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Background: Ensuring standardized competencies in T-tube management is pivotal for optimizing recovery and minimizing post
operative morbidity. Despite its growing use in clinical training, the impact of structured video-based skill assessments on nursing 
practice has not been clearly defined.
Methods: We conducted a retrospective comparative analysis at Xingtai People’s Hospital, enrolling adult inpatients who underwent 
T-tube placement between January 2019 and December 2023. Participants were stratified according to whether their primary nurse had 
completed a formal video-based assessment of T-tube care. Primary endpoints were T-tube retention time distribution and length of 
postoperative hospital stay. Tube-related complications were analyzed as secondary/exploratory outcomes. Secondary endpoints 
included patient satisfaction, internal nursing quality indicators, and nurse-reported confidence. Intergroup comparisons were 
performed using independent-sample t tests and chi-square tests, with significance set at P < 0.05.
Results: Among 200 eligible patients, 80 were retrospectively classified into the video-based assessment (VBA) group and 120 into 
the traditional clinical assessment (TCA) group according to the credentialing status of the primary nurse responsible for T-tube care at 
the time care was delivered. The VBA group exhibited a more concentrated retention time distribution (42.1 ± 3.6 vs 44.8 ± 6.2 days; 
P < 0.001) and a shorter postoperative hospital stay (5.8 ± 1.2 vs 6.2 ± 1.5 days; P = 0.02). Tube-related complications were 
numerically fewer in the VBA group (6.3% vs 10.8%), with significantly lower infection rate (2/80 [2.5%] vs 8/120 [6.7%]; Fisher’s 
exact test, P = 0.04), while rates of accidental dislodgement and blockage did not differ significantly. Patient satisfaction scores and 
internal nursing quality ratings were consistently superior in the VBA group across all assessed domains (all P < 0.01).
Conclusion: Implementation of structured video-based nursing assessments was associated with more standardized T-tube retention 
time, shorter hospitalization, a lower observed rate of local infection and enhanced patient-reported and nursing quality outcomes. 
Given the retrospective observational design and routine staffing-based (non-random) nurse assignment, these findings should be 
interpreted as associations rather than causal effects. Complication endpoints were infrequent, and safety-related differences require 
confirmation in larger prospective studies. Integrating video-based evaluation into routine nursing competency frameworks may 
represent a scalable quality-assurance strategy for postoperative T-tube management and warrants confirmation in prospective, 
preferably randomized or mixed-method, studies.
Keywords: video-based assessment, nursing education, T-tube care, postoperative outcomes, patient satisfaction, retrospective study

Introduction
T-tube placement remains a widely employed surgical technique for biliary drainage following common bile duct 
exploration, particularly in high-volume centers across East Asia. While the surgical procedure is generally standardized, 
the success of postoperative recovery is often contingent upon meticulous nursing care, especially in the management of 
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the T-tube during the inpatient period.1,2 Complications such as local infection, tube dislodgement, and obstruction, 
although not uncommon, can frequently be attributed to suboptimal handling, delayed recognition of warning signs, or 
inconsistent adherence to nursing protocols.3,4 In this context, the quality of nursing care exerts a direct influence on both 
clinical outcomes and patient-reported satisfaction.

Efforts to improve nursing care for high-risk procedures like T-tube management have traditionally focused on in- 
service training and protocol dissemination. However, existing educational practices—often reliant on passive instruction 
or brief skill demonstrations—may fall short in ensuring procedural consistency across nursing staff with varying levels 
of clinical experience.5,6 Moreover, conventional assessment methods tend to emphasize knowledge recall rather than 
actual operational capability, leaving a gap between training and bedside performance.7–9 In Xingtai Peoples’ Hospital 
where nurse turnover and cross-department assignments are common, this discrepancy poses a critical challenge to 
maintaining uniform care quality.

In recent years, structured video-based skill assessment models have been introduced in various domains of 
healthcare training, offering standardized, repeatable, and visually demonstrative content that may enhance procedural 
accuracy and retention.10,11 Such approaches allow for centralized evaluation, consistent criteria across evaluators, and 
objective documentation of competencies.12,13 In nursing education, video assessment has been explored in simulation 
settings, yet its real-world integration into institutional quality assurance frameworks remains limited.14 Particularly in 
the context of high-acuity postoperative care, the extent to which this modality influences measurable patient outcomes 
has not been systematically investigated.11,14

Against this backdrop, Xingtai Peoples’ Hospital implemented a video-based nursing assessment system targeting key 
procedures including T-Tube care. The initiative aimed to improve nursing competency through structured visual instruction 
and individualized feedback, with certification required prior to independent clinical deployment. This policy shift provided 
a unique opportunity to evaluate whether such assessments, beyond educational value, could translate into tangible improve
ments in patient recovery and care experience.15–17 Importantly, the implementation occurred as part of a hospital-wide quality 
reform, not an experimental trial, offering a pragmatic context for examining effectiveness in routine practice.18

To date, limited empirical evidence exists regarding the downstream clinical impact of structured nursing assess
ments, particularly in surgical recovery pathways where nursing actions are temporally and functionally proximal to 
outcome generation.17,19 Therefore, this study was designed to assess whether patients who received care from video 
assessed nurses experienced better clinical outcomes and satisfaction following T-Tube surgery compared to those 
managed by traditionally evaluated staff. By leveraging a real-world cohort from a high-volume hospital, the study 
aims to inform institutional training strategies and contribute evidence toward optimizing nursing evaluation models in 
procedure-sensitive care domains.16,19

Methods
Study Design and Context
This retrospective observational study was conducted at Xingtai People’s Hospital in China and included hospitalized 
patients who underwent T-tube surgery with postoperative nursing care between January 2019 and December 2023. The 
primary objective was to evaluate whether patients whose postoperative care was delivered by nurses who had 
successfully completed a structured video-based skill assessment (video-based assessment (VBA) group, VBA) experi
enced different outcomes compared with those managed by nurses evaluated through conventional methods (traditional 
clinical assessment, TCA).

The hospital-wide video-based nursing assessment system was initially piloted in 2017 as part of a broader initiative to 
standardize procedural nursing competencies, particularly in T-tube management. For the present analysis, consecutive 
patients treated both before and after implementation of this quality-assurance program were included. Importantly, no 
changes were made to surgical or clinical care protocols during the study period. Ethical approval for this retrospective 
observational study was obtained from the Institutional Review Board of Xingtai People’s Hospital (Approval No. AF/SS- 
07/02.0), which waived the requirement for informed consent because the study used anonymized routinely collected data.

https://doi.org/10.2147/JMDH.S590108                                                                                                                                                                                                                                                                                                                                                                                                                                             Journal of Multidisciplinary Healthcare 2026:19 2

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Patient Inclusion and Nursing Assignment
Adult inpatients who underwent T-tube placement and received postoperative nursing care at Xingtai People’s Hospital 
between January 2019 and December 2023 were retrospectively screened for eligibility. Cases were identified through the 
institutional electronic medical record system using standardized procedural codes for biliary drainage surgery. Patients 
were eligible if they were 18 years of age or older, had complete perioperative and follow-up documentation, and 
received at least 48 hours of in-hospital nursing care following surgery. Exclusion criteria included discharge within 
48 hours postoperatively, transfer to another facility before T-tube removal, or missing data on primary outcomes or 
satisfaction measures.

A total of 200 patients met these criteria and were included in the analysis. Of these, 80 patients received post
operative care from nurses who had completed the certified video-based assessment module (VBA) at the time of care, 
whereas 120 were cared for by nurses who had not (TCA); patients were therefore classified retrospectively according to 
the credentialing status of the primary nurse responsible for T-tube care. Group classification was determined retro
spectively based on the qualifications of the primary nurse providing postoperative care. Patients in the VBA group were 
cared for exclusively by nurses who had successfully completed the hospital’s certified video-based assessment module 
in T-tube management prior to the clinical encounter, whereas those in the TCA group were managed by nurses who had 
not undergone such training. Nursing assignments followed routine hospital shift rotations and were not influenced by 
patient characteristics or preferences; however, this routine staffing-based assignment does not constitute randomization. 
Importantly, patients were unaware of their nurse’s assessment status, and no crossover of nursing staff occurred between 
groups during the inpatient stay. Across the overall study period, some nurses may have transitioned from TCA to VBA 
after completing credentialing; however, group assignment was defined by each nurse’s credentialing status at the time 
each patient received care.

Nursing Assessment Model and Group Definition
In response to institutional quality-improvement mandates and aligned with national recommendations for standardized 
technical skill evaluation in nursing practice, Xingtai People’s Hospital formally rolled out a video-based skill assessment 
program in January 2022, following an earlier pilot phase initiated in 2017. This initiative aimed to enhance procedural 
consistency in critical nursing tasks, including T-tube management, which has been identified by both national nursing 
guidelines and hospital-level competency frameworks as a high-risk practice requiring specialized training and 
evaluation.

The video-based assessment protocol was first piloted in 2017 as a structured alternative to traditional face-to-face 
evaluations. The program followed a standardized sequence consisting of didactic instruction, guided practice, self- 
recorded demonstrations, and secure video submission. Each nurse was required to record and submit procedures for 23 
designated core skills, which were independently reviewed by head nurses designated for each domain. To ensure inter- 
rater reliability, one to three “standard nurses” were appointed per skill to serve as benchmarks, and evaluators adhered to 
a unified scoring rubric. Key assessment domains included procedural accuracy, aseptic technique, patient communica
tion, and safe instrument handling. All evaluations were anonymized, and asynchronous review minimized bias while 
allowing temporal flexibility. More than 5000 video submissions were collected during the implementation period, 
reflecting a high degree of reproducibility and fidelity.

The assessment module was developed internally by a multidisciplinary task force of senior surgical nurses, clinical 
educators, and quality assurance officers. The curriculum incorporated procedural demonstrations, safety checkpoints, 
and complication scenarios. Nurses were required to pass both a knowledge-based examination and a practical video 
assessment before being certified to independently provide postoperative T-tube care. Only those who successfully 
passed were categorized into the VBA group.

For this analysis, patient group assignment was defined exclusively by the credentialing status of the primary nurse 
responsible for most T-tube care during hospitalization. No crossover of staff occurred, and no patient received mixed 
care. Nurses who had not yet completed the certification process during the study period, or who were practicing prior to 
the hospital-wide rollout, provided care to patients in the TCA.
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Implementation timeline. The video-based assessment (VBA) pathway was initially piloted in 2017 as a quality- 
improvement initiative within the department, with limited use during the early implementation phase. Formal depart
mental rollout began in January 2022, when VBA credentialing became more widely available as part of routine 
competency assessment for postoperative T-tube nursing care. Throughout the study period, patients were classified 
according to the credentialing status of the primary nurse responsible for T-tube care at the time care was delivered, 
rather than by calendar period alone. During transitional periods, nurses who had not yet completed VBA credentialing 
were classified as TCA, whereas nurses who had completed VBA credentialing were classified as VBA. Nurse-level 
structure. During the study period, patient care in the analytic cohort was delivered by 18 nurses in the VBA pathway and 
24 nurses in the TCA pathway. The median number of study patients per nurse was 4 (IQR, 3–6) in the VBA pathway 
and 4 (IQR, 3–5) in the TCA pathway. These data are reported to provide context regarding the potential for within-nurse 
clustering of patient outcomes.

Traditional Clinical Assessment (TCA)
Traditional clinical assessment (TCA). In the TCA pathway, competency in postoperative T-tube nursing care was 
evaluated through routine bedside observation and sign-off during clinical shifts. Training consisted of standard ward 
orientation and bedside teaching, including review of the T-tube care protocol, demonstration by senior staff, and 
supervised practice during routine patient care. Assessment was typically conducted in person by the ward educator 
and/or a senior nurse (eg, charge nurse or nurse manager) who observed the nurse performing key steps of T-tube 
management at the bedside. Performance was documented as a competency sign-off in the ward training record (pass/fail 
or brief checklist-based confirmation), and feedback was provided verbally at the time of observation. When performance 
was judged insufficient, additional supervised practice was recommended and reassessment was performed according to 
routine departmental practice. A structured rubric, anonymized scoring, and asynchronous review were not routinely used 
in the TCA pathway. A side-by-side comparison of the VBA and TCA pathways (training content, assessment format, 
scoring criteria, assessor identity/training, timing/frequency, documentation, and remediation/retest policies) is provided 
in Table S1. Group assignment reconstruction and exclusions. For patients whose VBA/TCA group assignment was not 
explicitly recorded in the analytic dataset, we attempted to reconstruct group status where feasible by cross-referencing 
ward staffing records and the credentialing roster (ie, whether the primary nurse responsible for T-tube care had 
completed VBA credentialing at the time of care). Patients whose group status could not be reliably reconstructed 
were retained as “unknown” for reporting purposes and were excluded from the primary comparative analyses. Reasons 
for exclusion were prespecified (eg, early discharge, incomplete documentation, and missing satisfaction data) and are 
reported by group where available (Table S2).

Clinical Outcomes and Scoring Instruments
Clinical outcomes were evaluated using a combination of objective perioperative measures and structured subjective 
assessments. The primary endpoints included the time to T-tube removal—defined as the interval between surgery and 
documented removal by the inpatient care team. Optimal outcomes were characterized by removal clustering within 
42–45 days, which reflects adherence to standardized discharge guidance and precision in postoperative follow-up. 
The second primary outcome was total postoperative length of hospital stay. Tube-related complications, including local 
infection at the insertion site, accidental dislodgement, and lumen obstruction, were systematically recorded based on 
physician documentation and nursing reports. Local infection was defined as clinically documented erythema, purulent 
discharge, or physician-diagnosed insertion-site infection requiring local treatment or antibiotics, as recorded in the 
medical or nursing record. Each event was classified according to institutional adverse event criteria and independently 
validated by a secondary reviewer to ensure consistency.

Secondary outcomes comprised both patient-reported and nurse-reported assessments. Patient satisfaction was 
measured prior to discharge using a institutional routine questionnaire with acceptable internal consistency in the current 
cohort covering four domains (communication, timeliness of care, emotional support, and overall satisfaction), each rated 
on a 5-point Likert scale ranging from 1 (very dissatisfied) to 5 (very satisfied). In addition, overall nursing care quality 
was quantified with a 10-point numeric rating scale, with higher values denoting superior perceived competence and 
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responsiveness. Nurse self-reported confidence was collected anonymously after each care episode using a 5-point 
ordinal scale. All survey data and outcome entries were systematically reviewed for completeness before inclusion in the 
final dataset.

Clinical data were extracted from the electronic medical record system using a prespecified case report form. Two 
trained investigators independently abstracted key variables and outcomes, and discrepancies were resolved by discus
sion with a third senior reviewer. A random sample of records was cross-checked to ensure consistent application of 
variable definitions and outcome ascertainment.

Patient satisfaction questionnaire. Patient-reported satisfaction was assessed using the hospital’s routine inpatient 
nursing satisfaction questionnaire, a brief multidimensional instrument administered at discharge. The questionnaire used 
a 5-point Likert scale and covered communication, timeliness of care, emotional support, and overall satisfaction. The 
instrument was developed in Chinese for routine local quality-monitoring purposes; therefore, no additional cultural or 
linguistic translation was required for the present study. Before implementation, item content was reviewed by senior 
nursing educators and quality-management staff to ensure relevance to postoperative nursing care. In the current cohort, 
the internal consistency of the patient satisfaction scale was acceptable, with a Cronbach’s alpha of 0.88. Because this 
instrument was designed for institutional quality monitoring rather than as a formally standardized research scale, 
findings derived from it should be interpreted accordingly. Nurse confidence was assessed using a pragmatic single- 
item measure rather than a validated multi-item self-efficacy scale; therefore, measurement precision may be limited and 
this finding should be interpreted as supportive. Future studies should consider validated multi-item self-efficacy 
instruments.

Internal nursing quality ratings. Internal nursing quality was evaluated using a structured ward audit tool covering 
aseptic technique, tube fixation, and documentation quality, each scored on a 10-point scale, with higher scores indicating 
better performance. Ratings were performed by two senior nursing quality-control reviewers who received standardized 
orientation to the scoring criteria before data collection. Audits were completed during routine inpatient care review 
within the index hospitalization. To assess scoring consistency, a random subset of records was independently rated by 
both reviewers, yielding acceptable inter-rater reliability (intraclass correlation coefficient, ICC = 0.84). Because the 
scoring process was embedded in routine departmental quality monitoring, reviewers were not fully blinded to the 
assessment pathway.

Nurse-reported confidence. Nurse self-confidence in T-tube management was assessed using a single-item 5-point 
Likert question embedded in the routine ward quality-monitoring workflow (1 = not confident at all; 5 = very confident). 
This pragmatic single-item approach was chosen to minimize respondent burden in routine clinical practice; however, it 
is not a formally validated multi-item self-efficacy scale.

Outcomes
Outcomes. The primary outcomes were prespecified as recovery-related clinical endpoints, namely T-tube retention time 
and postoperative length of stay, because these measures most directly reflected procedural consistency and discharge 
coordination in routine postoperative T-tube care. These endpoints were considered hypothesis-confirming outcomes. 
Secondary outcomes included tube-related complications (local infection, accidental tube dislodgement, and tube 
blockage), patient-reported satisfaction domains, internally audited nursing quality scores, and nurse self-confidence in 
T-tube management. Given the observational quality-improvement context and the low frequency of some complication 
events, secondary outcomes were interpreted as supportive or exploratory rather than confirmatory.

Statistical Analysis
All statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY). Continuous variables were 
summarized as means with standard deviations and compared between groups using independent t-tests. Categorical 
variables were expressed as counts with percentages and analyzed with the chi-square or Fisher’s exact test, as 
appropriate. No imputation was performed for missing data; patients lacking outcome information were excluded from 
the corresponding analyses.
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The primary analyses compared recovery-related endpoints and satisfaction measures between the VBA group and 
the TCA. To mitigate confounding inherent to the retrospective design and non-random nurse assignment, we addition
ally performed multivariable regression analyses for prespecified outcomes. All adjusted models included baseline 
covariates selected a priori based on clinical relevance and Table 1 availability (eg, age, sex, key comorbidities, and 
perioperative factors), and calendar time was additionally considered to account for potential temporal trends across the 
study period. Nurse assignment followed routine staffing schedules and was not influenced by patient-specific clinical 
factors; however, this routine staffing-based assignment does not constitute randomization. As a sensitivity analysis for 
unmeasured confounding, we calculated E-values for key binary outcomes to quantify the minimum strength of 
association that an unmeasured confounder would need to have with both exposure (VBA care) and the outcome, 
beyond measured covariates, to fully explain away the observed association.

To assess the adequacy of the sample size, we focused on the precision of effect estimates rather than post hoc power 
calculations. For continuous endpoints such as time to T-tube removal and length of postoperative stay, the observed 
between-group differences were estimated with relatively narrow 95% confidence intervals, supporting reasonable 
precision for these recovery-related outcomes. In contrast, tube-related complications were infrequent in both groups 
(eg, 2.5% vs 6.7% for local infection), and estimates for several safety-related endpoints (including dislodgement, 
blockage, and overall complications) were therefore imprecise, as reflected by wider confidence intervals. Accordingly, 
the absence of statistically significant differences for some complication outcomes should be interpreted cautiously and 
should not be taken to establish safety equivalence; larger cohorts and prospective studies designed around complication 
endpoints are needed for more definitive safety inference.

This observational study was reported with reference to the STROBE recommendations, with additional attention to 
transparency relevant to quality-improvement implementation (Table S3). To address multiplicity across multiple 
secondary/exploratory endpoints, we applied false discovery rate (FDR) control using the Benjamini–Hochberg proce
dure within prespecified outcome families (patient satisfaction domains; tube-related complication endpoints). Both 
unadjusted P values and FDR-adjusted q values are reported, and findings are interpreted accordingly. Primary (hypoth
esis-confirming) outcomes were not subjected to multiplicity correction.

Results
Patient Characteristics and Group Allocation
A total of 234 patients who underwent T-tube surgery at Xingtai People’s Hospital between January 2019 and 
December 2023 were screened for eligibility. Thirty-four were excluded due to early discharge within 48 hours (n = 
14), incomplete documentation (n = 12), or absence of satisfaction data (n = 8). The final analytic cohort comprised 200 

Table 1 Baseline Characteristics of Patients in the Video-Based and TCA Groups

Variable Video-Based 
Assessment (n = 80)

Traditional 
Assessment (n = 120)

P value

Age, years, mean (SD) 62.3 (9.0) 62.6 (9.6) 0.84

Body mass index, kg/m2, mean (SD) 23.9 (2.0) 23.3 (2.5) 0.21

Male sex, No. (%) 44 (55.0) 80 (66.7) 0.11

Smoking history, No. (%) 27 (33.8) 36 (30.0) 0.60

Laparoscopic surgery, No. (%) 72 (90.0) 108 (90.0) 0.99

ASA classification ≥ III, No. (%) 22 (27.5) 31 (25.8) 0.79

Primary diagnosis: choledocholithiasis, No. (%) 74 (92.5) 112 (93.3) 0.83

Notes: Data are presented as mean (SD) for continuous variables and as No. (%) for categorical variables. P values were calculated using 
the Student t test for continuous variables and the χ2-test or Fisher exact test, as appropriate, for categorical variables. For local infection, 
Fisher’s exact test was used because of sparse events.
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patients, with 80 retrospectively classified into the video-based assessment (VBA) group and 120 into the traditional 
clinical assessment according to the credentialing status of the primary nurse providing postoperative care at the time 
care was delivered (Figure 1). Among the excluded patients, group status was reconstructed where feasible; the 
distribution of exclusions by group and by reason is summarized in Table S2.

As detailed in Table 1, demographic and clinical baseline characteristics were well balanced between groups. The 
mean age was 62.3 ± 9.0 years in the video-based assessment (VBA) group and 62.6 ± 9.6 years in the traditional clinical 
assessment group (P = 0.84). Men accounted for 55.0% and 66.7% of each cohort, respectively (P = 0.11). Mean body 
mass index was 23.9 ± 2.0 kg/m2 versus 23.3 ± 2.5 kg/m2 (P = 0.21). Current smoking was reported in 33.8% of the 
video-based assessment (VBA) group and 30.0% of the traditional clinical assessment (P = 0.60).

Surgical characteristics were likewise comparable: laparoscopic procedures predominated in both groups, each at 90.0% 
(P = 0.99). Patients with an American Society of Anesthesiologists (ASA) classification of grade III or higher represented 
27.5% in the video-based assessment (VBA) group and 25.8% in the traditional clinical assessment (P = 0.79). The principal 
diagnosis was choledocholithiasis, documented in 92.5% and 93.3% of patients, respectively (P = 0.83).

Collectively, these findings confirm the absence of significant baseline imbalances, thereby strengthening the validity 
of subsequent comparisons in postoperative outcomes.

Figure 1 Patient enrollment and group allocation flowchart. A total of 234 patients who underwent T-tube surgery between January 2019 and December 2023 were 
retrospectively screened for eligibility. After excluding 34 individuals due to early discharge within 48 hours (n = 14), incomplete clinical documentation (n = 12), or missing 
patient satisfaction assessments (n = 8), 200 patients were included in the final analysis. Based on the credentialing status of the primary postoperative nurse at the time of 
care, 80 patients were retrospectively classified into the video-based assessment (VBA) group and 120 into the traditional clinical assessment (TCA) group. At the nurse 
level, 18 nurses contributed to the VBA group and 24 to the TCA group. The median number of study patients per nurse was 4 (IQR, 3–6) in the VBA group and 4 (IQR, 
3–5) in the TCA group.
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Primary Clinical Outcomes
As prespecified primary (hypothesis-confirming) outcomes, recovery-related endpoints were compared first between 
groups. The mean retention time of the T-tube was significantly shorter in the VBA group (42.1 ± 3.6 days) compared 
with the TCA group (44.8 ± 6.2 days; P < 0.001), and this association remained after multivariable adjustment (adjusted 
β = −2.32 days; 95% CI, −3.08 to −1.56). Similarly, postoperative hospital stay was modestly shorter in the VBA group 
(5.8 ± 1.2 vs 6.2 ± 1.5 days; P = 0.02), with a consistent adjusted estimate (adjusted β = −0.34 days; 95% CI, −0.63 
to −0.05).

Tube-related complications were infrequent in both groups. Adjusted effect estimates with 95% confidence intervals 
for all binary outcomes are reported in Table 2. Local infection was observed less often in the VBA group, and 
a penalized logistic model was used to address sparse events (adjusted aOR = 0.09; 95% CI, 0.01 to 0.72). An 
E-value sensitivity analysis for local infection suggested that a very strong unmeasured confounder would be required 
to fully explain away the observed association (E-value = 21.7; E-value for the upper confidence limit = 2.12). Given the 
low event rates for dislodgement, blockage, and overall tube-related complications, confidence intervals were wide for 
several safety-related endpoints; therefore, non-significant findings should be interpreted cautiously and should not be 
interpreted as establishing safety equivalence.

Although the overall complication rate showed only a nonsignificant trend favoring the video-based assessment 
(VBA) group, the lower observed infection rate supports the potential clinical value of structured video-based skill 
assessment for nursing practice.

Secondary Outcomes
Secondary outcomes were analyzed as supportive or exploratory endpoints, including complication profiles, patient- 
reported satisfaction, and nursing quality indicators. Communication with nursing staff was rated 4.6 ± 0.5 compared 
with 4.2 ± 0.6 in the traditional clinical assessment (P < 0.001). Similar advantages were observed for timeliness of care 
(4.6 ± 0.4 vs 4.0 ± 0.6; P < 0.001) and emotional support (4.3 ± 0.5 vs 3.9 ± 0.7; P = 0.002). Overall satisfaction was also 
significantly higher in the video-based assessment (VBA) group (4.6 ± 0.4 vs 4.2 ± 0.6; P < 0.001).

Internally audited performance scores mirrored these findings. The mean nursing quality rating was 8.6 ± 0.9 in the 
video-based assessment (VBA) group, compared with 7.9 ± 1.1 in the traditional clinical assessment (P < 0.001). In 
parallel, nurses in the VBA pathway reported greater self-confidence in their T-tube management skills (4.4 ± 0.6 vs 3.8 ± 
0.7; P < 0.001). Confidence responses were available for all nurses included in the analysis (VBA: 80/80; TCA: 120/ 
120), with no missing data.

Collectively, these results suggest that structured video-based evaluation not only enhances patient-perceived satis
faction but also reinforces objective indicators of nursing quality and professional confidence. Given the low event rates 

Table 2 Postoperative Outcomes

Outcome Video-Based 
Assessment (n = 80)

Traditional 
Assessment (n = 120)

P value Adjusted Effect 
(β or aOR), 95% CI

FDR-Adjusted q value 
(Complications Family)

Retention time distribution, days (mean ± SD) 42.1 (3.6) 44.8 (6.2) <0.001 β = −2.32 days (−3.08 to −1.56) —

Postoperative hospital stay, days (mean ± SD) 5.8 (1.2) 6.2 (1.5) 0.02 β = −0.34 days (−0.63 to −0.05) —

Local infection, No. (%) 2 (2.5) 8 (6.7) 0.04 aOR = 0.09 (0.01 to 0.72) 0.12

Accidental tube dislodgement, No. (%) 1 (1.3) 1 (0.8) 0.78 aOR = 1.21 (0.10 to 13.9) 0.78

Tube blockage, No. (%) 3 (3.8) 6 (5.0) 0.65 aOR = 0.74 (0.25 to 2.18) 0.78

Notes: Values are mean (SD) for continuous variables and n/N (%) for categorical variables. P values are from independent t tests for continuous variables and χ2-tests (or 
Fisher’s exact tests where appropriate) for categorical variables. Adjusted effects are reported as adjusted mean differences (β) for continuous outcomes and adjusted odds 
ratios (aORs) for binary outcomes, each with 95% confidence intervals, estimated from multivariable regression models adjusting for prespecified baseline covariates 
(Table 1) and calendar time. For rare events, penalized logistic regression was used where appropriate. For tube-related complication endpoints, q values are FDR-adjusted 
using the Benjamini–Hochberg procedure within the complications family; primary continuous outcomes were not included in multiplicity adjustment.
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for dislodgement, blockage, and overall tube-related complications, these null findings should be interpreted cautiously 
because the study may be underpowered to detect modest but clinically important differences. Sensitivity analyses for 
missing satisfaction data yielded directionally consistent conclusions under extreme-case assumptions (best–worst and 
worst–best scenarios), suggesting that the observed between-group differences in satisfaction were not solely driven by 
missingness (Table S4). Across secondary/exploratory endpoints, FDR adjustment was applied within prespecified 
outcome families (Tables 2–3). Results were generally consistent after FDR correction; where q values exceeded 0.05, 
findings were interpreted as exploratory signals rather than hypothesis-confirming effects.

Exploratory Visualization of Outcomes
Graphical representations of selected clinical and experiential endpoints are illustrated in Figures 2–4. The radar chart 
(Figure 2A) demonstrates higher patient-reported satisfaction across all four surveyed domains in the video-based 
assessment (VBA) group, with the largest differences in communication and timeliness, consistent with the findings 
summarized in Table 3. Figure 2B illustrates the distribution of T-tube removal times, showing a more condensed 
clustering around the recommended 42–45 days in the video-based assessment (VBA) group, in line with the signifi
cantly shorter mean duration reported in Table 2.

Comparative rates of tube-related complications are depicted in Figure 3. Although overall complication rates were 
lower in the video-based assessment (VBA) group, only the reduction in local infection reached statistical significance, 
while dislodgement and blockage rates did not differ meaningfully between groups, again mirroring Table 2.

Finally, Figure 4 presents a multi-panel bar chart integrating nursing quality ratings, patient satisfaction scores, and 
nurse self-confidence. These visual data reinforce the superior performance of the video-based assessment (VBA) group 
across all seven quality indicators, complementing the quantitative results of Table 3.

Taken together, the figures provide a visual summary that corroborates the tabulated data and highlights the 
consistency of improvements observed under the video-based nursing evaluation model.

Table 3 Patient Satisfaction, Internal Nursing Quality, and Nurse-Reported Confidence

Dimension Video-Based 
Assessment (n = 80)

Traditional 
Assessment (n = 120)

P value FDR-Adjusted 
q value

Patient satisfaction (maximum = 5)

Communication 4.5 (0.4) 4.1 (0.5) <0.001 0.001

Timeliness 4.6 (0.4) 4.0 (0.6) <0.001 0.001

Emotional support 4.3 (0.5) 3.9 (0.7) 0.002 0.003

Overall satisfaction 4.6 (0.3) 3.9 (0.5) <0.001 0.001

Internal nursing quality (maximum = 10)

Aseptic technique 9.2 (0.7) 8.8 (0.8) 0.001 0.002

Tube fixation 9.1 (0.6) 8.6 (0.7) <0.001 0.001

Documentation quality 9.3 (0.5) 8.7 (0.6) <0.001 0.001

Nurse-reported confidence (maximum = 5) 4.4 (0.6) 3.8 (0.7) <0.001 0.001

Notes: Patient satisfaction was assessed using a 5-point Likert-type scale, with higher scores indicating greater satisfaction across domains of communication, 
timeliness, emotional support, and overall satisfaction. Internal nursing quality was evaluated using a 10-point structured checklist assessing aseptic technique, 
tube fixation, and documentation quality. Nurse-reported confidence was measured using a 5-point scale, with higher scores reflecting greater perceived 
confidence. Data are presented as mean (SD). P values are unadjusted; q values are FDR-adjusted using the Benjamini–Hochberg procedure within the family 
of patient satisfaction domains.
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Figure 2 Comparative Outcomes Between Video-Based and Traditional Nurse Assessment in T-tube Care. (A) Radar plot showing patient satisfaction scores across 
domains (communication, timeliness, emotional support, and overall satisfaction). Higher scores indicate greater satisfaction. (B) Retention time distribution of T-tube 
removal between the video-based and TCA groups, presented as mean ± standard deviation. Greater concentration of removal times around 42–45 days indicates more 
consistent discharge guidance.

Figure 3 Incidence of Tube-Related Complications in Video-Based and TCA groups. Bar chart showing the incidence rates of tube-related complications, including local 
infection, accidental dislodgement, and tube blockage, in patients assessed by video-based versus traditional methods. Data are presented as percentages. Video-based 
assessment: Local infection 2.5%, accidental dislodgement 1.3%, tube blockage 3.8%. Traditional assessment: Local infection 6.7%, accidental dislodgement 0.8%, tube 
blockage 5.0%. This visualization directly reflects the complication data in Table 2, highlighting a lower local infection rate in the video-based group.
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Discussion
The findings of this retrospective comparative study suggest that video-based nursing skill assessment may be associated 
with improved clinical outcomes and higher patient satisfaction following T-tube surgery. Patients who received care 
from nurses who had completed structured video assessment modules were more likely to have their T-tube removal 
scheduled within the recommended 42–45 day window, reflecting more standardized discharge guidance and more 
precise coordination of inpatient and follow-up care pathways.16,20 These differences were accompanied by consistently 
higher patient ratings in communication, emotional support, and overall satisfaction, as well as improved internal ratings 
of nursing care quality.16,21 Although the overall incidence of tube-related complications was numerically lower in the 
video-based assessment (VBA) group, the difference did not reach statistical significance, likely owing to the limited 
number of events observed across both cohorts.21,22

The potential advantages associated with video-based skill assessment may lie in its ability to enhance procedural 
uniformity and reinforce adherence to clearly defined care protocols.16,20 In contrast to conventional teaching formats 
such as oral briefings or observational shadowing, video-based evaluation delivers a standardized visual framework 
through which each nurse is assessed using identical reference criteria.22,23 This not only mitigates interobserver 
variation but also promotes the internalization of sequential technical steps essential to safe T-tube management.20,23 

In the setting of a high turnover surgical ward, where nurses frequently rotate across units and differ in levels of 
procedural familiarity, a unified assessment approach may serve to reduce practice variability and maintain consistent 
performance standards irrespective of individual background or shift assignment.21,23

Our findings align with prior studies that have explored the use of video-based instruction in nursing education. 
Existing literature has shown that video feedback can enhance both knowledge retention and skill acquisition in 
controlled simulation environments. However, few studies have extended this framework to real world patient care 
settings or examined outcome level metrics beyond procedural pass rates or self reported confidence. In this context, our 
study provides one of the first institutional level evaluations linking video-based skill assessment to tangible clinical 
endpoints, including hospitalization parameters and patient reported experiences. While direct comparisons are limited 

Figure 4 Perceived Care Quality and Nursing Satisfaction Scores in Video-Based and Traditional Groups. Bar graph demonstrates mean (±SD) scores across seven domains, 
including objective nursing quality (scale: 1–10) and five subjective satisfaction dimensions (scale: 1–5). Patients in the video-based assessment group consistently reported 
higher ratings across all measures. Between-group differences were statistically significant for all domains (P < 0.01), as shown in Table 3.
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due to heterogeneity in interventions and populations, a recent study evaluating structured nursing onboarding programs 
similarly reported improvements in documentation accuracy and patient safety indicators, supporting the broader 
relevance of skills standardization in care delivery.

Notably, per institutional postoperative care pathways, hospital stays after T-tube surgery are typically 3 to 7 days, 
depending on recovery milestones. In our cohort, the mean postoperative length of stay was 5.8 ± 1.2 days in the VBA 
group and 6.2 ± 1.5 days in the TCA group (Table 2). Definitive T-tube removal, however, generally occurred 
approximately six weeks after surgery during scheduled outpatient follow-up visits. During this interval, patients were 
responsible for managing their T-tubes at home without direct professional supervision. Although this circumstance could 
introduce variability in complication risk, the comparatively lower incidence of tube-related complications observed in 
the VBA group may, at least in part, be attributable to more effective discharge education and home-care instruction 
provided by video-assessed nurses. This suggests that video-based competency evaluation may enhance not only 
technical proficiency in hospital settings, but also nurses’ ability to equip patients with the knowledge and confidence 
required for safe home-based recovery. Beyond statistical significance, the magnitude of the observed effects should be 
interpreted in clinical context. The approximately 2.3-day adjusted reduction in T-tube retention time may be clinically 
meaningful because it suggests closer adherence to a more standardized target window and potentially more consistent 
follow-up coordination. By contrast, the adjusted reduction in postoperative length of stay (approximately 0.3–0.4 days) 
is modest at the individual-patient level and should not be overstated; however, even a small reduction may still be 
operationally relevant in high-volume surgical settings if it reflects more efficient discharge readiness and nursing 
workflow coordination. Similarly, the lower adjusted odds of local infection may be clinically important in direction, 
but the low number of events warrants cautious interpretation.

Several limitations of this study should be acknowledged. First, the retrospective observational design inherently 
limits causal inference.24,25 Although baseline characteristics were well balanced between groups, the possibility of 
residual confounding from unmeasured variables cannot be ruled out.24 Routine staffing-based nurse assignment is not 
equivalent to randomization; therefore, despite apparently balanced baseline characteristics (Table 1), residual and 
unmeasured confounding may plausibly explain part (or all) of the observed between-group differences. Complication 
endpoints were infrequent, resulting in limited precision (wide confidence intervals) and insufficient power to exclude 
modest but clinically meaningful differences; thus, non-significant results should not be interpreted as establishing 
equivalence. Group allocation was determined by routine staffing schedules rather than randomization, although patient 
assignment was independent of nurse credentialing status, and blinding was maintained at the patient level. Furthermore, 
the interpretation of subjective outcomes such as satisfaction and perceived care quality may have been influenced by 
non-clinical factors including communication preferences and cultural expectations.

Bias and confounding. Several concrete sources of residual confounding may have influenced the observed associa
tions. First, nurse experience and seniority were not explicitly captured; more experienced nurses may deliver better 
outcomes irrespective of assessment format. Second, self-selection into VBA (eg, motivation and engagement among 
nurses who completed credentialing) may be associated with higher overall performance, which could partially account 
for observed differences. Third, temporal improvements in institutional protocols during 2019–2023 (including broader 
quality-improvement initiatives) may have coincided with VBA scale-up and contributed to better outcomes over time. 
Fourth, although baseline characteristics were balanced, patient acuity and surgical complexity may not have been fully 
captured in available records. Fifth, surgeon-level differences in T-tube practices (eg, preferred retention targets and 
follow-up patterns) could influence recovery endpoints. Finally, a Hawthorne-like behavior change among assessed 
nurses may have temporarily improved adherence to best practices during the credentialing period. To mitigate 
confounding, we performed multivariable adjustment incorporating clinically relevant baseline covariates and calendar 
time; however, residual and unmeasured confounding cannot be excluded and causal inference is not warranted. 
Although we attempted to reconstruct group status for excluded patients and reported exclusions by group and reason 
(Table S2), selection bias related to early discharge, documentation completeness, and missing satisfaction data cannot be 
fully excluded; therefore, satisfaction findings were additionally tested in sensitivity analyses (Table S4).

Importantly, the study may have limited precision to detect modest differences in infrequent outcomes such as 
tube-related complications because event rates were low. Consequently, effect estimates for several safety-related 
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endpoints were imprecise, as reflected by wide confidence intervals, and the possibility of a type II error cannot be 
excluded. Therefore, the non-significant difference in complication rates should be interpreted with caution, and not 
assumed to reflect clinical equivalence.26,27 Accordingly, our findings should not be interpreted as establishing 
safety equivalence, and larger multicenter cohorts and prospective studies designed around complication endpoints 
are needed for more definitive safety inference. In addition, because multiple patients may have been cared for by 
the same nurse, some outcomes may have been correlated within nurses. We therefore reported the number of 
nurses contributing to each group and the number of patients cared for per nurse; however, formal cluster-adjusted 
analyses were not performed in the present study. Accordingly, standard errors may have been underestimated, and 
this should be considered when interpreting the statistical significance of between-group comparisons. Additionally, 
the absence of long-term follow-up precludes assessment of delayed complications or extended recovery outcomes.

Finally, while the video assessment protocol was institutionally standardized, variability in its delivery and adherence 
across different assessors over time could not be formally quantified.28

Another consideration relates to the unequal group sizes, with the TCA group comprising a larger proportion of the 
cohort. While baseline features were statistically comparable, this imbalance could reduce statistical power to detect 
differences in less frequent outcomes and may have influenced the overall sensitivity of the analysis.27 Additionally, 
although 59 patients were excluded based on predefined criteria, their group assignment status was not recorded, and the 
possibility of differential exclusion bias cannot be entirely ruled out.24,25

These findings have practical implications for nursing quality assurance systems in tertiary care settings. The 
implementation of structured, reproducible, and observable skill evaluations may represent a feasible strategy to 
enhance procedural nursing care, particularly for tasks with high technical sensitivity and complication risk. 
Because the credentialing program was implemented and scaled over time, it is possible that some nurses 
contributed to both pre-credentialing (TCA) and post-credentialing (VBA) care at different time points. This may 
reflect a learning or training effect inherent to quality-improvement implementation, and should be considered when 
interpreting the observed between-group differences. In addition, some secondary outcomes may have been 
influenced by broader, contemporaneous quality-improvement changes accompanying the wider implementation of 
VBA (eg, increased supervision, reinforcement of standardized workflows, and team learning), and therefore may 
not be attributable to the assessment format alone. In addition, several clinically important safety endpoints were 
rare in our cohort. Consequently, while we did not observe statistically significant between-group differences in 
dislodgement, blockage, or overall tube-related complications, the corresponding effect estimates were imprecise 
and do not rule out clinically meaningful differences. Therefore, our data should not be interpreted as establishing 
safety equivalence; larger multicenter cohorts and prospective studies designed around complication endpoints are 
needed to provide more definitive safety inference. Because the VBA pathway comprises multiple components 
beyond video capture (including a structured rubric, asynchronous review, documentation/auditability, and potential 
assessor calibration), this observational study cannot disentangle the independent contribution of any single 
component (eg, video per se versus rubric standardization) to the observed associations. During 2019–2023, nurses 
and patients may also have been exposed to broader institutional quality-improvement activities (eg, documentation 
standardization, infection-control reinforcement, and general nursing quality initiatives), although no separate 
formal program specifically targeting postoperative T-tube management was implemented in parallel. These con
temporaneous changes may have contributed to some observed differences and should be considered when inter
preting secondary outcomes. In addition, patient satisfaction was measured using a routine hospital questionnaire 
developed for local quality-monitoring purposes rather than a formally standardized research instrument, although 
internal consistency was acceptable in the present cohort. Because internal nursing quality ratings were generated 
through routine departmental audit rather than fully blinded research assessment, observer bias cannot be completely 
excluded.

Future research should explore the generalizability of these results across other procedures and institutions, and 
prospective studies with randomized allocation or mixed method designs may help elucidate the mechanisms through 
which assessment format influences clinical care. Integrating such models into ongoing nursing education and credential
ing systems may offer a scalable path toward improved safety and patient centered outcomes. Future studies should 
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account for potential within-nurse clustering using mixed-effects or cluster-robust methods. Future prospective studies 
should incorporate a priori sample size planning based on clinically meaningful differences in prespecified primary 
endpoints; substantially larger samples will likely be required if complication outcomes are intended as confirmatory 
safety endpoints.

Conclusion
In this retrospective study of patients undergoing T-tube surgery, nursing care delivered by video-assessed staff was 
associated with modest but clinically meaningful improvements in recovery time and patient satisfaction. Because routine 
staffing-based nurse assignment is not equivalent to randomization, and residual or unmeasured confounding may 
remain, causality cannot be inferred. These findings suggest that structured video-based skill assessment may be 
associated with more consistent nursing performance in procedure-sensitive contexts. Incorporating standardized visual 
evaluation into institutional nursing education and credentialing systems may represent a practical quality-assurance 
strategy to enhance care quality and support patient-centered outcomes, and should be confirmed in prospective studies.
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