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Efficacy and safety of primary, early 
and late needle‑knife fistulotomy 
for biliary access
Jorge Canena1,3,7,9*, Luís Lopes2,5,6,9, João Fernandes2, Gonçalo Alexandrino1, 
Luísa Figueiredo1, Marta Moreira2, Tarcísio Araújo2, Luís Lourenço1, David Horta1,3, 
Pietro Familiari8 & Mário Dinis‑Ribeiro4,7

European Society of Gastrointestinal Endoscopy recommends needle‑knife fistulotomy (NKF) as 
the preferred precut technique. However, there is little information on whether NKF performed 
at different times is associated with different success and adverse event rates. We compared the 
outcomes of 3 different timings of NKF. This was an observational study conducted at 4 institutions 
and this was a retrospective analysis of prospectively collected data. We included 330 consecutive 
patients submitted to NKF attempt for biliary access. Patients were divided into three groups: 
NKF as an initial procedure for biliary access (group A, n = 121); early NKF defined as after 5 min, 5 
attempts, or 2 pancreatic passages (group B, n = 99); and late NKF: after at least 10 min of unsuccessful 
standard biliary cannulation (group C, n = 110). We assessed the success rate of biliary cannulation at 
initial ERCP, time to perform NKF until biliary cannulation, overall biliary cannulation rate (second 
ERCP when initial failure), adverse event rate, and predictors of post‑ERCP pancreatitis (PEP). The 
initial cannulation rate was 98%, 91% and 94% for groups A, B and C respectively, p = 0.08, whereas 
overall biliary cannulation rate was 100%, 95% and 98%, p = 0.115. The adverse event rate/PEP was 
4.1%/2.5%, 7.1%/4% and 10.9%/8.2%, for groups A, B and C respectively, (p = 0.197 and p = 0.190). 
Median time for creating the fistula was A = 4.0 min, B = 3.2 min, and C = 5.6 min, p < 000.1. Each 
additional minute spent attempting cannulation increased the odds ratio (OR) for PEP by 1.072, and 
patients with 3 or more risk factors for pancreatitis had a higher chance of PEP. In conclusion, the 
timing of NFK does not appear to influence success rates but late NFK is associated with a higher time 
to create a fistula and an increased risk of pancreatitis. Primary NFK is associated with a high rate of 
success and a low rate of PEP and deserves additional investigation.

Endoscopic retrograde cholangiopancreatography (ERCP) is an advanced procedure that is widely used in the 
diagnosis and treatment of a variety of benign and malignant pancreatobiliary  disorders1–5. Selective deep can-
nulation of the biliary tract is the most important prerequisite for successful therapeutic  ERCP6–8. However, 
even experienced endoscopists may face technical problems when using standard techniques for biliary cannu-
lation; therefore, selective access to biliary ducts mail fail in 5–35% of  cases6–9. In this subset of patients, rescue 
techniques are needed to obtain deep cannulation of the desired duct. Precut techniques have emerged as a type 
of advanced technique that may be used as rescue techniques for accessing bile ducts. Recently, the European 
Society of Gastrointestinal Endoscopy (ESGE) has recommended needle-knife fistulotomy (NKF) as the preferred 
technique for  precutting10. Furthermore, ESGE suggests that precutting should be used only by endoscopists 
who achieve selective biliary cannulation in more than 80% of cases using standard cannulation  techniques10. 
However, there is no consensus about the timing of performing the NKF during an ERCP, especially because 
very few studies comparing NKF strategies are available. One study suggested that when comparing early NKF 
(after 5 min of ERCP) with late NKF (after 15 min of ERCP), although the overall cannulation rate was similar 

OPEN

1Department of Gastroenterology, Professor Doutor Fernando Fonseca Hospital, IC 19 PT–2720-276, Amadora, 
Portugal. 2Department of Gastroenterology, Santa Luzia Hospital, Unidade Local de Saúde Alto Minho, Viana do 
Castelo, Portugal. 3Department of Gastroenterology – Nova Medical School/Faculty of Medical Sciences, Lisbon, 
Portugal. 4Department of Gastroenterology, Portuguese Oncology Institute of Porto, Porto, Portugal. 5School of 
Medicine, Life and Health Sciences Research Institute (ICVS), University of Minho, Braga, Portugal. 6ICVS/3B’s 
- PT Government Associate Laboratory, Braga/Guimarães, Portugal. 7Cintesis – Center for Health Technology 
and Services Research, Porto, Portugal. 8Digestive Endoscopy Unit, Agostino Gemelli University Hospital, Rome, 
Italy. 9These authors contributed equally: Jorge Canena and Luís Lopes. *email: jmtcanena@live.com.pt

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-96142-9&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2021) 11:16658  | https://doi.org/10.1038/s41598-021-96142-9

www.nature.com/scientificreports/

between the two groups, post-ERCP pancreatitis (PEP) and procedural duration were lower in the early NKF 
 group9. One systematic review with meta-analysis investigated whether early precut biliary sphincterotomy was 
associated with a lower incidence of PEP when compared with repeated papillary cannulation  attempts11. The 
abovementioned meta-analysis of randomized controlled trials (RCTs) showed a decreasing trend for PEP with 
early precut sphincterotomy but was not statistically significant. However, when the analysis was restricted to 
the two RCTs that employed fistulotomy, this technique significantly reduced the odds of  PEP11. Furthermore, 
two recent studies have suggested that in a cohort of patients at high risk for PEP, primary NFK is feasible and 
safe, and when compared with patients submitted to standard cannulation, it is associated with significantly 
lower rates of PEP (0%) and higher rates of successful cannulation at initial  ERCP6,7. In fact, at the moment, 
there is a clear lack of information on whether performing NKF at different timings is associated with different 
success rates and adverse event rates, mainly because this study has never been undertaken. Furthermore, when 
looking at the literature there are only 3 studies including patients submitted to primary NFK. Therefore, we 
conducted a study comparing the outcomes of three different timings of NKF for accessing the biliary system, 
namely, the initial method of cannulation, whether early (soon after a difficult cannulation was declared) or late 
(after multiple attempts with conventional techniques).

Methods
Patients and setting. This was an observational study conducted in four centers in which NKF is per-
formed by two senior endoscopists. We conducted a retrospective analysis of prospectively collected data. 
Between January 2017 and February 2020, all of the consecutive patients who underwent NKF for biliary access 
in a naïve papilla were enrolled in the study and were followed prospectively. Patients with surgically altered 
anatomy or tumors of the papilla were excluded. Patients were divided into three groups: (a) NKF as an initial 
method for biliary access, (b) early NKF and (c) late NKF (see definitions below). During the study period 
patients submitted to NKF after the 6th minute and before the 10th minute, with more than 5 attempts and more 
than 2 pancreatic passages (endoscopist’s decision associated with the type of clinical situation during ERCP), 
were considered to be outside groups B and C and excluded from the analysis. The decision of the timing to 
perform NKF was left to the discretion of the endoscopist. In our institutions, the preferred rescue technique 
for difficult cannulation is NKF, which is undertaken, as far as timing is concerned, according to the preference 
of the endoscopist based on several issues, namely, the morphology of the ampulla of Vater or the position of 
the endoscope facing the major papilla, and trainee involvement. This procedure was performed preferentially 
in patients with a suitable morphology of the papilla, avoiding most of the times flat and diverticular papil-
lae. Trainee involvement was associated, most of the times with late NKF and when a very poor position was 
achieved NKF was avoided. Since 2017, we began performing primary NKF initially in patients at high risk for 
 PEP6,7 and later in 2018 in all patients for whom the endoscopist decided to perform the technique to lower the 
risk of PEP.

The data collected included patient demographics, indication for ERCP, underlying biliary pathology, thera-
peutic interventions, rate of success of NKF in the first ERCP or overall, after a second ERCP in initial failures, 
length of time for achieving biliary cannulation, length of time to create a successful fistula, intraprocedural 
adverse events and postprocedural adverse events (30-day follow-up). This study was conducted at 4 institutions 
(2 tertiary referral academic centers and 2 general district hospitals). The Ethics Committee at each institution 
approved this observational study (ULSAM ethics committee at Viana do Castelo Hospital, ULSBA Ethics Com-
mittee at Hospital de Beja, HPFA Ethics Committee at Amadora-Sintra Hospital and ULSNE Ethics Committee at 
Hospital Distrital de Mirandela). All research was performed in accordance with relevant guidelines/regulations, 
and informed consent was obtained from all participants and/or their legal guardians. This was an observational 
study without randomization (not a clinical trial) and therefore no clinical trial registration was undertaken.

Outcomes and definitions. The primary outcomes were as follows: (1) initial cannulation rate for the 
three groups and (2) adverse event rate, with special attention paid to the PEP rate for the three groups. The 
secondary endpoints included median time to undertake the fistulotomy, median ERCP time until biliary can-
nulation at first ERCP, time to begin NKF, overall cannulation rate (after a second ERCP when there was failure 
of the first ERCP) and predictors of PEP.

NKF as the initial method was defined as using NKF as an initial procedure for biliary access without contact 
with the orifice of the  papilla6,7. Early NFK was defined as the use of NKF after one or more of the following: more 
than 5 contacts with the papilla while attempting to cannulate; more than 5 min spent attempting to cannulate 
following visualization of the papilla or more than one unintended pancreatic duct cannulation or opacification, 
which is the recommendation of ESGE for defining difficult biliary  cannulation10. Late NKF was defined as the use 
of NFK for biliary cannulation after at least 10 min of unsuccessful standard biliary cannulation attempts as sug-
gested  elsewhere12–14. The length of time for achieving biliary cannulation after starting cannulation attempts was 
defined as the length of time between the first contact with the ampulla of Vater and visualization of a guidewire 
in the biliary duct. The length of time for creating a fistula from the papilla to the biliary tract was defined as the 
length of time between the first contact of the needle-knife with the papilla and visualization of a guidewire in 
the biliary duct. The time to begin NKF was the length of time between the beginning of unsuccessful standard 
cannulation attempts and the first contact of the papilla with the needle-knife.

For the purpose of comparing the pancreatitis rate between groups, all patients were evaluated for the follow-
ing patient-related risk factors for PEP as suggested  elsewhere6,7,15–17: age 18–50, female, normal common bile 
duct (CBD) diameter (< 9 mm), normal serum bilirubin, previous acute pancreatitis and suspected sphincter of 
Oddi dysfunction (SOD). Post-ERCP complications, namely, PEP, ERCP bleeding and retroperitoneal perfora-
tion, were classified and graded according to consensus  guidelines7,18,19.
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Intervention, endoscopists, and PEP prevention. We followed a standard protocol (supplementary 
material) that has been used in our institutions. ERCP procedures were performed in the prone position under 
sedation with propofol administration by an anesthesiologist. Although several ERCPists were involved in the 
ERCP procedures, as recommended  elsewhere20, the only endoscopists performing NKF in the study (JC, LL) 
achieved selective biliary cannulation in more than 80% of the patients using standard access techniques. Fur-
thermore, the abovementioned ERCPists had performed more than 8000 ERCPs in their careers with an annual 
load above 400 ERCPs/year and had performed more than 500 NKF in their careers and more than 30 NKF/year 
in the last 5 years. Other ERCPists involved in the study were ERCPists with more than one year of practice and 
at least 500 procedures accomplished. During the study period the trainees were endoscopists with limited expe-
rience in ERCP (less than one year of experience and less than 200 ERCPs performed/visualized). The trainees 
did not initiate the procedure in diverticular papillae. The trainees could undertake biliary cannulation attempts 
for at least 6 min and if deep cannulation was not obtained, a senior endoscopist took over. During the study 
period 4 trainees were involved in the procedures.

The details of the NFK technique have been extensively described by others and will not be addressed in this 
 manuscript6–9,20–26. Prophylaxis of PEP was undertaken in all patients. Routine rectal administration of 100 mg 
of indomethacin or diclofenac immediately before ERCP was performed. In all cases of inadvertent guidewire 
passage into the pancreatic duct or pancreatic opacification, a prophylactic 5 Fr pancreatic stenting was placed 
as recommended  elsewhere10,12.

Statistical analysis. Qualitative variables are summarized using absolute and relative frequencies, and 
quantitative variables are summarized using the mean and standard deviation or the median and interquartile 
range, depending on their distribution profiles. The normality of the quantitative variables was assessed using 
the histogram distribution.

Relations between categorical variables were assessed using a chi-square test and Fisher´s exact test. Dif-
ferences between two or more groups of independent non-normally distributed quantitative variables were 
evaluated using a Kruskal–Wallis test.

A sample of 326 patients will provide 80% power to detect an effect-size of 0.17 in pancreatitis rates between 
the three groups based on a chi-square test, assuming a pancreatitis rate of 1% among primary  fistulotomy6,7, 
and a one-tailed alpha of 0.05.

To explain the risk of pancreatitis, a binomial logistic regression model with the following 6 predictors was 
performed: 2 interval predictors: (1) age and (2) time attempting cannulation (minutes) and 4 indicator predic-
tors: (3) sex (male, as base case) and (4) number of risk factors for pancreatitis (0 risk factors, as base case), (5) 
malignant biliary stenosis (no stenosis, as base case) and (6) common bile duct stones (no stones, as base case).

The null hypothesis was rejected when the test statistics p values were less than < 0.05. Statistical analysis, 
sample size calculation and graphics were performed using Stata software (StataCorp. 2015. Stata Statistical 
Software: Release 14. College Station, TX: StataCorp LP).

Results
Patients. Between January 2017 and February 2020, 330 patients (147 males and 183 females) with a mean 
age of 74.1 years (range 18–97 years) fulfilled group selection criteria and were enrolled in the study. The three 
groups defined earlier in the methods section were as follows: group A (primary NFK, n = 121), group B (early 
NFK, n = 99), and group C (late NFK, n = 110). During the study period additional existing 7 patients were 
excluded from the analysis because NKF was undertaken outside the strict criteria for inclusion in group B and 
before the 10th minute to be considered for inclusion in group C. Patients of groups B and C resulted from a 
group of patients in which NKF was used as a rescue technique in 11% of the cases. There were no additional 
patients excluded. Included patient demographics, number of PEP patient-related risk factors, cholangiographic 
findings and placement of pancreatic stents are summarized in Table 1. There were no significant differences in 
sex, PEP risk factors, or pancreatic stent placement among the three groups. However significant differences 
were found for age and several cholangiographic findings namely CBD stones and malignant biliary strictures 
between groups A, B and C. 

Primary outcomes. Primary outcomes are shown in Table  2. Overall, regarding the initial cannulation 
rate, selective biliary cannulation was obtained in 311/330 (94.2%) of the patients. In group A, initial success was 
obtained in 118/121 (97.5%) of the patients. Following the initial NFK attempt, biliary cannulation was success-
ful in 90/99 (90.9%) patients in group B and in 103/110 (93.6%) patients in group C. There were no significant 
differences in the initial cannulation rate of the 3 groups (P = 0.083).

In total, adverse events occurred in 24/330 (7.3%) of the patients, being most frequent in group C (10.9%), 
and these differences were not statistically significant among the 3 groups (P = 0.197). In total, pancreatitis 
occurred in 16/330 (4.8%) of the patients, being most frequent in group C (8.2%), and the differences among 
the 3 groups was not statistically significant (P = 0.190). When comparing differences between pair of groups, 
statistically significance was not achieved: group A versus group B (p = 0.649), group A versus group C (0.092) 
and group B versus group C (0.240). All PEP cases were mild and resolved with conservative management. 
Bleeding occurred in 2 patients in group A, 3 patients in group B and 3 patients in group C. All cases of bleeding 
occurred after ERCP (3, less than 24 h after ERCP; 2, on day 1 after ERCP; and 3, more than 48 h after ERCP). 
In five patients, the bleeding was mild, and no additional measures were undertaken. In 3 patients (one in each 
group), one additional ERCP was performed to control the bleeding, and transfusion was needed (2 units for 
each patient). These patients resumed anticoagulant therapy on the day after ERCP. No patients developed per-
foration or cholangitis after ERCP.
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Secondary outcomes. In total, 323/330 (97.9%) of the patients had successful biliary cannulation after 
the second ERCP using NFK (Table 2). From the first to the second ERCP, there was an increase in successful 
biliary access from 94.2% to 97.9%, representing an increase of 12/330 (3.6%) of the patients. The second ERCP 
was performed after a median time of 6.2 days (range: 4–9 days). Of the remaining 7 patients, 3 had a successful 
biliary cannulation using other advanced techniques, and 4 did not undergo a second ERCP. Selective biliary 
cannulation was more effective in group A than in groups B and C, but there were no significant differences in 
the overall cannulation rates of the 3 groups (P = 0.115). When comparing the length of time for performing a 
successful fistulotomy for the 3 groups, patients in group C had a significant longer time to complete the fistula 
and achieve deep biliary cannulation (P < 0.001) [A vs. B (P = 0.275); A vs. C (P < 0.001); B vs C (P < 0.001)] 
(Fig. 1). The total median cannulation time was significantly longer in group C than in groups B and A (18.45 vs. 
8.07 vs. 4.02 min, respectively) (P < 0.001), [A vs. B (P < 0.001); A vs. C (P < 0.001); B vs C (P < 0.001)].

Regression model for evaluating predictors of pancreatitis. To assess potential predictors of pan-
creatitis, a univariate analysis was performed to assess potential associations (Table 3), followed by a logistic 
regression with six predictors (Table 4). The results from this model demonstrated that the marginal and sepa-
rate effect of time to cannulation was 1.072, which means that each additional minute attempting cannulation 
increased the odds ratio for PEP by 1.072, holding all other predictors constant. 

Table 1.  Patient demographics, patient-related factors for PEP, use of pancreatic stents and cholangiographic 
findings for the 3 NFK groups. **p < 0.05. ***p < 0.01.

Primary NKF
n (%)

Early NKF
n (%)

Late NKF
n (%) p

Age (years), mean (range) 71.3 (18–97) 75.6 (18–96) 74.9 (30–96) 0.018**

Male sex 59 (48.7%) 42 (42.4%) 46 (41.8%) 0.698

PEP risk factors, mean (SD) 1.428 (0.966) 1.200 (0.807) 1.409 (0.951) 0.287

PEP risk factors

 0 18 (14.9%) 20 (20.2%) 18 (16.4%) 0.522

 1 49 (40.5%) 43 (43.4%) 45 (40.9%)

 2 39 (32.2%) 32 (32.3%) 33 (30.0%)

 3 11 (9.1%) 4 (4.0%) 12 (10.9%)

 4 4 (3.3%) 0 2 (1.8%)

 5 0 0 0

 6 0 0 0

Cholangiographic findings

 CBD stones 106 (87.6%) 58 (58.6%) 56 (50.9%) < 0.001***

 Malignant biliary stricture 10 (8.3%) 23 (23.2%) 34 (30.9%) < 0.001***

 Leaks 2 (1.7%) 4 (4.0%) 4 (3.6%) 0.475

 Other findings 3 (1.7%) 14 (14.1%) 16 (14.5%) < 0.001***

Pancreatic stents 0 5 (5.1%) 3 (2.7%) 0.262

Table 2.  Primary and secondary outcomes: cannulation rate, adverse events rate and length of time to 
create a fistula and time to achieve biliary cannulation in the 3 groups. p25-p75: lower and upper limit of the 
interquartile range. ***p < 0.01.

Primary NKF
n (%)

Early NKF
n (%)

Late NKF
n (%) p

Biliary cannulation

Success in first ERCP 118/121 (97.5%) 90/99 (90.9%) 103/110 (93.6%) 0.083

Overall biliary cannulation 121 (100%) 94 (94.9%) 108 (98.2%) 0.115

Adverse events

Overall 5 (4.1%) 7 (7.1%) 12 (10.9%) 0.197

 Pancreatitis 3 (2.5%) 4 (4.0%) 9 (8.2%) 0.190

 Bleeding 2 (21.7%) 3 (3.0%) 3 (2.7%) 0.750

Time to begin NKF, Median (p25-75) – 3.6 (1.8–4.0) 10.3 (10.0–16.7) < 0.001***

NKF duration, Median (p25-75) 4.0 (4.1–7.2) 3.2 (2.5–4.5) 5.6 (3.5–10.5) < 0.001***

Time to cannulation,Median (p25-75) 4.0 (4.01–7.1) 8.1 (6.6–9.1) 18.5 (13.2–26.8) < 0.001***
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Regarding the number of PEP risk factors, 3 or more risk factors increased the odds of developing pancreatitis. 
A patient with 3 risk factors had an odds ratio of 24.116 when compared with a patient with no risk factor for 
PEP. Interestingly, when a patient had 2 or fewer risk factors, the risk of developing PEP was not different from 
that of a patient with no risk factors for PEP.

Discussion
According to our findings in this observational multicenter study comparing a large cohort of patients submit-
ted to 3 different timings of NKF (primary, early and late), we did not observe different success rates in biliary 
cannulation between the 3 groups.

Although the rate of adverse events is lower in primary NKF and higher in late NKF, these differences did not 
achieve statistical significance, which could result from the 20% chance of not discovering differences despite 
their existence (using 80% power in the sample size estimation) or may result from an underestimation of the 

Figure 1.  Statistically different times for performing needle-knife fistulotomy (NKF) with success among the 3 
groups.

Table 3.  Univariate analysis for evaluating possible associations for pancreatitis. p25–p75: lower and upper 
limit of the interquartile range.

Pancreatitis

pNo, n (%) Yes, n (%)

Age 74.5 (61.6–81.9) 64.9 (59.7–79.4) 0.2314

Sex 1.000

 Female 172 (93.7%) 11 (6.3%)

 Male 138 (93.7%) 9 (6.3%)

CBD stones 0.496

 No 139 (93.3%) 10 (6.7%)

 Yes 172 (94.9%) 9 (5.1%)

Malignant biliary stricture 0.678

 No 248 (93.9%) 16 (6.1%)

 Yes 63 (95.4%) 3 (4.6%)

PEP risk factors 0.004

 0 55 (98.2%) 1 (1.8%)

 1 132 (96.4%) 5 (3.6%)

 2 100 (96.2%) 4 (3.8%)

 3 24 (88.9%) 3 (11.1%)

 4 3 (50.0%) 3 (50.0%)

NKF timing 0.175

 Primary 118 (97.5%) 3 (2.5%)

 Early 95 (96.0%) 4 (4.0%)

 Late 101 (92.8%) 9 (8.2%)

Cannulation time, median (p25; p75) 7.58 (4.00–13.91) 14.91 (8.04–25.02) 0.0034
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risk of pancreatitis in the primary NKF group and/or overestimation of the rate of adverse events between NKF 
timings.

However, late NKF was associated with a significantly longer time to complete the fistula and a trend toward 
a higher rate of pancreatitis resulting from the prolonged number of contacts with the papilla (length of time for 
achieving biliary cannulation). In the regression model, each additional minute attempting cannulation increased 
the odds ratio (OR) for PEP by 1.072, and patients with 3 or more risk factors for pancreatitis had a higher chance 
of PEP. Finally, primary NKF was feasible, with a 97.5% initial success rate and a low rate of pancreatitis (2.5%).

Since 2001 NKF is the preferred rescue technique in our units. Our group works in 4 hospitals in which the 
same protocol has been implemented. In these 4 units NKF is performed by the two coordinators (JC, LL) which 
have been using this advanced technique for more than 20 years.

Another issue is which patients are selected to primary, early or late NKF? In our units the preferred method 
is conventional cannulation using the guidewire assisted technique. NKF is the preferred rescue technique and 
most of the times we preferred to undertake it in an early strategy trying to avoid that a prolonged ERCP time 
will increase the risk of adverse events. However, there are several factors that have led us to extend the time 
of conventional cannulation beyond the 10 min barrier namely when trainees are involved, intra-diverticular 
papillae, small papillae or other disadvantageous types of morphologies including tumoral infiltration that makes 
the performance of rescue advanced techniques more difficult. Interestingly, in the current study, the time to 
complete the fistula was similar in groups A and B, but there was a statistically significant difference of a longer 
time to complete the fistula in group C, suggesting that multiple attempts of standard cannulation may create 
trauma and edema at the ampulla of Vater and may therefore increase the time to achieve success when complet-
ing the fistula but not the success rate itself (see below).

Although some of the pioneers of ERCP attribute its conception and use to Claude Liguory in Paris, during 
the decade of 70 of the XX century, its original description in the literature is attributed in 1978 to an Italian 
endoscopist from Bologna, named  Caletti27. In 2016, the European Society of Gastrointestinal Endoscopy (ESGE) 
recommended needle-knife fistulotomy as the preferred technique for precutting mainly because the NKF tech-
nique significantly reduced the odds of  PEP10.

The popularity of precut techniques (conventional and fistulotomy) was low in the past because old studies 
reported a high rate of complications with precut techniques, namely, perforations, bleeding, and  pancreatitis28–30. 
However, there is now robust evidence that the use of NKF is safe and successful in the hands of experienced 
 endoscopists6–8,25,26. Three large series are available including from 204 to 352 patients and a technical success 
ranging from 81 to 92%8,25,26 (Table 5). These studies were done without the use of indomethacin and NKF was 
used after a difficult cannulation in a late strategy. In the current study, we undertook NKF in a large cohort of 
330 patients (the second largest reported in the literature), and we observed an initial success rate in 311/330 
(94.2%) of the patients, which compared with the 2 large series from the  USA25 and  Ireland26. Furthermore, as 

Table 4.  Logistic regression to evaluate predictors of pancreatitis. SE: standard error; CI: confidence interval. 
*p < 0.05.

Variables Odds Ratio Robust SE 95% CI p

Age 1.017 0.020 0.979 1.057 0.370

Sex

Female 0.4013 0.31 0.0922 1.853 0.249

CBD stones

Yes 1.249 0.957 0.278 5.606 0.771

Malignant biliary stricture

Yes 0.657 0.618 0.103 4.159 0.656

Time to cannulation (min) 1.072 0.025 1.024 1.123 0.003*

No. of PEP risk factors

 1 3.340 3.492 0.455 25.423 0.232

 2 3.675 4.527 0.328 41.108 0.290

 3 24.116 12.768 1.540 377.436 0.023*

 4 106.869 33.002 5.015 2276.988 0.003*

Table 5.  Case series evaluating outcomes of needle-knife fistulotomy.

References Patients (n) Technical success (%) Pancreatitis rate (%)
Pancreatitis 
prophylaxis

Time to undertake 
NFK (minutes)

Harewood and  Baron25 253 92 11 No Late (after 20 min)

Donnellan et al.26 352 90.1 0.3 No Late (no time 
reported)

Lopes et al.8 204 81 6.4 No Late (after 12–15 min)
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suggested in other  reports8,9 our initial cannulation success was further extended with the same technique in a 
second ERCP (from 94.2 to 97.9%).

Primary NKF has gained interest in recent years. In 2016, a group from South Korea reported the utility of 
NKF as an initial method of biliary access in a group of patients with one or more patient-related risk factors for 
PEP, which they considered to be a population at a high risk of  PEP6. They enrolled 55 patients and observed a 
96.3% CBD cannulation success rate and a 0% rate of pancreatitis without using indomethacin for PEP preven-
tion. Four years later, the same group conducted an RCT comparing 87 patients submitted to the conventional 
cannulation method versus 96 patients allocated to primary NFK, and all of the patients were considered to be 
at high risk for  pancreatitis7. The investigators observed a significant difference in technical success and com-
plications between the two groups in favor of the NFK group. Again, they reported a 0% rate of pancreatitis in 
the NKF group, and none of the patients in either group were submitted to PEP prophylaxis with NSAIDs. In 
an editorial related to this research, some questions were  raised31, the primary question being if the nonuse of 
NSAIDs in the conventional group posed an artificial advantage in favor of the NFK group. This was a clear 
caveat, and with a large probability, the use of prophylactic measures for PEP in the conventional group was 
likely to blunt the differences or even negate the statistical significance of the pancreatitis rate in favor of the 
NFK group. Furthermore, regarding the abovementioned findings, the pancreatitis rate of 0% was impressive 
and deserved further research. However, what was not written in either paper (the RCT or the editorial) or in 
the original paper of 2016 is the fact that in 2008, a group from Iran first reported primary fistulotomy as a can-
nulation  method32. Furthermore, they performed it in an RCT comparing a population with a mix of patients 
(with low and high risk for pancreatitis). In this RCT, the authors performed exactly the same study of the Korean 
group comparing primary NKF (106 patients) vs. the standard cannulation method (112 patients). Furthermore, 
the RCT was conducted in 2003/2004 without PEP prophylaxis. The researchers in Iran observed no significant 
differences between groups with regard to successful cannulation and pancreatitis. In the NKF group, pancreatitis 
was observed in 1.9% of the patients vs. 2.6% of the patients in the standard cannulation group.

There is a clear rationale behind the use of primary NKF. First, PEP is believed to occur, in part, due to trauma 
and edema during cannulation attempts causing transient obstruction of the pancreatic duct. Furthermore, 
after cannulation, sphincterotomy will cause thermal injury of the shared orifice, which will further contribute 
to the blockage of the pancreatic duct. Therefore, the use of NKF is theoretically a protector from pancreatitis 
risk because the incision made by the NK is made above and to the left of the biliary orifice, avoiding contact 
with and thermal injury to the pancreatic duct. Another issue is whether NKF is a rescue procedure with a high 
success rate in experienced hands and why it is not used as a first biliary method of cannulation, especially in 
high-risk patients. However, NKF is a blind process, and the position of the CBD may not always be located at 
the usual position in the infundibulum; therefore, theoretically, in a minority of patients, thermal injury of the 
pancreatic duct may occur, and pancreatitis may develop. Therefore, a systematic 0% pancreatitis rate in patients 
submitted to primary NKF deserves further research. For example, in the RCT conducted in Korea, 3.1% of the 
patients had contrast injection of the pancreatic duct, and in 8.3% of the patients, selective pancreatic cannula-
tion was  achieved7. Furthermore, no indomethacin was used, only one pancreatic stent was placed in the NKF 
group, and a 0% pancreatitis rate was still obtained. In the current study, 121 patients underwent NKF with a 
pancreatitis rate of 2.5% (3/121) and a success rate at initial ERCP of 97.5%. This success rate was similar to 
the 2 studies conducted by the Korean group (96.3% and 97.9%), but the pancreatitis rate was not 0%, and our 
rate was similar to the pancreatitis rate observed in the study from Iran (1.9%)32. A possible explanation can 
be obtained in our regression model in which patients with 3 or more risk factors are at an increased risk of 
pancreatitis. In our population of 121 patients submitted to NKF, we observed 3 cases of mild pancreatitis in 3 
patients with four risk factors. In these 3 patients, all fistulas were created in less than 4 min, and no pancreatic 
cannulation was seen. Therefore, a larger series of patients submitted to primary NKF is needed, including 
patients with low and high risk and those with different endoscopic appearances of the ampulla of Vater. Further, 
more comparisons of primary NFK with standard cannulation methods are needed, especially if both groups are 
submitted to PEP prophylaxis. Which patients we select to primary NKF? In our units we started undertaking 
primary NKF in patients with several risk factors for pancreatitis and in large papillae with a long intramural 
segment as suggested by others. However, with experience (personal data, in press) we have extended primary 
fistulotomy to patients with almost all types of papillae with several risk factors, co-morbidities or when a fast 
ERCP procedure was mandatory.

In the current study, when comparing the adverse event rate in the three groups, there was a trend toward a 
higher rate of complications from group A to B and from group B to C, and this trend was caused by the increas-
ing number of pancreatitis events from group A to B (2.5 vs. 4.0%) and from group B to C (4.0% vs. 8.2%). This 
increasing rate of pancreatitis (almost doubling the rate from group A to B and from B to C) was in line with 
the significant differences in the time to achieve biliary cannulation among the three groups, and this difference 
was due to the time of 18.5 min observed in group C. Taken together, these findings suggest that the late NKF 
strategy was associated with a prolonged time to achieve biliary cannulation and that the trend toward a higher 
rate of pancreatitis in group C developed as a consequence of the duration of the ERCP, which was linked to the 
increased duration of the attempts to cannulate the bile duct and not to the NKF. Our regression model clearly 
shows that each additional minute spent attempting cannulation increases the odds ratio for PEP by 1.072. Also, 
off interest in our univariate and multivariate analysis significant differences between groups A, B and C found 
in Table 1 proved to be of no significance for the PEP model. Further The fact that early classic precut was asso-
ciated with a trend toward a lower incidence of PEP than that after late precut has been suggested by a recent 
systematic review and meta-analysis evaluating 7 RCTs and 7 non-RCTs33. However, 12 of the 14 studies included 
the conventional precut, and only two included patients underwent  fistulotomy32,33. In these 2 abovementioned 
studies, the end point was to compare early fistulotomy to standard cannulation and not to late fistulotomy. Only 
one study had a significant pancreatitis rate in favor of early NKF when compared with the numerous-attempt 
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 strategy33. However, in this study, randomization was made only after 10 min of standard attempts, and after 
the initial 10 min, the endoscopist was free to extend the procedural time as long as he wanted. Therefore, the 
authors concluded that pancreatitis develops because of the time spent on cannulation attempts.

In the current study, the three timings of NKF were not associated with different success rates of biliary can-
nulation, and this fact has not been clearly shown in previous studies because most of them compare patients 
submitted to early NKF with patients submitted to standard cannulation, and in this group, some of the patients 
are eventually submitted to a late NKF; therefore, the number of patients who undertake a late fistulotomy is 
small, and most of the time, these numbers are not easy to access in the studies. In one of the abovementioned 
RCTs, the success rate between early and late NKF was similar. The success of early NFK was observed in 63/77 
(81.8%) of the patients and in 42/50 (84%) of the patients submitted to late  NKF33. In the study from Iran, suc-
cess was obtained in 83% of the patients who underwent primary NKF and in 16/20 (80%) of the patients who 
underwent late  NKF32. Therefore, from these small numbers, we could suspect what our study showed for the 
first time that late NKF may be associated with a prolonged time to complete the fistula, but the success rate is not 
different from that with other NFK timings. Of interest in our study and in both studies from Korea, the success 
rate associated with primary NKF is very high, and it is not clear if these observations result from expertise or 
from adequate selection of the papilla morphology, or if it is easier to undertake an NKF in an untouched papilla, 
or if the findings are a consequence of all factors combined. Again, more research in this emerging area is needed.

The current study has several limitations: although patients were prospectively enrolled, patient selection 
bias exists because it is not a randomized and controlled study. Therefore, the result obtained accordingly does 
not have a high level of evidence. Furthermore, NFK was performed by experienced endoscopists with a special 
interest in NKF, and thus, the results may not be representative of the average NFK outcomes in community 
hospitals. The strength of our study lies in the large number of patients and in the design of the study. To the best 
of our knowledge, this is the first study to compare three strategies of NKF and is the second largest NKF series 
ever reported. In addition, our study is only the 4th paper in the literature to include patients with primary NKF 
and of those papers is the one with the largest number of enrolled patients.

In conclusion and based on the limitations of the study we suggest that the timing of NKF does not appear 
to influence biliary access success rates when comparing three different timings. Late NFK as a consequence of 
the time expended in cannulation attempts is associated with a significantly longer time to complete the fistula, 
which is probably related to trauma of the ampulla of Vater during prolonged attempts to cannulate the biliary 
tract. Moreover, late NFK is associated with a trend toward a higher rate of adverse events (including pancreatitis). 
In the regression model, each additional minute spent attempting cannulation increases the odds ratio (OR) for 
PEP by 1.072, and patients with 3 or more risk factors for pancreatitis have a higher chance of contracting PEP. 
Altogether, there is a clear suggestion that prolonged duration of the ERCP and therefore the undertaking of late 
NKF should be avoided. Primary NKF when feasible is associated with high rates of success and a low rate of 
complications and therefore is a new, promising alternative deserving further research. Finally, NKF, was shown 
in a large series to be a safe procedure, with a low rate of complications and a high success rate, and this success 
can be further amplified with a second ERCP using the same technique.
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