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Dermatologic manifestations associated

®
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updates

with electronic cigarette use
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Background: Electronic cigarette use continues to rise, yet there are no reviews summarizing dermatologic
manifestations associated with electronic cigarettes in the literature.

Objective: To review the literature regarding cutaneous manifestations associated with electronic cigarette
use and increase awareness of side effects associated with this rapidly developing public health epidemic.

Methods: The PubMed database was searched for related literature. All studies involving the effects of
electronic cigarette use on the skin or mucosa were obtained and reviewed for evidence.

Results: Contact dermatitis, thermal injuries, and oral mucosal lesions have been reported with the use of
electronic cigarettes.

Limitations: The conclusions presented in individual case reports or series are not based on randomized
controlled trials.

Conclusion: Electronic cigarettes can present with harmful dermatologic manifestations. (J Am Acad
Dermatol 2019;81:1001-7.)
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lectronic nicotine delivery systems are devices

that utilize thermal energy produced by a

heating coil to vaporize a liquid, creating an
aerosol that can be inhaled to mimic the effects
of tobacco smoking. Electronic nicotine delivery
systems can come in many varieties, including the
popular electronic cigarette (e-cigarette) (Fig 1).'
Commonly thought of as a safe and clean
replacement during the process of quitting
traditional tobacco smoking, e-cigarettes have now
been demonstrated by the literature to be associated
with an increased prevalence of dermatologic
conditions. For example, Hua et al conducted a
review of online e-cigarette forums in search of
health effects and reported symptoms. Of the total
of 481 e-cigarette users posting a symptom in the
forums, 67 (13.9%) reported a dermatologic

symptom, including dermatitis, burns, acne, boils,
bumps, blisters, and various other symptoms.” In
light of these findings, we conducted a review of the
most current literature describing the dermatologic
conditions associated with the use of e-cigarettes
(Table ).> "2

EPIDEMIOLOGY

E-cigarettes were first introduced into the US
market in 2007."" Since then, the use of e-cigarettes
in the United States has skyrocketed. In 2010-2013,
use e-cigarette among US adults increased from 3.3%
to 8.5%."7 In 2016, 3.2% of US adults were active
e-cigarette consumers, and 15.4% had used an
e-cigarette at least once."" This compares with the
15.5% of US adults who were current cigarette
smokers in 2016."” Furthermore, a 2016 study
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showed that 2 million US middle and high school
students reported the use of an e-cigarette device in
the last 30 days, with 4.3% of the responses coming
from middle school students and 11.3% coming from
high school students.'” Traditional cigarettes were
used by only 8% of high school students and 2.2% of
middle school students. "

As e-cigarettes do not
contain carcinogens or tar, a
common misconception is
that they are safe to use.
However, there is a rapidly
growing body of literature
questioning the safety of
e-cigarettes. Current data
suggest an association be-
tween e-cigarette use and
harmful effects to the respi-
ratory and cardiovascular
system, leading to increased
arterial stiffness, increased
blood pressure, irregular
heartbeats, lung inflammation, and an increased
risk of cardiovascular disease, respiratory disease,
and death.'*"”

CONTACT DERMATITIS

Over the last 3 years, an increase in the number of
cases of contact dermatitis secondary to e-cigarette
use has been reported. This is secondary to the
release of nickel from e-cigarette devices. The source
of nickel in an e-cigarette is the heating coil, which is
used to vaporize the liquid into an aerosol for
inhalation by the user.”” The nickel is transmitted
through the device, thus frequently irritating the
dominant hand used to hold the e-cigarette.

Maridet et al reported the first case of contact
dermatitis associated with e-cigarette use. With a
known history of allergy to nickel, a woman
developed a scaly, erythematous rash to her
dominant hand after using an e-cigarette. Analysis
of the patient's device demonstrated a positive
reaction on a dimethylglyoxime (DMG) nickel spot
test. Subsequently, their team analyzed multiple
e-cigarette devices (11 in total), and found 4 devices
testing positive on a DMG nickel spot test.” Ormerod
and Stone reported a similar case involving an indi-
vidual who also had a history of allergic reaction to
nickel (belt buckles, costume jewelry). This patient
had used an e-cigarette device for 2 to 3 months in an
effort to stop smoking traditional cigarettes. She
developed an erythematous, itching rash to her
dominant hand. Erythema and swelling of the lips
also developed.” Shim and Kosztyuova reported an
additional 2 cases of contact dermatitis caused by

CAPSULE SUMMARY

» Use of electronic cigarettes is becoming
increasingly prevalent, but there are few
data summarizing the dermatologic
effects associated with their use.

Dermatologists should be more
cognizant of electronic cigarette use
when taking a social history of patients
presenting with new oral lesions, contact
dermatitis, or burn injuries.
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nickel release from e-cigarette devices. Two patients
had begun to use e-cigarettes in an effort to quit
traditional cigarette smoking. Both patients demon-
strated erythematous, scaly, and pruritic patches of
the hands. One patient showed involvement of the
face as well. Both devices were positive on a DMG
nickel spot test, and the patches resolved with
cessation of e-cigarette use.’

Therefore, clinicians
should consider e-cigarettes
in suspected cases of contact
dermatitis in individuals with
a confirmed allergy to nickel
on patch testing.

THERMAL INJURY
Electronic cigarettes are
commonly equipped with
lithium-containing batteries
that allow for long battery
life and small packaging into
the e-cigarette device. The
use of lithium-containing batteries is associated with
multiple inherent risks that were previously
described by Brown and Cheng.”’ Poor product
design, manufacturing failures, and use of low-
quality materials in the production of the lithium-
containing batteries used for e-cigarettes have led to a
lack of internal thermal regulation in certain devices’
battery component. With faulty internal thermal
regulation, the battery can rise in temperature to
such an extent that it results in a fire and/or explosion
or rise to a temperature that induces contact thermal
burns without actually catching fire. This cycle is
known as thermal runaway, and it is the mechanism
behind e-cigarette—related cutaneous injuries.”’
Thermal runaway can lead to multiple different
types of burn injuries sustained from e-cigarettes that
are mentioned in the subsequent cases. Thermal
injuries can be caused by devices that are in close
contact with the skin while reaching excessive
temperatures, with or without generating a flame,
leading to cutaneous burns. Explosion injuries due to
thermal runaway can also result in thermal injuries,
and they have the added potential to expel the alkali
chemical contents inside the lithium battery upon
explosion, resulting in chemical burn injuries.
Additionally, the explosion of an e-cigarette can
lead to blast injuries, resulting in severe soft-tissue
in addition to thermal injuries, tooth loss, and the
need for more drastic surgical repair of tissue defects.”
Between 2015 and 2017, an estimated 2035
individuals with explosion and burn injuries
from e-cigarettes presented to US emergency
departments, which is more than 40 times the
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Abbreviations used:

BHT: black hairy tongue
DMG: dimethylglyoxime
e-cigarette: electronic cigarette
IL: interleukin

OML: oral mucosal lesion

number of injuries reported by the US Food and
Drug Administration from 2009 to 2015.”* As shown
in Table I and Fig 2,” numerous body locations are
involved in thermal injuries from e-cigarettes,
including the hands, thighs, lower legs, head, and
external genitals.

In the largest of the 4 case series presented in this
review, Ramirez at al report on 30 cases of cutaneous
burns experienced by patients from e-cigarette
batteries. An explosion was identified in 26 of 30
cases (87%). Their case series demonstrated a mean
burn size of 4% of the total body surface area, with
the most common locations being the thighs, hands,
and genitalia. Almost all patients (26 of 30) required
hospital admission, and 9 patients required surgery
as a result of their injuries. The devices causing injury
in this case series were primarily being carried idle
on personal attire at the time of explosion.”

Jiwani et al reported on 10 patients who sustained
an injury attributed to e-cigarette batteries. Of those
patients, 9 sustained a thermal injury and 1 sustained
both a thermal and blast injury from e-cigarette
explosion. Treatment varied according to depth
and extent of the burn. Five patients were treated
nonoperatively. The remaining 5 required surgical
intervention, including surgical debridement or
excision and split-thickness skin grafting.” Maraqa
et al reported an additional 8 patients who sustained
unspecified cutaneous burns related to explosion
injuries from e-cigarette lithium-ion batteries. Of
their 8 patients, 5 developed partial-thickness burns
and 3 had full-thickness burns; 2 of their 8 patients
required skin grafting.”

Another study by Brownson et al demonstrated 15
cases of e-cigarette explosion injuries due to the
lithium-ion battery component. Of their patient
cohort, 80% demonstrated thermal burn injuries,
whereas 33% demonstrated chemical burn injuries.
Uniquely, they noted that their 15 case patients
presented during the period from October 2015
through June 2016. In contrast, 25 patients involved
in such incidents presented during the period of 2009
through 2014.” Their comparison demonstrates a
sharp uptick in the number of incidents of thermal
injury related to the e-cigarette thermal runaway
phenomenon.
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Fig 1. Electronic cigarette design. Depicted is the standard

electronic cigarette design. LED, Light-emitting diode.
(Reproduced with permission from Rom et al.")

ORAL LESIONS

Oral mucosal lesions (OMLs) have long been
shown to be associated with tobacco smoking.”!
The current literature does not demonstrate a
reduced risk in the development of OMLs by
switching from traditional cigarettes to e-cigarettes.
In fact, an increased prevalence of OMLs has been
demonstrated in e-cigarette users.'’ For example,
Bardellini et al demonstrated a higher percentage of
OMLs in e-cigarette users, with 3 individual types of
inflammatory lesions in the oral cavity being
more prevalent than in former smokers: nicotine
stomatitis, hyperplastic candidiasis, and black hairy
tongue (BHT).'"” Each of these oral mucosal
conditions is discussed in the following sections, as
is a case of an oral lichenoid reaction associated with
e-cigarette use. Importantly, the cohort of Bardellini
et al and the individual case patients of OMLs
discussed in the following sections comprise
former traditional cigarette users who began using
e-cigarettes after quitting. Although there was no
mention of a history of OMLs during use of
traditional cigarettes by the individuals discussed in
these articles, the lack of an explicit statement saying
that there was no history of OMLs calls into question
the validity of the prevalence of OMLs in e-cigarette
users compared with in former smokers and/or
active traditional cigarette users.

Nicotine stomatitis
Nicotine stomatitis, also known as stomatitis
nicotina or smoker’s keratosis, is an irritating
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Table 1. Studies demonstrating dermatologic manifestations due to e-cigarette use
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Condition

Cases, n Location/demographic

Year

Reference

Contact dermatitis

Thermal injury

1 Dominant hand

1 Dominant hand, lips

2 Bilateral hands

10 Left thigh (5)

Right thigh (3)
Scrotum (1)
Left arm/hand (2)
Right arm/hand (3)
Head (1)
Chest (1)
Males (9) (age range, 19-46 y)
Females (1) (age, 18 y)

8 Left thigh (4)
Right thigh (2)
Scrotum (2)
Left hand/arm (2)

2015
2017
2018
2017

2018

3

4
5
6

Right hand/arm (1)
Left lower extremity (2)
Right lower extremity (1)

Chest (1)

Males (8) (age range, 17-47 y)

15 Face (3)

2016 8

Hands (5)
Thigh or groin (8)

30 Thigh, hands, genitalia®

2017 K

Males (NM)
Females (NM)

NM
NM

Nicotine stomatitis
Black hairy tongue
Hyperplastic candidiasis NM
Oral lichenoid reaction
Oral cancer

N = 00 —= N O

Female

2017 10
2017 10
2015 "
2017 10

Male (age, 55 y) 2016 12
Males (2) (ages, 59 and 66 y)

2017 !

NM, Not mentioned.

*No specific mention of the exact number of injuries at each anatomic site.

condition of the oral mucosa. Clinical presentation
involves diffuse gray or white color change to the
hard palate that may progress to interspersed
mucosal thickening and fissuring demonstrating the
classic “cracked mud” appearance associated with
this condition (Fig 3).”"** Bardellini et al found a
statistically significant increased prevalence of
nicotine stomatitis in e-cigarette users compared
with in former smokers.'” Exposure of the palatal
mucosa to nicotine or chemical compounds
introduced into the liquid to add flavor may be an
etiologic factor. However, this speculation differs
from previous theories, suggesting that that nicotine
stomatitis is the result of high amounts of heat being
concentrated in the mouth from smoking or
consuming extremely hot beverages, rather than
the nicotine itself.”**® Thus, further investigation is
needed to clarify this pathophysiology.

Hyperplastic candidiasis

Hyperplastic candidiasis is caused by an over-
growth of Candida species in the oral cavity, most
commonly Candida albicans. Tt historically presents
as white patches on the oral mucosal commissures
and is associated with a wide spectrum of risk
factors, including diabetes mellitus and immunosup-
pression.”’ In a comparison of e-cigarette consumers
with former smokers, Bardellini et al discovered a
statistically = significant increased prevalence of
hyperplastic candidiasis in e-cigarette consumers.'’
It was noted that although the presence of
hyperplastic candidiasis has been demonstrated in
smokers before, there have been no data about
e-cigarette consumers. Bardellini et al presumed that
the increase in hyperplastic candidiasis could be due
to a favorable pH alteration induced by chemical
compounds used for the flavoring of e-cigarettes. '
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Fig 2. Thermal burn injuries. Images from separate patients who experienced thermal burns

related to electronic cigarettes. (Reprinted with permission from Elsevier from Hickey et al.”®

Fig 3. Nicotine stomatitis. Nicotine stomatitis in an
individual who was a heavy pipe tobacco smoker.
(Reproduced with permission from Neville and Day.?”)

Oral lichenoid reaction

Oral lichen planus commonly presents with
radiating white-gray papules forming a fine, lacy,
reticular pattern known as Wickham striae.”” Allergic
oral lichenoid reactions do likewise, making it
difficult to clinically distinguish them from oral
lichen planus.”” Bartram et al reported the first
known patient to develop an allergic oral lichenoid
reaction following e-cigarette use. The patient
presented with an 8-week history of right buccal
mucosa ulceration and coinciding 8-week history of
e-cigarette use. Physical examination demonstrated
a white reticular patterned striae on the oral mucosa
and lower lip, with biopsy confirming a florid
lichenoid reaction (hyperkeratosis with lichenoid
inflammation). After the individual switched from a
high-concentration propylene glycol brand of
e-cigarette to a lower—propylene glycol concentra-
tion brand, there was mild persistence in 1 location
on the lower lip but resolution of all other oral
lichenoid lesions.'” As the treatment that led to
resolution was lowering propylene glycol levels,
one could pinpoint propylene glycol as the causative
agent in e-cigarettes that led to this oral lichenoid

reaction. However, patch testing was not performed
to confirm this potential allergic reaction. Although
propylene glycol is used as an effective vehicle for
topical preparations, its use has not been without
significant adverse cutaneous effects. Propylene
glycol has been linked to allergic contact dermatitis
and irritating effects of the skin, especially in high
doses. Although unconfirmed, exposure to a contact
allergen has been suspected to be a factor
contributing to the lichen planus eruption.”” Thus,
it could be suggested that propylene glycol exposure
in e-cigarette use initiated an aberrant immune
response, which in turn initiated a lichenoid
eruption. Interestingly, Bardellini et al did not find
statistical significance in the prevalence of lichen
planus in e-cigarette consumers versus in formers
smokers.'’ Two of the former smokers demonstrated
lichen planus, whereas no e-cigarette consumers
demonstrated the condition.

BHT

BHT, or lingua villosa nigra, is a benign,
asymptomatic condition that involves 2 pathologic
components: elongation of filiform papillae
secondary to lack of desquamation on the dorsal
aspect of the tongue and discoloration of the tongue
as a result of an altered oral environment, leading to
the growth of porphyrin-producing chromogenic
bacteria or yeast.”' Multiple risk factors for BHT
have been established. One study found a
particularly prevalent association with tobacco use
in older adult males.”” Here, we discuss a case of
BHT associated with e-cigarette use.

Farinha and Martins reported a case of BHT in an
e-cigarette smoker who had recently switched from
traditional cigarettes in an effort to quit smoking.
After using an e-cigarette for 2 weeks, the patient
developed an asymptomatic black discoloration of
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her tongue. After a diagnosis of BHT was made, the
patient stopped using the e-cigarette and began
using a tobacco cigarette. This resulted in
spontaneous resolution of her discoloration.
Interestingly, when she began using her e-cigarette
again, the discoloration re-emerged."'

In line with the findings of Farinha and Martins,""
Bardellini et al demonstrated a statistically significant
greater prevalence of BHT in e-cigarette consumers
than in former smokers.'” The group speculated
that this higher prevalence may be due to
smoking-associated pH changes, mucosal drying
effects, high intraoral temperatures, local alteration
of membrane barriers and immune responses, or
altered resistance to fungal and viral infections.
Therefore, clinicians should consider obtaining a
thorough social history when encountering BHT.

CONCLUSION

Tobacco cigarette smoking has historically been
linked to dermatologic conditions, including oral
leukoplakia, psoriasis, hidradenitis suppurativa,
cutaneous squamous cell carcinoma, oral candidiasis,
lingua villosa nigra, acne, and alopecia.™~” Although a
common misconception is that e-cigarettes are a safe
alternative because of the lack of carcinogens and tar in
e-cigarette liquid, there is early evidence that they are
also harmful to human skin. Exposure to e-cigarette
smoke has been shown to reduce cell viability,
change ultrastructure, and induce the release of
proinflammatory cytokines (interleukin 6 [IL-6], IL-8,
and IL-10) in human keratinocytes.” Additionally, the
negative impact of e-cigarettes on neutrophil function
has been speculated to play a negative role in psoriasis
and other systemic conditions. "'

With these cytologic effects in mind, the
association between e-cigarettes and the multiple
skin-related conditions outlined in this review
suggest that e-cigarettes are not safe alternatives
to traditional tobacco cigarettes in terms of
development of dermatologic issues. As the use
of e-cigarettes continues long-term and the
number of users rises, additional studies should
investigate the dermatologic manifestations of
e-cigarette consumption.
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