recurrent stones.” Other
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limitations include limited sample size and inclusion of an observational study that is, therefore, subject to
biases and confounding that may have influenced our model estimates. A multi-center RCT with a larger
sample size would be needed to further investigate the role of PSIB in reducing the risk of residual CBD
stones. Additionally, due to no access to patient-level data, the meta-analysis was based on aggregate-level
data.

Conclusions

PSIB was associated with reduced residual CBD stones after endoscopic removal of stones. Additionally,
there was no significant association with the risk of post-procedural complications, such as pancreatitis,
bleeding, and other complications. The use of PSIB or non-PSIB did not influence the development of post-
procedural cholangitis. Current methods for addressing this issue involve additional invasive procedures,
such as the placement of naso-biliary catheters or IDUS, which can be uncomfortable for patients and costly.
The findings of this review suggest that PSIB, without the need for IDUS, can serve as a feasible and effective
alternative for reducing the occurrence of residual stone fragments and, consequently, preventing
cholangitis recurrence. Future research, ideally in the form of multi-center RCTs with a larger sample size, is
needed to further validate the role of PSIB in reducing the risk of residual CBD stones conclusively.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. PratF, Malak NA, Pelletier G, et al.: Biliary symptoms and complications more than 8 years after endoscopic
sphincterotomy for choledocholithiasis. Gastroenterology. 1996, 110:894-9.
10.1053/gast.1996.v110.pm8608900

2. Frossard JL, Morel PM: Detection and management of bile duct stones . Gastrointest Endosc. 2010, 72:808-
16.10.1016/j.gie.2010.06.033

3. Cheng CL, Tsou YK, Lin CH, et al.: Poorly expandable common bile duct with stones on endoscopic
retrograde cholangiography. World | Gastroenterol. 2012, 18:2396-401. 10.3748/wjg.v18.i119.2396

4. Baiul, Visser B: Endoscopic retrograde cholangiopancreatography. JAMA. 2018, 320:2050.
10.1001/jama.2018.14481

5. Andriulli A, Loperfido S, Napolitano G, et al.: Incidence rates of post-ERCP complications: a systematic
survey of prospective studies. Am | Gastroenterol. 2007, 102:1781-8. 10.1111/j.1572-0241.2007.01279.x

6. Cairns SR, Dias L, Cotton PB, Salmon PR, Russell RC: Additional endoscopic procedures instead of urgent
surgery for retained common bile duct stones. Gut. 1989, 30:535-40. 10.1136/gut.30.4.535

7. Tsuchiya S, Tsuyuguchi T, Sakai Y, et al.: Clinical utility of intraductal US to decrease early recurrence rate
of common bile duct stones after endoscopic papillotomy. ] Gastroenterol Hepatol. 2008, 23:1590-5.
10.1111/j.1440-1746.2008.05458.x

8. Jang SE, Ahn DW, Lee SH, et al.: Preventive saline irrigation of the bile duct after the endoscopic removal of
common bile duct stones. Dig Dis Sci. 2013, 58:2353-60. 10.1007/s10620-013-2647-4

9. AngTL, Teo EK, Fock KM, Lyn Tan JY: Are there roles for intraductal US and saline solution irrigation in
ensuring complete clearance of common bile duct stones?. Gastrointest Endosc. 2009, 69:1276-81.
10.1016/j.gie.2008.10.018

10. Ding]J, Li F, Zhu HY, Zhang XW: Endoscopic treatment of difficult extrahepatic bile duct stones, EPBD or
EST: an anatomic view. World ] Gastrointest Endosc. 2015, 7:274-7. 10.4253/wjge.v7.i3.274

11. LinYY, Wang YD, Yue P, et al.: Could saline irrigation clear all residual common bile duct stones after
lithotripsy? A self-controlled prospective cohort study. World ] Gastroenterol. 2021, 27:358-70.
10.3748/wjg.v27.i4.358

12.  van Tulder M, Furlan A, Bombardier C, et al.: Updated method guidelines for systematic reviews in the
Cochrane Collaboration back review group. Spine (Phila Pa). 2003, 28:1290-9.
10.1097/01.Brs.0000065484.95996.Af

13.  Moher D, Liberati A, Tetzlaff ], Altman DG: Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med. 2009, 151:264-9, W64. 10.7326/0003-4819-151-4-
200908180-00135

14.  Ahn DW, Lee SH, Paik WH, et al.: Effects of saline irrigation of the bile duct to reduce the rate of residual
common bile duct stones: a multicenter, prospective, randomized study. Am ] Gastroenterol. 2018, 113:548-
55.10.1038/ajg.2018.21

15.  Effects of common bile duct stone clearance using saline irrigation after stone removal: a prospective
randomized controlled trial. (2021). Accessed: September 6, 2023:
https://www.apdwkl2021.org/event/session/view/3853.

16. Konstantakis C, Triantos C, Theopistos V, Theocharis G, Maroulis I, Diamantopoulou G, Thomopoulos K:
Recurrence of choledocholithiasis following endoscopic bile duct clearance: long term results and factors
associated with recurrent bile duct stones. World ] Gastrointest Endosc. 2017, 9:26-33.
10.4253/wjge.v9.i1.26

2023 Akbar et al. Cureus 15(10): e46720. DOI 10.7759/cureus.46720 8of9


https://dx.doi.org/10.1053/gast.1996.v110.pm8608900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1053/gast.1996.v110.pm8608900?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.gie.2010.06.033?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.gie.2010.06.033?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v18.i19.2396?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v18.i19.2396?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2018.14481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2018.14481?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1572-0241.2007.01279.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1572-0241.2007.01279.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.30.4.535?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.30.4.535?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1440-1746.2008.05458.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/j.1440-1746.2008.05458.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10620-013-2647-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s10620-013-2647-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.gie.2008.10.018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.gie.2008.10.018?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4253/wjge.v7.i3.274?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4253/wjge.v7.i3.274?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v27.i4.358?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v27.i4.358?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.Brs.0000065484.95996.Af?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.Brs.0000065484.95996.Af?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ajg.2018.21?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/ajg.2018.21?utm_medium=email&utm_source=transaction
https://www.apdwkl2021.org/event/session/view/3853?utm_medium=email&utm_source=transaction
https://www.apdwkl2021.org/event/session/view/3853?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4253/wjge.v9.i1.26?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4253/wjge.v9.i1.26?utm_medium=email&utm_source=transaction

Cureus

17.

18.

19.

20.

21.

Cheon YK, Lehman GA: Identification of risk factors for stone recurrence after endoscopic treatment of bile
duct stones. Eur ] Gastroenterol Hepatol. 2006, 18:461-4. 10.1097/00042737-200605000-00001

Ando T, Tsuyuguchi T, Okugawa T, Saito M, Ishihara T, Yamaguchi T, Saisho H: Risk factors for recurrent
bile duct stones after endoscopic papillotomy. Gut. 2003, 52:116-21. 10.1136/gut.52.1.116

Gao ZG, Shao M, Xiong QX, Tou JF, Liu WG: Laparoscopic cholecystostomy and bile duct lavage for
treatment of inspissated bile syndrome: a single-center experience. World | Pediatr. 2011, 7:269-71.
10.1007/s12519-011-0321-5

Ichihara T, Suzuki N, Horisawa M, et al.: The importance of the real-time fluoroscopic intraoperative direct
cholangiogram in the laparoscopic cholecystectomy using a new instrument. Hepatogastroenterology. 1996,
43:1296-304.

Heinzow HS, Kammerer S, Rammes C, Wessling ], Domagk D, Meister T: Comparative analysis of ERCP,
IDUS, EUS and CT in predicting malignant bile duct strictures. World ] Gastroenterol. 2014, 20:10495-503.
10.3748/wjg.v20.i30.10495

2023 Akbar et al. Cureus 15(10): e46720. DOI 10.7759/cureus.46720

90f9


https://dx.doi.org/10.1097/00042737-200605000-00001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00042737-200605000-00001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.52.1.116?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/gut.52.1.116?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12519-011-0321-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12519-011-0321-5?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/8908565/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v20.i30.10495?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3748/wjg.v20.i30.10495?utm_medium=email&utm_source=transaction

	Preventive Saline Irrigation of the Bile Duct to Reduce the Rate of Residual Common Bile Duct Stones Without Intraductal Ultrasonography: A Systematic Review and Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methods
	FIGURE 1: PRISMA flowchart

	Data sources, searches, and study selection
	Data extraction and risk of bias assessment
	FIGURE 2: Bias assessment of randomized controlled trials (traffic light plots)
	FIGURE 3: Bias assessment of randomized controlled trials (summary of plots)
	FIGURE 4: Bias assessment of non-randomized study (traffic light plots)
	FIGURE 5: Bias assessment of non-randomized study (summary of plots)

	Outcomes of interest
	Statistical analysis
	Results
	TABLE 1: Baseline characteristics of the included studies
	FIGURE 6: Forest plot comparing residual CBD stones in the PSIB and non-PSIB groups
	FIGURE 7: Post-procedural cholangitis
	FIGURE 8: Forest plot comparing post-procedural pancreatitis between the PSIB and non-PSIB groups
	FIGURE 9: Forest plot comparing post-procedural bleeding between the PSIB and non-PSIB groups
	FIGURE 10: Forest plot comparing any other complication between the PSIB and non-PSIB groups
	FIGURE 11: Sensitivity analysis of residual CBD stones after excluding NRSs

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


