
Gaining competence in needle-knife fistulotomy –
can I begin on my own?

Authors Luís Lopes1,2,3, Mário Dinis-Ribeiro4,5, Carla Rolanda2,3,6

Institutions Institutions are listed at the end of article.

submitted 14. April 2015
accepted after revision
4. November 2015

Bibliography
DOI http://dx.doi.org/
10.1055/s-0041-109399
Published online: 15.1.2016
Endoscopy International Open
2016; 04: E383–E388
© Georg Thieme Verlag KG
Stuttgart · New York
E-ISSN 2196-9736

Corresponding author
Luís Lopes, MD PhD
Hospital de Santa Luzia,
Department of
Gastroenterology
Unidade Local de Saúde do Alto
Minho
Estrada de Santa Luzia
4901-858
Viana do Castelo
Portugal
Fax: +351-252-802577
luis.m.lopes@me.com

License terms

Original article E383
THIEME

Introduction
!

The need to decrease costs in all healthcare sys-
tems has brought quality measurement to the
forefront of modern medicine, endoscopy includ-
ed [1,2]. High value endoscopy is positively cor-
related with an adequate training program [3,4].
Concerning endoscopic retrograde cholangiopan-
creatography (ERCP), the selective cannulation of
the common bile duct (CBD) is one of the most
demanding maneuvers that an interventional
endoscopist is required to master [1,2]. Even
among experienced endoscopists, biliary cannu-
lation is unsuccessful in between 15% and 30% of
cases, when only conventional methods are em-
ployed [3–6]. A sustainable cannulation rate
above 90% implies the performance of alternative
techniques of access, such as the precut. This res-
cue strategy consists of the incision of the papilla
to facilitate access to the CBD [1,7]. Precut, in
particular, needle-knife fistulotomy (NKF), in-
creases the yield of cannulation and appears to
be safe, when performed by experienced endos-
copists [8,9].

Recent studies support a trend to its early imple-
mentation in the cannulation algorithm, as a pro-
cess to optimize its safety profile and decrease the
overall duration of the ERCP [10]. Given the po-
tential usefulness, a question immediately arises
as to how to achieve competency in this proce-
dure. Until now, no national or international re-
commendations have been issued with regard to
how much training is necessary for an endos-
copist to achieve technical proficiency in per-
forming precut techniques [11]. Although in
ERCP it is suggested that a trainee should perform
a minimum of 200 procedures to achieve compe-
tency, the learning curve associated with NKF is
uncertain [12,13]. Given the huge difficulties in
performing a large prospective study, due to time
constrains (several years of follow-up required)
and a limited number of endoscopists performing
the technique on a regular basis in order to
achieve an adequate sample size, insights from
the reported experience of skilled endoscopists
are valuable to support expert-based considera-
tions/recommendations. Unfortunately, only a
few articles have been published, all of which are
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Background: While there are guidelines for ap-
propriate training in ERCP, these are non-existent
for needle-knife precut. The aim of this study
was: (1) evaluate the experience curve of three
endoscopists in needle-knife fistulotomy (NKF);
(2) propose a minimum number of NKF proce-
dures to attest proficiency.
Methods: Between November 1997 and March
2011, the first 120 consecutive NKF performed
by three endoscopists (A, B, and C) were selected
(360 patients) from three centers. Each group of
120 patients was chronologically ordered into
three subgroups of 40.The main outcomes were:
NKF use, NKF success, and post-ERCP adverse
events.
Results: The need for NKF did not decrease over
time. The NKF success rate in the first attempt for

endoscopist A and C in each of the three sub-
groups was 85%/85%, 87.5%/87.5%, and 87.5 %/
90%, respectively. Furthermore, both demonstrat-
ed a high NKF success in their initial 20 NKFs (85%
and 80%, respectively). Endoscopist B however
presented a different pattern as the success rate
initiated at 60%, then rose to 82.5% and 85% for
the last group (P=0.03). Adverse events were
mild (28 of the 32 occurrences) with no clear re-
duction with increased experience.
Conclusions: A skillful endoscopist may expect to
master NKF easily with few adverse events. While
some endoscopists could begin on their own be-
cause of their innate skills, a minimal training is
needed for all, as we cannot predict skills in ad-
vance. We propose a minimum of 20 NKF precuts
to attest a trainee’s competence in this procedure.
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single endoscopist reports, with some divergent conclusions [11,
14–17]. Two of these articles point to the need for further studies
withmultiple operators. The aim of this study was to evaluate the
use, success, and adverse events of needle-knife fistulotomy
(NKF) over time and to establish a minimum number of NKF pro-
cedures to acquire competence. It is the largest cohort reported to
date and the first to include three operators.

Materials and methods
!

Study design, selection of participants and operators
This retrospective cohort study was carried out with the work-
load of three experienced endoscopists (>200 ERCPs/year) in
three referral centers for ERCP in Portugal. All patients with naive
papilla undergoing an NKF during an ERCP for a biliary indication
were eligible for this study. Exclusion criteria were surgically al-
tered gastroduodenal anatomy, abnormal coagulation tests, and
tumors of the papilla. For the study purpose, the first 120 conse-
cutive patients submitted to NKF by each endoscopist were se-
lected. The 120 patients were chronologically divided into three
groups of 40: group 1 (1st to 40th), group 2 (41st to 80th) and
group 3 (81st to 120th). The enrollment period occurred be-
tween: November 2006 and December 2010 for Endoscopist A
(EA), November 2006 and March 2011 for Endoscopist B (EB),
and November 1997 and December 2001 for Endoscopist C (EC).
All three endoscopists had previous formal training in ERCP, but
only EA had exposure to NKF during his training program, which
did not include hands-on experience. EA performed part of his
program under the supervision of EC. EB and EC had no exposure
to NKF in their training period. All three began performing the
procedure (NKF) in their hospitals without any specific supervi-
sion or previous hands-on training, EA and EC in the first year
after training, while EB only performed his first NKF 10 years
after training.
All patients gavewritten consent for the procedure and the ethics
committees of the institutions approved the study.

ERCP and biliary cannulation algorithm
All patients were prepared and sedated (by an anesthesiologist)
as standardmedical practice. The three endoscopists used a ther-
apeutic videoduodenoscope in all of the ERCPs performed (EA
and EB: TJF 160 VR, Olympus Corporation, Melville, New York,
United States; EC: Pentax 3440T, Pentax Corporation, Hamburg,
Germany). If deep biliary cannulation was not successful using a
standard technique within a time frame of 12 to 15min, a NFK
was performed using a needle knife (presented as first attempt).
After the ERCP was completed, all patients were admitted for ob-
servation, for at least 24h before discharge.Whenever the endos-
copists failed a deep cannulation of the biliary duct, a second
ERCP was scheduled 7–14 days later and performed when possi-
ble (presented as global attempt). Prophylaxis of post-ERCP pan-
creatitis (either with the use of a pancreatic stent or with medi-
cation) was not used in any of the patients studied. ERCP was not
performed on suspected sphincter of Oddi dysfunction (SOD)
type II or III patients.

Standard biliary cannulation
Selective cannulation of the bile duct was initially attempted by
EA and EB with a triple lumen sphincterotome (Ultratome XL,
Boston Scientific, Natick, Massachusetts, United States), preload-
edwith contrast and a guidewire (Jagwire, Boston Scientific), and

by EC with a double lumen sphincterotome (Ultratome, Boston
Scientific), preloaded with contrast. If biliary cannulation was
not achieved using this equipment, a different biliary catheter or
guidewire could be used at the discretion of the endoscopist.

Needle-knife fistulotomy
NFKwas performed using a needle knife (EA, EB and EC: Olympus
KD-11Q, Olympus Corporation) with electrosurgical current in
the endocut mode (EA and EB: Olympus-PSD 60, Olympus Cor-
poration; EC: ICC200, ERBE, Electromedizin GmbH, Tubingen,
Germany).
The NKF procedure was performed by making a puncture in the
papilla above the orifice, and then cutting along an 11 o’clock axis
either upward or downward, depending on where the incision
started in the papillary mound, while maintaining at least a
3 mm free distance from the papillary orifice. The cut was slowly
extended until the muscle of the intraduodenal portion of the
CBD was exposed; then a small cut was performed in the muscle
with the needle knife, creating a fistula. The cannulation of the
bile duct was performed directly with the closed needle knife, if
it slipped easily up, or, in a minority of cases, after gently probing
the fistula with a preloaded wire in a papillotome.
The selective cannulation was confirmed by the injection of a
low-osmolality non-ionic radiological contrast (Ultravist, Iopro-
mide, Bayer Schering Pharma, Berlin, Germany) and the needle
knife was exchanged over the wire for the sphincterotome. After
deep cannulation was achieved, a cholangiogram was taken. If
necessary, the sphincterotomy was extended with a standard
sphincterotome (usually until the limit of the papillary mound)
in the endocut mode and the necessary maneuvers were per-
formed.

Variables and data collection
Data were prospectively collected by the endoscopists in a de-
tailed form following each ERCP and subsequently registered in
the unit’s endoscopic database. The database included: demo-
graphic data, indications, anatomic abnormalities, biliary/pan-
creatic cannulation, biliary access technique, diagnosis, therapeu-
tic procedures, intraprocedural and post-ERCP adverse events
(AE). Post-procedural AE (30-day follow-up) were retrospectively
collected (research nurse). Intraprocedural and post-procedural
adverse events were defined and graded according to guidelines
established by Cotton et al. [18].

Statistical analysis
This was performed using the software package IBM SPSS Statis-
tics version 20.0.0. Interval variables were summarized using the
mean and standard deviation and nominal/ordinal variables
using proportions. Age, sex, indications, rate of NKF utilization,
success in cannulation (first attempt and global), and occurrence
of adverse events were compared between the different groups
for each endoscopist. Differences between groups were tested
using Pearson’s chi-squared test or Fisher’s exact test for catego-
rical data, whereas continuous variables were analyzed using
non-parametric tests (Kruskal-Wallis and Mann-Whitney
U test). A P value of less than 0.05 was considered statistically
significant.
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Results
!

Procedures
The number of ERCPs performed by the three endoscopists dur-
ing the enrollment period totaled: EA=853 (50 months), EB=920
(53 months), and EC=1038 (50 months). From these groups, the
number of patients with naive papilla were: EA=633, EB=683,
and EC=770.

Demographics and indications
All groups presented a higher percentage of women. The mean
age varied from a minimum of 64.4 years (EC/Group 2) to a max-
imum of 69.9 years (EC/Group 3). Jaundice and choledocholithia-
sis were the most common indications for ERCP. No significant
differences were observed with regard to age, sex, or indications
between groups (●" Table1).

NKF use
The relative frequency of NKF use over the study period for each
endoscopist did not exhibit a trend. EA performed NKF as a res-
cue technique in 18.2% of the first group, 19.9% of the second,
and 18.9% of the third group of ERCPs (●" Table1). For EB, NKF
rate in the first group was 15.1%, 20.2% in the second, and 16.7%
in the last group.EC performed NKF in 13.4%, 17.2%, and 16.7%,
respectively (●" Table1).

Cannulation success
EA’s NKF success rate at the first attempt was 85%, 87.5%, and
87.5% for the three groups (●" Table2). EC’s rate for the first at-
tempt was similar with 85%, 87.5%, and 90%. EB, however, pres-
ented a different pattern as the success rate initiated at 60% for
the first group and then rose during the duration of the study to
82.5% and 85% for the subsequent groups (P=0.03). The overall
cannulation rate for all endoscopists in the last group (Group C)
was above 90%. With the exception of the temporal positive

Table 1 Demographics and clinical indications.

Endoscopist A Endoscopist B Endoscopist C

Group 1

N (%)

Group 2

N (%)

Group 3

N (%)

Group 1

N (%)

Group 2

N (%)

Group 3

N (%)

Group 1

N (%)

Group 2

N (%)

Group 3

N (%)

P value1

Demographics

Sex (% female) 25 (62.5) 23 (57.5) 22 (55) 24 (60) 21 (52.5) 23 (57.5) 23 (57.5) 24 (60) 21 (52.5) 0.88

Age [mean (SD)] 68.5
(13.9)

66.4
(15.4)

65.9 (17) 69.2
(14.1)

68.2 (17) 66.8 (14) 69.5
(15.9)

64.4
(18.4)

69.9
(17.2)

0.89

No. of ERCPs (% NKF) 220
(18.2)

201
(19.9)

212
(18.8)

265
(15.1)

198
(20.2)

220
(16.7)

298 (13.4) 232 (17.2) 240
(16.7)

0.46

Indications

Jaundice 13 (32.5) 15 (37.5) 14 (35) 14 (35) 12 (30) 12 (30) 18 (45) 16 (40) 15 (37.5) 0.75

Choledocholithiasis 15 (37.5) 12 (30) 13 (32.5) 17 (42.5) 12 (30) 13 (32.5) 12 (30) 14 (35) 16 (40) 0.75

Biliary/pancreatic
cancer

5 (12.5) 3 (7.5) 4 (10) 1 (2.5) 5 (12.5) 4 (10) 5 (12.5) 4 (10) 4 (10) 0.75

Dilated CBD 3 (7.5) 8 (20) 3 (7.5) 3 (7.5) 4 (10) 6 (15) 3 (7.5) 2 (5) 1 (2.5) 0.75

Injuries 3 (7.5) 2 (5) 2 (5) 2 (5) 2 (5) 2 (5) 1 (2.5) 2 (5) 2 (5) 0.75

Others 1 (2.5) 2 (0) 4(10) 3 (7.5) 5 (12.5) 3 (7.5) 1 (2.5) 2 (5) 2 (5) 0.75

1 P<0.05.

Table 2 NKF cannulation rates
and adverse events.

Endoscopist Attempts Group 1

N (%)

Group 2

N (%)

Group 3

N (%)

P value

Cannulation

Endoscopist A First 34 (85) 35 (87.5) 35 (87.5) 0.95

Global 37 (92.5) 38 (95) 38 (95) 0.47

Endoscopist B First 24 (60) 33 (82.5) 34 (85) 0.031

Global 33 (82.5) 35 (87.5) 36 (90) 0.68

Endoscopist C First 34 (85) 35 (87.5) 36 (90) 0.42

Global 38 (95) 36 (90) 37 (92.5) 0.76

Complications2

Endoscopist A Overall 4 (10) 2 (5) 4 (10) 0.79

Pancreatitis 4 (10) 2 (5) 2a (5) 0.43

Bleeding 0 (0) 0 (0) 2 (5) 0.26

Endoscopist B Overall 2 (5) 4 (10) 3 (7.5) 0.32

Pancreatitis 2 (5) 3a (7.5) 2 (5) 0.68

Bleeding 0 (0) 1 (2.5) 0 (0) 0.81

Endoscopist C Overall 4 (10) 4 (10) 5 (12.5) 0.56

Pancreatitis 3a (7.5) 4 (10) 4 (10) 0.58

Bleeding 1 (2.5) 0 (0) 1b (2.5) 0.68

1 P<0.05.
2 All mild complications, except: a1 moderate and b1 severe
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trend for NKF success for EB, all other differences between groups
did not achieve statistical significance (●" Table2).
The first group of 40 patients for each endoscopist was further
subdivided into two groups of 20 to evaluate the cannulation suc-
cess in the early phase of the learning curve (●" Fig.1). The suc-
cess rate in the initial ERCP for EA and EC was 85% and 80%,
respectively, while for EB it was 55%.

Adverse events
AEs related to the procedure were mild (28 out of the 32 occur-
rences) with no decrease registered over the study period (●" Ta-
ble2). Pancreatitis was the most common complication; none-
theless, no common apparent trend was registered during the
duration of the study. Only one severe case was recorded which
was resolved with appropriate treatment. AE exhibited a de-
crease in the post-ERCP pancreatitis rate from 10% in the first
group to 5% in the second. The rate of pancreatitis for EB in-
creased from the first group to the second, but then decreased
in the third: 5%, 7.5% and 5%. EC presented a different pattern
starting off with 7.5%, and then increasing to 10% in the later
groups (●" Table2).

Discussion
!

In recent years, performance measurement in healthcare has be-
come an established practice [2,19]. Growing healthcare expen-
ditures and increasing awareness of the various stakeholders
have transformed quality into one of the most important dimen-
sions in modern medicine. ERCP is a complex endoscopic proce-
dure established in the management of biliary and pancreatic
disorders [16,20,21]. In order to assure high-quality endoscopy,
the American Society for Gastrointestinal Endoscopy (ASGE) de-
veloped several quality indicators for ERCP [1,2,12,22]. Quality in
ERCP lies in adequate training to learn the necessary technical
and cognitive skills. While there are guidelines for appropriate
training in ERCP, there are none for NKF [3,4,11,23]. Although
much has been published with regard to the efficacy and safety
of this technique, only five reports have evaluated the learning
curve for NKF, all of which relate the experience of single endos-
copists [1,11,14–17]. This study is unique in that it assesses the
learning curve of NKF from three endoscopists, in the largest ag-
gregated cohort of patients published to date.

Siegel et al. reported the first precut papillotomy with a traction
papillotome in 1980 [5,6,24]. Subsequently, in 1986, Huibregtse
et al. reported a new precut technique, in which the incision of
the papillary roof was performed by needle knife [1,7,25]. Nee-
dle-knife precut papillotomy (either the classic approach or
NKF) is the most common option for achieving CBD cannulation
during ERCP when endoscopists face difficult biliary cannulation
[8,9,26,27]. Given its usefulness in the cannulation algorithm,
evidence-based data are needed to support recommendations
for adequate training.
The data from this study suggest that the effect of number of pro-
cedures in the NKF success rate is distinct between endoscopists.
EA and EC began with a success rate of over 80%, and the im-
provement afterwards was minimal. Akaraviputh et al. reported
a similar pattern when evaluating the success rate of NKF over
four groups of 50 patients [10,16]. The NKF volume, on the other
hand, had a strong positive effect in the yield of cannulation for
EB. There was a significant increase in the cannulation rate from
an initial 60% in the first 40 patients, to 85% in the last group. Ro-
binson et al. reported a similar patternwith an increase from 68%
to 76%when comparing the first 50 patients with the subsequent
group of 25 [11,17]. Therefore, our results demonstrate that
some degree of improvement exists in the cannulation success
rate with NKF as procedural experience increases, although this
effect might be greater for some operators and smaller or mini-
mal for others.
By combining our results with the results from other studies
(●" Table3), we suggest that technical experience is an important
determinant of procedural success for endoscopists with average
skill in ERCP who present suboptimal precut cannulation rates
(below 70%) soon after beginning to perform NKF. On the other
hand, for those who start with cannulation success rates of 80%
or higher, cumulative volume seems to be a less significant influ-
encing factor and innate technical skills and/or younger age at
starting may play an important role in certain cases. The effect
of age in the ability to acquire motor skills is an interesting sub-
ject for discussion, and although merely speculative, we could ar-
gue that the longer learning curve of EB could be related to his
older agewhen he began to performNKF. It should be highlighted
though, that despite the fact that it took longer, the endoscopist
was able to learn the skill with excellent results. This can be a to-
pic of future research in other areas of interventional endoscopy,
with potential implications in the optimal timing of training.
Harewood et al. reported a decrease in the need for precut over
time, suggesting that the procedure appears to decrease with
ERCP experience [11–13]. In their report, the rate of NKF de-
creased from 13% in the first 385 patients to 9% in the last 583
patients. Other authors reported distinct conclusions, such as
Rollhauser et al. and Fukatsu et al. who reported an increase in
precut with ERCP experience [11,14–17]. Our results did not de-
monstrate a decrease in the use of NKF over time and suggested
that each endoscopist tends to maintain a stable baseline level of
precut utilization over time. These distinct trends between stud-
ies could be explained by personal preferences in the cannulation
algorithm, and most importantly by the timing of the precut that
each endoscopist considered. Therefore, the proportion of NKF in
the total number of biliary attempts should not be interpreted as
a surrogate indicator of the cannulation skill of an endoscopist
[20,21,28].
The overall post-ERCP adverse events did not demonstrate a de-
creasing tendency over time. When we look at post-ERCP pan-
creatitis in particular, the trend is distinct between endoscopists,
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Fig.1 NKF learning curve.
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and once again, there is no stable pattern for a lower rate of pan-
creatitis as experience is accumulated. EA and EB had a decrease
in the rate of pancreatitis from 10% to 5% (between Group 1 and
Group 2), and from 7.5% to 5% (between Group 2 and Group 3),
respectively. Nonetheless, EC demonstrated an increase from
7.5 % to 10% in the last group.EA and EB had the lowest rate of
pancreatitis (5%) in the last 40 patients submitted to NKF, while
EC had the highest with 10%. Although the number of patients is
reduced, one possible explanation for the higher rates of pan-
creatitis for EC may result from the technique of cannulation em-
ployed. EC confirmed the duct through injection of contrast,
while the other two inserted the wire deep in the duct before in-
jection. This could increase the proportion of patients with inad-
vertent injection of contrast to themain pancreatic duct, which is
per se a risk factor for post-ERCP pancreatitis, not specifically
related to the NKF technique.
The results from other studies are diverse, Harewood et al. re-
ported that the adverse events did not diminish over time and
Fukatsu et al. reported an increase from 10% to 16% (●" Table3)
[2,11,15,19]. On the other hand, Robinson et al. reported a de-
crease in adverse events over time, which may be explained by
the increased use of pancreatic stents in the latter groups (●" Ta-
ble3) [16,17,20,21]. One may argue that the nonexistence of a
clear decline in the complication rates results from the use of pre-
cut only after a difficult biliary cannulation. It is interesting to
note that the precut procedures applied to all of the patients en-
compassed in the precut training reports were only performed
following a difficult biliary cannulation. As this procedure is in it-
self a risk factor for post-ERCP adverse events, in particular pan-
creatitis, it could partially offset the positive effect of experience
[29]. Another possible explanation is an inherent baseline com-
plication rate associated with the precut that cannot be dimin-
ished by experience, as Harewood et al. suggest [11].
Our study, similar to others, indicates that a skilled endoscopist
with the proper cognitive skills may safely and effectively learn
the needle-knife precut technique without supervision. None-
theless, it must be emphasized that these endoscopists are not a
sample representing average endoscopists, but rather a specific
group of professionals who perform a large volume of ERCPs per
year (>200/year). Although all endoscopists from the published
studies initiated the technique without previous hands-on train-
ing, it is strongly advised that, given the potential medical legal
implications, a fellowship should be set up in an ERCP center

with a liberal use of the technique. Furthermore, as we cannot
predict the innate skills of an endoscopist ab initium, a formal
training period is recommended. The studies published often
suggest 40 to 50 NKF as an adequate number of precuts for train-
ing, given that most endoscopists after this threshold report a
needle-knife precut success above 70% [5,11,14,16,17].
Although suggesting a minimum number of precuts for assessing
proficiency in NKF is problematic, we propose 20 NKFs (and not
40 or 50) for the first moment of assessment. This number takes
into consideration the existence of some endoscopists who be-
come skillful in the technique in an earlier phase of their learning
curve, as demonstrated in our study by EA and EC. Given that few
centers in the world perform more than 40 precuts per year, a
full-time or part-time half program is required. Clearly, the train-
ing in NKF should only be offered to endoscopists who achieve a
selective biliary cannulation above 80% using a standard ap-
proach. During the training period, the trainee should be able to
master the more complex aspects of the precut, such as the iden-
tification of the correct axis of the incision and the recognition of
the CBD duct after unroofing the papilla [1,16].
A major limitation of this study results from the limited number
of endoscopists (3) included and its retrospective design, which
hampers the validity of the conclusions. As NKF is generally car-
ried out in less than 40 patients per year in any one center, only a
multicenter study, possibly during several years, could enroll a
sufficient number of patients to evaluate the learning curve [16].
Nonetheless, the insights from the data presented together with
the existing studies could contribute toward the establishment of
evidence-based recommendations and the design of prospective
studies addressing the issue.
In summary, precut with few adverse events is easily learned by a
skillful endoscopist with the proper cognitive skills performing a
high number of ERCPs. While some endoscopists could begin on
their own because of their innate skills, all should have a formal
training period as we cannot predict these innate skills in ad-
vance. However, as the focus of ERCP in the twenty-first century
should be on quality, the precut procedure should be an obliga-
tory issue in the ERCP training curriculum for all future interven-
tional endoscopists. We propose aminimum of 20 NKF precuts to
first attest a trainee’s competence in this procedure.

Competing interests: None

Table 3 Published series about needle-knife precut learning curve (all single endoscopist).

Reference NKF

(n)

Groups of

patients (n)

Cannulation at first

attempt (%)

Cannulation success

global (%)

Complications (%) NKF by group (%)

Harewood et al. [11] 253 Four of 50
and the last
with 53

na 88–89–90–88–981 12–18–20–12–142 13–12–10–10–93

Rollhauser et al. [14] 68 Two
(22 and 46)

64–744, 1 86–981 na 4.7–6.31

Fukatsu et al. [15]* 104 Two
(41 and 63)

80–955 90–981 10–161 15–201

Akaraviputh et al. [16]** 200 Four of 50 88–86–94–822 94–96–94–922 30–30–10–103 na

Robinson et al. [17] 150 Six of 25 64–68–76–80–76–844, 5 84–84–88–88–88–921 8–8-16–4-0–43 na

na, non-available; *classic precut **NKF and classic precut.
1 positive trend
2 no trend
3 negative trend
4 P<0.05.
5 positive trend and P<0.05
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