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Injuries associated with electronic nicotine delivery systems:
A systematic review

TomVyncke,MD, Edward DeWolf, MD,HenkHoeksema, PT, Jozef Verbelen, RN,MScN, Petra DeConinck, RN,
Marlon Buncamper, MD, PhD, Stan Monstrey, MD, PhD, and Karel E.Y. Claes, MD, Ghent, Belgium

BACKGROUND: Since its introduction on the market in 2007, the number of reports on injuries caused by the overheating, ignition, or explosion of
electronic nicotine delivery systems (ENDSs) has increased significantly. These injuries appear to have different causes, the most
important one being lithium-ion battery overheating to the point of ignition or explosion.

METHODS: A literature search for all relevant studies concerning ENDS-related traumatic injuries of all kinds was conducted, according to the
Preferred Reporting Items for Systematic Reviews and Meta-analyses protocol. The search started with the first introduction of
ENDSs in 2007 and ended February 2020. Articles included were reports on patients who sustained flame, chemical, or traumatic
injuries of the skin, soft tissue, and/or bone, related to the use of ENDSs.

RESULTS: This systematic review includes 180 patients from 41 case series and reports, published between 2016 and 2020. Themean agewas
30.8 years (range, 17–59 years) with an overall male predominance (168 of 180 patients, 93%). In most injuries, multiple anatom-
ical sites were affected, with the thigh/lower limb being the most commonly injured area (77%) followed by the upper limb/hand
(43%). Eighty-two patients (51%) required a surgical treatment, 70 patients (43%) were managed conservatively with dressings or
ointments, and 9 patients (6%) underwent enzymatic debridement. Thirty-five percent of all patients underwent skin grafting.

CONCLUSION: Injuries from overheating, ignition, or explosion of ENDSs are an emerging, underreported, and underresearched issue. There is a
need for increased regulation of ENDSs and improved surveillance of related injuries. Both health care providers and consumers
should be made aware of the risks and be advised about how to safely handle these devices. In contrast to other articles, this sys-
tematic review includes all types of injuries related to ENDS overheating, ignition, and explosion. To our knowledge, this is the
most extensive systematic review performed to date. (J Trauma Acute Care Surg. 2020;89: 783–791. Copyright © 2020 Wolters
Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Review article, level III.
KEYWORDS: Electronic nicotine delivery system; e-cigarette; battery; explosion; ignition.

T he first electronic nicotine delivery system (ENDS) was an
e-cigarette (EC) developed in 2003 by Hon Lik, a Chinese

pharmacist. Electronic nicotine delivery systems are composed
of a mouthpiece, a cartridge, a heating element, a microproces-
sor, and a battery.1 They include electronic cigarettes (ECs or
“cigalikes”) and personal vaporizers. E-cigarettes imitate the
look and feel of a traditional cigarette. They make use of dispos-
able “e-liquid” cartridges (see further), and their small batteries
can be either rechargeable or disposable. Vaporizers on the other
hand, use larger and rechargeable batteries, combined with a
tank to store e-liquid and a replaceable coil.2 All these devices
are designed to simulate the act of smoking, although with less
of the toxic chemicals produced by burning tobacco.3 Some
ENDSs are activated by inhalation, while other ones are manu-
ally activated by pressing a button. Once activated, the micropro-
cessor turns on the heating element, a coil, in contact with a
liquid solution (e-liquid), so to deliver vaporized e-liquid. The

chemical composition of this e-liquid varies significantly be-
tween manufacturers: generally, it includes nicotine, propyl eth-
ylene glycol, glycerol, and occasional impurities such as heavy
metals, which are intrinsically cytotoxic.4,5 Since their commer-
cialization in 2006, the popularity of ENDSs among young
adults has increased considerably, even surpassing that of
smoking tobacco products.6,7 According to recent studies,
ENDSs encountered a great popular success with more than
2.5 million users in the United States8 and 7.5 million Europeans
using an EC or vaping device.9

Electronic nicotine delivery systems are increasingly seen,
by the general public, as a less harmful alternative to traditional
methods of inhaled tobacco use.10 Some authors have addressed
their potential as a tobacco replacement in the context of a public
health harm reduction strategy,11,12 and several studies have in-
vestigated their potential as a smoking cessation aid.13,14 In
2015, an expert independent review concluded that ENDSs are
significantly less harmful than tobacco.1 However, a 2014 sys-
tematic review already stated that the long-term effects are un-
known and that the general public is insufficiently informed
about the known adverse health effects including the risk for
traumatic and burn injuries.10 Furthermore, evidence establish-
ing a link with smoking cessation is lacking, and there is grow-
ing evidence of these devices presenting new dangers.11,15,16

The potential toxicity of ENDS vapor and its potential for in-
creasing tobacco use have also been addressed.17–21 In 2016,
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Madsen et al.22 published a case report suggesting that ENDSs
can induce inflammation and mimic responses found in metasta-
tic cancer. One year later, Fracol et al.23 found EC vapor to be
cytotoxic to endothelial cells, independently of nicotine content.
Moreover, several authors have described a recently identified
(2019) lung disease linked to ENDS use: e-cigarette or vaping
product use–associated lung injury.19–21

As previously mentioned, the power source of ENDSs
usually is a battery that can be recharged or replaced. Recharge-
able lithium-ion batteries are by far the most commonly used
batteries in these devices, which are susceptible of overheating,
igniting, and/or exploding.24 This may occur through a phenom-
enon known as “thermal runaway,” when a lithium-ion battery
short-circuits because of overheating, exposure to moisture, ex-
cessive or improper charging, excessive external heat, direct
contact with metallic objects, or physical damage to the bat-
tery.25 Thermal runaway is an uncontrollable exothermic reac-
tion among the anode, cathode, and flammable electrolytes
within the battery itself. This happens when increases in temper-
ature and pressure cause the battery to rupture and potentially ig-
nite and/or explode, possibly causing an array of injuries.26 In
recent years, the number of reports worldwide on injuries due
to overheating, ignition, and/or explosion of these devices has
increased exponentially. Between 2015 and 2017, there were
an estimated 2035 ENDS explosion and burn injuries presenting
to US emergency departments (95% confidence interval,
1107–2964). This is more than 40 times the number of injuries
reported by the Food and Drug Administration from 2009 to
2015.27 Corey et al.28 estimated the incidence of ENDS-related
burn injuries in the United States in 2016 to be around 1,007
(95% confidence interval, 357–1657). Numerous case studies
have shown that, in addition to the thigh, the genitalia, hands,
or face is often injured as well. In addition to burns, different
maxillofacial fractures have also been described.18

The aim of this study was to provide an overviewof all rel-
evant studies concerning ENDS-related traumatic injuries of all
kinds: burn injuries (flame and chemical) and traumatic injuries
of the skin, soft tissue, and/or bone (e.g., fractures), to estimate
the implications on immediate management with a particular fo-
cus on surgical versus conservative treatment.

PATIENTS AND METHODS

This systematic review was prospectively registered in
PROSPERO.

The reporting of this systematic reviewwith the key words
e-cigarette, ENDS, battery, explosion, ignition, lithium, and
burn was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses protocol (Fig. 1).29

Before the literature search, a study protocol was formulated.
The literature search itself started with the introduction of
ENDSs in 2006 and ran until February 2020. PubMed, Web of
Science, Google Scholar, Scopus, Embase, and Cochrane Li-
brary database searches were performed, based on the inclusion
and exclusion criteria defined by the study team (Table 1). The
initial search resulted in 1,637 articles. Articles included were
reports (case reports, meta-analyses, randomized controlled
trials, reviews, and systematic reviews) on patients (age,
0–99 years) who sustained flame, chemical, or traumatic injuries

of the skin, soft tissue, and/or bone caused by, or in the context
of, using ENDSs. Non-English articles and publications with in-
sufficient information were excluded from this systematic re-
view. Nonmedical reports such as news articles or institutional
reports were excluded as well. To extend our literature search,
the bibliographies of the articles we selected were also screened
for missed publications.

RESULTS

A total of 41 articles met the inclusion criteria (Table 2).
Our search yielded 18 case reports and 23 case series, adding
up to a total of 180 cases, published between 2016 and 2020
in a variety of medical journals.7,8,18,25,30–66 The incidents took
place in the United States, the United Kingdom, Canada,
Germany, France, Belgium, and Malaysia. To our knowledge,
this is the most extensive review on this topic, as all kinds of
traumatic injuries were included in contrast to other systematic
reviews limited to burn injuries.1,67

In this systematic review, the mean age was 30.8 years
(range, 17–59 years) with most patients being male (168 of
180 patients or 93%). In 94% of patients, burn wounds were
present and needed treatment. In the majority of cases (62%),
ENDSs (or an isolated battery) overheated, ignited, and/or ex-
ploded in pants pockets. In 10% of cases, the devices caused in-
juries while being used, and in another 10% while being
handheld without being activated. Seventy-seven percent of pa-
tients sustained injuries to the lower limb (mostly thigh), 43% to
the upper limb (mostly hand), and 10% to the genitalia, and 8%
suffered injuries to the face. The average TBSA was 4.72%
(range, 0%–16%) with the most frequent burn depth being a com-
bination of partial thickness and full thickness burns, followed by
partial thickness burns alone. Overall, 43% of patients were treated
conservatively, 51% required surgery, and 6% underwent enzy-
matic debridement for their deep partial and/or full-thickness burns.
Thirty-five percent of all patients underwent skin grafting.

In current literature, hospitalization and wound healing
as well as data on long-term follow-up are rarely reported.
Twenty-eight authors addressed (one of ) these topics, in a very
limited fashion, reporting a median hospital stay of 5.9 days
(range, 0–18 days), an average 95% wound healing time of
21.9 days (range, 14–61 days), and amean follow-up of 107 days
(range, 1–15 months).

Thus far, no official guidelines have been published on the
management of these injuries, and different treatment options
are still being investigated.

As a first step toward creating guidelines, different classi-
fications have been put forward to provide guidance for the ad-
equate management of these types of injuries.

In 2017, Patterson et al.53 presented a classification based
on the distinct injury patterns seen in their study. A numerical
classification was created, establishing a distinction between di-
rect and indirect injuries.

Direct injury:

• Type 1: Hand injuries while ENDSs were being held or kept
in the patient’s pocket. Severe hand burns can result in the
patient’s inability to work or care for himself/herself if the
functionalities of their hands are lost.68
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• Type 2: Face injury while ENDSs were being held or used.
These injuries may cause concern for upper airway injury
and may warrant an admission for airway observation. They
are unlikely to need autografting, since it is often a flash burn.

The face heals well because of abundant blood supply and
high density of skin adnexa for reepithelialization.69

• Type 3:Waist/groin injuries. These injuries are seen when the
EC explodes/ignites while being stored in the individual’s

Figure 1. Flow diagram of search strategy.29

TABLE 1. Literature Search Strategy

Search Strategy
Relevant/Total
No. Articles

PubMed: (“electronic nicotine delivery systems” [MeSH Terms] OR (“electronic” [All Fields] AND “nicotine” [All Fields] AND
“delivery” [All Fields] AND “systems” [All Fields]) OR “electronic nicotine delivery systems” [All Fields] OR “e cigarette”
[All Fields]) AND (“explosions” [MeSH Terms] OR “explosions” [All Fields] OR “explosion” [All Fields])

38/49

PubMed: (“electronic nicotine delivery systems” [MeSH Terms] OR (“electronic” [All Fields] AND “nicotine” [All Fields] AND
“delivery” [All Fields] AND “systems” [All Fields]) OR “electronic nicotine delivery systems” [All Fields] OR “e cigarette”
[All Fields]) AND (“burns” [MeSH Terms] OR “burns” [All Fields] OR “burn” [All Fields])

36/114

PubMed: ENDS [All Fields] AND (“explosions” [MeSH Terms] OR “explosions” [All Fields] OR “explosion” [All Fields]) 4/33

PubMed: (“lithium” [MeSH Terms] OR “lithium” [All Fields]) AND battery [All Fields] AND (“burns” [MeSH Terms] OR
“burns” [All Fields] OR “burn” [All Fields])

15/37

PubMed: (“lithium” [MeSH Terms] OR “lithium” [All Fields]) AND battery [All Fields] AND (“explosions” [MeSH Terms] OR
“explosions” [All Fields] OR “explosion” [All Fields])

16/41

Web of Science: TS = (E-cigarette and explosion); Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan = 2007–2020

22/31

Web of Science: TS = (e-cigarette and burn) Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan = 2007–2020

29/93

Web of Science: TS = (lithium battery and explosion); Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan = 2007–2020

32/275

Web of Science: TS = (Lithium battery and burn); Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Timespan = 2007–2020

19/160

Google Scholar: “E-cigarette AND ENDS AND burn AND explosion,” range 2007–2020 55/581

Embase: ‘electronic cigarette’:ti AND ‘explosion’:ti AND [2007–2020]/py 5/5

Embase: ‘electronic cigarette’:ti AND ‘burn’:ti AND [2007–2020]/py 3/7

Cochrane: electronic cigarette AND burn in Title Abstract Keyword— with Cochrane Library publication date Between
Jan 2007 and Mar 2020 (Word variations have been searched)

0/14

Scopus: TITLE-ABS-KEY (“electronic cigarettes” AND explosion) AND PUBYEAR > 2006 45/56

Scopus: TITLE-ABS-KEY (“electronic cigarettes” AND burn) AND PUBYEAR > 2006 46/141

Total 365/1,636
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pocket. Hand burns (type 1) may also accompany these inju-
ries because of the person trying to remove the burning cloth-
ing from his or her body or directly from the explosion with
the hand in close proximity to the explosion.

• Type 5a: Upper airway injuries that occur from the direct
flash or explosion of the ENDS.

Indirect injury:

• Type 4: House or car fire injuries after an ENDS ignites,
resulting in a house or car fire. These injuries are sustained
during attempts to contain or extinguish the fire that was
set off by the device.

• Type 5b: Chemical, subglottic inhalation injuries that occur
after inhaling smoke within a closed space (house or car),
from a fire that set off following explosion of the ENDS.

In 2018, Serror et al.59 published a classification based on
four different mechanisms of burn injury:

• Type A: Thermal burns with flames due to the phenomenon
of thermal runaway. These are the most frequent burns. There
is a deeper burn injury in the center of the burn area.

• Type B: Blasts lesions secondary to explosion. Foreign bod-
ies should be looked for during clinical examination with ra-
diographies or a computed tomography scan if necessary.
Foreign bodies should be removed/excised.

• Type C: Chemical alkali burns caused by spreading of the
electrolyte solution. This can be confirmed by means of a
pH test, and mineral oil should be used to avoid an exother-
mic reaction.

• Type D: Thermal burns due to overheating though without
flames. These are the least frequent burn injuries and happen
because the button is locked in the heating position.

The most common mechanism of injury described in this
systematic review is of type A (thermal burns due to thermal
runaway) according to the classification of Serror et al.59 with
the most frequent injury pattern being type 3 (waist/groin inju-
ries) according to Patterson et al.53

DISCUSSION

With the increasing popularity of ENDSs, there is a rise in
the incidence of burns and other injuries related to the use of
these devices. Apart from ENDSs, burns can also be caused, al-
beit rarely, by the explosion of other devices using a lithium-ion
battery, such as mobile phones and flashlights.70,71 The specific
build shape of an ENDS battery seems to make these devices
particularly susceptible to this kind of failure.63 Because there
is no requirement to report every ENDS injury, the number of
cases reported in this review can be considered as a strong un-
derestimation of the actual frequency of these types of injuries.

If a lithium-ion battery gets breached, patients can be ex-
posed to lithium cobalt oxides or lithium manganese oxides.
These may leak onto the skin and can be absorbed by the
body.35,47,60,72 Increased blood levels of these metals can sporad-
ically lead to heavy metal poisoning.60 Since (burn) physicians
usually have limited experience with this pathology, they should

bemade aware of this risk when encountering ENDS-related inju-
ries. Cobalt toxicity occurs when serum concentrations reach
about 100 μg/mL. This chemical can have adverse effects on
heart, skin, and nervous systems and may lead to dysfunction
of vision and hearing.60 Manganese toxicity, on the other hand,
has psychological and neurological effects, which may lead to
changes in behavior and hallucinations.73 Kite et al.35 reported
high cobalt and manganese levels in a patient’s plasma because
of an ENDS explosion. Debridement and removal of all foreign
materials from the wound led to subsequent decrease of these
metals’ concentration in the patient’s plasma.35

Although some authors advise to irrigate the affected burn
site with water,49 a thorough irrigation should not be performed
because contact between these chemical compounds and water
can set off a vigorous exothermic reaction producing alkali lith-
ium hydroxide and hydrogen gas.74 Nicoll et al.36 reported this
phenomenon of alkali chemical burns, and Herlin et al.34 as
well as Claes et al.66 mentioned their patients experiencing
severe pain after local wound care including irrigation with
water. This corroborates the findings of Nicoll et al.36 con-
cerning the possible interaction between lithium metals and
water causing an exothermic reaction. According to the au-
thors, the symptomatology was discordant with the apparent
depth and surface of the burns.

As mentioned previously, there are no specific guidelines
for the management of lithium-ion battery chemical burns. Dif-
ferent articles advise pH testing in case of a suspected exposure
to these compounds. An alkali pH around 9 to 10 at the site of
injury, with a normal pH of the adjacent unaffected skin, con-
firms the hypothesis. When confirmed, these burns should not
be irrigated with water, as the exothermic reaction can lead to
both thermal and chemical burns.34 In accordance with Nicoll
et al.,36 some authors recommend early cleaning and debride-
ment of the wounds and the use of mineral oil to cover the
burns.36,48,72 Herlin et al.34 also advocate the idea of an early
and aggressive debridement to remove chemical deposits. They
describe an incomplete skin graft take and persistent severe pain
in their patient, indicating that their debridement only led to a
partial elimination of the chemical agents.

When ENDSs ignite or explode in close proximity of the
face (e.g., when smoking), there is a risk for ocular injury. Ocu-
lar exposure to alkaline substances can cause significant cornea,
conjunctiva, and anterior segment injuries, which carry a poor
prognosis depending on the grade of the injury.75 In our center,
the Ghent Burn Centre, a hypertonic, amphoteric, polyvalent,
and chelating decontamination solution (Diphoterine; Laboratoire
Prevor, Valmondois, France) is now used in the treatment of cuta-
neous and ocular chemical burns.76

Literature review showed that a variety of different manage-
ment options have been used in the treatment of ENDS-related
burns, ranging from conservative treatment with conventional
dressings to surgical debridement, enzymatic debridement, or
hydrosurgery, with or without skin grafting.64 However, these
ENDS-specific treatments are based on limited experiences in
single cases or case series and therefore provide a poor quality
of evidence. The standard care of a burn injury remains surgical
techniques (debridement with or without skin grafting) combined
with outpatient management (dressing and ointment). In this sys-
tematic review, 43% of patients underwent a surgical procedure.
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Enzymatic debridement on the other hand, has gained greater
relevance in the past few years.77,78Nexobrid (MediwoundGermany
GmbH, Russelsheim) is a recent nonsurgical, enzymatic tool to
treat deep partial thickness and full-thickness burn injuries. It is
specific and selective in the removal of the eschar and other
dead tissues without harming the surrounding healthy tissues,
reducing blood loss, and possibly the need for skin grafting.64

Its use is contraindicated by the manufacturer for the treatment
of chemical or mixed burns. Off-label use, however, as sug-
gested by Claes et al.,66 can be recommended after thorough ir-
rigation of the burn, to remove the chemical substance. Despite the
long mean healing time of 48 days (range, 35–61 days), no hyper-
trophic scarring was observed at follow-up. No clinical nor labora-
tory adverse events occurred, substantiating the safety and value of
enzymatic debridement after ENDS-related burns.66 Furthermore,
the selectivity and simplicity of the enzymatic method make
bedside treatment of burns possible (TBSA <10% and without
comorbidities).78 This is certainly useful in the treatment of
older patients and patients with health issues for whom surgical
debridement is not advised.

Regarding preventive measures, in the first place, the
manufacturers should invest in research and development so as
to improve the safety features of the batteries.67 Brown and
Cheng5 recommend that manufacturers prevent thermal runaway
by using circuits that protect against overcharging, integrating cut-
offs for thermal power, and using internal overpressure relief
mechanisms. Second, health professionals should advocate the
regulation of ENDS batteries and the prohibition of ENDSs in
places where ignition or explosion of these devices could lead
to major destruction. Moreover, both the public health profes-
sionals and the ENDS manufacturers need to increase efforts to
inform users about safe handling practices for batteries. This in-
formation should be targeted toward groups experiencing ENDS
injuries most often, mainly young males.45,67

While the long-term effects have been extensively discussed,
for example, the potential carcinogenicity of certain e-liquid com-
ponents as well as e-cigarette or vaping product use–associated
lung injury, there has been minimal consideration of mechanical
risks.7 The burn severity and the commonly injured locations
substantiate the need for an even stricter regulation of ENDSs
and their manufacturing, as well as improved dissemination of
information on incidents, for safety and prevention purposes.67

Until now, no official guidelines have been published on the
management of injuries related to ENDSs. The proposed classifica-
tion into burn types as put forward by Patterson et al.,53 although
thought-provoking, has mostly been used in their own study. The
added value of this classification in its effort to provide guidance
in the adequate management of these types of injuries seems lim-
ited, and therefore, it has not (yet) been adopted by the burn society.
The additional value of the classification, as described by Serror
et al.,59 seemsmore straightforward, as there is a direct link between
their proposed groups and the recommended treatment, although it
has not been widely accepted by the burn society either.

In conclusion, with the increasing popularity of ENDSs,
a further rise in the number of patients presenting with
ENDS-related injuries, can be expected. It is thus crucial that
all health care professionals treating these (burn) injuries be
aware of the complexity of injuries associated with these devices
and be able to manage them appropriately.1 In accordance with

Jones et al.,1 we propose that all patients presenting with ENDS-
related burns should receive pH testing using Litmus paper,
before irrigation. In case an alkali burn is confirmed, the wound
should first be managed using mineral oil or another nonaque-
ous substance, to prevent the potential exothermic burn injuries
secondary to the chemical components of the ENDS. The flow-
chart put forward by Jones et al.1 can be used by physicians as a
guidance when being confronted with these types of injuries.

1. Assess for soft tissue or bony injury secondary to the blast
component.

2. Assess for inhalation injury/airway compromise if a blast
occurred while using the device.

3. Check the wound pH with Litmus paper before irrigation
of the burn injury. If the pH is alkaline, use mineral oil (or
another nonaqueous substance66), and if it is neutral, use
standard practice.

4. Consider surgical (or enzymatic66) debridement and skin
grafting versus conservative management.

CONCLUSIONS

Injuries from overheating, ignition, or explosion of ENDSs
are an emerging, strongly underestimated and underresearched
topic. There is growing evidence that ENDSs are in fact a public
safety concern, which demands increased regulation and design
changes to improve their safety.

The etiology of ENDS explosions is still unclear, and there
are no specific guidelines on their unique management. Because
of the risk of lithium-ion leakage following a breach in the battery,
pH testing before irrigation should be advised, and caution should
be exercised when exposing these burns to irrigation with water.
The use of mineral oil or other nonaqueous substances to cover
these burns should be advocated, followed by early cleaning and
debridement to remove any residual lithium contamination.When
surgical debridement is not an option (e.g., in older patients and
patients with health issues), enzymatic debridement can be a treat-
ment option for these types of injuries as well.

Most incidents could be prevented through battery design
regulation and public education related to ENDS battery safety.
Improved surveillance of ENDS-related injuries is needed, and
both the users and health care providers should be made aware of
the risks and be advised about how to safely handle these devices.

In contrast to other articles, this systematic review in-
cluded all injuries related to ENDS overheating, ignition, and ex-
plosion. To our knowledge, this is the most extensive systematic
review performed to date.
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