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Abstract

Background: Endoscopic retrograde cholangiopancreatography 
(ERCP) is an essential endoscopic therapeutic modality for biliary 
and pancreatic diseases. Needle-knife fistulotomy (NKF) and papil-
lotomy (NKP) are the two most commonly used rescue techniques for 
patients with difficult biliary cannulation. However, there remains a 
need for comparative studies on these approaches to inform clinical 
decision-making. This meta-analysis aimed to evaluate the efficacy 
and safety of NKF compared to NKP as a rescue technique in difficult 
biliary cannulation after failed conventional ERCP.

Methods: We searched PubMed, Scopus, Embase, and Web of Sci-
ence databases through November 2023 to include all studies that di-
rectly compared the outcomes of NKF with NKP in difficult biliary 
cannulation. Single-arm studies were excluded. Pooled odds ratios 
(ORs) and 95% confidence intervals (CIs) for dichotomous data re-
lated to clinical events were calculated using the Mantel-Haenszel 
method within a random-effect model. The primary outcome was the 
biliary cannulation success rate.

Results: Four studies with 823 patients (n = 376 NKF vs. n = 447 
NKP) were included in our analysis. There was no significant dif-
ference between the two groups in biliary cannulation success rate 

(91.7% vs. 86.9%, respectively; OR = 1.54, 95% CI: 0.21 - 2.49, P = 
0.14; I2 = 0%). However, the overall rate of adverse events was sig-
nificantly lower in the NKF group than in the NKP group (OR = 0.46, 
95% CI: 0.25 - 0.84, P = 0.01). Pancreatitis (OR = 0.23, 95% CI: 0.05 
- 1.11, P = 0.07) and bleeding (OR = 1.43, 95% CI: 0.59 - 3.46, P = 
0.42) were similar between the two groups. No significant differences 
in cholangitis, cholecystitis, perforation, or mortality were observed.

Conclusions: Our meta-analysis indicates comparable success rates 
in comparing NKF and NKP techniques for difficult biliary cannula-
tion after failed conventional ERCP cannulation. Notably, the NKF 
technique significantly reduces overall adverse events compared to 
NKP, suggesting that NKF may be preferable due to its favorable 
safety profile. Additional randomized controlled trials (RCTs) are 
warranted to evaluate the interval benefit of an NKF technique.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is 
an essential endoscopic therapeutic modality for a multitude 
of biliary and pancreatic diseases. Biliary cannulation is one 
of the most technically challenging portions of the procedure 
with failed biliary cannulation being associated with a higher 
rate of adverse events [1].

Multiple attempts at cannulation increase risk of post-ER-
CP pancreatitis (PEP) and time under anesthesia [2]. In rare 
cases, PEP is severe enough to lead to fatality. Success rate 
of biliary cannulation depends on the experience of the en-
doscopist. Even among experienced endoscopists, the failure 
rate can reach 10-20% [2-4].

Factors contributing to difficult biliary cannulation include 
size and location of the duodenal papilla, presence of duodenal 
diverticulum, surgically altered anatomy (e.g., Roux-en-Y), and 
any other factor that leads to malposition of the papilla (e.g., infil-
trating tumor) [1]. When standard biliary cannulation techniques 
fail, a precut technique can be utilized to increase successful can-
nulation rate. Needle-knife fistulotomy (NKF) and papillotomy 
(NKP) are the two most commonly used precut techniques [5].

However, there remains a need for comparative studies on 
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these approaches to inform clinical decision-making. This me-
ta-analysis aimed to evaluate the efficacy and safety of NKF 
compared to NKP as a rescue technique in difficult biliary can-
nulation after failed conventional ERCP.

Materials and Methods

Search strategy and study eligibility

Two independent reviewers (SA and FJ) conducted a system-
atic search of studies published before November 30, 2023, 
reporting on outcomes of rescue techniques after failed stand-
ard ERCP biliary cannulation. We systematically searched 
the online MEDLINE, Embase, Web of Sciences, and Scopus 
databases using key words in different combination: “precut”, 
“rescue precut”, “needle knife fistulotomy”, “needle knife 
papillotomy”, “ERCP”, and “endoscopic retrograde cholan-
giopancreatography”. In addition, according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA), we screened the reference lists of the articles and 
corresponded with study investigators [6]. No language restric-
tions were applied, as long as study outcomes were reported in 
the text. A third reviewer (MM) resolved any disagreement.

Study inclusion and exclusion

We used the following criteria in this analysis: prospective 
or retrospective studies which evaluated patients with failed 
ERCP (patient population) who underwent rescue precut, ei-
ther NKF or NKP (intervention), where clinical safety and ef-
ficacy were reported (outcomes). Only studies that compare 
NKF with NKP were included.

The study was excluded if the precut procedure (NKF or 
NKP) was used as the primary technique or the study was a 
case report, case series with less than 10 sample sizes, animal 
study, editorial, meta-analysis, or review article. Studies with-
out relevant clinical data on clinical success or adverse events 
were excluded.

Data extraction and quality assessment

All relevant data were extracted according to predefined table 
independently by SA and FJ. The following parameters were 
extracted: first author, year of publication, country, study de-
sign, patient demographics, technical success, functional suc-
cess, and outcomes of interest. Using the Newcastle-Ottawa 
Scale, the methodological quality of the included cohort stud-
ies was assessed independently by two investigators (SA and 
LN). In a case of discrepancy, a third independent individual 
(MM) was consulted.

Definitions of outcomes

In the NKF technique, the incision begins approximately 3 - 5 

mm above the papilla, following the alignment of the biliary 
axis back to the orifice [7]. In contrast, NKP involves cutting 
the major papilla from the orifice towards the 11:00 o’clock 
position [8]. All outcomes were assessed for the NKF and NKP 
groups. The primary outcomes were the pooled rates and odds 
ratios (ORs) for successful biliary cannulation with NKF ver-
sus NKP and pooled ORs of PEP with NKF versus NKP after 
failed ERCP. Secondary outcomes were to compare the overall 
adverse events and bleeding, perforation, asymptomatic hyper-
amylasemia, and cholangitis, individually, with NKF versus 
NKP. The American Society for Gastrointestinal Endoscopy 
lexicon for grading of severity of procedural adverse events 
with endoscopy were used to define adverse events.

Data synthesis and statistical analysis

We used R, version 3.2.3 (R Project for Statistical Computing), 
with Meta and Metaprop packages for all analyses. Using the 
Freeman-Turkey double arcsine transformation (FTT) method, 
the pooled, weight-adjusted event rate estimate for the clini-
cal outcomes in each group were calculated using Metaprop 
package. Between-study heterogeneity was assessed using the 
Cochrane Q-statistic (I2), which represents the percentage of 
total between-study variation that cannot be attributed solely 
to chance. Between-study heterogeneity was rated as low if 
25% < I2 ≤ 50%, moderate if 50% < I2 ≤ 75%, and high if I2 > 
75%. A leave-1-out meta-analysis was performed to assess the 
influence of the outcome by excluding each study and identi-
fying influential studies that may contribute to heterogeneity. 
Statistical tests were two-sided and used a significance thresh-
old of P < 0.05. The assessment of publication bias was inves-
tigated by evaluation of funnel plot asymmetry and sensitivity 
analysis. In addition to the ethical standards of the competent 
institution for human subjects, this meta-analysis was conduct-
ed in compliance with the Helsinki Declaration [9].

Ethical approval

The data utilized in this study is available publicly. Hence, an 
analysis did not require Institutional Review Board (IRB) ap-
proval as per guideline put forth by our institutional IRB.

Results

Literature search and study characteristics

A total of 97 unique records were identified according to the 
above search strategy. After title and abstract screening, four 
studies with a total of 823 patients were included in the study. 
PRISMA flowchart illustrates our selection process as shown 
in Figure 1. All studies compared patients undergoing NKF 
(376 patients) and NKP (447 patients). Further details on pa-
tient characteristics, etiology, and study outcomes are present-
ed in Tables 1 and 2 [7, 10-12]. Two studies were randomized 
controlled trials (RCTs), and two studies were retrospective 
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cohort studies. All patients in the NKF and NKP groups under-
went at least one attempt of ERCP biliary cannulation before 
performing NKF or NKP. Table 1 [7, 10-12] shows the base-
line characteristics of the included studies and their quality 
analysis. Three studies were from Greece and one study was 
from China. Two studies were considered high quality and two 
studies moderate quality based on the Newcastle-Ottawa scale 
for study quality assessment (Table 1) [7, 10-12].

Biliary cannulation success rate

The primary outcome was a comparison of biliary cannulation 

success rate between NKF and NKP technique after failed bil-
iary cannulation. There was no significant difference between 
the two groups in the initial biliary cannulation success rate 
(91.7% vs. 86.9%, respectively; OR =1.54, 95% CI: 0.21 - 
2.49, P = 0.14). Forest plot is shown in Figure 2.

Adverse events

The pooled overall rate of adverse events was significantly 
lower in the NKF group than NFP group (OR = 0.46, 95% CI: 
0.25 - 0.84, P = 0.01). Pooled studies were homogenous in the 
overall adverse events rate among included studies (I2 = 40%, 

Figure 1. PRISMA flow chart of study inclusion. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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P = 0.17). Forest plot is shown in Figure 3a.
The pooled incidence of pancreatitis was comparable be-

tween the two groups (OR = 0.23, 95% CI: 0.05 - 1.11, P = 
0.07). Pooled studies were homogenous (I2 = 0%, P = 0.95). 
Forest plot is shown in Figure 3b. No significant differences 
were observed in terms of bleeding (OR = 1.43, 95% CI: 0.59 - 
3.46, P = 0.42), cholangitis, cholecystitis, perforation, or mor-
tality (Table 2) [7, 10-12].

Assessment of publication bias and sensitivity analysis

Publication bias was not assessed with funnel plots as the num-
ber of studies included in the analysis was < 10. The influence 
of a single study on the overall meta-analysis estimate was in-
vestigated by omitting one study at a time. The omission of 
any study resulted in no significant difference, indicating that 
our results were statistically reliable.

Discussion

ERCP plays a prominent role in the management of pancreatic 
and biliary diseases. Endoscopic biliary cannulation was first 
described in 1968 as a means to visualize the ampulla of Vater 

[13]. The first endoscopic sphincterotomy was performed in 
1974 by Kawai and Claussen and remains a primary tool for 
successful cannulation [14]. ERCP was initially only used di-
agnostically, however, most ERCPs are now performed with a 
therapeutic intent [15, 16].

PEP is the most common complication of ERCP, occur-
ring in an estimated 1-7% of patients [17-21]. Difficult biliary 
cannulation is a recognized risk factor for PEP [19]. Precut bil-
iary access is a time-saving technique that also has potential to 
reduce the rate of PEP in patients with difficult biliary cannula-
tion [22, 23]. Before deciding to use a precut technique, sev-
eral factors must be considered such as how critical the indica-
tion of the ERCP is, patient’s general clinical condition, level 
of expertise of the endoscopist, and what other techniques are 
available.

In the comparison of NKF and NKP for difficult biliary 
cannulation, our meta-analysis indicates comparable success 
rates. Both RCTs included in this analysis showed similar can-
nulation success rates for NKF and NKP [7, 10]. For Zhang et 
al, NKP was selected for patients with small and flat papilla, 
and NKF was selected for patients with normal and swollen 
papilla [10]. This was decided on a modification of a prior 
classification of the morphology of the major duodenal papilla 
[24]. In the study by Mavrogiannis et al, patients were rand-
omized to NKF or NKP by the sealed-envelope method [7].

Figure 2. Forest plot of biliary cannulation success rate. NKF: needle-knife fistulotomy; NFP: needle-knife papillotomy; ERCP: 
endoscopic retrograde cholangiopancreatography; OR: odds ratio; CI: confidence interval.

Figure 3. Forest plot of (a) overall rate of adverse events and (b) post-ERCP pancreatitis. NKF: needle-knife fistulotomy; NFP: 
needle-knife papillotomy; ERCP: endoscopic retrograde cholangiopancreatography; OR: odds ratio; CI: confidence interval.
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Some endoscopists speculate that NKF is safer as it avoids 
thermal injury to the papilla thereby preserving outflow of pan-
creatic secretions and mitigating risk of PEP [11, 25]. However, 
the rate of PEP was similar between the two groups. Interest-
ingly, Mavrogiannis et al [7] found a significant increase in PEP 
in the NKP group, whereas there was no difference between 
the groups in the study by Zhang et al [10]. While the NKF 
approach may indeed lead to fewer injuries to the pancreatic 
duct orifice, it is important to note that the boundaries between 
NKF and NKP are not always clearly delineated, particularly in 
cases involving small papillae [26]. This implies benefit in the 
individualized approach on the basis of major duodenal papilla 
morphology. While an individualized approach may be opti-
mal, this might not be commonplace in clinical practice due to 
endoscopist comfort with one technique over the other and due 
to a lack of consensus on the matter.

Katsinelos et al identified both NFK and NKP as risk 
factors for PEP [12]. Sub-analysis showed that risk is higher 
with NKP as compared to NKF [12]. This was attributed to the 
fact that thermal injury and papilla edema were avoided and 
so maintaining the flow of pancreatic enzymes, a mechanism 
which is thought to be contributory to PEP. Another analysis 
showed that risk of pancreatitis is actually due to the fact that 
NKP technique is typically undertaken after repeated can-
nulation attempts with possible pancreatic duct cannulations 
or inadvertent pancreatic injections rather than to the injury 
induced by NKP itself [10]. In a prospective controlled trial, 
Swan et al compared early NKP to continued standard can-
nulation (CSC) in difficult biliary access cases [27]. The in-
cidence of PEP was associated with both increased time until 
successful cannulation and a greater number of cannulation at-
tempts. PEP rates were not significantly different in the CSC 
and NKP techniques arms.

The NKF approach shows a marked decrease in overall 
adverse events in comparison to NKP. However, when exam-
ining individual occurrences such as pancreatitis, cholangitis, 
cholecystitis, and perforation, the rates were similar between 
the two groups. This parity might be attributed to the limited 
sample size of the studies. The cumulative total of these inci-
dents resulted in a significant overall adverse event rate.

The strengths of this meta-analysis include a comprehen-
sive search of multiple databases by two independent review-
ers. Limitations of this meta-analysis include the low number 
of included studies, variability in study type (two retrospective 
studies and two RCTs), and variability in time spent attempt-
ing standard biliary cannulation before pursuing a precut tech-
nique. Also, three of the included studies were from Greece, 
and only one study was from China. One of the included stud-
ies was from 1999, when canulation techniques were much 
more difficult. There is also variability in endoscopist experi-
ence and skill among the different studies. Confounding vari-
ables such as patient history of PEP or other independent risk 
factors for pancreatitis were not available for analysis and 
could not be assessed. Ideally, the same criteria would be ap-
plied regarding the decision to proceed with NKP or NKF, and 
this would occur at the same time interval following attempted 
standard biliary cannulation as repeat attempts at standard can-
nulation lead to trauma and edema of the papilla.

The international consensus recommendations for difficult 

biliary access emphasize the importance of considering alterna-
tive techniques when facing challenges in accessing the biliary 
system [29]. They caution against persisting with the same ap-
proach, as this increases the risk of additional injury to the pa-
pilla. Specifically, they advocate for the judicious use of precut 
techniques when deemed appropriate. Our study contributes ad-
ditional insights into the utilization of these techniques, demon-
strating their efficacy and safety in clinical practice.

In conclusion, this systemic review and meta-analysis 
suggests an NKF technique is the safer option for difficult 
biliary cannulation. Our results align with the European So-
ciety of Gastrointestinal Endoscopy, who recommends NKF 
as the preferred technique in difficult biliary cannulation [29]. 
Patients may benefit from an individualized approach on the 
basis of the anatomy of the major duodenal papilla. Additional 
RCTs are warranted to evaluate the interval benefit of an NKF 
technique.
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