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Abstract
Background

Endoscopic retrograde cholangiopancreatography (ERCP) is used for biliary and pancreatic disorders in
children, usually with standard therapeutic duodenoscopes. We examined whether body size was
associated with papilla—scope apposition and whether apposition co-occurred with technical constraints
or altered cannulation performance.

Methods

We retrospectively reviewed all consecutive ERCP procedures performed in patients younger than 18
years at Wuhan Children’s Hospital between October 2020 and April 2026. Papilla—scope apposition was
graded intra-procedurally as none, mild, moderate, or severe according to the visible space between the
distal duodenoscope tip and the major papilla. The primary analysis included the first biliary-primary
ERCP for each child. Body size and apposition were assessed using Spearman rank correlation. Working-
space limitation and scope instability were compared by apposition status, and biliary cannulation
outcomes were examined exploratorily.

Results

The cohort comprised 117 children undergoing 134 ERCP procedures; deep selective cannulation
succeeded in 129/134 (96.3%). Eighty-three procedures were biliary-primary and arose from 82 children.
In the primary analysis (n = 82), apposition was absent in 49 procedures, mild in 14, moderate in 9, and
severe in 10. Median body weight decreased from 30.0 kg with no apposition to 11.0 kg with severe
apposition, and weight was inversely associated with apposition grade (p = -0.825, P <0.001). Limited
working space occurred in 84.8% of procedures with apposition versus 4.1% without apposition (P <
0.001), and scope instability in 51.5% versus 18.4% (P = 0.003). Median cannulation time was 64 s with
none/mild apposition and 121.5 s with moderate/severe apposition (P = 0.115). Cannulation time > 300 s
or failed cannulation occurred in 20.6% and 36.8%, respectively (OR 2.24,95% CI 0.74-6.84; P = 0.221).

Conclusions

Smaller body size was associated with greater papilla—scope apposition during pediatric biliary ERCP
using standard duodenoscopes. Apposition was closely associated with limited working space and
more frequent scope instability, while its relationship with cannulation performance remained uncertain.

Background
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Endoscopic retrograde cholangiopancreatography (ERCP) is an established therapeutic option for
selected biliary and pancreatic disorders in children. Pediatric series and meta-analyses have mainly
described indications, technical success, and adverse events, with high rates of successful therapeutic
intervention reported in experienced centers [1-7]. In contrast, the spatial relationship between the distal
duodenoscope tip and the papilla during selective cannulation has received relatively little attention.

Body size remains a practical consideration because most pediatric ERCP procedures are performed
with standard therapeutic duodenoscopes. Age and body weight are commonly considered when
selecting the endoscope [8—-11], and standard duodenoscopes are widely used in larger children.
Therapeutic ERCP with standard scopes has also been shown to be feasible in smaller children,
including selected infants [5, 12, 13]. Even when a standard scope is safely advanced, the relatively large
diameter of the distal scope tip may reduce the working space around the papilla in smaller children and
make stable en face positioning more difficult.

At our center, this spatial relationship was documented intra-procedurally as papilla—scope apposition
using a four-grade scale based on the visible space between the distal scope tip and the papilla. We
therefore examined the association between body size and papilla—scope apposition, its relationship
with limited duodenal working space and scope instability, and its association with cannulation
performance in biliary-primary procedures.

Methods
Study design and participants

We retrospectively reviewed all consecutive ERCP procedures performed in patients younger than 18
years at Wuhan Children’s Hospital between 4 October 2020 and 14 April 2026. A total of 134 procedures
in 117 children were identified, and all were included in the analysis. Procedure-level data were
retrospectively extracted from the original medical records and ERCP operative records and compiled
into a study dataset. Repeat procedures in the same child were identified using the research patient
identifier. The ERCP procedure was the unit of data collection; the primary inferential analysis was
restricted to the first biliary-primary ERCP for each child, as described below.

The Wuhan Children’s Hospital Medical Ethics Committee approved the study (2024R032-E02). The
requirement for informed consent was waived because of the retrospective study design and use of de-
identified data.

Equipment and source data

All ERCP procedures were performed by three operators using standard Olympus JF-260V or TJF-260V
duodenoscopes. The distal-end outer diameters of the JF-260V and TJF-260V were 12.6 and 13.5 mm,
respectively, and both had an insertion-tube outer diameter of 11.3 mm. Dedicated pediatric
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duodenoscopes were not available at our center during the study period. Duodenoscope model was
abstracted from the operative records and categorized as JF or TJF for analysis.

Demographic variables, including age, sex, body weight, and height, were retrospectively abstracted from
the medical records. Procedural variables were obtained from the contemporaneous ERCP operative
records. Papilla—scope apposition, duodenal working-space limitation, and scope instability had been
recorded by the operator at the time of the procedure. Cannulation success and cannulation time were
also abstracted from the operative records. These data were compiled into the study dataset, and
procedure date, diagnosis, therapeutic intervention, and duct-specific procedural intent were verified
against the source records.

For duct-specific analyses, each procedure was classified according to its principal therapeutic target as
biliary-primary, pancreatic-primary, or mixed/dual-duct. Procedures in which the principal therapeutic
access and intervention were directed to the biliary or pancreatic duct were classified accordingly.
Procedures involving substantive therapeutic interventions in both ducts, or in which a single primary
duct could not be assigned, were classified as mixed/dual-duct. Temporary pancreatic guidewire
placement or prophylactic pancreatic stent placement during a biliary procedure did not by itself alter the
classification from biliary-primary.

Papilla—scope apposition and technical outcomes

Papilla—scope apposition was graded by the operator at the time of ERCP as none, mild, moderate, or
severe according to the visible space between the distal tip of the duodenoscope and the major papilla.
Higher grades indicated progressively less intervening space and more restricted en face exposure.
Grading was visual and did not use a measured distance threshold.

Limited duodenal working space was recorded by the operator as present or absent during the
procedure. Scope instability was recorded as present when scope slippage occurred at least twice
during cannulation. Both variables were obtained from the contemporaneous ERCP operative records.

Cannulation success was defined as successful deep selective cannulation of the intended duct.
Cannulation time was recorded in seconds from first papillary contact to successful deep cannulation.
Because a completion time was not available for failed cannulation, continuous cannulation-time
analyses included successful procedures only.

Analyses relating papilla—scope apposition to cannulation performance were restricted to biliary-primary
procedures. In this group, an exploratory composite outcome was defined as successful cannulation
requiring > 300 s or failed deep cannulation. The 300-s cutoff corresponded to the 5-min time component
used in the European Society of Gastrointestinal Endoscopy definition of difficult biliary cannulation [14].
Because the recorded timing interval and the available procedural variables did not capture all
components of the ESGE definition, this composite was not considered equivalent to ESGE-defined

difficult biliary cannulation.
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Statistical analysis

Continuous variables are presented as medians and interquartile ranges (IQRs), and categorical
variables as counts and percentages. To ensure independence of observations, the primary analysis of
body size and papilla—scope apposition was restricted to the first biliary-primary ERCP for each child.
The association between body weight and the four-level apposition grade was assessed using Spearman
rank correlation. Associations with age and height were examined separately as secondary measures of
patient size.

Sensitivity analyses repeated the weight—apposition correlation using all biliary-primary procedures,
including repeat procedures in the same child, and within each duodenoscope family. The co-occurrence
of papilla—scope apposition with limited duodenal working space and scope instability was examined by
comparing procedures with any apposition with those without apposition using Fisher’s exact test.

Cannulation analyses were restricted to biliary-primary procedures because pancreatic-primary
procedures represented a different procedural setting and mixed/dual-duct procedures did not have a
single unambiguous target for comparison. Cannulation time among successfully cannulated
procedures was compared between none/mild and moderate/severe apposition using the Mann-
Whitney U test. The exploratory composite outcome of cannulation time > 300 s or failed deep
cannulation was compared between these groups using an unadjusted odds ratio (OR) with a 95%
confidence interval (Cl) and Fisher’s exact test. Body weight was compared between procedures with
and without limited duodenal working space using the Mann—Whitney U test.

All tests were two-sided, with P < 0.05 considered statistically significant.

Results

Cohort characteristics

The 117 children underwent 134 ERCP procedures. Median age at the time of the procedure was 7.61
years (IQR 4.16-10.61), median body weight was 22.8 kg (IQR 15-36), and median height was 124 cm
(IQR 103-146). Eighty procedures (59.7%) involved female patients. JF-260V duodenoscopes were used
in 61 procedures and TJF-260V duodenoscopes in 73. Deep selective cannulation was successful in
129/134 procedures (96.3%) (Table 1).
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Table 1
Cohort and procedural characteristics

Characteristic Overall (n = 134 procedures)
Children, n 117

ERCP procedures, n 134

Age at procedure, years, median (IQR) 7.61(4.16-10.61)
Procedures involving female patients, n (%) 80 (59.7)

Body weight, kg, median (IQR) 22.8 (15-36)

Height, cm, median (IQR) 124 (103-146)

Duodenoscope family
JF-260V, n (%) 61 (45.5)
TJF-260V, n (%) 73 (54.5)

Procedural classification

Biliary-primary, n (%) 83 (61.9)
Pancreatic-primary, n (%) 45 (33.6)
Mixed/dual-duct, n (%) 6 (4.5)

Deep selective cannulation success, n/N (%) 129/134 (96.3)

Values are presented at the procedure level unless otherwise indicated. ERCP, endoscopic retrograde
cholangiopancreatography; IQR, interquartile range.

Review of the operative records classified 83 procedures as biliary-primary, 45 as pancreatic-primary,
and 6 as mixed/dual-duct. Cannulation was successful in 81/83 biliary-primary procedures, 42/45
pancreatic-primary procedures, and all 6 mixed/dual-duct procedures.

Body size and papilla—scope apposition

Across all 134 procedures, papilla—scope apposition was absent in 98, mild in 17, moderate in 9, and
severe in 10. All moderate and severe apposition events occurred in biliary-primary procedures. Among
the six mixed/dual-duct procedures, apposition was absent in three and mild in three. No apposition was
recorded in the 45 pancreatic-primary procedures.

The primary analysis was therefore restricted to the first biliary-primary ERCP for each child, comprising
82 independent procedures. Apposition was absent in 49 procedures, mild in 14, moderate in 9, and
severe in 10. Median body weight was 30.0 kg (IQR 20.0-44.0) with no apposition, 14.8 kg (IQR 13.3-
15.0) with mild apposition, 11.5 kg (IQR 11.0-13.5) with moderate apposition, and 11.0 kg (IQR 10.1-
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11.8) with severe apposition. Body weight was inversely associated with apposition grade (Spearman p =
-0.825, P<0.001) (Table 2; Fig. 1). Apposition grade was also inversely associated with age (p = -0.854,
P <0.001) and height (p = -0.851, P < 0.001).

Table 2

Body size and intra-procedural technical features according to papilla—scope apposition grade in the
primary population

Papilla- Procedures, Body Age, Height, Limited Scope
scope n weight, years, cm, working instability,
apposition kg, median median space,n/N  n/N (%)
median (IQR) (IQR) (%)
(IQR)
None 49 30.0 8.47 130 2/49 (4.1) 9/49 (18.4)
(20.0- (6.21- (117-
44.0) 11.06) 150)
Mild 14 14.8 3.82 100 11/14 8/14 (57.1)
(13.3- (3.08- (96.5- (78.6)
15.0) 4.10) 103)
Moderate 9 11.5 2.50 90 (88- 8/9 (88.9) 4/9 (44.4)
(11.0- (2.31- 92)
13.5) 2.51)
Severe 10 11.0 1.57 80(78.5- 9/10(90.0) 5/10(50.0)
(10.1- (1.40- 81.8)
11.8) 1.69)
Values are based on the first biliary-primary ERCP for each child (n = 82). Papilla-scope apposition
was graded contemporaneously during the procedure. Spearman correlations with apposition grade
were p =-0.825 for body weight, p = -0.854 for age, and p =-0.851 for height (all P <0.001). IQR,
interquartile range.

Including all 83 biliary-primary procedures, including the single repeat biliary ERCP, produced an
essentially unchanged weight—apposition association (p = -0.823, P < 0.001). In analyses stratified by
duodenoscope family within the primary population, the inverse association was greater in magnitude
for JF-260V procedures (n =48, p = -0.833, P <0.001) than for TJF-260V procedures (n = 34, p = -0.466,
P =0.005).

Working-space limitation and scope instability

Among the 82 procedures in the primary analysis, limited duodenal working space was recorded in 30
(36.6%). It was present in 28/33 procedures with any papilla—scope apposition and in 2/49 procedures
without apposition (84.8% vs 4.1%; Fisher’s exact P < 0.001). Body weight was lower in procedures with
limited working space than in those without it (median 12.0 kg [IQR 11.0-14.4] vs 26.8 kg [IQR 17.9-
41.8]; P<0.001).
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Scope instability was recorded in 26/82 procedures (31.7%). It occurred in 17/33 procedures with
papilla—scope apposition and in 9/49 without apposition (51.5% vs 18.4%; Fisher’s exact P = 0.003).

Exploratory cannulation outcomes in biliary-primary
procedures

Among the 82 first biliary-primary ERCPs, deep selective cannulation was successful in 80 (97.6%). Sixty-
three procedures had none/mild apposition and 19 had moderate/severe apposition. Among procedures
with successful cannulation, median cannulation time was 64 s (IQR 30-180) in the none/mild group
and 121.5 s (IQR 60-457.5) in the moderate/severe group (P = 0.115) (Table 3; Fig. 2).

Table 3

Cannulation outcomes according to papilla—scope apposition grade in the primary population
Papilla—scope  Procedures,n Deep selective Cannulation time,  Cannulation time >
apposition cannulation s, median (IQR)* 300 s or failure,

success, n/N (%) n/N (%)

None 49 48/49 (98.0) 64 (24.5-185) 11/49 (22.4)
Mild 14 14/14 (100.0) 77.5(56.3-120) 2/14 (14.3)
Moderate 9 9/9 (100.0) 80 (30-600) 3/9 (33.3)
Severe 10 9/10(90.0) 123 (60-360) 4/10 (40.0)

* Cannulation-time summaries include successful deep cannulations only (none, n = 48; mild, n = 14;
moderate, n = 9; severe, n =9).

For none/mild versus moderate/severe apposition, median cannulation time was 64 (30—180) versus
121.5 (60-457.5) s (Mann-Whitney U test, P = 0.115). The exploratory composite outcome occurred in
13/63 (20.6%) versus 7/19 (36.8%) procedures, respectively (OR 2.24, 95% CI 0.74-6.84; Fisher's
exact P =0.221). OR, odds ratio; Cl, confidence interval; IQR, interquartile range.

The exploratory composite outcome of cannulation time > 300 s or failed deep cannulation occurred in
13/63 procedures (20.6%) with none/mild apposition and 7/19 (36.8%) with moderate/severe apposition
(OR 2.24,95% CI1 0.74-6.84; P = 0.221). Of the two failed biliary cannulations, one occurred in a
procedure with no apposition and one in a procedure with severe apposition.

Procedure-level sensitivity analyses including all 83 biliary-primary ERCPs gave similar results. Median
cannulation time was 68 s (IQR 30-190) with none/mild apposition and 121.5 s (IQR 60-457.5) with
moderate/severe apposition (P = 0.123); the corresponding composite outcome occurred in 13/64
(20.3%) and 7/19 (36.8%) procedures, respectively (OR 2.29,95% Cl 0.75-6.97; P = 0.220).

Discussion

The principal finding was the association between body size and papilla—scope apposition during biliary
ERCP. In the primary analysis of the first biliary-primary ERCP for each child, median body weight
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decreased from 30.0 kg in procedures without apposition to 11.0 kg in those with severe apposition, and
body weight was inversely associated with apposition grade (p = -0.825). Age and height showed similar
patterns. Inclusion of the single repeat biliary-primary procedure produced an essentially unchanged
estimate.

Papilla—scope apposition was closely associated with limited duodenal working space. Limited working
space was recorded in 84.8% of procedures with apposition compared with 4.1% of those without
apposition, whereas the corresponding difference in scope instability was less marked (51.5% vs 18.4%).
These findings suggest that working-space limitation and scope instability may reflect related but non-
identical aspects of technical constraint. Restricted working space is closely linked to the spatial
relationship between the scope tip and the papilla, whereas scope instability may also depend on
dynamic factors during manipulation.

Previous pediatric ERCP studies have shown that standard duodenoscopes can be used successfully
across a broad range of ages and body sizes [3, 5, 7-13], including a reported 5.9-kg infant treated with a
JF-260V duodenoscope [13]. The present study extends this experience by describing the spatial
constraints encountered around the papilla during biliary cannulation. High cannulation success and
restricted papillary exposure can coexist; technical completion alone does not capture the space
available for stable papillary access.

Body weight was used as the primary anthropometric measure because it is readily available and is
commonly considered when selecting endoscopic equipment in children [8—11]. Similar associations
with age and height suggest that body weight may serve as a practical marker of overall patient size. The
inverse association between weight and apposition was observed in both duodenoscope families, but its
magnitude differed between JF-260V procedures (p = -0.833) and TJF-260V procedures (p = -0.466).
This difference should not be interpreted as evidence of a scope-specific effect. Scope selection was
related to patient size, and the study was not designed to test an interaction between body size and
duodenoscope model. Differences in case selection and instrument geometry may both have
contributed to the observed subgroup estimates [15].

Cannulation outcomes showed a less consistent association with apposition. Moderate/severe
apposition was accompanied by a numerically longer median cannulation time and a higher proportion
of prolonged or failed cannulation, but neither comparison reached statistical significance. Only 19
procedures had moderate/severe apposition, and the corresponding estimates were imprecise.
Cannulation performance is influenced by several factors beyond papillary exposure, including papillary
morphology, duct anatomy, previous intervention, rescue techniques, and operator technique [16-18].
These factors were not consistently available in the retrospective records. Scope instability was
recorded during the procedures, but no multivariable model was fitted for the exploratory cannulation
outcomes.

Prospective studies incorporating standardized video recording could provide more objective measures
of papillary exposure, including scope—papilla distance and en face alignment. Concurrent recording of
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cannulation attempts, unintended pancreatic access, rescue techniques, operator, and adverse events
would allow the contribution of restricted exposure to cannulation difficulty to be assessed more directly
and would help determine whether these observations have practical implications for endoscope
selection [19, 20].

This study has several limitations. Papilla—scope apposition was assessed visually by the operating
endoscopist without measured distance thresholds or interobserver reliability testing. Limited working
space and scope instability were also operator-recorded clinical assessments, and their associations
with apposition may therefore partly reflect shared-observer measurement. The retrospective, single-
center design limited the availability of detailed anatomical and procedural covariates. Procedures
during the study period were performed by three endoscopists, but reliable procedure-level operator
assignment was not available for analysis. Clinical practice and operator experience may also have
evolved over the study period. The primary analysis was restricted to one biliary-primary ERCP per child;
inclusion of the single repeat biliary procedure in the procedure-level sensitivity analysis did not
materially change the weight—apposition association. The exploratory cannulation analyses were limited
by the small number of moderate/severe apposition procedures and outcome events. Cannulation-time
analyses included successful cannulations only, and the > 300-s-or-failure composite did not reproduce
all components of the ESGE definition of difficult biliary cannulation [14].

Conclusions

Smaller body size was associated with greater papilla—scope apposition during pediatric biliary ERCP
performed with standard duodenoscopes. Apposition was closely associated with limited duodenal
working space and was accompanied by more frequent scope instability. Restricted papillary exposure
could therefore be present despite a high overall cannulation success rate. Whether these procedural
findings affect cannulation performance or have practical implications for endoscope selection remains
to be determined in prospective studies.

Abbreviations

Cl, confidence interval; ERCP, endoscopic retrograde cholangiopancreatography; ESGE, European Society
of Gastrointestinal Endoscopy; IQR, interquartile range; OR, odds ratio.
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Figure 1

Body weight across papilla—scope apposition grades in the primary population. Individual body weights
are shown for the first biliary-primary ERCP in each child (n = 82). Large points and error bars indicate
medians and interquartile ranges. Body weight was inversely associated with papilla—scope apposition
grade (Spearman p = -0.825, P < 0.001).
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Figure 2

Cannulation time across papilla—scope apposition grades in the primary population. Cannulation time is
shown for the 80 successful deep selective cannulations among the first biliary-primary ERCP for each
child. Large points and error bars indicate medians and interquartile ranges. The vertical axis is
logarithmic. The two failed cannulations are not included because no successful completion time was
available.
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