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Objective: To develop and evaluate a risk prediction model for intrahospital transport adverse events in critically ill gynecological
patients, providing a scientific basis for early identification of high-risk individuals and optimization of transport decision-making.
Methods: A retrospective observational cohort study was conducted, including 650 patients who underwent intrahospital interdepart-
mental transport. Patients were randomly assigned in a 7:3 ratio to a model training set (455 patients) and an internal validation set
(195 patients). Data collected included patient demographics, pre-transport condition assessment indicators, transport process para-
meters, and adverse event occurrences. Potential predictive variables were identified through univariate analysis and least absolute
shrinkage and selection operator (LASSO) regression, followed by multivariate Logistic regression to construct the risk prediction
model. Model discrimination was evaluated using the receiver operating characteristic (ROC) curve, calibration was assessed by the
Hosmer-Lemeshow test, and clinical utility was evaluated via decision curve analysis (DCA).

Results: Baseline characteristics were comparable between the training and validation sets (all P>0.05). Multivariate analysis
identified mechanical ventilation, Sequential Organ Failure Assessment (SOFA) score, Modified Early Warning Score (MEWS), and
transport duration (minutes) as independent predictors of intrahospital transport adverse events in critically ill gynecological patients.
Calibration curves demonstrated high consistency between predicted probabilities and observed outcomes, and the Hosmer-Lemeshow
test indicated good calibration.

Conclusion: The developed risk prediction model for intrahospital transport adverse events in critically ill gynecological patients
demonstrates good discrimination and calibration. This study may provide a quantitative tool to support safe intrahospital transport
management.

Keywords: intrahospital transport, risk prediction model, mechanical ventilation, sequential organ failure assessment score, modified
early warning score, transport duration

Introduction

Intrahospital transport of critically ill gynecological patients is a critical component of clinical care, and its high-risk
nature has become a significant global concern in healthcare quality and safety management. Multiple studies, both
domestic and international, have indicated that the incidence of adverse events during transport is significantly higher in
critically ill gynecological patients than in general patients. Common adverse events include hemodynamic instability,
respiratory failure, equipment malfunction, and accidental extubation, which can not only exacerbate the patient’s
condition but may also result in mortality." Although several intrahospital transport guidelines have been issued world-
wide, there remains a substantial gap between guideline recommendations and their implementation in clinical practice.
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Studies have shown that many healthcare institutions still rely on experiential judgment rather than standardized tools for
transport decision-making, leading to inconsistent risk assessment and underreporting of transport-related adverse
events.” This disconnect between guidelines and practice further amplifies safety hazards during the transport of critically
ill gynecological patients.

Some studies have attempted to develop risk prediction tools to identify high-risk patients; however, these tools
primarily focus on general critically ill populations and do not comprehensively account for gynecology-specific risk
factors.>* In addition, existing models are often limited by small sample sizes, incomplete variable selection, or
inadequate validation methods, resulting in limited predictive performance and clinical applicability.” Therefore, devel-
oping a scientifically rigorous, quantifiable risk prediction model specifically for intrahospital transport adverse events in
critically ill gynecological patients holds significant theoretical and practical value.

This study employed a retrospective observational cohort design, retrospectively collecting patient baseline char-
acteristics, pre-transport condition assessment data, transport process records, and adverse event information from
electronic medical records. By integrating multivariate statistical analysis methods, the study aimed to establish an
efficient and reliable risk prediction tool to assist clinicians in early identification of high-risk individuals and imple-
mentation of targeted interventions, ultimately enhancing transport safety and healthcare quality for critically ill

gynecological patients.

Methods

Study Design

This study employed a retrospective observational cohort design. Cases of intrahospital transport of critically ill
gynecological patients meeting the inclusion criteria between February 2019 and June 2025 were systematically collected
through the hospital electronic medical record system and transport record system. The study was approved by the
Institutional Ethics Committee of Jiangsu Province Hospital on Integrated of Chinese and Western Medicine (Approval
Number: 2021LWKYS-034). Patient identifiers such as name, address, and contact information were strictly anonymized
and kept confidential, in accordance with the ethical principles of the Declaration of Helsinki. Given the retrospective
nature of the study using only existing clinical data, the Ethics Committee granted a waiver of written informed consent

for some patients.

Study Population
Inclusion and Exclusion Criteria

Inclusion criteria: (1) Female patients aged >18 years; (2) Critically ill gynecological patients requiring intra-hospital
interdepartmental transport for diagnosis, examination, or treatment within the study period; (3) Patients meeting the
definition of critically ill, with an Acute Physiology and Chronic Health Evaluation II (APACHE II) score >10 and/or
a Modified Early Warning Score (MEWS) >4:° and (4) Complete transport records and documentation of key variables
related to the transport process.

Exclusion criteria: (1) Patients transported for discharge, transfer to another facility, or direct home return due to
treatment refusal; (2) Patients with severe missing clinical data preventing effective assessment.

Sample Size and Grouping
According to requirements for prediction model development (>10 events per variable), approximately 15 candidate
variables were expected, necessitating at least 150 outcome events. Based on previous studies,’ the incidence of adverse
events during transport was approximately 25%, resulting in a theoretical minimum sample size of ~600 patients. This
study ultimately included 650 patients, meeting the required number of events for model construction.

All included cases were randomly assigned in a 7:3 ratio to a model training set (70%) and an internal validation set
(30%). The training set was used to identify independent predictive factors and develop the risk prediction model, while
the internal validation set was used for preliminary internal validation to assess the model’s generalizability.
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Data Collection
All data were retrospectively extracted from the hospital electronic medical record system, nursing assessment system,
and transport record system. Variable definitions and extraction time points were standardized before study initiation.
Data were independently extracted by two researchers and cross-checked for accuracy. Data collected included: (1)
Patient demographics: Age, body mass index (BMI), primary gynecological diagnosis, and comorbidities, all obtained
from the most recent pre-transport medical orders. (2) Pre-transport condition assessment: Standardized assessment data
recorded within 30 minutes before transport initiation by the responsible nurse or attending physician. Physiological
stability was assessed using the MEWS® and Glasgow Coma Scale (GCS);’ organ function was evaluated using the
Sequential Organ Failure Assessment (SOFA).'” Medications and equipment used for therapeutic support were also
documented. (3) Transport process data: Detailed records of transport purpose, destination, qualifications and number of
accompanying medical personnel, and carried equipment. Total transport duration was calculated from the patient’s
departure from the ward to arrival at the destination and return to the ward. (4) Operational definition of intrahospital
transport adverse events: Any unexpected clinical event occurring from the patient’s departure from the ward to return to
the ward during intrahospital transport that leads to or may lead to patient harm, including but not limited to: 1)
Hemodynamic fluctuation: Systolic blood pressure <90 mmHg or >180 mmHg, heart rate <50 bpm or >130 bpm, or
a 20% or more change in systolic blood pressure/heart rate from the pre-transport baseline, requiring clinical intervention
(eg., vasoactive drug adjustment, fluid resuscitation); 2) Respiratory-related event: SpO2 <90% for more than 30 seconds,
respiratory rate <10 bpm or >30 bpm, patient-ventilator asynchrony, accidental extubation, airway obstruction, or need
for emergency tracheal intubation/ventilation adjustment; 3) Equipment-related event: Malfunction of medical equipment
(ventilator, infusion pump, monitor, etc.), depletion of equipment power/oxygen supply, or loss of monitoring signals for
more than 1 minute; 4) Other unexpected events: Unplanned treatment interruption (>5 minutes), falls, pressure injury,
allergic reaction, or acute onset of other organ dysfunction. Handling of multiple adverse events: If a single patient
experienced two or more types of adverse events during one transport process, the event was recorded as one adverse
event occurrence in the primary outcome analysis (dichotomous variable: adverse event occurred=1, no adverse
event=0), and all event types were documented for subgroup analysis of adverse event characteristics (Table S1). (5)
Adverse event records: Types, frequency, and severity of adverse events during transport (including hemodynamic
fluctuations, respiratory events, equipment-related events, unintended treatment interruptions, and other incidents) were
retrospectively extracted from transport logs, nursing handover records, and the adverse event reporting system. Severity
was independently determined by two blinded researchers, with discrepancies resolved by a third researcher.

For key variables with >10% missing data, the transport record was excluded. For missing values <5%, a complete-
case analysis was performed, and missingness was reported.

Statistical Analysis

Statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and R version 4.2.0 (R
Foundation for Statistical Computing, Vienna, Austria). Continuous variables were expressed as mean + standard
deviation or median (interquartile range), and categorical variables as count (percentage). Comparisons for continuous
variables were performed using independent-samples #-test or Mann—Whitney U-test based on data distribution; catego-
rical variables were compared using the chi-square test or Fisher’s exact test. Variables with P<0.10 in univariate analysis
were entered into the least absolute shrinkage and selection operator (LASSO) regression. LASSO was performed with
10-fold cross-validation, and the 1-standard-error (1-SE) criterion was used to select the most parsimonious model
corresponding to the optimal A to reduce overfitting. Variables entering multivariate Logistic regression were tested for
collinearity, with variance inflation factor (VIF) <10 considered acceptable The final regression coefficients were used to
construct the intrahospital transport adverse event risk prediction model, and a clinical visualization nomogram was
developed. Model discrimination was assessed by the area under the receiver operating characteristic curve (AUC),
calibration by Hosmer—Lemeshow test and calibration curves, and clinical net benefit by decision curve analysis (DCA).
Model validation included internal validation using the training set, reserved validation set testing, and Bootstrap
resampling with 1,000 iterations to assess stability. All tests were two-sided, with P<0.05 considered statistically
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significant. To ensure the transparent and standardized reporting of the risk prediction model construction process, the
TRIPOD checklist for the development and validation of clinical prediction models is provided in Table S2.

Results

Baseline Characteristics of Participants

A total of 650 critically ill gynecological patients were included and randomly assigned in a 7:3 ratio to the training set
(n=455) and validation set (n=195). No significant differences were observed between the two sets in terms of
demographic characteristics, primary diagnoses, comorbidities, or pre-transport condition scores (all P>0.05) (Table 1).

Adverse Events

During transport, 178 adverse events occurred among 650 patients (27.4%), with similar incidence between the training
and validation sets (27.0% vs. 28.2%, P=0.759). The main types of adverse events were hemodynamic fluctuations
(53.4%), respiratory-related events (25.3%), and equipment-related events (12.4%). No significant differences were
observed between the two sets regarding event types or severity (all P>0.05) (Table 2).

Risk Factor Analysis

As shown in Table 3, univariate analysis identified nine candidate variables (P<0.10). LASSO regression (Figure 1)
retained four predictors: mechanical ventilation, SOFA score, MEWS score, and transport duration. Multicollinearity
assessment showed all variables had VIF <2. Multivariate Logistic regression indicated that all four factors were
independent predictors of intrahospital transport adverse events (all P<0.01) (Table 4).

Model Development and Validation

Based on the multivariate Logistic regression results, the complete risk prediction model for intrahospital
transport adverse events in critically ill gynecological patients was established with the logistic regression
equation: Logit(P) = —11.986 + 0.794xMEWS score + 1.363xSOFA score + 1.130xMechanical ventilation

Table | Baseline Characteristics of Study Participants

Characteristics Total Training Set (n=455) Validation Set tIZIy? P
(n=650) (n=195)
Demographic characteristics
Age (years) 58.26 + 8.59 57.99 + 8.85 5891 +7.95 —1.260 | 0.208
BMI (kg/m?) 23.34 £ 2.08 23.40 + 2.07 23.19 £ 2.09 1.176 | 0.240
Gynecological Diagnosis Type, n (%) 0.604 | 0.739
Gynecological malignancy 391 (60.2) 278 (61.1) 113 (57.9)
Pregnancy-related complications 143 (22.0) 97 (21.3) 46 (23.6)
Benign/other 116 (17.8) 80 (17.6) 36 (18.5)
Pre-Transport Condition Assessment
MEWS score 4 (3, 6) 4(3,6) 4(3,5) —0.910 | 0.363
GCS score 15 (14, 15) 15 (14, 15) 15 (14, 15) —0.524 | 0.600
SOFA score 3(25) 3(25) 3(15,5) —0.566 | 0.571
Use of vasoactive drugs, n (%) 156 (24.0) 112 (24.6) 44 (22.6) 0315 | 0.575
Mechanical ventilation, n (%) 83 (12.8) 60 (13.2) 23 (11.8) 0.237 | 0.626
Transport Process Characteristics
Transport duration (minutes) 4533 £ 11.74 45.77 £ 12.46 4431 £9.83 1.448 | 0.148
ICU staff as company, n (%) 525 (80.8) 372 (81.8) 153 (78.5) 0.955 | 0.328
Comorbidities, n (%)
Hypertension 185 (28.5) 132 (29.0) 53 (27.2) 0.225 | 0.635
Diabetes 102 (15.7) 73 (16.0) 29 (14.9) 0.142 | 0.707

Abbreviations: BMI, body mass index; MEWS, Modified Early Warning Score; GCS, Glasgow Coma Scale; SOFA, Sequential Organ Failure Assessment.
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Table 2 Distribution of Adverse Event Occurrence

Items Total Training Set (n=455) | Validation Set (n=195) 1 P
(n=650)

Adverse event occurrence, n (%) | 178 (27.4) 123 (27.0) 55 (28.2) 0.094 | 0.759
Type of adverse event, n (%) (n=178) (n=123) (n=55) 0.677 | 0.879
Hemodynamic fluctuation 95 (53.4) 67 (54.5) 28 (50.9)

Respiratory-related event 45 (25.3) 30 (244) 15 (27.3)

Equipment-related event 22 (12.4) 16 (13.0) 6 (10.9)

Other unexpected events 16 (9.0) 10 (8.1) 6 (10.9)

Severity, n (%) (n=178) (n=123) (n=55) 0.449 | 0.799
Mild 102 (57.3) 69 (56.1) 33 (60.0)

Moderate 58 (32.6) 42 (34.1) 16 (29.1)

Severe 18 (10.1) 12 (9.8) 6 (10.9)

Table 3 Univariate Analysis of Intrahospital Transport Adverse Events in Critically Il Gynecological Patients

Variables No Adverse Event Group (n=332) | Adverse Event Group (n=123) | t/Z/y* P

Age (years) 57.5+8.79 59.3+8.89 —-1.935 0.054
BMI (kg/m?) 23.3£2.0 23.7+2.1 —-1.726 | 0.085
Gynecological malignancy, n (%) 193 (58.1) 85 (69.1) 4.547 0.033
MEWS score 4(3,5) 6(5,6) —11.902 | <0.001
GCS score I5 (14, 15) 14 (13, 15) —4.424 | <0.001
SOFA score 2(2,3) 505, 5) —13.766 | <0.001
Use of vasoactive drugs, n (%) 65 (19.6) 47 (38.2) 16.792 | <0.001
Mechanical ventilation, n (%) 32 (9.6) 28 (22.8) 13.507 | <0.001
Transport duration (minutes) 44.2+12.55 50.1%11.20 —4.558 | <0.001
ICU staff as company, n (%) 277 (83.4) 95 (77.2) 2312 0.128

(yes=1, no=0) + 0.041xTransport duration (minutes), where P represents the probability of intrahospital transport
adverse events. The predicted probability of adverse events can be calculated by transforming the logit value: P =
exp(Logit(P))/[1 + exp(Logit(P))]. The nomogram (Figure 2A) was developed based on the above coefficients. In
the validation set (n=195), the model demonstrated good discrimination, with an AUC of 0.852 (95% CI:
0.799-0.904) (Figure 2B). At the optimal cutoff value of 0.047, sensitivity and specificity were 81.8% and
76.4%, respectively. The model showed good calibration, with the calibration curve closely aligned with the
ideal diagonal (Figure 2C), and the Hosmer-Lemeshow test was not significant (P=0.511). DCA demonstrated that
applying this model to guide clinical decisions provided a net clinical benefit across a wide threshold probability
range of 1%—-65% (Figure 2D).

Discussion
This study successfully constructed and preliminarily validated a risk prediction model for adverse events during intra-
hospital transport in critically ill gynecological patients based on a retrospective observational cohort design. Multivariate
analysis identified mechanical ventilation, SOFA score, MEWS, and transport duration as four independent predictors of
adverse events during intra-hospital transport in this population. Internal validation results demonstrated excellent
discriminatory power and good calibration of the model; DCA further confirmed its clinical utility. The risk prediction
model developed in this study provides a scientific quantitative assessment tool for clinicians to accurately identify high-
risk individuals for intra-hospital transport and optimize transport decision-making processes.

In terms of the model’s operationalization within intra-hospital transport risk governance, the model integrates
multiple key predictors to provide a quantitative transport risk score for each critically ill gynecological patient. Based
on this score, healthcare professionals can rapidly stratify patients by risk and identify high-risk individuals, thereby
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Table 4 Multivariate Logistic Regression Analysis of Intrahospital Transport
Adverse Events in Critically |l Gynecological Patients

Variables B SE. | Waldy® | OR | 95%CI P
Constant item ~11.986 | 1363 | 77314 | 0.000 | — <0.001
MEWS score 0794 | 0.187 | 18.109 | 2213 | 1.535-3.190 | <0.001
SOFA score 1363 | 0.158 | 74412 | 3.907 | 2.867-5.325 | <0.001
Mechanical ventilation | 1.130 | 0491 | 5.287 3.094 | 1.181-8.105 | 0.021
Transport duration 0.041 0014 | 8592 1.042 | 1.014-1.071 | 0.003

implementing more refined pre-transport preparations and monitoring measures. For instance, for high-risk patients, an

experienced transport team can be arranged in advance, and necessary emergency equipment and medications can be
prepared to ensure a smooth transport process. Furthermore, the model’s application will promote a more scientific and
standardized intra-hospital transport decision-making process. Healthcare professionals can utilize the model for rapid

risk assessment, combining the patient’s specific condition and transport needs to develop personalized transport plans.
For high-risk patients, non-urgent transport can be delayed, or more proactive interventions can be taken before transport

to reduce risks. Simultaneously, the model can serve as an important reference for transport decisions, minimizing

transport risks resulting from subjective judgments.
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Figure 2 Development and validation of the intrahospital transport adverse event prediction model in critically ill gynecological patients. (A) Nomogram for adverse event

prediction; (B) ROC curve (validation set); (C) Calibration curve (validation set); (D) DCA (validation set).
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Among the predictors, SOFA score exhibited the strongest risk effect (OR=3.907), with each 1-point increase nearly
tripling the risk. As the gold standard for evaluating multi-organ dysfunction, high SOFA scores objectively reflect
limited organ functional reserve.'' Transport represents a strong physiological stressor that can readily precipitate or
exacerbate circulatory failure, metabolic disorders, and other adverse events in such patients.12 Mechanical ventilation
was another significant predictor (OR=3.094). Patients receiving mechanical ventilation not only have severe baseline
conditions, but leaving the controlled monitoring environment during transport increases the risk of patient-ventilator
asynchrony, leading to hypoxemia or hypercapnia.'® Positive-pressure ventilation itself can reduce venous return and
suppress myocardial contractility, amplifying hemodynamic fluctuations under transport stress.'* In addition, artificial
airway complications such as accidental extubation, obstruction, or leakage are more likely during transport,'> collec-
tively increasing the risk of transport-related adverse events in mechanically ventilated patients.

Each [-point increase in MEWS score was associated with a 1.2-fold increase in risk (OR=2.213). By integrating key
physiological parameters including heart rate, blood pressure, and respiratory rate, MEWS effectively evaluates disease
severity and deterioration risk. Abnormal values indicate that homeostatic compensation is near exhaustion. Stress
stimuli during transport exacerbate catecholamine release, increasing myocardial oxygen demand and respiratory muscle
fatigue, while decreased consciousness elevates the risk of aspiration and impairs timely clinical assessment.'® Thus, high
MEWS scores serve as an objective marker of low tolerance to transport stress in critically ill gynecological patients.
Transport duration was also independently associated with risk, with each additional minute increasing the risk by
approximately 4.2% (OR=1.042). Longer transport duration exposes patients to a non-ICU-standard environment for
extended periods, delaying access to advanced life support. Prolonged exposure to motion and environmental changes
increases physiological stress and oxygen consumption, while equipment such as ventilators and infusion pumps may
face risks of battery depletion or insufficient oxygen supply.!”'® Therefore, optimizing transport processes to minimize
duration is a key modifiable factor for reducing adverse event risk.

Compared with prior models developed for general critically ill populations, this model is population-specific,
tailored for critically ill gynecological patients. It incorporates pathophysiological characteristics unique to this popula-
tion, including pelvic anatomical changes, hormonal fluctuations, and pregnancy-related physiological alterations, all of
which may influence hemodynamic stability and organ reserve. Although gynecologic malignancies and pregnancy-
related complications did not emerge as independent predictors in multivariate analysis, their statistical significance in
univariate analysis suggests that gynecology-specific factors merit further investigation regarding their association with
transport risk.

The application of this model in intra-hospital transport risk governance will significantly enhance transport safety
and medical quality. By implementing risk management strategies based on the model, healthcare professionals can pay
greater attention to every detail during transport, strengthening key monitoring and timely interventions to effectively
reduce the occurrence of adverse events. Additionally, the model contributes to promoting the standardization and
normalization of intra-hospital transport management, enhancing overall medical quality. All steps of model development
and validation in this study were conducted in accordance with the TRIPOD checklist (Table S2) to ensure methodo-
logical rigor. However, several limitations exist. First, the retrospective design inherently carries risks of missing data and
selection bias. Second, being a single-center study, the sample source is relatively homogeneous, potentially limiting
external generalizability. Third, factors such as nutritional status, physical environment of transport routes, and qualifica-
tions of medical staff were not included, which may affect model comprehensiveness. Fourth, only internal validation
was performed; external validation in independent cohorts is needed to confirm generalizability. Ultimately, interven-
tional studies should verify whether transport strategies guided by the model can effectively reduce the incidence of
adverse events, thereby advancing the standardized and precise development of intra-hospital transport safety manage-
ment for critically ill gynecological patients.

Conclusions

We developed and internally validated a risk prediction model for intrahospital transfer adverse events in critically ill
gynecological patients, identifying mechanical ventilation, SOFA score, MEWS score, and transfer duration as indepen-
dent predictors. The model demonstrated excellent discrimination and calibration, with decision curve analysis
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confirming its robust clinical utility across diverse threshold probabilities. External validation and prospective evaluation
are warranted to verify its generalizability and long-term impact on transfer outcomes. Ultimately, integrating this model
into clinical pathways may optimize transfer decisions and improve the safety of critically ill gynecological patients
during intrahospital transport.
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