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History of E-cigarettes

• Herbert A. Gilbert, 1965 - First smokeless, non-tobacco cigarette

• Replaced burning tobacco and paper with heated, moist, flavored air

• Safe and harmless method of smoking







Modern E-cigarette

• Electronic Nicotine Delivery System (ENDS) 

• Hon Lik, Chinese research pharmacist, 2004

• He quit smoking after his father who was a heavy smoker, died of lung 
cancer

• Consists of a cartridge, an atomizer (vaporization chamber with a 
heating element), and a battery



E-cigarette parts

• “RUYAN”  - 2004

• Activation – by inhaling or 
pressing a button

• Atomizer – heats and aerosolizes 
the liquid creating “vapor”

• Vaping – smoking an E-cigarette 



Circulation. 2014;129:1972-1986. 



E-Liquid Constituents

Constituents Concentration/type Comments 

Nicotine 6mg/ml, 12mg/ml, 18mg/ml, 
24mg/ml

0 to 30ug  per puff (30 puffs - 1mg)
1 conventional cigarette – 1mg nicotine

Humectants Propylene glycol / glycerol / ethylene 
glycol

80% of liquid

Propylene oxide – carcinogen
Acrolein – upper respiratory tract irritation
Formaldehyde, acetaldehyde 

Flavors Candy, fruit, soda, alcohol To attract youth

Metals Tin, lead, nickel, chromium, arsenic, 
manganese, cobalt

From - Metallic coil, device and liquid 

J Thorac Dis 2019;11(12):5572-5585 



Vaping  - Cannabis

Cannabis concentrates (THC based oils, wax)

Constituents Comment Limitation / AE

Pesticides Used to grow cannabis May not be eliminated completely 
even after processing

Solvents Butane, hexane Case reports of severe pneumonitis 
(butane hash oil)

Flavors Diacetyl, acetoin Popcorn Lung (BO)

Cutting agents Vitamin E acetate Surfactant disruption

Addiction, 115: 587– 588



NHIS, cross-sectional survey –
2014
Computer based personal 
interview - 36,697 subjects

E-cigarette use highest in

• Males
• 18-24 years
• Whites
• Recent quitter

Nicotine & Tobacco Research, 2016, Vol. 18, No. 5 



Current tobacco product use among high 
school students (NYTS, 2011-2019)

MMWR Surveill Summ 2019; 68:1.



Reasons for E—cigarette use

MMWR / December 6, 2019 / Vol. 68 / No. 12 



E-cigarettes for smoking cessation 

• Cochrane review, 2016

• 2 RCTs, EC vs Placebo (non-nicotine), n=662

• 1 RCT, EC vs Nicotine patch, n=584

Cochrane Database of Systematic Reviews 2016, Issue 9. Art. No.: 

CD010216. 



E-cigarettes for smoking cessation

Cochrane Database of Systematic Reviews 2016, Issue 9. Art. No.: 

CD010216. 



E-cigarettes for smoking cessation 

Cochrane Database of Systematic Reviews 2016, Issue 9. Art. No.: 

CD010216. 



E-cigarettes for smoking cessation 

Cochrane Database of Systematic Reviews 2016, Issue 9. Art. No.: 

CD010216. 



Authors conclusion

• ECs help smokers to stop smoking in the long term compared with 
placebo ECs 

• Evidence – “LOW” GRADE

• The long-term safety of ECs is unknown 



EC vs NRT 

Study Population Intervention Comparator Outcome

Hajek, 2019

Pragmatic, RCT
multi-center - UK
NHS funded
May 2015 to Feb 
2018

N = 886
Smokers
1:1 randomization

Both groups –
behaviour therapy 
(4 weeks)

E-cigarette (“ONE 
KIT” – ASPIRE 
company)

18mg/ml nicotine 
conc

NRT (patch, gum, 
etc)

Primary –
1-yr sustained 
abstinence rate: 
18%  - EC 
9.9% - NRT

80% were using E-
cig at 1 yr vs
9% were using NRT 
at 1 yr

Long term use of E-
cig - dependence

N Engl J Med 2019;380:629-37



Smoking Cessation

• E-cigarettes replace or reduce conventional cigarette use

• However risk remains uncertain

• If an adult smoker is not willing for NRT, e-cigarettes can be advised as 
an alternative, as long as the smoker is informed about the safety and 
efficacy



Gateway Effect 

• Studies that evaluated the association between e-cigarette use 
among never cigarette smokers at baseline and cigarette smoking 
initiation between baseline and follow-up 

• 9 longitudinal studies

• 16,621 adolescents and young adults

JAMA Pediatr. 2017;171(8):788-797



JAMA Pediatr. 2017;171(8):788-797

E-Cigarette use was associated with greater risk for subsequent 
cigarette smoking initiation 



E-cigarettes and health



Pro-inflammatory effects of E-cigarettes – vapor condensate or 
flavorants

J Thorac Dis 2019;11(12):5572-5585 



E-cigarette use – epidemiological surveys

Cross sectional studies N EC use Outcome

Hong Kong, 2016 45,000 adolescents EC use in previous 
month 

Increased Cough or 
sputum production (OR 
2.1, 95% CI – 1.8 to 2.5)

South California, 2017 2000 high school 
students`

Past and current use of 
EC

2 fold increase in the 
risk of cough, sputum 
compared to never 
users

Health eHeart study, 
2018

40,000 subjects Current EC use Higher self ratings of 
dyspnea

BMJ 2019;366:l5275 



Spirometric study 

Study N Intervention Outcome 

Meo SA, 2019 30 (EC)
30 (controls)

EC use and spirometry 
after a period of 
abstinence (at least 1 
hr)

EC –
Lower FEV1 (4.6L vs 
5.2L; P=0.007)
Lower FEV1/FVC (77.4 
vs 83.4; P=0.001)

Can reflect acute 
bronchospasm rather 
than lasting changes

Am J Mens Health 2019;13:155 



Conventional Asthmatic smokers on switching 
to EC 
Study N Primary outcome Limitations

Polosa, 2014
Retrospective study

18 mild to moderate 
Asthmatic smokers

Improvement in 

FEV1 and 

Performance in 
methacholine 
challenge test

No change in Asthma 
exacerbations

Small sample

Int. J. Environ. Res. Public Health 2014, 11, 4965-4977 



EC use and Asthma

• Pooled data of Behavioral risk factor surveillance system (BRFSS) 2016 and 
2017

• Cross sectional, self reported, telephonic survey in USA

• 4,02,822 adults aged > 18 years, lifetime smoking < 100 cigarettes

• 3103 (0.7%) were current e-cigarette users 

• 34,074 (8.5%) with asthma 

Osei et al. BMC Pulmonary Medicine (2019) 19:180 



EC use and Asthma

The odds ratio of self-reported 
asthma
• 1.39; (95% confidence interval: 

1.15, 1.68) in current EC users

• 1.31 (95% confidence interval: 
1.05, 1.62) in occasional EC users 

• 1.73 (95% confidence interval: 
1.21, 2.48) in daily EC users 
compared to never e-cigarette 
users 

Osei et al. BMC Pulmonary Medicine (2019) 19:180 



Conventional smokers with COPD switching to 
EC

• Retrospective study 

• Four Italian hospitals in the outpatient setting 

• September 2013 to December 2015

• 48 COPD patients, 1 year follow up

• Those who continued to smoke CC versus those who switched to EC

Polosa et al. Respiratory Research (2016) 17:166 CC – conventional cigarette



Polosa et al. Respiratory Research (2016) 17:166 



Decreased exacerbations
Improved CAT scores

No improvement in FEV1

Retrospective study
Small sample 

Polosa et al. Respiratory Research (2016) 17:166 



RCT, CC to EC switch

Study Population Intervention Comparator Outcome

Cravo, 2016
RCT, parallel group

Safety profile

CC smokers 
switching to EC for 
12 weeks

N = 408

Age:21-65 years

5-30 cig/day for at 
least 1 year

EC (n=306) CC (n=102) Adverse events in 
EC group  (total –
1515 events)

• more common 
in 1st week 
after switching 
– “nicotine 
withdrawal”  
(495 events)

A.S. Cravo et al. Regulatory Toxicology and Pharmacology (2016) 81:114 



A.S. Cravo et al. Regulatory Toxicology and Pharmacology (2016) 81:114 



Summary 

• In healthy adults smoking EC causes increase in cough, sputum 
production and dyspnea

• EC smokers have higher rates of self reported asthma

• Insufficient evidence of benefit  in CC smokers with COPD on 
switching to EC 

• Nicotine withdrawal symptoms are the most common adverse events 
in COPD patients switching from CC to EC



August 2013
BAL – 74% eosinophils
Improved with oxygen, IV Abx, Steroids



September 2015

Improved with conservative Rx
No specific cause identified

Open Journal of Emergency Medicine, 2015, 3, 18-22 



June 2018

BAL 
26% neutrophils
13% lymphocytes
22% eosinophils

Pediatrics. 2018;141(6):e20163927 





• July 10, 2019 – August 27, 2019

• Wisconsin Department of Health Services (WDHS) – 28 cases 

• Illinois Department of Public Health (IDPH) – 25 cases

• Received reports of pulmonary disease of unclear cause associated 
with the use of e-cigarettes and related products



Timeline

• July 10, 2019 - Children’s Hospital of Wisconsin - Notified 5 previously 
healthy adolescents admitted with dyspnea and respiratory failure to 
WDHS

• History and w/u – inconclusive, except for a history of recent EC use 

• July 25, 2019 – WDHS issued an alert of the clinical syndrome
• July 31, 2019 - IDPH – contacted WDHS for clinical treatment guidance for a 

similar patient 
• August 1, 2019 - Joint WDHS and IDPH – initiated public health 

investigation
• August 20, 2019 - CDC – deployed epidemiological assistance field team 

(Epi-Aid) 



These surveillance case definitions are from the Centres for Disease Control and Prevention and 
are meant for surveillance purposes and not for clinical diagnosis 







9 cases met Berlin criteria of ARDS
2 cases underwent ECMO, 1 died

Of the 48 patients who underwent CT imaging 
4 cases of pneumomediastinum 
5 pleural effusions
1 case of pneumothorax

One patient had both pneumomediastinum 
and a pneumothorax

one patient had both pneumomediastinum 
and pleural effusion





Test N/Comments

BAL 24 patients

BAL – DC 14 patients
Median
E – 0% (0-6)
N - 65% (10-91)
L – 7% (1-40)
M – 21% (2-68)

Lipid laden macrophages with Oil red O stain 7/14

TBLB 3 patients

OLB 2 patients

HPE DAD and foamy macrophages
Non-specific inflammation
Interstitial and peribronchiolar GI



A – DAD
B – AEP
C – HP
D –Giant cell pneumonitis 

(cobalt)

N ENGL J MED 381;15 



MMWR / September 13, 2019 / Vol. 68 / No. 36 



• 5 patients with respiratory 
failure

• All – recent use of marijuana oils 
in EC

• BAL on day 3-5 – extensive lipid 
laden macrophages 

Diagnosis of Acute lipoid 
pneumonia was made:

• EC containing oils

• Consistent radiology 

• Lipid laden macrophages in BAL

• All five patients improved with 
IV steroids





N ENGL J MED 382;8 



Vitamin E acetate

• Thickening agent in illicit 
products (THC) 

• Enhance quality and appearance

• Provide desirable taste and 
aroma

• Lower product cost

• Dietary supplement – Vitamin E

• Skin creams

• Inhalational effects – uncertain

• Viscosity – makes it undesirable 
as an additive to nicotine 
solutions



Vitamin E acetate

• Vitamin E acetate is the ester of 
vitamin E (α-tocopherol) and 
acetic acid

• Long aliphatic tail - can 
penetrate a layer of surfactant to 
align the molecule in parallel 
with phospholipids

• Phosphatidylcholines undergo 
transition from a gel to a liquid 
crystal-line phase when exposed 
to increasing amounts of 
tocopherols

• Transitioning causes the 
surfactant to lose its ability to 
maintain the surface tension



BAL analysis

51 patients of EVALI 

• 25 – confirmed 

• 26 – probable

99 healthy participants  

• 52 nonusers

• 18 current nicotine EC users

• 29 current cigarette smokers 









Vitamin E acetate not seen in BAL – 3 cases

Reasons : 

• Vit E acetate may have been cleared from lungs

• Inadequate processing of BAL

• Alternate diagnosis in one patient



• In Minnesota, 10 of 10 products seized by law enforcement during 2018, 
before the EVALI outbreak, did not contain vitamin E acetate

• 20 of 20 THC-containing products seized by law enforcement during 
September 2019, at the peak of the outbreak, contained vitamin E acetate

• This finding is consistent with laboratory measurements and trade 
websites, which suggests that the addition of vitamin E acetate to product 
fluid began to appear in the illicit market in late 2018 or early 2019 and 
gained popularity in 2019



MMWR / January 24, 2020 / Vol. 69 / No. 3 



As of Feb 18, 2020  
• 2807 hospitalized, 
• 68 deaths in US



MMWR / November 22, 2019 / Vol. 68 / No. 46 







CDC recommends

• Not to use THC containing EC

• Vitamin E acetate should not be added to any EC

• People should not add any other substances not intended by the 
manufacturer

• Adults using nicotine containing EC should not go back to smoking; if 
possible they should consider using FDA approved smoking cessation 
medications

• EC should not be used by youths, young adults, pregnant women



Conclusion

• EC should not used by youth

• If an adult smoker is not willing for NRT, EC can be advised as an 
alternative, as long as the smoker is informed about the safety and 
efficacy (but not in INDIA – as we have already banned)

• THC and Vitamin E acetate are associated with EVALI



Thank you


