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Bidirectional cohort study protocol
to construct and validate a
prediction model for perioperative
pulmonary complications in elderly
hip fracture patients

Ling Wang'-5, Yalin Tian*®, Jintao Shen?5, Xiaotao Fan®’, Xujun Dong?*7, Jianhua Chen?’,
BenTao Jiang*’, Li Qin?, Shaojin Bu?*’ & Jiaxi Tang***

Elderly adults with hip fractures are particularly vulnerable to perioperative pulmonary complications
(POPCs) throughout the surgical process. While most studies have focused on predicting postoperative
pulmonary complications (PPCs), there has been a lack of focus on preoperative and intraoperative
phases. To address this gap, this bidirectional cohort study aims to develop and validate a predictive
model for POPCs across all surgical stages in elderly patients with hip fracture. This study will involve
3481 patients, with 1914 in the retrospective dataset and 1567 in the prospective dataset, and will
analyse 44 perioperative risk factors. LASSO and multiple logistic regression will be used to identify
key predictors, and nomogram prediction models will be constructed via the RMS packages. The
accuracy and variability of the model will be assessed using receiver operating characteristic (ROC)
curve analysis and calibration plots. The primary outcome measure is the incidence of pulmonary
complications from hospital admission to 30 days post-surgery, and the secondary outcomes include
complications such as heart failure, myocardial infarction, renal failure, deep venous thrombosis,
stroke, and death within 30 days post-surgery. This study aims to construct a comprehensive model for
predicting POPCs in this patient population and verify its accuracy and ability to differentiate POPCs
using both internal and external data.

The aging global population is increasing at an unprecedented rate, particularly in Asia and other developing
countries. With this demographic shift, the incidence of hip fractures is projected to nearly triple between 2018
and 2050, with over 50% of the cases expected to occur in Asial2. In China, the world’s most populous nation,
over 366 million people, or more than 26.1% of the population, are projected to be aged 65 years and older by
2050°. This demographic change poses significant challenges to healthcare systems, especially in managing the
increasing number of elderly patients at a high risk of hip fractures*.

Timely surgical intervention is critical for reducing mortality and improving functional outcomes in elderly
patients with hip fractures®~’. However, despite the benefits of surgery, elderly patients undergoing hip fracture
repair are at high risk of developing perioperative pulmonary complications (POPCs)®°.These complications
are particularly prevalent in elderly patients and substantially increase the risk of perioperative mortality®1°.
The incidence of POPCs in elderly patients with hip fractures ranges from 13.9 to 33.3% depending on the
underlying disease, preoperative pulmonary dysfunction, and diminished compensatory capacity!'!13.

Current research on pulmonary complications in hip fracture surgery primarily focuses on postoperative
complications (PPCs)'*!°,with limited attention paid to the preoperative and intraoperative factors. Furthermore,
existing predictive models primarily concentrate on postoperative outcomes, often neglecting intraoperative risk
factors, and lacking specificity for elderly patients!®~'. This results in a gap in the accurate identification of high-
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risk patients throughout the perioperative period, which is crucial for improving clinical decision making and
patient outcomes.

To address these gaps, this study aimed to develop and validate a predictive model that incorporates
preoperative, intraoperative, and postoperative risk factors to more accurately predict POPCs in elderly patients
undergoing hip fracture surgery. By employing a combination of retrospective and prospective cohort designs,
this study offers a comprehensive risk-assessment tool specifically tailored to the elderly population. The novelty
of this approach lies in its holistic evaluation of perioperative risk factors, addressing the limitations of existing
models, enhancing the accuracy of risk prediction, and ultimately, improving patient outcomes.

Methods

Study design overview

This single-center, bidirectional cohort study will include both retrospective and prospective studies. This study
was approved by the Institutional Review Board of the Fengdu People’s Hospital of Chongging (Ethical Approval
ID: 2023SC0915-149) and registered with ClinicalTrials.gov (ChiCTR2300071115) on 5 March 2023 to ensure
transparency and adherence to best practices. The retrospective phase spans 1 January 2017 to 31 August
2023 and the prospective phase extends from 1 September 2023 to 30 September 2024. Model development
and internal validation will take place between 1 September 2023 and 30 September 2024 followed by external
validation between 1 October 2024 and 31 December 2024. A total of 3667 participants from the Fengdu People’s
Hospital of Chongging, China will be recruited for the study. During the trial, participants will be evaluated for
POPCs and other postoperative complications. Study assessments will be conducted at three key time points:
preoperatively (day-n), intraoperatively (day 0), and postoperatively (days 1-30)* (Fig. 1).

Participants
Inclusion criteria

1. Patients aged > 65 years®!.
2. Radiographically confirmed hip fracture.
3. Scheduling for surgical treatment of fractures.

Exclusion criteria

Refusal to participate in the study.

Inability to follow the study protocol due to cancellation of the procedure.
Withdrawal was initiated by the patients or their families.

Incomplete data or loss to follow-up for other reasons.

Polytrauma (multiple fracture sites).
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Fig. 1. Flow diagram of enrolment and assessment.
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Data collection

Data will be collected in two phases, retrospective and prospective. Retrospective data will be obtained from
the hospital records to provide information on patient demographics, preoperative assessments, intraoperative
details, and postoperative outcomes. The data will be divided into training and validation subsets at a 7:3 ratio
using the R software to facilitate model development?2.

For prospective data, the collection will adhere to a standardised protocol to ensure consistency across
patients. Monitoring will be performed from hospital admission until 30 days after surgery. All data will
be entered into a secure, password-protected Epidata V.4.6 database with restricted access to maintain data
integrity. Following data entry, information will be exported for analysis by an independent biostatistician to
ensure unbiased and reliable results.

Data sources will include patient medical records, electronic health records (EHRs), and relevant clinical
databases. The collection processes will ensure consistency across the retrospective and prospective phases to
maintain high data quality. Six individuals, including the BT. J., JT.S., XJ.D., JH.C., L.Q., and YL.T. were included
in the data-collection process. To minimize potential bias, preoperative imaging was performed and interpreted
using a blinded approach, in which clinicians and radiologists were unaware of the patients’ study group
allocation.

Primary objective and reporting guidelines

The primary objective of this study was to develop and validate predictive models for POPCs, including both the
internal and external validation stages (Fig. 2). This study will strictly adhere to the reporting requirements of
the Transparent Reporting of a multivariable prediction model for Individual Prognosis or Diagnosis (TRIPOD)
framework®. To ensure consistency and rigor, Supplementary Table S1 provides detailed information on the
reporting criteria and methodology.

Predictor variables and outcomes

Predictor variables

This study identified the key predictor variables that were clinically relevant and quantifiable. These predictors
have been selected through a comprehensive review of the relevant literature, expert consensus, and their
practical applicability in the clinical setting”!%141524-31 The variables will be assessed before, during, and after
the surgery. The perioperative indicators are listed in Table 1.
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Fig. 2. Flow chart. LASSO least absolute shrinkage and selection operator, ROC receiver operating
characteristic, DCA decision curve analysis.
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Variable Nature Instrument/stand
Preoperative index
Age Continuous (years) Identification
Sex Dichotomous (yes/no) Identification
BMI<18.5 or >30 kg/m? Continuous Height and weight
ASA>3 Continuous Identification
NYHA >3 Continuous Identification
Comorbidity
Hypoxemia Dichotomous (yes/no Paraclinical test
COPD Dichotomous (yes/no Self-report

Bronchial asthma

Dichotomous (yes/no

Self-report

Bronchiectasis

Dichotomous (yes/no

Self-report

History of lung surgery

Dichotomous (yes/no

Self-report

Respiratory failure

Dichotomous (yes/no

Paraclinical test/self-report

Congestive heart failure

Paraclinical test/self-report

Atrial fibrillation

Dichotomous (yes/no

Paraclinical test/self-report

Diabetes mellitus

Dichotomous (yes/no

Paraclinical test/self-report

Cerebrovascular accident

Dichotomous (yes/no

Paraclinical test/self-report

Hemiplegia

Dichotomous (yes/no

Paraclinical test/self-report

Dementia

Dichotomous (yes/no

Paraclinical test/self-report

Renal failure

Dichotomous (yes/no

Paraclinical test/self-report

Moderate to severe anaemia

( )
( )
( )
( )
( )
( )
Dichotomous (yes/no)
( )
( )
( )
( )
( )
( )
)

Dichotomous (yes/no

Paraclinical test

Albumin concentration

Continuous (g/L)

Paraclinical test

Time before medical transport<4 h

Dichotomous (yes/no)

Self-report

Prophylactic anticoagulation Dichotomous (yes/no) Identification
Preoperative waiting time Continuous (day) Identification
Type of fracture
Femoral shaft fractures Dichotomous (yes/no) Identification
Femoral neck fractures Dichotomous (yes/no) Identification
Intraoperative index
Type of surgery
Sliding hip screw or cannulated screws Dichotomous (yes/no) Identification
Arthroplasty Dichotomous (yes/no) Identification
Intramedullary nail Dichotomous (yes/no) Identification
Type of anaesthesia
Intrathecal block Dichotomous (yes/no) Identification
Intrathecal block combined with nerve block Dichotomous (yes/no) Identification
General anaesthesia Dichotomous (yes/no) Identification
General anaesthesia combined with nerve block | Dichotomous (yes/no) Identification
Intraoperative fluid volume Continuous (mL/kg PBW) | Identification
Intraoperative blood transfusion Continuous (mL/kg PBW) | Identification
Surgery duration Continuous (count/min) | Identification
Anaesthesia duration Continuous count/min) Identification
Intraoperative hypothermia Dichotomous (yes/no) Identification
Intraoperative hypotension Dichotomous (yes/no) Identification
Intraoperative hypoxemia Dichotomous (yes/no) Identification
Postoperative index
Postoperative nausea and vomiting Dichotomous (yes/no) Self-report
Postoperative intravenous opioid analgesia Dichotomous (yes/no) Identification
Postoperative nerve block analgesia Dichotomous (yes/no) Identification
Postoperative ambulation time Continuous (h) Self-report
Postoperative ICU stay Continuous (day) Identification

Table 1. Predictive variables considere in the model. ASA American Society of Anesthesiologists, NYHA New
York Heart Association, BMI Body mass index, COPD chronic obstructive pulmonary disease, PBW Predicted
Body Weight, ICU Intensive Care Unit.
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Complications

Definitions

Atelectasis

Opacity in the lung is accompanied by a shift of the mediastinum, hilum, or hemidiaphragm toward the affected area and compensatory
overinflation in neighbouring nonatelectatic lung tissue.

Respiratory failure

Pa02 <60 mmHg or combine PaCO2 > 50 mmHg while breathing air; PaO2/FiO2 < 300 or SpO2 <90% despite oxygen administration.

ARDS

Within a week of a clinical insult or worsening respiratory symptoms, a chest radiograph may show new infiltrative foci in both lungs,
unexplained by effusion, atelectasis, or nodules. PaO2: FiO2 <300 and pulmonary oedema not fully explained by heart failure or fluid overload.

Pulmonary infection

Anti-infective treatment and meeting at least 1 of the following: new cough/sputum production postoperative, new or changed lung opacities
on chest radiography; fever > 38 °C; leucocytosis or leucopenia (WBC count > 12 x 10>9/L or <4 x 10>9/L)

Pleural effusion

The chest radiograph reveals various abnormalities, including the blunting of the costophrenic angle, the absence of a clear outline of the
ipsilateral hemidiaphragm in an upright position, displacement of nearby anatomical structures, or a blurred opacity in one side of the chest
with visible vascular shadows when lying down.

Pneumothorax

Air in the pleural space without vascular tissue surrounding the visceral pleura.

Bronchospasm

A recently identified expiratory wheeze may be managed with bronchodilators or can worsen preexisting bronchospasm symptoms.

Aspiration pneumonitis

After inhalation of gastric contents caused symptoms such as dyspnea, chest radiograph shows the irregular margins of both lungs.

Pulmonary edema

Clinical symptoms include chest tightness, shortness of breath, dyspnea, wet rales in the lungs, radiographs showing thickened and blurred
lung texture, the appearance of septal lines (Kerley lines), blurred hilar shadow, butterfly wing shape in both hilum, etc.

Pulmonary embolism

History of DVT or VTE, recent surgery or injury, active cancer, prolonged immobility. Sudden onset of difficulty breathing or chest pain,
rapid breathing, coughing up blood.Computed tomography pulmonary angiography. The diagnosis is supported by an Electrocardiogram,
ultrasound, CTPA, chest X-rays, and elevated D-dimer levels.

Tracheobronchitis

Pus-filled sputum with a normal chest X-ray, no intravenous antibiotics.

Exacerbation of preexisting lung
disease

Not further defined

Table 2. Perioperative pulmonary complications and their definitions. PaO2 partial pressure of oxygen in
arterial blood, PaCO2 partial pressure of carbon dioxide in arterial blood, FiO2 fraction of inspired oxygen,
SpO2 peripheral oxygen saturation, ARDS acute respiratory distress syndrome, WBC white blood cell count,
CT computed tomography, DVT deep vein thrombosis, VTE venous thromboembolism, CTPA Computed
tomography pulmonary angiography.

Outcomes
Primary outcomes
This study focused on assessing POPCs from the decision to undergo surgery to 30 days after surgery or until
discharge, prioritising the earlier period. It specifically considers patients released within this timeframe.
POPCs including pulmonary infection, respiratory failure, pleural effusion, atelectasis, bronchospasm,
pulmonary embolism, aspiration pneumonia, acute respiratory distress syndrome (ARDS), pulmonary
edema, and an unexpected need for extended mechanical ventilation®*!-%. Each instance of POPCs requires
collaborative diagnosis based on detailed patient data, including progress notes, medical records, laboratory
tests, and imaging reports. Senior radiologists will assess the perioperative images. All diagnoses will be made
based on the combined opinions of the clinician and radiologist. The definitions of the POPCs are listed in
Table 29:10:25.34.

Secondary outcomes

Our study will evaluate postoperative complications such as heart failure, myocardial infarction, renal failure,
deep venous thrombosis, stroke, and sudden death, starting from the decision to operate and continuing until
30 days after surgery or discharge.

Sample size calculation

Retrospective cohort

To ensure robust model parameter estimation, we set the variable count to (k+ 1=45), where (k) represents the
study variable and includes 44 variables. Based on unpublished data(Supplementary Table S2), we estimated the
incidence of POPCs (¢) in older patients who underwent surgery for hip fractures to be 21.43%. The sample size
was calculated using Eq. (1)*.

- EPV x (k+1) _ 10 x (44 +1) ~ 2009.86 & 2100

¢ 0.2143 W

Sample size for external validation (prospective cohort)

To ensure the accuracy of the external validation of the model, the required sample size will be calculated
based on the O/E ratio (observed/expected). Debray et al. proposed the use of the delta method to compute the
standard error (SE) of the O/E ratio using the following Eq. (2)%:

o, [1-o

Iy~ 5 @

SE (In(

Recognizing that O =N¢, the rearranged Eq. (3) yields the minimum sample size (N) required for external
validation®.
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Assuming that the ¢ is 0.2143 in the population undergoing external validation and that the observed-to-
expected (O/E) ratio is 1, the objective is to confirm model calibration by achieving a 95% confidence interval
for O/E with a width of 0.2. The corresponding SE on the In(O/E) scale is approximately 0.051. The sample size
for external validation was determined using Eq. (4).

1-0.2143

= ——  ~ 1409.59 ~ 141

0.2143 x 0.0512 09.59 0
We estimated the loss of follow-up rate to be 10%; therefore, we increased the sample size to 1567 to allow for
dropouts.

Missing data and outlier handling

Missing data

Prior to statistical analyses, we will review the initial dataset to address missing values. Variables with >10%
missing values after supplementation attempts will be excluded. If the missing value rate decreases to less than
10%, a random test will be conducted to evaluate the missingness pattern and guide subsequent actions.

To manage different types of missingness, we will employ the following strategies®: Mean imputation will be
used for completely random missing data with normal or near-symmetrical distributions; Median imputation will
be applied to the right-skewed data or outliers; Multiple imputations will be performed for missing random data
considering the relationships within the observed data; For data not missing at random, the‘mincemeat’package
in R, which is specifically designed for such cases, will be employed.

Outlier handling

Outliers will be systematically identified and managed to maintain analysis integrity and prevent the exclusion of
legitimate data points. Outliers, defined as data points significantly deviating from the overall pattern, are values
beyond 1.5 x the interquartile range (IQR) from the first and third quartiles*’, or with z-scores exceeding+3
in normally distributed data. Box plots will visually inspect outliers using the IQR method, while z-scores will
identify data points more than + 3 standard deviations from the mean*!. For skewed data, outliers were defined
as values outside [Q1-1.5 x IQR, Q3+ 1.5 x IQR]. The influence of outliers on model performance will be
assessed using leverage analysis and CooK’s distance, excluding significant outliers with leverage greater than
twice the average. Informative outliers reflecting valid variations will be retained by applying robust statistical
methods, such as robust regression or log transformation, to mitigate their impact. The model’s performance will
then be re-evaluated to ensure accurate variability accounting, documenting any performance metric changes
in the Results section.

Statistical methods and model development

Statistical analysis

Statistical analysis will be performed via R software (version 4.0.4). Dichotomous data will be presented as
percentages, and they’test will be used for analysis. Continuous data are shown as mean + standard deviation or
median (interquartile range, 25th-75th percentiles) based on their distribution, and t-tests or Mann-Whitney U
tests will be used accordingly. A significance threshold will be established at P <0.05, and an absolute standardised
difference (ASD) over 0.118 indicated an imbalance between the development and validation groups.

Model development
1. Data privacy and preliminary handling.

During the initial phase of the model development, retrospective cohort data comprising 2100 samples will
be collected to train the model. The dataset will be divided into a 70% training group (n=1470) and 30% val-
idation group (n=630). Critical steps to ensure data quality and privacy protection include de-identification
by replacing sensitive attributes, data cleaning to correct errors, assessing outliers, and addressing missing
values via established statistical methods. Descriptive statistics will be used to summarise the data distribu-
tion, and visual analysis via histograms, scatter plots, and box plots will be used to identify the patterns and
anomalies. Finally, multiple imputations or mean/median imputations will be employed to address data loss
and ensure the integrity of the dataset.

2. Variable selection.
Least absolute shrinkage and selection operator (LASSO) and logistic regression analyses will be used to
identify the key variables influencing POPCs. Significant variables will be selected based on the coeflicients

or p-values obtained from the regression analysis. This process is essential for eliminating redundant varia-
bles and retaining only those variables that significantly affect the prediction outcomes.

3. Model construction.
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A multivariate logistic regression model will be developed by using the identified variables. The Akaike in-
formation criterion (AIC) evaluates the influence of these variables by filtering out less influential factors. A
nomogram prediction model will be constructed via the RMS package in the R software.

4. Model validation.

The remaining 30% of the retrospective dataset, consisting of 630 samples, will be used for internal vali-
dation. The model will also be tested in a prospective cohort study to verify its effectiveness in predicting
POPCs in new patient groups. The performance of the model will be rigorously evaluated via receiver oper-
ating characteristic (ROC) curve analysis, decision curve analysis (DCA), and the Hosmer-Lemeshow test.
Key metrics, such as sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and area under the curve (AUC-ROC), will be used to determine the efficacy of the model. The precision and
recall metrics will be used to assess the accuracy and reliability of the model in the external validation set.
Prospective validation will be employed to assess the model’s performance in a real-world setting, guiding
decisions regarding recalibration, replacement, or retirement of the active model based on its applicability
and effectiveness.

5. Model updates and maintenance.

The model will be updated periodically to incorporate new data or significant medical advancements, ensur-
ing its accuracy and relevance by integrating the latest research and accounting for demographic changes.
Updates occur annually, or when substantial new evidence emerges. Each update will undergo validation to
confirm its efficacy with comprehensive documentation provided for modification and justification. Feed-
back from clinical practitioners could also be integrated to enhance the practical utility of the model.

Limitations

A multidisciplinary team of anaesthesiology, orthopaedic surgery, and radiology experts will use bidirectional
data for model development and internal and external data validation to reduce bias and ensure study quality.
Single-centre data collection may limit the generalisability of the model beyond elderly patients with hip fractures
as regional characteristics and institution-specific practices could affect its applicability. The relevance of the
model to different age groups and clinical conditions remains unclear. Future studies will verify the applicability
of this model to multicentre data and explore the differences between the models of patients of different ages.

Ethics and dissemination

The study “Geriatric Hip Fracture Patients: Constructing and Validating a Predictive Model for Perioperative
Pulmonary Complications” had been approved by the Institutional Review Board (IRB) of Fengdu People’s
Hospital, Chongging, China (Ethical Approval ID: 2023SC0915-149). The study was registered in the Chinese
Clinical Trial Registry (ChiCTR.org.cn) as ChiCTR2300071115 on 5 May 2023.

This study will strictly follow the ethical guidelines, national regulations, and data protection protocols to
ensure patient confidentiality and privacy. The requirement for informed consent was waived for retrospective
data. In the prospective phase, written informed consent will be obtained from all participants in line with IRB
approval. The study results will be published in peer-reviewed journals and presented at scientific conferences
until December 2025 with the aim of enhancing the knowledge of POPCs in geriatric hip fracture patients.

Discussion

Recent studies have demonstrated that POPCs not only prolong hospital stay, but also significantly increase
postoperative mortality, particularly among elderly patients with hip fractures*>*’. Therefore, the timely
identification of high-risk individuals is crucial to prevent adverse outcomes and improve postoperative recovery.

This study aimed to develop a comprehensive predictive risk model for POPCs in elderly patients undergoing
hip fracture surgery. By incorporating risk factors from the preoperative, intraoperative, and postoperative stages,
the model aimed to provide a holistic risk assessment, thereby improving the precision of POPCs prediction
across the entire perioperative period.

The model will be constructed and validated using retrospective and prospective data sets. These datasets
enable the identification of key risk factors across all stages of the perioperative process. A logistic regression-
based approach will be employed to develop the risk model, and the results will be visually represented via a
nomogram model. Internal and external data validation ensures the reliability of the model.

Despite its strengths, this model has several limitations that must be acknowledged. This included potential
confounders and the single-centre nature of the study, which may have affected the generalisability of the findings.
Future studies should focus on validating this model across diverse clinical settings and patient populations, to
ensure its relevance and applicability. Furthermore, the incorporation of machine learning techniques and large-
scale datasets could further increase the predictive accuracy and clinical utility of the model.

To the best of our knowledge, this study is one of the few to explore the effects of perioperative multistage risk
factors on POPCs in elderly patients undergoing hip fracture surgery. The results of this study will have potential
implications for the clinical practice of elderly patients with hip fractures.
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Data availability
The data will be systematically uploaded to the ResMan Clinical Trial Public Management Platform (http://ww
w.medresman.org.cn) within six months after study completion.
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