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I. Background and Significance 

Traumatic pneumothorax (PTX) or hemothorax (HTX) are common after thoracic injury and frequently require management with a chest tube (CT). CT placement remains one of the most common procedures performed by trauma surgeons, and complications can occur during placement, management, and removal.1 A commonly cited post-removal complication is residual or recurrent pleural pathology. Obtaining a post-removal chest X-ray (CXR), often referred to as the ‘post-pull’ CXR (pp-CXR), is a common practice among trauma providers.2   

Existing literature 

The utility of pp-CXR has been explored across various surgical disciplines, with a trend towards omitting the pp-CXR. In pediatric surgery, attempts to limit radiation exposure in children has highlighted the importance of this question. Multiple retrospective studies have demonstrated that pp-CXR can safely be omitted in children.3-5 In cardiothoracic surgery, numerous retrospective studies have concluded that pp-CXR likely have limited utility over clinical re-assessment in asymptomatic, spontaneously breathing patients.6-9 The trauma-specific literature has been more limited, but existing studies suggest post-removal CXR can safely be omitted in select patients.10 Data from our own institution presented at the Western Trauma Association 2024 annual meeting found that pp-CXR often identify radiographic findings, but infrequently lead to changes in management. 

Advantages of pp-CXR

Presumably, the major advantage of the pp-CXR is to rule out residual or recurrent pathology requiring intervention. In a meta-analysis of pp-CXR in trauma patients by Sweet et al, the authors studied the relationship between abnormalities on pp-CXR and need for reintervention.11 Among nonventilated patients, nearly a quarter of positive pp-CXR ultimately required intervention, while no interventions were required for patients without abnormalities on pp-CXR.11 The pp-CXR is highly sensitive, but has a poor specificity. Additionally, Sweet found that among those studies that reported on post-removal signs and symptoms, all patients who required reintervention were symptomatic and no patients with recurrent pathology were asymptomatic. However, only 2 studies included patient symptoms, and the meta-analysis was underpowered to draw conclusions. 

Disadvantages of pp-CXR

The potential harm of CXRs are low, especially for adult patients, but existent. As highlighted by the studies of pp-CXR in pediatric surgery patients, CXRs expose patients to small doses of radiation. When compared with clinical observation alone, pp-CXR are associated with an additional cost of $626.50 and a very slight reduction in quality of life years (QALYs) according to one cost-effectiveness study.12 Finally, as for any diagnostic test with poor specificity, when performed without a clear clinical indication, may yield findings with uncertain significance, potentially necessitating additional imaging or observation.  

The research on pp-CXR in trauma patients, reviewed above, is largely retrospective and single-institution. To date, the available literature in trauma patients has failed to demonstrate clear value for pp-CXR. Despite multiple existing studies across surgical domains suggesting limited utility of pp-CXR, this practice remains common amongst trauma surgeons. Without formal recommendations or practice guidelines from the Western Trauma Association, this practice will remain dictated by surgeon preference and prior training. In order to produce formal recommendations, additional robust, multi-institutional data which is sufficiently powered to test this question is needed.

II. Hypotheses and Specific Aims
Specific Aim #1: Evaluate the utility of routine pp-CXR among nonventilated trauma patients. 

Specific Aim #2: Compare the utility of routine pp-CXR and clinical pp-CXR among nonventilated trauma patients.

Specific Aim #3: Compare routine pp-CXR according to ventilation status (nonventilated and ventilated trauma patients) and CT size (small bore or large bore).  

III. Research Methods
A. Study Design & Population 

This will be a multi-institution retrospective cohort study of trauma patients who have a chest tube removed while admitted to a trauma service and any subsequent post-removal assessment and management of the patient. Patients who meet inclusion and exclusion criteria will be characterized according to whether or not a routine pp-CXR is performed. A routine pp-CXR is defined as a CXR performed within 24 hours of CT removal in a nonventilated, asymptomatic patient with the purpose of evaluating for post-removal chest tube complications. A clinical pp-CXR is defined as a CXR performed within 24 hours of CT removal due to the development of relevant respiratory signs or symptoms raising concern for post-removal CT complication. 
Demographics, mechanism and severity of injury, treatment and outcome variables will be compared based on these groups. 

The population will include any trauma patients who had a chest tube placed on initial admission to a trauma center, then survived to subsequent removal of the chest tube between January 2017 and January 2024. Exclusion criteria include patients under the age of 15 years old, pregnant patients, and incarcerated patients. Additionally, patients will be excluded if the patient died or had withdrawal of life sustaining support prior to CT removal. If the patient required multiple CT to be placed on initial presentation to hospital, only the final CT removed should be included in the study. 

B. Outcome Measures 

The primary outcome will be any radiographic finding on postremoval CXR following CT removal and any associated changes in clinical management including CT replacement, VATS or thoracotomy. A radiographic finding on CXR was defined as any recurrent or persistent PTX, retained HTX, or pleural effusion.

Secondary outcomes will include unplanned transfer to ICU, unplanned operation, hospital and ICU length of stay, total number of CXR performed over hospital admission and total number of CXR performed following CT removal. 

C. Variables [include a list of variables to be collected & analyzed]
Each participating institution will retrospectively identify patients who meet inclusion criteria for this protocol through relevant institutional trauma registries and patient EMR. Variables to be collected includes: 
· Participating institution information
· American College of Surgery Trauma Center Level 
· Annual trauma admissions and trauma activations 
· Existing institutional protocols or clinical practice guidelines for chest tube management and removal including indication for chest tube removal (i.e. trial of water seal, evaluation for air leak, maximum fluid output, resolution of PTX/HTX on preremoval CXR). 
· Demographics
· Age, sex, race, ethnicity
· Baseline clinical characteristics
· Medical comorbidities (diabetes, obesity, tobacco use, hypertension, COPD)
· Admission & hospital course
· Admission diagnosis & related information (diagnosis, injury severity score, admission service)
· Hospital course (hospital length of stay, intensive care unit length of stay, need for mechanical ventilation, operative procedures performed, discharge disposition, mortality)
· Treatments & interventions
· CT placement 
· Date & time[footnoteRef:1] [1:  Timing of CT placement should be approximated from the patients chart using one of the following methods (1) date/time recorded by nursing documentation on lines/drains/access (2) any written documentation by providers/nursing staff about placement of CT (i.e. procedure or progress note documenting CT placement) (3) corresponding to date/time a post placement CXR was ordered (if applicable)] 

· Location of CT placement (Emergency Department, operating room, procedure room[footnoteRef:2], ICU, floor) [2:  Procedure room refers to placement by interventional radiology] 

· Size of chest tube[footnoteRef:3] [3:  CT diameter in French. ] 

· Preremoval CXR[footnoteRef:4]  [4:  Any CXR performed 24 hours prior to CT removal, include only the CXR performed most immediately prior to CT removal ] 

· Radiology findings including presence of pneumothorax, hemothorax, or pleural effusion
· Date & time
· CT removal 
· Date & time[footnoteRef:5] [5:  Timing of CT removal should be approximated from the patients chart using one of the following methods (1) date/time recorded by nursing documentation on lines/drains/access (2) corresponding to date/time a pp-CXR was ordered (if applicable) (3) any written documentation by providers/nursing staff about removal of CT (i.e. procedure or progress note documenting CT removal)] 

· Development of any respiratory signs (decreased breath sounds, hypoxia, change in oxygen requirements, tachycardia, and hemodynamic instability) or symptoms (dyspnea, shortness of breath, and chest pain) after CT removal prompting CXR to be performed[footnoteRef:6] [6:  Development of relevant signs and symptoms determined from the written “indication” field of postremoval CXR ] 

· Postremoval CXR[footnoteRef:7] [7:  Any CXR performed 24 hours following CT removal, include only the CXR performed most immediately after to CT removal] 

· Radiology findings including presence of pneumothorax, hemothorax, or pleural effusion, with any comparative description with preremoval CXR (i.e. smaller, larger, resolved)
· Date & time  
· Complications or interventions following CT removal including CT replacement, VATS, thoracotomy 
· Event description 
· Date & time


D. Data Collection 
 
Participating institutions will identify patients who meet inclusion and exclusion criteria through an institutional trauma registry. Variables for each subject will be collected from the institutional trauma registry and abstracted from the electronic medical record. All data will be uploaded to a working dataset. 

Each participating institution will assign subjects a unique study ID in their working dataset. A linking dataset will connect the unique study ID with any protected health information needed to identify the patient. This linking dataset will not be shared between institutions and each institution will be responsible for securing the linking dataset.

E. Statistical Considerations 

Descriptive statistical analysis will be performed for all variables with frequency scores for categorical data and mean/standard deviation for normally distributed continuous data. Outcomes will be compared using Chi-squared or Fisher’s exact test for categorical variables, Wilcoxon rank sum test for nonparametric continuous variables and Student’s t-test for parametric continuous variables. Multivariable logistic regression analysis will be performed to assess for development of secondary brain injury. P-values of <0.05 will be considered significant. 
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