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Smoking is a known risk factor for spontaneous pneumothorax. Several recent published case reports, (Bonilla et al., 2019; Lo, 2017; Skertich, Sullivan, Madonna, & Shah, 2019), describe 1-2 cases of pneumothorax in persons who vaped or used e-cigarettes. However, no independent link between vaping and pneumothorax or pneumomediastinum has been rigorously established.

During the ongoing investigation of e-cigarette and vaping-associated lung injuries (EVALI), several states have incidentally identified reports of individuals who:
1. Experienced pneumothorax or pneumomediastinum, 
2. Have a history of vaping, and
3. Do NOT meet the case definition for EVALI, because they do NOT have pulmonary infiltrate. 

In addition, states have identified individuals who:
1. Experienced pneumothorax or pneumomediastinum, 
2. Have a history of vaping, and
3. DO meet the case definition for EVALI, because they DO have pulmonary infiltrate. 

We propose leveraging the infrastructure of the ongoing EVALI investigation to examine pneumothorax and pneumomediastinum in people who vape or use e-cigarettes. The subgroup investigation will help better describe the potential spectrum of health harms linked to vaping by answering the following questions:

1. Clinical Characteristics. What are the clinical characteristics of pneumothorax/pneumomediastinum in people who vape or use e-cigarettes, and do these injuries differ in frequency and/or severity from what would be expected in the general population?
2. Risk Profile. What are the demographic characteristics, substance use behaviors, and health risk profiles of individuals who vape or use e-cigarettes and experience pneumothorax or pneumomediastinum?
3. Alternative Explanations. Can the incidence of pneumothorax or pneumomediastinum in people who vape or use e-cigarettes be explained by other known risk factors, such as smoking combustible tobacco or cannabis?
4. Comparison with EVALI. Does pneumothorax or pneumomediastinum in people who vape appear to have a similar set of risk factors to EVALI, or do they have distinct risk factors, suggesting an alternative mechanism of harm?

Analysis plan:
The approach combines a case series designed to characterize the clinical features of vaping-associated pneumothorax or pneumomediastinum with a case-control study designed to compare the risk factors for pneumothorax or pneumomediastinum to the risk factors for EVALI.

Case Identification
States will identify case patients by reviewing reports of possible EVALI made to health departments over the course of that investigation. In addition, states may choose to do additional case-finding methods, like putting out a call for cases or conducting a separate review of syndromic surveillance. If a syndromic surveillance query is developed, that would be shared with other states.

Case Definition
A case of pneumothorax/pneumomediastinum will meet the following criteria:
· Pneumothorax AND/OR pneumomediastinum on chest radiograph or CT
AND
· Using an e-cigarette (“vaping”) or dabbing in the 90 days prior to symptom onset
AND
· NO statement in medical record of proximal acute cause (traumatic injury, medical procedure injury, mechanical ventilation)
AND
· NO other acute abnormal pulmonary infiltrates identified prior to, or concurrently on, chest radiograph or CT (does NOT meet criteria for EVALI)

A case of pneumothorax/pneumomediastinum + EVALI will meet the following criteria:
· Pneumothorax AND/OR pneumomediastinum on chest radiograph or CT
AND
· Using an e-cigarette (“vaping”) or dabbing in the 90 days prior to symptom onset
AND
· NO statement in medical record of proximal acute cause (traumatic injury, medical procedure injury, mechanical ventilation)
AND
· Evidence of pulmonary infiltrate identified prior to, or concurrently on, chest radiograph or CT (DOES meet criteria for EVALI)

Data Collection
Data collection will proceed through a combination of chart abstraction and interview. The case-report form for collection will be the same as for the EVALI investigation, with the addition of a small number of questions specific to:
· The clinical features of pneumothorax/pneumomediastinum e.g., extent of collapse, unilateral or bilateral
· Identification of known risk factors for pneumothorax/pneumomediastinum, including immediate coughing or pain after use, inhalation behaviors, BMI

Data Aggregation
States will collect data separately on the new case report form, enter them into a standard spreadsheet with an accompanying data dictionary, and share uniformly coded spreadsheets with a single state partner for analysis. 

Data Analysis
The analysis described below will be conducted separately for cases of pneumothorax/pneumomediastinum without pulmonary infiltrates and cases of pneumothorax/pneumomediastinum that also meet EVALI criteria, as these two types of cases may have different etiology.

1. Clinical Characteristics. Clinical characteristic data will be aggregated from the case-report forms and compared qualitatively to published literature on the typical features of these injuries.
2. Risk Profile.  Demographic, substance use, and medical condition data will be aggregated from the case-report forms and compared qualitatively to published literature on the typical profile of individuals who experience these injuries.
3. Alternative Explanations. We will identify all cases for whom at least one other known risk factor for pneumothorax/pneumomediastinum (e.g., smoking, COPD) is identified, and calculate the proportion of cases where none of these risk factors are present.
4. Comparison with EVALI. To determine if EVALI and pneumothorax/pneumomediastinum have distinct risk factors, we will compare the demographic, substance use, and medical characteristics of pneumothorax/pneumomediastinum patients (“cases”) with EVALI patients (“controls”) using odds ratios. We will restrict the EVALI sample to only states that contribute data to this investigation. 

Proposed Table Shells: See attached, 5-8.
	
What are the implications for public health practice or prevention?
This paper would represent the first published study (beyond simple case reports) to explore the potential link between vaping or using e-cigarettes and pneumothorax/pneumomediastinum. This will also include the first description of methods of inhalation for vaping/e-cigarette products in the context of the current EVALI outbreak.

Analysis of these cases will contribute to the understanding of the potential risks of vaping/e-cigarette use. Results can be used to strengthen public health messaging about the risks of vaping, and to inform clinical practice. 

Communication/policy issues: 
Authors will utilize careful language to differentiate between cases of pneumothorax/pneumomediastinum, cases of EVALI, and those who meet both case definitions. 
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	Table 1. Summary of clinical features of vaping-associated pneumothorax and pneumomediastinum.
	

	
	All
	With NO Pulmonary Infiltrate
	With Pulmonary Infiltrate

	
	N
	N (% of all)
	N (% of all)

	Type of injury
	
	
	

	Pneumothorax
	n (%)
	n (%)
	n (%)

	Pneumomediastinum
	n (%)
	n (%)
	n (%)

	
	
	
	

	Age at onset (mean)
	mean (sd)
	mean (sd)
	mean (sd)

	Male
	n (%)
	n (%)
	n (%)

	Race/ethnicity
	
	
	

	White, non-Hispanic
	n (%)
	n (%)
	n (%)

	African American
	n (%)
	n (%)
	n (%)

	Hispanic/Latino
	n (%)
	n (%)
	n (%)

	Other race/ethnicity
	n (%)
	n (%)
	n (%)

	
	
	
	

	Clinical presentation
	
	
	

	Any respiratory symptom
	
	
	

	Chest Pain
	n (%)
	n (%)
	n (%)

	Cough
	n (%)
	n (%)
	n (%)

	SOB
	n (%)
	n (%)
	n (%)

	Any GI symptom
	
	
	

	Nausea
	n (%)
	n (%)
	n (%)

	Vomiting
	n (%)
	n (%)
	n (%)

	Other constitutional symptoms
	
	
	

	Fever
	n (%)
	n (%)
	n (%)

	Chills
	n (%)
	n (%)
	n (%)

	Weight loss
	n (%)
	n (%)
	n (%)

	Lowest O2 saturation (mean, SD)
	mean (sd)
	mean (sd)
	mean (sd)

	
	
	
	

	Clinical risk factors
	
	
	

	Prior pneumo
	n (%)
	n (%)
	n (%)

	Chronic respiratory disease
	n (%)
	n (%)
	n (%)

	BMI (mean, SD)
	mean (sd)
	mean (sd)
	mean (sd)

	Positive for any infection
	n (%)
	n (%)
	n (%)

	
	
	
	

	Clinical management
	
	
	

	Observation only
	n (%)
	n (%)
	n (%)

	Needle aspiration
	n (%)
	n (%)
	n (%)

	Chest tube
	n (%)
	n (%)
	n (%)

	Surgery
	n (%)
	n (%)
	n (%)

	Treatment settings
	
	
	

	Outpatient
	n (%)
	n (%)
	n (%)

	Urgent care
	n (%)
	n (%)
	n (%)

	ED
	n (%)
	n (%)
	n (%)

	Hospitalized
	n (%)
	n (%)
	n (%)

	Admitted to ICU
	n (%)
	n (%)
	n (%)

	Highest level respiratory support
	
	
	

	Room air only
	n (%)
	n (%)
	n (%)

	Nasal canula
	n (%)
	n (%)
	n (%)

	Oxygen mask
	n (%)
	n (%)
	n (%)

	Endotrachial intubation
	n (%)
	n (%)
	n (%)

	ECMO
	n (%)
	n (%)
	n (%)




	Table 2. Vaping characteristics of patients with pneumothorax/pneumomediastinum
	
	

	
	All
	With NO Pulmonary Infiltrate
	With  Pulmonary Infiltrate

	Totals
	N
	N
	N

	
	
	
	

	Vape nicotine
	n (% of total)
	n (% of total)
	n (% of total)

	Any flavors
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Sources
	
	
	

	Specialty vape/smoke shop
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Store (e.g., convenience)
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Pop-up shop
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Online
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Bought from illicit dealer
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Family or friend
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Devices
	
	
	

	Disposable
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Cartridges (e.g., vape pen)
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Refillable tanks
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Pods (e.g., Juul or Suorin)
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Typical length of inhale
	
	
	

	<2 seconds
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	2-5 seconds
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	> 5 seconds
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Hold in side of mouth
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Hold aerosol in mouth before inhaling
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Exhale through device before inhaling
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Inhale/exhale after refill to prevent dry-whicking
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Do tricks that involve exhaling/re-inhaling aerosol
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	Shared products with someone who also had injury
	n (% of nicotine users)
	n (% of nicotine users)
	n (% of nicotine users)

	
	
	
	

	Vape THC
	n (% of total)
	n (% of total)
	n (% of total)

	Any flavors
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Sources
	
	
	

	Specialty vape/smoke shop
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Store (e.g., convenience)
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Pop-up shop
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Online
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Bought from illicit dealer
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Family or friend
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Devices
	
	
	

	Disposable
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Cartridges (e.g., vape pen)
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Refillable tanks
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Pods (e.g., Juul or Suorin)
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Typical length of inhale
	
	
	

	<2 seconds
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	2-5 seconds
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	> 5 seconds
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Hold in side of mouth
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Hold aerosol in mouth before inhaling
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Exhale through device before inhaling
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Inhale/exhale after refill to prevent dry-whicking
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Do tricks that involve exhaling/re-inhaling aerosol
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)

	Shared products with someone who also had injury
	n (% of THC users)
	n (% of THC users)
	n (% of THC users)




	Table 3. Presence of other possible proximal causes of pneumothorax/pneumomediastinum
	

	
	All
	With NO Pulmonary Infiltrate
	With Pulmonary Infiltrate

	Clinical Factors:
	
	
	

	Family history of PT/PM
	n (%)
	n (%)
	n (%)

	Personal history of other lung disease
	n (%)
	n (%)
	n (%)

	Epidsode of intense vomiting before onset
	n (%)
	n (%)
	n (%)

	Episode of intense coughing before onset
	n (%)
	n (%)
	n (%)

	Blebs on chest X-Ray
	n (%)
	n (%)
	n (%)

	Hobbies:
	
	
	

	Scuba diving
	n (%)
	n (%)
	n (%)

	Extremely vigorous excercise
	n (%)
	n (%)
	n (%)

	Motorcycle riding
	n (%)
	n (%)
	n (%)

	Exposures:
	
	
	

	Any smoking
	n (%)
	n (%)
	n (%)

	Tobacco
	n (%)
	n (%)
	n (%)

	Cannabis
	n (%)
	n (%)
	n (%)

	Other inhalational substance use
	n (%)
	n (%)
	n (%)

	Cocaine
	n (%)
	n (%)
	n (%)

	Other
	n (%)
	n (%)
	n (%)


	
	
	

	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	Table 4. Odds ratio for risk factors comparing Cases of Pnuemothorax/Pnuemomediastinum with Cases of EVALI
	

	
	EVALI
	PT/PM with NO infiltrates
	PT/PM with infiltrates

	
	n (%)
	n (%)
	Odds Ratio
	n (%)
	Odds Ratio

	Behavioral Risk Factors
	
	
	
	
	

	Vape nicotine
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Vape nicotine flavored
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Vape THC
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Vape THC flavored
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Smoke tobacco
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Smoke cannabis
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Inhale cocaine
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Inhale other drugs
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	Clinical risk factors
	
	
	
	
	

	Chronic respiratory disease
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)

	BMI < 18.5
	n (%)
	n (%)
	OR (95% CI)
	n (%)
	OR (95% CI)
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