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• E-cigarettes (2003)

─ (액상형) 전자담배

─ 액체카트리지를가열, 흡입

─ 100~250℃

• Heated tobacco products (2014)

─ 궐련형전자담배, 가열담배, 찐담배

─ 궐련스틱을가열, 흡입

─ 300~350℃

E-cigarettes vs. heated tobacco products



E-cigarettes

US Federal Emergency Management Agency 2017
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/index.htm
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E-cigarette battery and explosions in US

US Federal Emergency Management Agency 2017 
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Injuries form e-cigarette explosions

Roger et al. J Oral Maxillofac Surg 2016;74:1181-1185; Katz et al. N Engl J Med 2019; 380:2460; Plast Reconstr Surg Glob Open 2020;8:e2752



Inhalation injury

Patterson et al. J Burn Care Res 2017;38:e95–e100
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Battery
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E-cigarette atomizer

Chun et al. Am J Physiol Lung Cell Mol Physiol 2017;313: L193–L206



E-cigarettes as a source of toxic metals

• Cartomizer liquid of five brands

Hess et al. Environ Res 2017;152: 221-225



• Analyze cartomizer aerosols using electron microscopy and 
spectroscopy

Williams et al. PLoS ONE 2013; 8(3): e57987

Metal and silicate particles in e-cigarette aerosol



E-liquid

• Nicotine

• Vegetable glycerin (VG)

• Propylene glycerol (PG)

• Flavoring agents

E-liquid

Atomizer

Battery
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Harmful chemicals from e-cigarettes

• Three different refill e-liquids

• E-liquid: PG, glycerin, nicotine, ethanol, acetol, and propylene oxide

• Aerosol: 31 compounds, including nicotine, formaldehyde, 
acetaldehyde, glycidol, acrolein, acetol, and diacetyl

Sleiman et al. Environ. Sci. Technol. 2016, 50, 17, 9644–9651



• Inhalation exposure to aerosolized PG for 28-days (rat)

Werley et al. Toxicology 2011; 287: 76–90

Safety evaluation of PG aerosol



Flavoring components ─ diacetyl

• Butter flavoring; 70% of sweet e-cigarettes

• In 2000, 8 persons formerly worked at a microwave-popcorn plant 
reported to have severe bronchiolitis obliterans

• 117 employees of the popcorn plant

Kreiss et al. N Engl J Med 2002; 347:330-8



• 22 of the 39 e-cigarette refill fluids

• E-cigarette aerosol → solution → exposure → recovery

Flavoring component ─ cinnamaldehyde

Behar et al. Tob Control 2016;25:ii94–ii102
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Short-term effects on PFT and FeNO

• 30 healthy smokers, effects of e-cigarette use for 5 minutes

• FeNO, spirometry, impulse oscillometry

Vardavas et al. CHEST 2012; 141(6):1400–1406

Characteristics
Pre-

Mean
Post-
Mean

Mean
Difference

95% CI of 
the Mean Difference,

Lower - Upper

Pre vs Post
P Value

Feno, ppb 13.02 10.89 22.14 2 3.53 to -0.74 .005

Flow resistance

IOS Z5Hz, kPa/(L/s) 0.376 0.409 0.033 0.016 to 0.050 <.001

IOS R5Hz, kPa/(L/s) 0.367 0.397 0.031 0.014 to 0.048 .001

IOS R10Hz, kPa/(L/s) 0.325 0.353 0.029 0.013 to 0.045 .001

IOS R20Hz, kPa/(L/s) 0.299 0.329 0.030 0.010 to 0.050 .005



Short-term effects on PFT and FeNO

• 30 healthy smokers, e-cigarette use for 5 min

• FeNO, spirometry, impulse oscillometry

Vardavas et al. CHEST 2012; 141(6):1400–1406



• 10 smokers and 10 non-smokers, nicotine-free e-cigarette use for 5 min

• Smokers: FEV1 (102.2% vs 99.5%, P=0.041), FEF25 (103.4% vs 94.2%, P = 
0.014)

Ferrari et al. BMC Pulm Med 2015;15:120

FEV1 FEF25

P=0.041
P=0.014

Short-term effects of nicotine-free e-cigarettes



Lappas et al. Respirology 2018; 23: 291–297

Healthy smoker
Smokers with mild asthma

Short-term effects in smokers with asthma

• 27 healthy smokers and 27 smokers with mild asthma, e-cigarette use 
for 5 min

Z5 R5 R10



Lappas et al. Respirology 2018; 23: 291–297

Healthy smoker
Smokers with mild asthma

• 27 healthy smokers and 27 smokers with mild asthma, e-cigarette use 
for 5 min

Short-term effects in smokers with asthma

FeNO
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• Alveolar macrophage from 8 never smokers

Scott A, et al. Thorax 2018;73:1161–1169

ECL, E-cigarette liquid; 
ECVC, E-cigarette vapour
condensate;
nfECL, nicotine-free ECL;
nfECVC, nicotine-free 
ECVC

Pro-inflammatory effects of e-cigarette vapour condensate



• Exposure to sub-lethal 0.5% ECVC/nfECVC

Scott A, et al. Thorax 2018;73:1161–1169

Pro-inflammatory effects of e-cigarette vapour condensate

ROS IL-6 TNF-α



• Exposure to sub-lethal 0.5% ECVC/nfECVC

Pro-inflammatory effects of e-cigarette vapour condensate

Scott A, et al. Thorax 2018;73:1161–1169
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Lipoid pneumonia due to e-cigarette use

• F/42

• 7-month history of dyspnea, productive cough, fever

• Multiple times in the ED with similar complaints and had received 
several courses of antibiotics

• No evidence of infection

McCauley et al. CHEST 2012; 141( 4 ): 1110 – 1113



EVALI ─ outbreak identification

Date Event

July 10, 2019 Children’s Hospital of Wisconsin: 5 previously healthy adolescents 
- Progressive dyspnea, fatigue, hypoxemia
- Chest CT: GGO, predominantly in BLL 
- No infectious, rheumatologic, oncologic causes
- History of e-cigarette use  (+)

July 25, 2019 WDHS issued an alert to clinicians.
A physician in Illinois contacted WDHS for a patient with similar manifestation.

July 31, 2019 WDHS notified IDPH.

Aug 1, 2019 WDHS–IDPH public health investigation was initiated.

Aug 20, 2019 CDC epidemiologic assistance field team (Epi-Aid) was deployed.
Wisconsin Department of Health Services (WDHS)
Illinois Department of Public Health (IDPH)

Layden et al. N Engl J Med 2020;382:903-16



EVALI ─ case definition

Confirmed case Probable case

Use of an e-cigarette (vaping) or dabbing in 90 days before symptom onset

Pulmonary infiltrate on chest X-ray or CT

Absence of pulmonary infection by 
minimum criteria (respiratory viral panel and 
influenza PCR or rapid test negative) 
All other clinically indicated testing must be 
negative, if done (e.g., urine antigen testing 
for S. pneumoniae and legionella, sputum 
culture, BAL culture, blood culture, and 
presence of HIV-related opportunistic 
respiratory infections)

Infection identified by culture or PCR, but 
the caring team believes that this is not the 
sole cause of the underlying respiratory 
disease process
or the minimum criteria not met (testing 
not performed) and the caring team 
believes that this is not the sole cause of the 
underlying respiratory disease process

No evidence in medical record of alternative plausible diagnoses

Layden et al. N Engl J Med 2020;382:903-16



EVALI ─ radiographic findings

Layden et al. N Engl J Med 2020;382:903-16

12hrs later M/20 F/19

M/35 F/49



EVALI ─ pathologic findings

Butt et al. N Engl J Med 2019;381:1780-1781



Pulmonary Lipid-Laden Macrophages and Vaping

• 6 cases of EVALI

Maddock et al. N Engl J Med 2019; 381: 1488-9

M/21 F/25 M/29

M/23 M/23 M/47



Pulmonary lipid-laden macrophages and vaping

• Elevated levels of lipid laden macrophages on BAL assessment

Maddock et al. N Engl J Med 2019; 381: 1488-9

Bronchoalveolar 
lavage

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Lipid-laden 
macrophages (%)

>50 Approx. 50 30 25 >75 Approx. 60

Differential count (%)

Macrophages 32 79 71 61 43 46

Bronchial lining cells 12 2 7 1 5 0

Lymphocytes 5 0 3 9 14 25

Neutrophils 49 18 19 26 38 27

Eosinophils 12 1 0 3 0 2



Pulmonary lipid-laden macrophages 
─ not unique for EVALI

• LLM typically results from impaired pulmonary surfactant recycling 
and/or uptake of exogenous lipids and is indicative of impaired innate 
defense

• Research bronchoscopy on healthy nonsmokers, smokers, and vapers

Ghosh et al. Am J Respir Crit Care Med 2021;203(8):1030-103



Pulmonary lipid-laden macrophages 
─ not unique for EVALI

Ghosh et al. Am J Respir Crit Care Med 2021;203(8):1030-103



EVALI ─ vitamin E acetate in BAL fluid

• BAL fluid from 51 EVALI and 99 healthy participants

• Impair the ability of surfactant and form a toxic compound, ketene 

Blount et al. N Engl J Med 2020;382:697-705
Strongin et al. PNAS 2020;117:7553-7554

Toxicants EVALI
Healthy 

participants

Vitamin E acetate 48/51 (94) 0/99

Medium-chain 
triglyceride oil

0/49 0/63

Plant oil 0/49 0/62

Coconut oil 1/48 (2) 0/63

Squalane 0/38 0/98

Limonene 1/39 (3) 0/97

Petroleum 
distillates

0/12 0/98



An animal model of inhaled vitamin E acetate

• Exposure 10 mice to aerosols generated from vitamin E acetate, 10
mice to PG and VG, and 10 mice to air

Bhat et al. N Engl J Med 2020;382:1175-1177
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An animal model of inhaled vitamin E acetate

• Exposure 10 mice to aerosols generated from vitamin E acetate, 10
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Hospitalizations and Deaths Associated with EVALI

• Reported cases of EVALI to CDC

Variable
Patients with Fatal Cases

(n=60)
Patients with Nonfatal Cases 

(n=2558)

Presented initially in an 
outpatient setting

25/54 (46) 479/2320 (21)

Respiratory symptoms 55/56 (98) 1707/1779 (96)

Gastrointestinal symptoms 26/49 (53) 1343/1681 (80)

Admitted to an ICU 52/57 (91) 638/1504 (42)

Received ventilatory support 
with CPAP or BiPAP

32/56 (57) 179/1068 (17) 

Underwent endotracheal 
intubation

47/58 (81) 131/755 (17)

Received antibiotics 57/57 (100) 1154/1183 (98)

Received glucocorticoids 45/58 (78) 1252/1419 (88)

Werner et al. N Engl J Med 2020;382:1589-98
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Challenges in the study of e-cigarettes

• Rapid introduction of new devices (Heat-Not-Burn/IQOS) and rapid evolution of existing 
e-cigarette technology

• Minimal information from vendors about e-liquid content

• Lack of a standard “e-cigarette liquid/device” and standardization for e-cigarette aerosol 
generation and exposure

• Variability in operating parameters for devices (power, ambient conditions)

• Dual use of combustible cigarettes with other tobacco products including e-cigarettes, 
hookah, and marijuana

• Different devices across different countries and regulatory domains—for example, Juul 
contains 59 mg/mL nicotine in the US and 18 mg/mL in the UK

• Ethical considerations make study of addictive and potentially harmful liquids/devices in 
never-smokers challenging

• Outcomes related to chronic toxicity (for example, COPD) take many years to develop, 
so the true effects may not be known for decades

Gotts et al. BMJ 2019;366:l5275



Summary

• E-cigarettes (electronic cigarettes) vs. heated tobacco products

• Device
─ Battery: inhalation injury

─ Atomizer: silica and metal

─ E-liquid: VG, PG, flavoring components

• Spirometry (short-term effects): mixed results, but prominent effects 
on patients with pre-existing airway disease

• May impair host defense

• E-cigarette, or vaping, product use-associated lung injury (EVALI)

• Challenges in e-cigarette study
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