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Abstract
Background and aims  Needle-knife papillotomy (NKP) is widely performed when biliary cannulation is difficult 
during endoscopic retrograde cholangiopancreatography (ERCP). However, its safety and efficacy in different types of 
duodenal papilla are not clear.

Patients and methods  This retrospective study analyzed 217 patients with difficult biliary cannulation who 
underwent NKP during ERCP procedures from June 2013 to May 2022 in our institution. Patients were classified 
according to Haraldsson classification type of duodenal papilla: type 1, regular; type 2, small; type 3, protruding or 
pendulous; and type 4, creased or ridged. Outcome measures were successful biliary cannulation and incidence of 
adverse events.

Results  Haraldsson classification was type 1 in 115 patients, type 2 in 29, type 3 in 52, and type 4 in 21. Biliary 
cannulation was successful in 166 patients (76.5%) Success rates according to Haraldsson type were as follows: type 1, 
74.8%; type 2, 82.8%; type 3, 80.8%; and type 4, 66.7%. The rates did not significantly differ among the types (p = 0.48). 
Overall incidence of adverse events was 9.22%. Incidence of adverse events did not significantly differ among the 
types (p = 0.69).

Conclusions  NKP was useful to achieve successful cannulation in patients with difficult biliary cannulation. The rate 
of successful cannulation and incidence of adverse events were similar among the different types of duodenal papilla.
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Introduction
Achieving biliary access is key to performing endoscopic 
retrograde cholangiopancreatography (ERCP) [1]. How-
ever, biliary cannulation is unsuccessful in 5–20% of 
patients despite continuing improvements in technique 
and equipment [2, 3]. Several techniques have been rec-
ommended when biliary cannulation is difficult [4–7]. 
Needle-knife papillotomy (NKP) is a commonly used pre-
cut technique that is safe and efficacious when performed 
by experienced endoscopists [8–10]. However, NKP may 
increase the risk of post-ERCP pancreatitis (PEP), bleed-
ing, and perforation and should be used only in selected 
patients [11].

Guidelines published by the European Society of Gas-
trointestinal Endoscopy (ESGE) recommend that NKP be 
used for individual patients based upon biliary anatomi-
cal criteria [12]. However, the supporting evidence for 
this is low and based on only a few studies [13]. Although 
previous studies have demonstrated that NKP may be 
more suitable for small and flat duodenal papilla [14, 15], 
no randomized controlled trials or prospective cohort 
studies have yet examined the association of duodenal 
papilla type with NKP safety and efficacy. Furthermore, 
there is no current consensus regarding classification 
of duodenal papillary morphology. This study aimed to 
compare NKP safety and efficacy between different types 
of papilla in patients with difficult biliary cannulation 
(DBC).

Materials and methods
Patients
This retrospective study was performed in a tertiary 
medical center that performs nearly 300 ERCP proce-
dures annually. Institutional ethics committee approval 
was obtained. Patients who underwent ERCP from June 
2013 to May 2022 were initially reviewed. Those with 
DBC during the procedure who underwent NKP were eli-
gible for study inclusion. Patients with surgically altered 
anatomy (Billroth-II gastrectomy, Roux-en-Y anasto-
mosis) and those who had undergone a previous ERCP 
or ERCP for pancreatic indications were excluded. DBC 
was defined according to the ESGE as the presence of one 
or more of the following: more than 5 contacts with the 
papilla whilst attempting to cannulate; more than 5 min 
spent attempting to cannulate following visualization of 
the papilla; and more than one unintended pancreatic 
duct cannulation or opacification [12]. The above three 
aspects of data were extracted from the ERCP electronic 
records of our hospital. This electronic record system 
encompasses comprehensive data, incorporating images 
of the papilla, the frequency of interactions with the 
papilla, cannulation time, instances of pancreatic duct 
entries, intraoperative cholangiographic observations, 
details on instruments utilized, and more. Patients were 

classified according to Haraldsson classification type of 
papilla, which was determined using photography during 
ERCP: type 1, regular; type 2, small; type 3, protruding 
or pendulous; and type 4, creased or ridged [16]. Patient 
data including age, gender, concomitant disease, indica-
tion for ERCP, and laboratory findings were recorded 
from the medical record. Three authors autonomously 
categorized the duodenal papilla photographs featured 
in the study. In instances of discrepancies, collaborative 
discussions were conducted to resolve differences and 
reach a consensus on the classification of the duode-
nal papilla types. ERCP was performed by three senior 
endoscopists using a JF 260 duodenoscope (Olympus, 
Tokyo, Japan). Selective biliary cannulation was carried 
out using a Clever Cut sphincterotome (Olympus) and 
guidewire. NKP was performed using a KD-10-1 needle 
knife (Olympus) starting from the papillary orifice and 
proceeding at the 11–12 o’clock position upward over 
the papillary mound. Continuous pulse oximetry, electro-
cardiography, and automated blood pressure monitoring 
was performed during the procedure. Somatostatin was 
administered to all patients before ERCP to prevent PEP 
before 2021; after 2021, indomethacin was administered 
unless the patient had a contraindication.

Outcome measures
The primary outcome measure was successful biliary 
cannulation, which was defined as successful introduc-
tion of the guidewire into the bile duct. Secondary out-
come measures included PEP, bleeding, perforation, and 
other adverse events as defined by ESGE guidelines [12].

Statistical analysis
Statistical analyses were performed using SPSS software 
version 21.0 (IBM, Armonk, NY, USA). Continuous data 
are expressed as means with standard deviation and were 
compared using analysis of variance. Categorical data are 
expressed as numbers with percentage and were com-
pared using the chi-square test. P < 0.05 was considered 
significant.

Results
Patient characteristics
Patient characteristics are summarized in Table  1. 
Among the 1321 patients who underwent ERCP dur-
ing the study period, 217 patients met criteria and were 
included for analysis. One hundred twelve were men 
(51.61%). Mean age was 63.93 ± 15.40 years. Haraldsson 
classification was type 1 in 115 patients, type 2 in 29, type 
3 in 52, and type 4 in 21 (Fig. 1). Indication for ERCP was 
common bile duct stones in 177 patients (81.57%), pan-
creatic neoplasm in 24 (11.06%), cholangiocarcinoma in 
eight (3.69%), and other in eight (3.69%). Preoperative 
laboratory data were similar between the four groups. 
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Somatostatin and indomethacin were administered in 
98 and 48 patients, respectively; seven patients under-
went pancreatic stenting. Method of PEP prophylaxis did 
not significantly differ among the four groups (Table 2). 
Eighteen patients (8.3%) had a duodenal diverticulum 
(Table  2). Papillary balloon dilatation was performed 
in 47 patients (21.7%). Pancreatic duct cannulation was 

performed before NKP in 51 patients (23.5%); among 
these, 39 patients (17.97%) have cannulation < 5 attempts 
and 12 patients (5.53%) have cannulation ≥ 5 attempts. 
Pancreatic stent was used in 7 patients (3.23%) (Table 2).

Successful biliary cannulation
Successful biliary cannulation was achieved in 166 
patients overall (76.5%). The success rates based on the 
Haraldsson types were as follows: type 1, 74.8%; type 
2, 82.8%; type 3, 80.8%; and type 4, 66.7%. There was 
no significant difference in success rates among the 
types (p = 0.48). NKP procedures were performed on 33 
patients between June 2013 and December 2017, and on 
184 patients between January 2018 and May 2022. There 
was no statistically significant difference in cannulation 
success rates between these two time periods (72.73% vs. 
77.17%, p > 0.05).

Adverse events
ERCP-related adverse events are shown in Table 3. Over-
all incidence of adverse events was 9.22%. Incidence of 
adverse events did not significantly differ among the 
groups (p = 0.69). The most common adverse event was 
PEP (14 patients, 6.45%). Incidence of PEP did not sig-
nificantly differ among the groups (p = 0.71) (Table  3). 

Table 1  Characteristics of included patients
Variable Value
Age, yr 63.93 (15.40)
Male sex 112 (51.61)
Total bilirubin (umol/L) 70.23 (84.11)
Direct bilirubin (umol/L) 50.17 (64.69)
WBC (U/L) 1.31 (3.72)
PLT (U/L) 200.95 (81.91)
ALT (U/L) 134.27 (178.83)
AST U/L) 171.87 (187.38)
Albuminemia (g/L) 38.74 (23.86)
Preoperative CA 19 − 9, U/mL 518.43 (1712.87)
Combines comorbid, n (%)
  Cardiovascular disease 42 (19.36)
  Diabetes mellitus 15 (6.91)
  COPD 10 (4.61)
  MT 6 (2.76)
  Others 11 (5.07)
Indication of ERCP, n (%)
  CBD stone 177 (81.57)
  Pancreatic neoplasm 24 (11.06)
  Cholangiocarcinoma 8 (3.69)
  Others 8 (3.69)
Type of Papillary, n (%)
  Type 1 115(52.99)
  Type 2 29 (13.36)
  Type 3 52 (23.96)
  Type 4 21 (9.69)
PEP prophylaxis, n (%)
  Somatostatin 98(45.16)
  Pancreatic stents 7 (3.23)
  Indomethacin 48(22.12)
WBC, white blood count; PLT, platelet; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; COPD, chronic obstructive pulmonary diseases; 
CBD, common bile duct; Type 1, regular papilla; Type 2, small papilla; Type 3, 
protruding or pendulous papilla Type 4, creased or ridged papilla

Table 2  Details of during the ERCP
Variable Value
Duodenal diverticulum, n (%)
  Yes 18 (8.29)
  No 199 (91.71)
Post-ERCP procedure, n (%)
  EPBD 47 (21.66)
Pancreatic duct cannulation before NKP, n (%)
  Cannulation < 5 39 (17.97)
  Cannulation ≥ 5 12 (5.53)
  No 166 (76.50)
Pancreatic stent, n (%)
  Yes 8 (3.69)
  No 109 (96.31)
EPBD, Endoscopic Papillary Balloon Dilatation; NKP, needle-knife papillotomy

Fig. 1  Endoscopic classification of the macroscopic appearance of the Papilla of Vater. A: regular papilla; B: small papilla; C: protruding or pendulous 
papilla; D: creased or ridged papilla
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Incidence rates of bleeding and cholangitis were similar 
among the groups. Perforation did not occur.

Discussion
This study compared safety and efficacy of NKP in differ-
ent types of duodenal papilla in patients with DBC. The 
rate of successful cannulation and incidence of adverse 
events were similar between patients with different types 
of papilla.

Biliary cannulation is the critical first step when per-
forming ERCP. However, cannulation is unsuccessful in 
up to 20% of patients [1, 2]. Many factors influence the 
ability to cannulate, including duodenal positioning, 
papillary anatomy, and operator experience [12, 17]. In 
2017, Haraldsson et al. proposed four types of papilla that 
are cited in the ESGE guidelines [16, 18] and have been 
validated in several studies [19] because of its substan-
tial inter-and interobserver agreement. Compared with 
previous studies, this study had similar papilla ratios for 
the four types. Several studies have discussed the asso-
ciation between cannulation success and papilla mor-
phology [20–22]. Chen et al. reported that cannulation 
is more difficult and PEP incidence is higher with small 
papilla and those that protrude or are pendulous [20]. 
However, there were few studies focused on the papilla 
morphology and advance canulation techniques. Numer-
ous methods have been proposed to achieve cannula-
tion in difficult cases. The most widely used precutting 
method is NKP. NKP is highly successful and safe when 
performed by experienced endoscopists. In our study, we 
investigated firstly the influence of duodenal papilla mor-
phology on NKP, an advanced cannulation technique. 
The overall rate of successfully biliary cannulation in our 
study was 76.50%, which is similar to previously reported 
rates ranged from 42.2–97% [15]. We found that there 
was not significantly different among four groups which 
showed when NKP was effective for all types of papilla. In 
another study, Canena et al. proposed another classifica-
tion systems and demonstrated that intradiverticular and 
diverticular border papilla were the only independent 
risk factors for difficult rescue needle-knife fistulotomy 
(NKF) biliary cannulation [19]. However, this classifica-
tion system is complex, also this study focused on the use 
of NKF. Several studies have suggested that NKF may be 

more effective for papilla with a long intramural segment 
[12, 23]. As we all know, NKP and NKF are different, 
and the advantages and disadvantages of the two are still 
controversial [24]. In our center, we mostly use NKP, an 
advanced technology. A recent study on the morphology 
and advanced cannulation techniques of the duodenal 
papilla suggests that precut sphincterotomy (PS) may be 
more suitable for Type 3 papilla [25]. However, both NKP 
and NKF were used in this study and PS was performed 
when pancreatic duct was not accessed or as a salvage 
technique after failed double guidewire. Although these 
studies all concern the morphology and cannulation, the 
methods of papillary classification and advanced cannu-
lation techniques vary among different studies.

Incidence of adverse events did not significantly differ 
among the papilla types, including incidence of PEP, one 
of the most serious potential adverse events. Chen et al. 
showed that small papilla is associated with a higher rate 
of post-ERCP pancreatitis [20]. A possible explanation 
is that papillary balloon dilatation was performed more 
frequently in small papilla. Although a previous study 
reported that a small papilla was a risk factor for perfora-
tion [26], perforation did not occur in our study, possibly 
owing to its small sample size. However, more high-qual-
ity study was required in the future.

This study has several limitations. It was retrospec-
tive in design with sample size and procedures were 
performed by three endoscopists. Therefore, selection 
bias and operator bias may have been introduced. Sec-
ondly, while the incidence of complications in this study 
aligns with previous research, the limited sample size 
could potentially influence the outcomes. Therefore, it 
is imperative to either expand the sample size or under-
take high-quality randomized controlled trials for further 
exploration. In addition, PEP prophylaxis varied among 
patients, which may have affected the results. Future 
large-scale prospective studies are warranted to confirm 
our findings.

In conclusion, NKP was useful to achieve successful 
cannulation in patients with DBC. Moreover, the rate of 
successful cannulation and incidence of adverse events 
were similar among the different types of duodenal 
papilla.

Table 3  Comparison of adverse events of patients after ERCP
Type of Papillary, n (%)
Type 1 (n = 115) Type 2 (n = 29) Type 3 (n = 52) Type 4 (n = 21) P value

Adverse events, n (%) 8 3 4 3 0.69
PEP 6 3 3 2 0.71
Bleeding 1 0 1 0 0.79
Perforation 0 0 0 0 -
Cholangitis 1 0 1 1 0.48
PEP: post-ERCP pancreatitis; Type 1, regular papilla; Type 2, small papilla; Type 3, protruding or pendulous papilla; Type 4, creased or ridged papilla
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Abbreviations
NKP	� Needle-knife papillotomyABP:acute biliary pancreatitis
ERCP	� Endoscopic retrograde cholangiopancreatography
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