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Abstract

Background. Endoscopic retrograde cholangiopancreatography (ERCP) induces substantial psychological
distress and physiological stress responses that may adversely affect clinical outcomes. Although psychological
nursing interventions have demonstrated efficacy in attenuating perioperative stress across various surgical
settings, robust evidence regarding their application in ERCP remains limited.

Objectives. To evaluate the effectiveness of a structured preoperative psychological nursing intervention
on psychophysiological stress responses and clinical outcomes in patients undergoing ERCP.

Materials and methods. This prospective cohort study enrolled 297 consecutive patients undergoing ERCP
at a tertiary care center between June 2022 and June 2025. Participants were allocated to either a control
group (n = 148) receiving standard care or an intervention group (n = 149) receiving standard care plus
a psychological nursing pratocol comprising trust-building communication, procedural education, and relax-
ation training. The primary outcome was psychological stress measured using the Self-Rating Anxiety Scale
(SAS) and Self-Rating Depression Scale (SDS). Secondary outcomes included intraoperative hemodynamic
parameters, behavioral stress-response grades, and postoperative complication rates. Qutcome assessors
were blinded to group allocation.

Results. Post-intervention, the intervention group demonstrated significantly lower anxiety (SAS:
2892 £4.78 vs 41.85 £8.97; t-test: degrees of freedom (df) = 295; p < 0.001; Cohen’s d = 1.79, 95%
confidence interval (95% Cl): 1.52—2.06) and depression (SDS: 27.89 514 vs 42.67 +9.83; t-test: df = 295;
p < 0.001; Cohen's d = 1.88, 95% (l: 1.61-2.15) scores compared with controls. Patients receiving the in-
tervention exhibited superior intraoperative hemodynamic stability, including reduced heart rate variability
(coefficient of variation: 0.07 £0.03 vs 0.14 +0.06; t-test: df = 295; p < 0.001) and fewer severe behavioral
stress responses (grade lll: 0% vs 74%; ¥’ test: df = 2; p < 0.001). The intervention group experienced
significantly fewer overall postoperative complications (12.1% vs 27.7%; ¥’ test: df = 1; p = 0.007; risk ratio
(RR) = 0.44, 95% (I: 0.26—0.73; number needed to treat (NNT) = 6.4).

Conclusions. Structured preoperative psychological nursing intervention significantly attenuates psycho-
physiological stress responses and reduces postoperative complications in patients undergoing ERCP. These
findings support integration of psychological support protocols into perioperative care pathways, although
confirmation through multicenter randomized controlled trials is warranted.

Key words: endoscopic retrograde cholangiopancreatography, psychological stress, perioperative nursing,
anxiety, postoperative complications
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Highlights

responses during ERCP.

tions after ERCP.

« Preoperative psychological nursing intervention significantly reduced anxiety and depression in patients undergo-
ing endoscopic retrograde cholangiopancreatography (ERCP).
+ Psychological support improved intraoperative hemodynamic stability and decreased severe behavioral stress

» Patients receiving structured psychological nursing experienced a markedly lower rate of postoperative complica-

+ Integrating psychological nursing into ERCP perioperative care may enhance clinical outcomes and patient safety.

Background

Endoscopic retrograde cholangiopancreatography
(ERCP) constitutes a fundamental therapeutic modality for
pancreatobiliary disorders, integrating diagnostic preci-
sion with interventional capability.! Despite technological
refinements that have enhanced procedural safety, ERCP
remains an inherently stressful experience characterized
by considerable psychological burden and physiological
stress responses that may influence clinical outcomes.?
The invasive nature of the procedure, combined with pa-
tient unfamiliarity with the complex endoscopic environ-
ment, generates substantial anxiety that can compromise
both immediate procedural success and postoperative
recovery.®

Contemporary understanding of perioperative stress ex-
tends beyond patient comfort and recognizes psychological
distress as a determinant of clinical outcomes.* Preopera-
tive anxiety activates the hypothalamic—pituitary—adrenal
axis and sympathetic nervous system, initiating physiologi-
cal responses including elevated heart rate, blood pressure
fluctuations, and altered immune function.® In the context
of ERCP, stress-induced changes may manifest as reduced
patient cooperation, increased sedation requirements, and
heightened complication risk, particularly post-ERCP pan-
creatitis, which occurs in 3—-15% of high-risk patients.!-3

The psychological burden associated with ERCP encom-
passes fear of the unknown, anticipatory anxiety regarding
potential complications, concerns about procedural dis-
comfort, and apprehension regarding diagnostic findings.°
Research has demonstrated that patients undergoing com-
plex endoscopic procedures experience anxiety levels com-
parable to those of patients facing major surgical interven-
tions.” Elevated stress hormone levels may affect sphincter
of Oddi function, potentially complicating cannulation
attempts and increasing technical difficulty, while sym-
pathetic overactivation predisposes patients to hemody-
namic instability.® Furthermore, procedure-related factors,
including difficult cannulation and the use of advanced
cannulation techniques such as precut papillotomy, trans-
pancreatic sphincterotomy, and double-guidewire access,
independently contribute to complication risk, particularly
post-ERCP pancreatitis.*°

Psychological nursing interventions have emerged
as evidence-based strategies to mitigate perioperative
stress.>!! Grounded in Lazarus and Folkman’s transac-
tional model of stress and coping, these interventions
propose that individuals’ responses to stressful situations
are mediated by cognitive appraisal of the threat and per-
ceived coping resources.!? By providing accurate informa-
tion, enhancing patients’ sense of control, and teaching
practical stress-management techniques, psychological
interventions may fundamentally alter the stress appraisal
process.®!! Recent investigations have examined nurs-
ing interventions for patients undergoing ERCP, includ-
ing programmed nursing plans based on thinking-map
guidance!® and video-assisted preoperative education,®
demonstrating reductions in anxiety and improvements
in hemodynamic stability. However, these previous stud-
ies predominantly evaluated single-component interven-
tions, such as cognitive mapping for informational pro-
cessing or video education for procedural familiarization,
each targeting isolated aspects of procedural anxiety.>13
Evidence from surgical populations suggests that multi-
component interventions addressing emotional, informa-
tional, and behavioral dimensions simultaneously may
yield superior outcomes compared with single-modality
approaches.'*15

Objectives

While the benefits of psychological support have been
established across various procedural contexts, rigorous
evidence specific to ERCP remains limited.>” The unique
characteristics of ERCP, including conscious sedation re-
quirements, the need for patient cooperation, and specific
anatomical challenges, suggest that targeted psychological
interventions may be particularly beneficial.'® Accordingly,
this study aimed to evaluate the effectiveness of a com-
prehensive multicomponent preoperative psychological
nursing intervention — integrating trust-building com-
munication, procedural education, and relaxation train-
ing — on psychophysiological stress responses and clinical
outcomes in patients undergoing ERCP.
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Materials and methods
Study design and setting

This prospective cohort study was conducted at the Sec-
ond Affiliated Hospital of Qigihar Medical University (Qig-
ihar, China), a tertiary care center performing more than
500 ERCP procedures annually. The study was conducted
in accordance with the Declaration of Helsinki and adhered
to the STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) guidelines for observational
studies. The protocol was approved by the Institutional
Review Board of the Second Affiliated Hospital of Qigihar
Medical University (approval No. 2022-IRB-089). All par-
ticipants provided written informed consent.

Participants and selection criteria

The study enrolled 297 consecutive patients undergoing
ERCP between June 2022 and June 2025. Sample size cal-
culation using G*Power 3.1.9.7 software (Heinrich Heine
University Diisseldorf, Germany; https://www.psychologie.
hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbe-
itspsychologie/gpower) with an effect size of 0.5, an alpha
error of 0.05, and a power of 0.90, indicated a minimum
requirement of 172 participants. To account for poten-
tial dropout and ensure adequate power for secondary
outcomes, including complication rates, enrollment was
extended to 297 participants.

Inclusion criteria comprised: 1) patients aged 18-75 years
with confirmed pancreatobiliary disorders requiring ther-
apeutic ERCP based on clinical presentation, laboratory
findings, and cross-sectional imaging; 2) American Soci-
ety of Anesthesiologists (ASA) physical status classifica-
tion I-1IL; 3) cognitive ability to understand and complete
psychological assessments; and 4) provision of informed
consent.

Exclusion criteria comprised: 1) severe cardiac, cere-
bral, or renal dysfunction affecting stress-response mecha-
nisms; 2) diagnosed psychiatric disorders or current psy-
chotropic medication use; 3) previous ERCP experience,
as prior procedural exposure may influence baseline anxi-
ety levels and coping mechanisms; 4) pregnancy or lacta-
tion; 5) inability to complete psychological assessments
because of language barriers or cognitive impairment; and
6) emergency procedures precluding adequate preoperative
psychological preparation.

Psychiatric disorder exclusion was determined through
a 2-stage screening process: initial review of electronic
medical records for documented psychiatric diagnoses
and current psychotropic medication prescriptions, fol-
lowed by direct patient inquiry during the admission nurs-
ing assessment using a standardized screening question-
naire. Patients were excluded if either source indicated
a current psychiatric diagnosis or active psychotropic
medication use.

Group allocation

Allocation to the intervention or control groups was
determined by the nursing ward to which patients were
admitted, which operated on alternating monthly proto-
cols. During months designated for standard care (con-
trol periods), patients received conventional perioperative
nursing. During intervention months, patients received
the enhanced psychological nursing protocol in addition
to standard care. This allocation strategy was selected
to minimize contamination between groups, as nursing
staff delivering the intervention were physically separated
from those providing standard care during their respective
assignment periods. Baseline demographic and clinical
characteristics were prospectively documented.

Intervention protocol
Standard care protocol (both groups)

All participants received standardized preoperative
preparation comprising: complete metabolic panel assess-
ment with attention to pancreatic enzymes, hepatic func-
tion, and coagulation parameters; hypersensitivity testing
for iodinated contrast agents and prophylactic antibiotics;
nil per os status for 8 h preceding the procedure; and stan-
dardized premedication consisting of intravenous diaz-
epam 10 mg and anisodamine hydrochloride 10 mgadmin-
istered 15 min prior to procedure initiation, supplemented
by topical pharyngeal anesthesia with 10 mL of 10% lido-
caine hydrochloride solution. The sedation protocol tar-
geted moderate (conscious) sedation as defined by the ASA,
characterized by a decreased level of consciousness during
which patients respond purposefully to verbal commands
or light tactile stimulation, maintain spontaneous ventila-
tion, and require no airway intervention.

Standard-care nursing contact comprised routine preop-
erative assessments lasting approx. 10-15 min, including
vital sign measurement, medication administration, verifi-
cation of fasting status, and communication of procedural
logistics. These interactions were primarily task-oriented
and did not include structured psychological support com-
ponents, relaxation training, or extended therapeutic com-
munication beyond what was necessary for safe procedural
preparation.

Enhanced psychological nursing intervention
(intervention group)

The intervention was developed through systematic
literature review and expert consensus, incorporating
evidence-based strategies for perioperative anxiety re-
duction. The protocol was delivered by a dedicated team
of 8 registered nurses who completed a 16-h training
program encompassing theoretical foundations of stress
and coping, therapeutic communication techniques,
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relaxation training delivery, and standardized protocol
adherence. Training was provided by a clinical psycholo-
gist and senior nurse educator. Training included review
of audio-recorded exemplar sessions demonstrating ideal
therapeutic communication techniques and paired ob-
servation sessions during the initial training period with
individualized feedback. Intervention fidelity was moni-
tored through weekly supervision sessions and standard-
ized checklists completed after each patient encounter.
Additionally, random auditing of 10% of intervention ses-
sions was conducted by the senior nurse educator using
a structured fidelity checklist to ensure consistency across
the 8 intervention nurses.

The intervention comprised 3 integrated components
delivered over 24—48 h preceding the procedure, requiring
approx. 55-70 min of additional nursing contact time per
patient beyond standard care:

Component 1: Trust-building and therapeutic commu-
nication. Dedicated nursing staff established therapeutic
relationships through active listening, empathetic commu-
nication, and individualized emotional support. Sessions
lasted 20—30 min and occurred within 24 h of admission.
Patients received detailed information about their primary
nurse and attending physician credentials. Environmental
familiarization included guided tours of the endoscopy
unit, introduction to equipment and monitoring devices,
and explanation of the procedural environment.

Component 2: Comprehensive patient education.
A structured educational program utilized illustrated pro-
cedural brochures, anatomical diagrams, and step-by-step
procedural explanations tailored to individual educational
levels. Educational materials were developed in collabo-
ration with gastroenterology physicians and underwent
readability assessment. Content encompassed ERCP in-
dications, procedural steps, expected sensations, safety
measures, and post-procedural recovery expectations.
Educational sessions lasted 15-20 min. Comprehension
was assessed through teach-back methodology, with ad-
ditional clarification provided as needed.

Component 3: Psychological relaxation and coping skills
training. Patients received individualized training in pro-
gressive muscle relaxation and diaphragmatic breathing
exercises. Training sessions of 15—20 min were conducted
twice daily under nursing supervision, using audio-guided
instructions standardized across all intervention nurses.
Cognitive-behavioral strategies were introduced to help pa-
tients develop effective coping mechanisms and challenge
anxiety-provoking thoughts. Patients received printed ma-
terials summarizing techniques for independent practice.

Outcome measurements
Primary outcome

The primary outcome was the change in psychological
stress scores from baseline to the immediate pre-procedure
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assessment. The Self-Rating Anxiety Scale (SAS) and Self-
Rating Depression Scale (SDS), both validated in Chinese
populations,'” were employed. Both instruments utilize
20-item questionnaires with 4-point Likert scales, yield-
ing total scores ranging from 20 to 80, with higher scores
indicating greater psychological distress. For clinical
interpretation, raw scores are converted to index scores
by multiplying by 1.25, with standard thresholds as fol-
lows: index scores below 50 indicate no significant anxi-
ety or depression; scores of 50—59 indicate mild distress;
scores of 60—69 indicate moderate distress; and scores
of 70 or above indicate severe distress. Assessments were
conducted at baseline (within 24 h of admission) and im-
mediately pre-procedure (within 2 h of ERCP initiation).

Secondary outcomes

Intraoperative physiological monitoring: Continuous he-
modynamic monitoring was performed using standardized
equipment (GE Healthcare CARESCAPE Monitor B650;
GE Healthcare, Chicago, USA). Heart rate, systolic blood
pressure (SBP), diastolic blood pressure (DBP), and mean
arterial pressure (MAP) were recorded at 5-min intervals
throughout the procedure.

Intraoperative behavioral stress response: A validated
3-tier classification system was employed: grade I (no
or mild fear and discomfort; patient able to tolerate and
continue the examination); grade II (obvious fear and
discomfort with behaviors indicating attempts to avoid
the procedure); and grade I1I (severe fear, restlessness, and
intense discomfort leading to active avoidance or requests
for procedure termination). Behavioral assessments were
performed by endoscopy nurses blinded to group allocation
who had not participated in delivering the intervention.

Postoperative complications: All participants underwent
standardized post-procedural monitoring. Complications
were defined according to the Cotton consensus crite-
ria! and comprised: post-ERCP pancreatitis (abdominal
pain with serum amylase elevation greater than 3 times
the upper limit of normal at 24 h, requiring prolonged
hospitalization or intervention); cholangitis (fever above
38°C with clinical signs of biliary infection); hemorrhage
(clinical evidence of bleeding with a hemoglobin decrease
greater than 2 g/dL or requiring intervention); and per-
foration (confirmed with imaging). Complications were
graded according to severity using the Cotton criteria.
All patients were monitored continuously during hos-
pitalization with standardized clinical assessments and
laboratory evaluation at 24 h post-procedure. Additionally,
structured telephone follow-up was conducted at 7 days
and 30 days post-discharge to ascertain delayed complica-
tions requiring medical attention. The reported complica-
tion rates represent cumulative incidence over the 30-day
follow-up period.

Procedural variables: To account for procedure-related
confounders, the following variables were prospectively
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recorded: cannulation difficulty (easy, moderate, or dif-
ficult); use of advanced cannulation techniques (precut
sphincterotomy, pancreatic duct guidewire-assisted tech-
nique, and transpancreatic septotomy); procedure dura-
tion; and operator experience level. Cannulation difficulty
was classified according to objective criteria detailed
in Supplementary Table 2. Easy cannulation was defined
as successful biliary access achieved within 5 attempts and
10 min without inadvertent pancreatic duct cannulation;
moderate difficulty was defined as successful cannula-
tion requiring 6-10 attempts or 10-20 min, or involving
1-2 inadvertent pancreatic duct cannulations; and difficult
cannulation was defined as requiring more than 10 at-
tempts, exceeding 20 min, involving 3 or more inadvertent
pancreatic duct cannulations, or necessitating advanced
cannulation techniques. These criteria were prospectively
applied by the endoscopy team and documented immedi-
ately following each procedure.

All ERCP procedures were performed by 1 of 4 board-
certified gastroenterologists with dedicated hepatobiliary
training, each with a minimum of 8 years of independent
ERCP experience and individual lifetime case volume
exceeding 1,500 procedures. Procedures were distrib-
uted comparably across endoscopists between allocation
periods.

Clinical indications were classified according to the pri-
mary indication for ERCP as determined by the treating
gastroenterologist based on the predominant clinical pre-
sentation and imaging findings. When multiple patholo-
gies coexisted, a hierarchical classification system was
applied: choledocholithiasis requiring stone extraction
took precedence, followed by biliary stenosis requiring
stenting or sampling, whereas chronic pancreatitis was
classified as primary only when pancreatic duct interven-
tion was the principal therapeutic objective.

Blinding

Patients and intervention nurses could not be blinded
to group allocation. However, outcome assessors evalu-
ating psychological scores, behavioral stress grades, and
postoperative complications were blinded to allocation
status. Data analysts remained blinded until completion
of the primary analyses.

Statistical analyses

Statistical analyses were performed using IBM SPSS
v. 28.0 (IBM Corp., Armonk, USA), with significance set
at p < 0.05. The primary outcome (psychological stress
scores) was pre-specified as the confirmatory endpoint,
whereas all secondary outcomes were designated as ex-
ploratory analyses. To address potential inflation of type
I error rates arising from multiple secondary outcome
comparisons, the Benjamini—Hochberg procedure for false
discovery rate (FDR) control was applied to all secondary

analyses. Both unadjusted and FDR-adjusted p-values are
reported for secondary outcomes (Supplementary Table 5).

Normality of continuous variables was assessed using
the Shapiro—Wilk test, with visual inspection of histo-
grams and quantile—quantile plots to evaluate distribu-
tional characteristics. Normality testing was performed
separately for the intervention group (n = 149) and the con-
trol group (n = 148) to verify distributional assumptions
within each group independently (Supplementary Table 3).
Homogeneity of variances was evaluated using Levene’s
test prior to independent-samples t-tests. When the as-
sumption of equal variances was violated (Levene’s test
p < 0.05), Welch’s correction was applied. All baseline
continuous variables demonstrated acceptable normality
(Shapiro—Wilk p > 0.05 in both groups). For primary and
secondary outcome variables in which variance heteroge-
neity was detected, Welch-corrected t-tests were employed,
and supplementary nonparametric analyses (Mann—Whit-
ney U tests) were conducted to verify the robustness
of the findings. Detailed results of assumption testing are
provided in Supplementary Tables 3 and 4. Baseline char-
acteristics were compared using independent-samples t-
tests for normally distributed continuous variables, Mann—
Whitney U tests for non-normally distributed continuous
variables, and x? tests for categorical variables.

For the primary outcome, between-group differences
in post-intervention psychological scores were analyzed
using independent-samples t-tests. Within-group changes
from baseline were analyzed using paired t-tests. Effect
sizes were calculated using Cohen’s d, with values of 0.2,
0.5, and 0.8 interpreted as small, medium, and large ef-
fects, respectively.

For secondary outcomes, hemodynamic parameters
were compared using independent-samples t-tests. Behav-
ioral stress-response grades were compared using x? tests.
Complication rates were compared using x tests, with risk
ratios (RRs) and 95% confidence intervals (95% ClIs) cal-
culated. Given the multiple secondary outcomes, findings
were interpreted with appropriate caution, and the primary
outcome was pre-specified to avoid inflation of type I error.

Multivariable logistic regression was performed to as-
sess the association between group allocation and overall
complications, adjusting for potential confounders includ-
ing age, sex, ASA classification, primary diagnosis, can-
nulation difficulty, rectal indomethacin prophylaxis, and
use of advanced cannulation techniques. Logistic regres-
sion model assumptions were verified according to ACEM
statistical guidelines.!® Linearity between the continuous
predictor (age) and the log-odds of the outcome was as-
sessed using the Box—Tidwell test. Multicollinearity among
explanatory variables was evaluated using generalized vari-
ance inflation factors (GVIFs). Influential observations
were examined using standardized residuals and Cook’s
distance values. Model diagnostics are presented in Sup-
plementary Table 6. Results are presented as adjusted odds
ratios (ORs) with 95% Cls.



Missing-data handling followed a pre-specified protocol
whereby sensitivity analyses using multiple imputation
would be conducted if missing data exceeded 5% for any
primary outcome variable. As detailed in the Results sec-
tion, data completeness was excellent across all domains,
with no variable approaching this threshold. The minimal
missing observations were confirmed to occur completely
at random using Little’s Missing Completely at Random
(MCAR) test, supporting the use of complete-case analysis
without risk of systematic bias.

Results

Participant flow and baseline
characteristics

Of 347 patients screened for eligibility between June
2022 and June 2025, 297 met the inclusion criteria and were
enrolled (Fig. 1). Fifty patients were excluded: 18 because
of previous ERCP experience, 12 because of psychiatric dis-
orders or psychotropic medication use, 9 because of emer-
gency procedures, 6 because of cognitive impairment pre-
cluding assessment completion, and 5 because of declining

Patients Screened for Eligibility
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participation. The intervention group comprised 149 pa-
tients, and the control group comprised 148 patients.
All enrolled patients completed the study with no losses
to follow-up. Data completeness was excellent across all
outcome domains, with missing values occurring in only
2 observations (0.7%) for psychological scores and 4 obser-
vations (1.3%) for hemodynamic parameters; behavioral
stress grades and complication outcomes were complete
for all participants. Little’s test confirmed that these mini-
mal missing data occurred completely at random (MCAR
test: x2 = 8.42, degrees of freedom (df) = 12, p = 0.687),
supporting the use of complete-case analysis without risk
of systematic bias.

Baseline demographic and clinical characteristics dem-
onstrated no statistically significant differences between
groups (Table 1). The overall cohort comprised 163 male pa-
tients (54.9%) and 134 female patients (45.1%), with a mean
age of 52.34 +11.52 years. Sex distribution did not differ
significantly between groups (x? test: df = 1; p = 0.958).
Clinical indications included choledocholithiasis (145 pa-
tients, 48.8%), biliary stenosis (103 patients, 34.7%), and
chronic pancreatitis (49 patients, 16.5%). Baseline SAS
scores were 52.67 +8.38 vs 53.21 +8.65 (t-test: df = 295;
p = 0.578), and baseline SDS scores were 49.89 +7.82 vs

Excluded (n = 50)

« Previous ERCP experience (n = 18)

« Psychiatric disorders / medication (n = 12)

« Emergency procedures (n = 9)
« Cognitive impairment (n = 6)
« Declined participation (n = 5)

CONTROL GROUP

n =148
Standard Care Only

Complete Follow-up
Lost to follow-up: n = 0

; June 2022 — June 2025
w n = 347
=
-
|
(]
14
ﬁ Enrolled Patients
n =297
[ Alternating Ward Allocation ]
4
o |
[
<
(8]
3 INTERVENTION GROUP
:t' n =149
Standard Care +
Psychological Nursing Intervention
Complete Follow-up
(2 Lost to follow-up: n = 0
(2]
: |
-
<
=
<

Analyzed: n = 149

« Primary outcomes

 Secondary outcomes

|

Analyzed: n = 148

« Primary outcomes

 Secondary outcomes

Fig. 1. CONSORT-style flow diagram illustrating patient screening, eligibility assessment, and enroliment. Of 347 patients screened between June 2022
and June 2025, 297 met the inclusion criteria and were enrolled. Exclusions comprised previous endoscopic retrograde cholangiopancreatography
(ERCP) experience (n = 18), psychiatric disorders or psychotropic medication use (n = 12), emergency procedures (n = 9), cognitive impairment (n = 6),
and declined participation (n = 5). Patients were allocated to the intervention (n = 149) or control (n = 148) group based on alternating ward protocols.
All enrolled patients completed the study with no losses to follow-up, and all were included in the final intention-to-treat analysis
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Table 1. Baseline characteristics and clinical parameters

Characteristic

Intervention group (n = 149)

Control group (n = 148) Test statistic

Demographics

Age [years], mean 5D 52.18+11.28 5251 +11.78 t-test: df = 295 0.803
Sex.n (%) male, n (%) 82 (55.0) 81 (54.7) o test: df < 1 0958

female, n (%) 67 (45.0) 67 (45.3)
BMI [kg/m?], mean +SD 243 £3.7 245 +4.0 t-test: df = 295 0.652

Education level, n (%)
High school or below 58(38.9) 63 (42.6)
College or above 91 (61.1) 85 (57.4) K testdf=1 0547
Primary diagnosis, n (%)
Choledocholithiasis 74 (49.7) 71 (48.0)
Biliary stenosis 51(34.2) 52 (35.1) ¥ test: df =2 0.892
Chronic pancreatitis 24 (16.1) 25(16.9)
ASA classification, n (%)
I 46 (30.9) 50(33.8)
Il 69 (46.3) 63 (42.6) X’ test: df =2 0.724
Il 34(22.8) 35(23.6)
Baseline psychological scores
SAS core, mean +SD 52.67 +8.38 53.21 £8.65 t-test: df = 295 0578
SDS score, mean +=SD 49.89 £7.82 50.34 £7.91 t-test: df = 295 0.621
Baseline physiological parameters
Heart rate [bpm], mean £SD 76.5+8.2 770489 t-test: df = 295 0612
Systolic BP [mm Hg], mean £SD 1284 +12.2 1295130 t-test: df = 295 0455
Diastolic BP [mm Hg], mean £SD 782476 789482 t-test: df = 295 0.441
Procedural characteristics

Difficult cannulation, n (%) 22 (14.8) 24 (16.2) ¥ test: df =1 0.726
Advanced techniques used, n (%) 19(12.8) 21(014.2) ¥ test: df =1 0.716
Rectal indomethacin prophylaxis, n (%) 47 (31.5) 51(34.5) X2 test: df =1 0.584

BMI — body mass index; SAS — Self-Rating Anxiety Scale; SDS - Self-Rating Depression Scale; BP — blood pressure; ASA — American Society of Anesthesiologists;
SD - standard deviation; df — degrees of freedom. Primary diagnosis was classified hierarchically when multiple pathologies coexisted: choledocholithiasis
requiring stone extraction took precedence, followed by biliary stenosis requiring stenting or sampling, with chronic pancreatitis classified as primary only

when pancreatic duct intervention was the principal therapeutic objective.

50.34 £7.91 (t-test: df = 295; p = 0.621) for the intervention
and control groups, respectively, confirming comparable
pre-intervention psychological states. These baseline index
scores, corresponding to mild psychological distress, are
consistent with the anticipated anxiety associated with
impending invasive procedures.

Procedural characteristics were similar between
groups. Difficult cannulation occurred in 22 patients
(14.8%) in the intervention group and 24 patients (16.2%)
in the control group (2 test: df = 1; p = 0.726). Advanced
cannulation techniques were employed in 19 patients
(12.8%) in the intervention group and 21 patients (14.2%)
in the control group (x? test: df = 1; p = 0.716). Mean pro-
cedure duration was 29.1 +8.9 min vs 30.8 +9.4 min (t-test:
df =295; p = 0.108). Rectal indomethacin prophylaxis was
administered to 47 patients (31.5%) in the intervention
group and 51 patients (34.5%) in the control group (x test:
df = 1; p = 0.584).

Analysis of temporal confounders

To assess potential confounding by temporal factors re-
lated to the alternating monthly allocation strategy, we com-
pared patient characteristics and case volumes between
intervention and control periods (Supplementary Table 1).
Monthly patient volumes were comparable (mean 8.3 +1.9
vs 8.2 +2.1 patients per month for intervention and control
periods, respectively; t-test: df = 34; p = 0.892). Seasonal
distribution was similar, with enrollment distributed across
calendar quarters as follows: 1° quarter 26.2% vs 25.0%, 2"
quarter 24.8% vs 25.7%, 3" quarter 24.2% vs 24.3%, and 4
quarter 24.8% vs 25.0% for intervention and control pe-
riods, respectively (x2 test: df = 3; p = 0.987). Case acuity,
as reflected by ASA classification distribution, did not dif-
fer significantly between allocation periods (x? test: df = 2;
p = 0.812). These analyses suggest that temporal factors did
not systematically confound group comparisons.



Primary outcome: psychological
stress response

Post-intervention psychological assessments revealed
significant improvements in the intervention group
(Table 2, Fig. 2). SAS scores were 28.92 +4.78 in the in-
tervention group compared with 41.85 +8.97 in the con-
trol group (t-test: df = 295; p < 0.001; Cohen’s d = 1.79,
95% CI: 1.52-2.06), while SDS scores were 27.89 +5.14 vs
42.67 £9.83 (t-test: df = 295; p < 0.001; Cohen’s d = 1.88,
95% CI: 1.61-2.15).

Within the intervention group, SAS scores decreased
by 23.75 +6.18 points from baseline (45.1% reduc-
tion), whereas control-group SAS scores decreased
by 11.36 +4.02 points (21.3% reduction). The between-
group difference in score reduction was statistically signifi-
cant (t-test: df = 295; p < 0.001; Cohen’s d = 2.38, 95% CI:
2.08-2.68). Similar patterns were observed for SDS scores,
with reductions of 22.00 +5.72 points in the intervention
group (44.1% reduction) vs 7.67 + 3.84 points in the control
group (15.2% reduction; t-test: df = 295; p < 0.001; Cohen’s
d =2.93, 95% CI: 2.60-3.26).

Secondary outcomes
Intraoperative hemodynamic parameters

The intervention group demonstrated superior hemo-
dynamic stability throughout the procedure (Table 2,

S. Lu et al. Preoperative support for ERCP patients

Fig. 3). Peak intraoperative heart rate was 88.7 +12.2 bpm
vs 107.9 £17.8 bpm (t-test: df = 295; p < 0.001; Cohen’s
d =1.26,95% CI: 1.01-1.51). Heart rate variability, expressed
as the coefficient of variation, was 0.07 +0.03 vs 0.14 +0.06 (t-
test: df = 295; p < 0.001; Cohen’s d = 1.48, 95% CI: 1.22—1.74).
Mean arterial pressure variation was 8.2 +4.0 mm Hg vs
15.9 +8.6 mm Hg (t-test: df = 295; p < 0.001; Cohen’s d = 1.15,
95% CI: 0.91-1.39). Hypertensive episodes (SBP exceeding
160 mm Hg) occurred in 11 patients (7.4%) in the interven-
tion group compared with 49 patients (33.1%) in the control
group (x2 test: df = 1; p < 0.001).

Intraoperative behavioral stress response

The distribution of intraoperative behavioral stress
responses differed significantly between groups (x? test:
df = 2; p < 0.001; Table 2, Fig. 4A). In the intervention
group, 126 patients (84.6%) exhibited grade I responses,
23 patients (15.4%) exhibited grade II responses, and no
patients exhibited grade III responses. In the control group,
43 patients (29.1%) exhibited grade I responses, 94 patients
(63.5%) exhibited grade I responses, and 11 patients (7.4%)
exhibited grade III responses.

Postoperative complications
Overall complications occurred in 18 patients (12.1%)

in the intervention group compared with 41 patients
(27.7%) in the control group, representing a significant

Fig. 2. Psychological score trajectories with 95% confidence intervals (95% Cls). Mean Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS)
scores at baseline and post-intervention for the intervention (blue) and control (red) groups. Shaded areas represent 95% Cls. Error bars indicate the 95% Cl
at each time point. Higher scores indicate greater psychological distress. The intervention group demonstrated significantly greater score reductions
compared with controls (SAS: 45.1% vs 21.3% reduction; SDS: 44.1% vs 15.2% reduction; both p < 0.001)
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Table 2. Psychological and physiological stress response outcomes

Intervention grou
Parameter group

Control group

Test statistic

p-value

Effect size (95% Cl)

(n=149)

2892 +4.78
2789 +5.14

SAS score, mean £SD

SDS score, mean +SD

23.75+6.18
2200 +£5.72

SAS reduction, mean +SD

SDS reduction, mean +=SD

Grade | (mild) 126 (84.6)
Grade Il (moderate) 23 (154)
Grade lll (severe) 0(0.0)

Peak heart rate [bpm], mean +SD 88.7 +£12.2
HR variability (CV), mean £SD 0.07 £0.03
MAP variation [mm Hg], mean £SD 82140
Hypertensive episodes, n (%) 11(74)

(n=148)

Post-intervention psychological scores
41.85 +8.97
42,67 £9.83

t-test: df = 295 <0.001
t-test: df = 295 <0.001

d=1.79(1.52-2.06)
d=1.88(1.61-2.15)

Score reduction from baseline
11.36 +4.02
767 £3.84

t-test: df = 295 <0.001
t-test: df = 295 <0.001

d=238(2.0-2.68)
d=293(2.60-3.26)

Intraoperative stress response grade, n (%)

43(29.1)
94 (63.5)
11(7.4)

X test: df = 2 <0.001 -

Intraoperative hemodynamic parameters

1079+17.8 t-test: df = 295 <0.001 d=126(1.01-1.51)

0.14 £0.06 t-test: df = 295 <0.001 d=148(1.22-1.74)
159 +86 t-test: df = 295 <0.001 d=1.15(091-1.39)
49 (33.1) X2 test: df =1 <0.001 =

SAS - Self-Rating Anxiety Scale; SDS - Self-Rating Depression Scale; CV - coefficient of variation; HR — heart rate; MAP — mean arterial pressure; d — Cohen’s d;
SD - standard deviation; 95% Cl - 95% confidence interval; df — degrees of freedom. 95% Cls for Cohen's d were calculated using the standard

approximation method.

Fig. 3. Intraoperative hemodynamic stability parameters. Violin plots with embedded box plots displaying the distributions of peak heart rate [bpm], heart
rate variability (coefficient of variation (CV)), and mean arterial pressure variation [mm Hg] for the intervention (blue) and control (red) groups. Violin shapes
represent data distribution density. Box plots show the median (horizontal line), interquartile range (IQR; box), and data range (whiskers). White diamonds
indicate group means. Lower values indicate superior physiological stability. All between-group differences were statistically significant (p < 0.001)

difference (x? test: df = 1; p = 0.001; RR = 0.44; 95% CI:
0.26-0.73; Table 3, Fig. 4B). The number needed to treat
(NNT) to prevent 1 complication was 6.4.

Post-ERCP pancreatitis occurred in 7 patients (4.7%)
in the intervention group compared with 20 patients
(13.5%) in the control group (x? test: df = 1; p = 0.007;

RR = 0.35; 95% CI: 0.15-0.80). Among patients who de-
veloped pancreatitis, severity distribution also differed: all
7 cases in the intervention group were classified as mild,
whereas the control group included 12 mild, 6 moderate,
and 2 severe cases (x? test: df = 2; p = 0.048). Cholangitis
occurred in 5 patients (3.4%) in the intervention group
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Fig. 4. Clinical outcomes: behavioral stress response and complications

A. Stacked horizontal bar chart showing the distribution of intraoperative behavioral stress-response grades. Grade | (green) indicates a mild response;
grade Il (orange) indicates a moderate response; and grade Il (red) indicates a severe response. No patients in the intervention group experienced grade |l
responses

B. Postoperative complication rates comparing overall complications and post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis
between groups. The intervention group demonstrated significantly lower overall complication rates (12.1% vs 27.7%; risk ratio (RR) = 0.44; 95% confidence
interval (95% Cl): 0.26-0.73; p = 0.001). Pancreatitis severity distribution is shown with colored circles representing individual cases according to severity
grade

Table 3. Clinical outcomes and postoperative complications

Outcorne TETETEERE || ETee AR (959% C) ‘
Overall outcomes
Procedure success, n (%) 145 (97.3) 142 (95.9) 1.01 (0.97-1.06) 0.512 -
Procedure time [min], mean =SD 29.1 +89 30.8+94 - 0.108 -
Length of stay [days], mean £SD 23+1.1 3.0+1.7 - <0.001 -
Complications
Total complications, n (%) 18(12.1) 41 (27.7) 0.44 (0.26-0.73) 0.001 64
Post-ERCP pancreatitis, n (%) 7 (4.7) 20(13.5) 0.35(0.15-0.80) 0.007 114
Mild 7(4.7) 12(8.1) - - -
Moderate 0(0.0) 6(4.1) - - -
Severe 0(0.0) 2(14) - - -
Cholangitis, n (%) 5(34) 9(6.1) 0.55 (0.19-1.60) 0.265 -
Hemorrhage, n (%) 4(2.7) 6(4.1) 0.66 (0.19-2.28) 0.507 -
Perforation, n (%) 2(1.3) 3(2.0) 0.66 (0.11-3.88) 0.640 -

95% CI — 95% confidence interval; NNT — number needed to treat; ERCP — endoscopic retrograde cholangiopancreatography; SD — standard deviation;
RR - risk ratio. Complication rates represent cumulative incidence through 30-day follow-up, including in-hospital events and those identified during
structured telephone follow-up at 7 and 30 days post-discharge.

vs 9 patients (6.1%) in the control group (x* test: df = 1; df = 1; p = 0.640). Mean length of stay was 2.3 +1.1 days
p = 0.265). Hemorrhage occurred in 4 patients (2.7%) vs vs 3.0 £1.7 days (t-test: df = 295; p < 0.001). No additional
6 patients (4.1%) (2 test: df = 1; p = 0.507). Perforation complications were identified during the post-discharge
occurred in 2 patients (1.3%) vs 3 patients (2.0%) (x> test: telephone follow-up assessments at 7 and 30 days.
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Multivariable analysis

In multivariable logistic regression adjusting for age,
sex, ASA classification, primary diagnosis, cannulation
difficulty, rectal indomethacin prophylaxis, and use of ad-
vanced cannulation techniques, allocation to the interven-
tion group remained significantly associated with a re-
duced risk of overall complications (adjusted OR = 0.36;
95% CI: 0.19-0.67; p = 0.001; Table 4). Difficult cannula-
tion (adjusted OR = 2.41; 95% CI: 1.28-4.54; p = 0.006)
and use of advanced cannulation techniques (adjusted
OR = 2.18; 95% CI: 1.12—-4.25; p = 0.022) were indepen-
dently associated with increased complication risk. Rectal
indomethacin prophylaxis was not significantly associated
with complication risk in the multivariable model (ad-
justed OR = 0.78; 95% CI: 0.42-1.45; p = 0.432). A summary
of effect sizes across all primary and secondary outcomes
is presented in Fig. 5.

Discussion

This prospective cohort study demonstrates that a struc-
tured preoperative psychological nursing intervention sig-
nificantly improves psychological outcomes, physiologi-
cal stability, and clinical outcomes in patients undergoing
ERCP. The observed effect sizes for anxiety and depression
reduction were large, and the intervention was associated
with a 56% relative reduction in overall postoperative
complications.

The magnitude of psychological improvement observed
was both statistically significant and clinically meaning-
ful. The approx. 45% reduction in anxiety and depression
scores represents substantial improvement likely translat-
ing into an enhanced patient experience. These findings
align with Lazarus and Folkman’s transactional model
of stress and coping, which posits that providing patients
with accurate information and enhancing their perceived

Table 4. Multivariable logistic regression for overall complications

Variable | Adjusted OR
Intervention group (vs control) 0.36
Age (per year) 1.01
Male sex (vs female) 0.89
ASA Il (vs ASA ) 1.24
ASA Il (vs ASA1) 1.67
Biliary stenosis (vs choledocholithiasis) 1.18
Chronic pancreatitis (vs choledocholithiasis) 142
Difficult cannulation (vs easy/moderate) 241
Advanced cannulation techniques 2.18
Rectal indomethacin prophylaxis 0.78

n

coping resources fundamentally alters threat appraisal.l?
The multicomponent nature of our intervention, incorpo-
rating trust-building, education, and relaxation training,
likely addressed multiple pathways through which psycho-
logical distress manifests.!!

Our findings are consistent with recent investigations
examining nursing interventions for patients undergoing
ERCP. Lu and Wang!3 reported that programmed nursing
based on thinking-map guidance improved hemodynamic
stability and intestinal function recovery following ERCP.
Cevik and Rizalar® demonstrated that video-assisted pre-
operative education reduced anxiety and improved satis-
faction in patients undergoing ERCP. Our study extends
this evidence by employing a comprehensive multicompo-
nent intervention and examining a broader range of out-
comes, including postoperative complications. The larger
effect sizes observed in our study compared with those
reported for single-component interventions may reflect
the synergistic benefits of simultaneously addressing emo-
tional support needs, informational deficits, and coping-
skill development.

The translation of psychological improvements into
measurable physiological stability represents an impor-
tant finding with clinical implications. The significantly
reduced heart rate variability and blood pressure fluctua-
tions observed in the intervention group suggest effec-
tive modulation of autonomic nervous system responses
to procedural stress.® This physiological stabilization may
have contributed to the improved behavioral responses
observed, with no patients in the intervention group ex-
periencing severe stress reactions requiring procedural
modification.

The reduction in overall complication rates associated
with the intervention warrants careful interpretation.
While statistical significance was achieved for overall
complications and post-ERCP pancreatitis specifically,
the study was not powered to detect differences in less
common complications such as cholangitis, hemorrhage,

| 95% Cl |

p-value
0.19-0.67 0.001
0.98-1.04 0412
0.48-1.65 0.712
0.58-2.65 0.578
0.72-3.87 0.234
0.59-2.36 0.638
0.62-3.25 0.406
1.28-4.54 0.006
1.12-4.25 0.022
0.42-1.45 0432

OR - odds ratio; 95% Cl — 95% confidence interval; ASA — American Society of Anesthesiologists; df — degrees of freedom. Model statistics: x> = 42.87,

df =10, p < 0.001; Nagelkerke R? = 0.19; Hosmer-Lemeshow goodness-of-fit test: x* = 6.24, df = 8, p = 0.621. Model diagnostics: Box-Tidwell test for linearity
(age x In[agel): p = 0.412. All generalized variance inflation factor (GVIF) values <2.5 (range: 1.08-1.89). No standardized residuals exceeded +3; all Cook's
distance values <0.5. Complete diagnostic results are presented in Supplementary Table 6.
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Fig. 5. Forest plot of effect sizes across primary and secondary outcomes. Forest plot displaying effect sizes with 95% confidence intervals (95% Cls) for

all measured outcomes. Cohen’s d values are shown for continuous outcomes (psychological scores and hemodynamic parameters), whereas risk ratios
(RRs) are shown for binary outcomes (complications). All Cohen'’s d values are presented as positive values indicating the magnitude of between-group
differences, with larger values reflecting greater intervention effects; this presentation is consistent with Table 2. The x-axis scale extends to 3.5 for Cohen's
d values to accommodate the complete Cls for primary psychological outcomes. Green points indicate primary psychological outcomes; blue points
indicate secondary hemodynamic outcomes; and purple squares indicate complication RRs. The dashed vertical line represents the null effect (0 for
Cohen’s d and 1 for RRs). For RRs, values less than 1 favor the intervention group. All primary outcomes and overall complications demonstrated statistically

significant effects favoring the intervention group

and perforation, and these individual comparisons should
therefore be considered exploratory. The pathophysiologi-
cal basis for the potential protective effects likely involves
multiple mechanisms. We hypothesize that reduced
sympathetic activation may improve sphincter of Oddi
function, potentially facilitating cannulation and reduc-
ing the risk of trauma-induced pancreatitis, although this
mechanism remains speculative in the absence of direct
manometric assessment.!” Enhanced patient cooperation
may also allow for more precise endoscopic manipula-
tion.?® Additionally, attenuated stress responses may pre-
serve immune function and promote healing.!
Importantly, procedure-related factors, including can-
nulation difficulty and use of advanced cannulation
techniques, remained significant independent predictors
of complications in our multivariable analysis, consistent
with the established literature.>1° The effect of the psycho-
logical intervention persisted after adjustment for these
technical factors as well as rectal indomethacin prophy-
laxis, suggesting that the intervention operates through
pathways distinct from procedural technique optimiza-
tion. This finding supports the hypothesis that patient
psychological state influences complication risk through

physiological mechanisms rather than solely through ef-
fects on procedural conduct.

The observed hemodynamic benefits may be partially
mediated by differential sedation requirements between
groups. Although intra-procedural sedation doses beyond
the standardized premedication protocol were not system-
atically recorded in this study, it is plausible that reduced
baseline anxiety in the intervention group translated into
lower supplemental sedation requirements, which in turn
contributed to greater hemodynamic stability. Future stud-
ies should prospectively record cumulative sedation doses
to elucidate this potential mechanistic pathway.

Several methodological strengths of this study merit con-
sideration. The prospective design with blinded outcome
assessment mitigates recall and detection biases inherent
in retrospective studies. The standardized intervention pro-
tocol with documented fidelity monitoring enhances repro-
ducibility. Inclusion of procedure-related variables allows
assessment of confounding by technical factors. The larger
sample size compared with previous studies provides im-
proved statistical power. Analysis of temporal factors dem-
onstrated no significant differences in patient volumes, sea-
sonal distribution, or case acuity between allocation periods,
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reducing concern regarding systematic confounding related
to the alternating monthly allocation strategy.

Future research should prioritize multicenter random-
ized controlled trials (RCTs) to establish causality, factorial
designs to identify optimal intervention components, and
prospective recording of sedation requirements to eluci-
date potential mediating mechanisms. Cost-effectiveness
analyses incorporating the 0.7-day reduction in length
of stay and the number needed to treat of 6.4 would help
quantify economic benefits, as the approx. 55-70 min
of additional nursing time per patient may be offset by re-
duced complication-related costs and shorter hospitaliza-
tions.?2 Implementation studies examining workflow inte-
gration and scalability across diverse healthcare settings
are also warranted.

Limitations of the study

This study has several limitations that warrant consid-
eration. The non-randomized allocation design, despite
minimizing contamination, introduces the potential for
confounding by unmeasured factors, and RCTs are needed
to confirm causality. The single-center design and moder-
ate-sedation protocol employed may limit generalizability
to settings with different patient populations, nursing re-
sources, or sedation practices. The multicomponent nature
of the intervention precludes identification of the specific
elements that are most effective, and the absence of formal
inter-rater reliability assessment and systematic record-
ing of intra-procedural sedation requirements represents
an additional methodological limitation.

Conclusions

This prospective cohort study provides evidence that
a structured preoperative psychological nursing interven-
tion significantly attenuates psychophysiological stress
responses and reduces postoperative complication rates
in patients undergoing ERCP. A standardized protocol
combining trust-building communication, procedural
education, and relaxation training, delivered by trained
nursing staff, was associated with substantial reductions
in anxiety and depression, improved intraoperative hemo-
dynamic stability, and a 56% relative reduction in overall
complications. These findings support consideration of in-
tegrating psychological support into perioperative ERCP
care pathways. Confirmation through multicenter RCTs
is warranted to establish causality and determine the op-
timal intervention components and delivery strategies.

Supplementary data
The supplementary materials are available at https://

doi.org/10.5281/zenodo.18519365. The package contains
the following files:
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Supplementary Table 1. Analysis of temporal confounders.

Supplementary Table 2. Cannulation difficulty classi-
fication criteria.

Supplementary Table 3. Normality assessment results
by group.

Supplementary Table 4. Sensitivity analysis using non-
parametric tests.

Supplementary Table 5. Secondary outcome compari-
sons with multiple testing adjustment.

Supplementary Table 6. Logistic regression model di-
agnostics.
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