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Abstract

Background: According to data from the National Center for Health Statistics and the Centers
for Disease Control and Prevention (CDC), about 8.1 million adults and 2.55 million adolescents
in the United States (US). use electronic cigarettes (ECs). With the number of vaping individuals
in the US increasing and the damage done by ECs to the lungs being so hazardous, in 2020, the
CDC was forced to declare an outbreak of Electronic Cigarette or Vaping Associated Lung
Injury (EVALLI). EC users, who consider themselves distinct from traditional cigarette smokers,
identify as vapers. This may present challenges for anesthesia providers in assessing smoking
status before surgery, potentially leading to complications during the perioperative period. This
literature review examined the acute and chronic side effects of ECs and their impact on surgical
patients under anesthesia. This literature review also offered recommendations for anesthesia
providers managing patients who vape.

Methods: For this quality improvement project, anesthesia providers at a large urban teaching
hospital in south Florida received an educational intervention tool with evidence-based
information. Anesthesia providers were educated on the negative side effects associated with the
use of ECs for surgical patients and potential perioperative management techniques that can be
utilized to avoid complications. A survey determined the knowledge of providers before and
after the educational intervention. Outcomes were measured by evaluating the variations in the
anesthesia providers’ knowledge of the negative side effects associated with electronic cigarettes
and perioperative management techniques for this patient population, pre and post intervention.
In order to generate reports, Qualtrics® software was used to create the surveys and analyze the
data.

Results: An educational intervention was designed and delivered via email to anesthesia
providers at a large urban hospital in south Florida. The goal of this educational intervention was
to improve their knowledge of the anesthetic implications for patients who vape. Pre- and post-
test scores were compared and evaluated. Overall, there was an increase in participant
knowledge following the educational intervention.

Discussion: Data collected from the surveys showed that participant knowledge regarding the
neurological, ocular, oropharyngeal, and cardiopulmonary effects from vaping and the anesthetic
implications for each of these organ systems increased. The most significant increase in
knowledge was regarding airway hyperresponsiveness and EC liquid flavorings. A small sample
size and the time frame for responses were limitations of this project.

Conclusion: Evidence-based research shows that patients who vape have an increased risk for
complications during the perioperative period, especially when their social history is
undisclosed. Results showed an increase in anesthesia provider knowledge regarding the
importance of obtaining a thorough preoperative evaluation in patients who vape, the potential
complications that can occur during the perioperative period, and the anesthetic implications that
can allow for increased patient outcomes in spite of this social comorbidity. Continued research
into vaping can lead to improvements in patient outcomes by standardizing preoperative
evaluations and perioperative management techniques for patients who vape.

Keywords: Electronic cigarettes, vaping, electronic cigarette liquid, health hazards, and
anesthesia
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Problem Identification

There is well documented evidence surrounding the perioperative risks associated with
cigarette smoking, the benefits of cessation of cigarette smoking prior to receiving anesthesia,
and the importance of performing a high-quality preoperative anesthesia assessment of cigarette
smoking status to quantify perioperative risk and determine intraoperative anesthetic
management.™ 2 2 While the evidence surrounding the health hazards of electronic cigarettes
(ECs) continues to rise, their sustained use by patients who undergo surgical procedures remains
high.* There is a constant onslaught of new information and data that can be derived from the
literature, so it can be assumed that a knowledge deficit could exist among anesthesia providers
in regards to the health hazards of ECs. Additionally, unlike traditional cigarettes, there is no
current standardized preoperative screening tool to identify patients at risk for intraoperative
anesthesia complications.* To compound these factors, the public misconception about ECs and
vaping is that they are healthier than traditional cigarettes, which may lead to their use going
unreported in the preoperative period.® These factors combine to create the perfect storm of
increased perioperative complications that appear to share many of the avertible problems
observed with patients who admit to traditional cigarette smoking when a thorough preoperative
anesthesia evaluation and assessment is performed.>

Background

The health hazards associated with the use of ECs impacts multiple organ systems in
humans and animals. The research shows that patients who use ECs experience increased airway
resistance, decreased oxygen saturation, and a decrease in fractional exhaled nitric oxide, which
indicates lung inflammation and oxidative stress.” The vapor from ECs causes an interruption in

pulmonary gas exchange and impairs immune function, increasing the risk for viral or bacterial



infection.2 Components found in the liquid aerosolized into the pulmonary system are the main
source of pulmonary damage.® These components have been found to cause increased airway
resistance, inflammatory hyperreactivity, impaired mucociliary clearance, increased oxidative
stress, impaired immune response, disruption of surfactant function due to conformational
change, and impaired gas exchange related to alveolar and parenchymal lung changes.® Review
of the literature found that individuals who use ECs that present to the hospital for pulmonary
complaints often are diagnosed with EVALLI, which is a disease process similar in progression
and mortality rate to adult respiratory distress syndrome (ARDS).%° Diagnoses following closely
behind EVALLI are pneumonia, pneumothorax, and exacerbated asthma attacks.'® These
pulmonary consequences impact intraoperative ventilatory management, emergence, and
extubation following surgical procedures.

The research shows that cardiovascular consequences of EC use lead to an increase in
heart rate, systolic blood pressure, and systemic arterial stiffness.” 8 The increase in arterial
stiffness, while reversible in healthy patients, is indicative of elastic fiber loss and increased
arterial wall fibrosis, which mimics disease processes like atherosclerosis.** *2 The result is
increased cardiac load, reduced coronary perfusion, and increased risk for M1.1* Components in
the liquid vapor generate carcinogenic compounds when heated and causes endothelial
dysfunction through multiple complex mechanisms.!! Research has shown that ECs cause
decreases in cardiac vagal tone and increases in sympathetic tone following use, which increases
morbidity and mortality through development of cardiac dysrhythmias; nicotine containing ECs
cause added effect.!3 14 The literature shows an association between EC use, increased reactive
oxidative species (ROS), and decreased protective compounds against ROS such as vitamin E

and nitrogen oxide species.'® This can lead to endothelial dysfunction, leading to disease



processes such as hypertension.™® The use of ECs in the short term has been shown to increase
both systolic and diastolic blood pressure, which further impacts the development of
hypertension.’® Research has shown an increased risk for M1 and heart failure due to components
in EC liquid.*®

In animal models, the particles found within the liquid of ECs are shown to cause
neurologic damage such as epigenetic alterations, mitochondrial dysfunction, inflammation,
oxidative stress, and disruption of neurotransmitter production and homeostasis.'’ Vitamin E
acetate, a common additive to EC liquid, is predicted to penetrate the human blood brain barrier
via passive diffusion, wreaking havoc on the central nervous system (CNS).2 Vitamin E acetate
byproducts cause CNS impairment and inflammation of neurovascular tissue.® '® Acute nicotine
intoxication increases likelihood of seizures.'® These factors are important for the anesthesia
provider in the emergence and post-operative recovery phase.® Negative outcomes from difficult
or delayed emergence due to the neurologic side effects of components of the liquid in ECs can
result in longer hospital stays, dangerous self-extubation, unintentional removal of medical
devices such as catheters, and injury.'® Caring for the eyes is part of the anesthesia provider’s
responsibility. ECs can cause unstable tear film, ocular surface dryness, and an inflammatory
response in corneal epithelial cells which increases the risk for corneal abrasions during
anesthesia.?>?! Nicotine induces nystagmus and causes vasoconstrictive effects on the blood flow
to the eyes which can increase the risk for injury in the form of cortical blindness or retinal
ischemia.?: 22

The use of ECs has been shown to negatively impact periodontal health and patients who
vaped were shown to have increased plaque, tooth decay, and bleeding of the oral cavity with the

temperature and contents of the vapor causing mouth lesions and ulcers.® 2 The components of



EC vapor increases oral inflammation and disrupts normal flora resulting in the development of
tooth loss, infection, and oropharyngeal cancer which can complicate laryngoscopy and
intubation.?* The components found in the liquid of ECs affects gastrointestinal health by causing
inflammation to the mucosa, which alters motility and causes nausea, vomiting, and diarrhea and
increases a patient’s risk for aspiration on induction and post operative nausea and vomiting.®
ECs cause liver enzymes to increase due to damage related to oxidative stress and increased
accumulation of fat in the liver resulting in altered metabolism of many anesthetics.® The kidneys
show signs of damage with ECs with hyperuricemia, increased creatinine levels, and albuminuria
along with elevated inflammatory markers that affect the clearance of anesthetic agents.®
Individuals who use ECs were at higher risk for bladder cancer and exposure to carcinogenic
compounds.?® Mice exposed to vapors from ECs were at increased risk for kidney disease due to
cellular changes occurring in the kidneys.?® Reproductive issues are associated with ECs are
hormonal imbalance, dysfunction of gonads, reduction in spermatogenesis and embryo
implantation, and diminishing milk production.®

The impact of ECs on musculoskeletal health result in increased osteoporosis risk,
muscle cell damage, and osteotoxicity, which can make positioning patients for surgical
procedures challenging.® Exposure to components of liquid found in ECs has a negative impact
on bone cell viability and impairs function of osteoblasts.?” The use of ECs causes delayed
wound healing in surgical patients due to decreased blood flow and tissue regeneration with
increased likelihood of surgical wound infections.?®

With acute use of ECs, the literature shows hematological changes such as worsening
endothelial function, increasing blood viscosity, and increasing oxidative and inflammatory

stress markers.® The literature shows that there is an increase in platelet aggregation in users of



ECs, which increases the likelihood of thrombosis, ischemia, and potential infarction.!® The
evidence surrounding the immunosuppressive effects of ECs and the exposure to the chemicals
found in the liquid in ECs has shown DNA damage due to oxidative stress in head and neck
cancers.?® There are several carcinogens found in the urine of individuals who use ECs, which
has links to several different forms of cancer in humans.°

The components of the liquid that is added to the EC that is then inhaled into the mouth
and lungs contains many additives like propylene glycol, glycerin (vegetable glycerin or
glycerol), water, flavoring, and sometimes nicotine or cannabis products including an oil
containing the psychoactive ingredient tetrahydrocannabinol (THC).3! Nicotine is either isolated
from the tobacco plant or made synthetically.3! The isolated nicotine contains known
carcinogens while the synthetic nicotine has been altered into a more potent product, nicotine
salts, which is used in newer EC products to produce a higher concentration of nicotine to be
absorbed by the user.3! The use of THC products varies widely, and it is difficult to determine
the exact concentrations in which they are used.3! The vaping of THC products through an EC is
better known as dabbing.!

The inhalation of these products, such as propylene glycol, vegetable glycerin, and
humectants, can cause pulmonary irritation.* When heated, these products break down and
cause severe airway epithelium injury and decrease the amount of oxygen that can be absorbed
from alveoli into arterial blood.*? The inflammatory cell counts in the lung and urinary
biomarkers increase as a result of inhalation of propylene glycol and vegetable glycerin.®?
Detectable measurements of heavy metals and microbial contaminants in the liquid can cause
severe consequences in the lungs and the rest of the body.! Just a few of the heavy metals and

microbial contaminants found in the EC liquid are metals such as aluminum, lead, and nickel
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with bacterial endotoxins and fungal glucans also discovered.® Carcinogenic compounds such as
formaldehyde, acetaldehyde, and acrolein along with organic chemic compounds such as
benzene, toluene, and styrene are also found in the EC liquid, which lead to many types of cancer
and lung diseases such as Chronic Obstructive Pulmonary Disease (COPD).3*

There are over 8000 flavorings on the market for ECs, and not all of them have been
studied to determine safety profile.3* The flavorings are grouped into desserts, fruity flavors,
sweets, popular beverages such as coffee or alcohol, spices and nuts, mint and tobacco, and an
unflavored option.3* Flavorings increase appeal to the EC product and changes perceptions
surrounding EC use in younger, more vulnerable populations.® Flavorings found in the EC
liquid are made using products such as diacetyl, guaiacol, geraniol, menthol, ethyl maltol, and
2,3-pentanedione.®! Diacetyls are known to cause bronchiolitis obliterans, popcorn lung, which
causes a disease process very similar to COPD.* Interestingly enough, certain flavors have
significantly worse toxicity in the lungs than others.3* These flavors are mint or menthol,
cinnamon, and strawberry.®* The adverse effects from these flavors include increased oxidative
stress, inflammatory biomarkers, and cytokine release in the lungs.®* Reduced cell proliferation
and increased airway hyperresponsiveness are toxic side effects noted from these popular flavor
choices.3

Scope of the Problem

Martins et al. reviewed the global frequency of EC users and following the inclusion of
43 articles and 1.2 million participants and found that 10.7% were EC users with the age range of
higher percentage users being ages 18-24 years.>> Males were the most common gender to use
ECs, and the countries with the highest prevalence of EC users were Croatia (52.88%), New

Zealand (49.62%), Poland (45%), and the US (34.8%).%°
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The perception among adolescents and young adults regarding the use of ECs is that they
are a healthier alternative and that an individual who vapes does not smoke.*® The addictive
nature of using ECs comes not just from the addition of nicotine or other additives but from the
perceived throat hit or harshness of the liquid product and speed at which the effect of the
nicotine or other additives occurs.3” Other notable factors include the aroma or taste as well as
the auditory sound heard upon inhalation.3” Social inclinations, frank curiosity, stress, and fear of
being left out are usually how adolescents begin using ECs.3” Over time, the oral fixation and
behavioral or sensory dependence on the EC is only heightened by the addicting nature of the
additives in the liquid being inhaled.*’

Use of ECs among adolescents is associated with accelerated health and mental health
problems. Adolescents who use ECs are shown to have higher rates of mental health problems
such as depression, anxiety, suicidal ideations, eating disorders, conduct disorders, and
impulsivity or perceived stress.3® Adolescents who use ECs have also been shown to be at a
higher risk for alcohol and drug abuse.*® The most significant data regarding this vulnerable
population and the use of ECs is the degree and acceleration at which life-threatening lung injury
is occurring. Since 2020, over 2,500 patients have been hospitalized due to EVALI.*® Of these
2,500 patients, 68 died with 15% of these deaths being patients younger than 18 years of age.*
The development of chronic lung disease as young individuals is another factor to consider as the
literature supports the conclusion that adolescents who use ECs have a higher risk for developing
chronic cough, asthma, or COPD. 4142

Another high-risk population that perceives that ECs are a safe and effective way to quit
smoking traditional cigarettes and are experiencing detrimental effects are pregnant women.*

The literature found that women who use ECs during their pregnancy are at a higher risk for
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having a high-risk birth in the form of preterm or low birth weight baby, birth defects, and
placental (previa or abruption) issues, or pre-eclampsia.*® EC use during pregnancy was also
associated with a higher risk of fetal death in the form of miscarriage, abortion, or ectopic or
tubal pregnancy.*®
Consequences of the Problem

Several published case studies demonstrated the detrimental effects of undergoing
anesthesia without previous knowledge of vaping history.** 4% 4647 The emphasis of many of the
case studies surrounds the development of EVALI.** This often occurs with young patients who
appear healthy and with no other comorbid pulmonary factors that would lead the anesthesia
provider to anticipate any intraoperative or postoperative pulmonary complications.** These
cases occur most often in the adolescent population during the postoperative period resulting in
unanticipated intensive care unit (ICU) admissions due to respiratory failure and increased risk
of perioperative pulmonary morbidity.*® In addition to the potential outcome involving life-
threatening pulmonary failure and ICU admission, there is the increased risk for delayed surgical
wound healing and development of infection or sepsis.*°

When the use of ECs is not disclosed during the preoperative assessment and evaluation,
important information that can be used to manage intraoperative anesthetic administration or
make diagnoses when complications occur, can be missed.>® Misdiagnoses can delay treatment
and cause further damage.* This can be especially challenging when attempting to determine
causes of medication interactions with components found in the EC liquid.>® Certain chemicals
can interact with the anesthetics commonly delivered during the administration of a general

anesthetic that may warrant increased doses of sedatives or opioids.*
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Knowledge Gaps

Current knowledge gaps in the literature regarding the use of ECs and their impact on the
administration of anesthesia is the interaction of the ingredients found in the liquid vapor and the
volatile anesthetics that are administered during general anesthesia. Additionally, the interaction
of the humectants and volatile anesthetics and how this interaction impacts cardiopulmonary
health are unknown. A high-risk medication commonly used in the administration of anesthesia
is the class of paralytics or muscle relaxants. There appears to be a lack of data in the literature
regarding any interactions that may occur with the ingredients found in ECs and these high-risk
medications that are used on a daily basis in the anesthesia provider’s line of work. The
knowledge needed to fix this problem would involve studies being performed on animals to
determine the interactions with these harmful chemicals found within ECs and their effect on the
body when administered concurrently with commonly used anesthetics such as sedatives,
opioids, and muscle relaxants. There is potential for a retrospective type of project with a review
of anesthesia records to include vitals and medication administration to determine if interactions
intraoperatively arose or increased consumption of medications occurred with a patient’s known
history of EC use.

Secondhand or passive effects on children of patients who use ECs is also an area of the
literature that contains a knowledge gap. While preliminary studies are being done to determine
the effect that vapor from ECs have on the environment and on the potential hazards of
secondhand vapor, more research needs to be performed.

Proposed Solution
One of the most important aspects to this project is to educate anesthesia providers on the

systemic effects of ECs and the anesthetic implications surrounding the patient populations who
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acutely use ECs, chronically use ECs, and those who modify or use varying additives, like THC,
in their ECs. It is also imperative to consider and anticipate the potential systemic effects of
nicotine, THC, and the other components of the liquid found in ECs and the possible
complications that might arise in the perioperative period.

Very few current preoperative assessment tools exist for patients who use ECs. One that
was found within the literature by a large urban teaching hospital located in South Florida has
shown clinically significant improvements in the identification of patients who use ECs and their
likelihood of adverse perioperative outcomes.>® The quantification of use (never, former, or
current), type of EC liquid consumed, which is additive specific, use per day, and number of
years of vaping history, are included in this pilot project with the addition of any treatment for
cessation of vaping, a readiness for change assessment, as well as an indicator for positive
passive exposure.>

When determining risk cardiopulmonary risk assessment with traditional cigarettes the
quantification of use, use per day, and number of years of smoking history is established.>! An
important question that is asked of current traditional cigarette smokers is if they have abstained
from smoking prior to their procedure and if so, for what duration of time as there are known
benefits to abstinence from smoking prior to surgery.5? This guides the anesthesia provider in
determining which methods will be best suited for this particular patient in order to deliver safe
and effective anesthesia during the perioperative period.5? Given the duration in which the
patient has abstained from smoking, if they have at all, will provide valuable insight as to the
type of anesthetic to deliver (regional versus general versus monitored anesthesia care), the type

of inhalational agents to use or not use, intravenous medications that can be utilized to prevent
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unwanted side effects associated with nicotine or tobacco products, and the anticipation of
potential intraoperative events.>?

A similar assessment can be utilized for patients who use ECs; however, the
quantification of nicotine or “cartridges per day” must be calculated to accurately understand
risk, anticipate complications, and provide safe anesthesia.>® The importance lies in how to
properly assess and evaluate patients who use ECs and if further pulmonary or cardiac testing is
indicated based on use to eliminate or anticipate perioperative complications when delivering
anesthesia.>

Methodology
Eligibility Criteria

The studies that were evaluated for this literature review were selected based on the
inclusion and exclusion criteria which best contributed to the stated objectives. Inclusion criteria
were comprised of studies that were in English and with full-text availability. Exclusion criteria
were comprised of studies that did not involve the health hazards associated with the use of ECs,
that analyzed the health hazards of cannabis or THC products in the EC liquid, or discussed EC
injury linked to device related mishaps. Clinical database sources used to guide research were
accessed via Florida International University library services.

Information Sources

Based on the clinical question, the following search keywords were identified using the
appropriate Boolean operators and search symbols: electronic cigarette toxicity, health hazards,
electronic nicotine delivery systems, and chronic or acute effects. The databases utilized for the
search included PubMed, The Cumulative Index to Nursing and Allied Health Literature

(CINAHL), and MEDLINE (ProQuest).
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Search Strategy

The key search terms were further expanded to include “Health hazards” OR “health
risks” OR “health problems” AND “electronic cigarettes” OR “vaping device” OR “electronic
nicotine delivery systems” OR “E-Cig”. The PubMed search produced 9,835 articles, CINAHL
returned 1,039 articles, and MEDLINE provided 3,662 articles. To ensure the most applicable
and current articles were reviewed, only articles published from 2019 to 2023, available in full
text, and those written in English were included. This filtered the results down to 312 articles for
PubMed, 573 articles for CINAHL, and 240 articles for MEDLINE. Duplicate articles were
removed, and the search was narrowed further for all 3 databases to exclude articles that
discussed prevention or cessation of use, prevalence or cost, and perceptions or advertisements.
Titles were screened and excluded if they did not meet inclusion criteria. Articles that included
health effects of switching from TC to ECs, evaluated cell lines and not animals or humans
exposed to EC vapor, or discussed the pharmacokinetic profiles of various name brand ECs were
excluded. Studies that were not completed or were letters to the editor were excluded. The
populations accepted were pediatric, adolescents, and adults.

The abstracts of 26 articles were screened and reviewed. Following abstract assessment,
18 articles met the criteria and were further evaluated by reading the full text. Articles were
removed if they contained patient populations that were dual EC and TC users but were included
if participants had not used a TC in over 1 year. Following full text review, 11 articles were

chosen for this review.
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Results of Literature

Study Characteristics

The 11 articles chosen for this literature review evaluated the acute and chronic effects of
EC use on various organ systems and the implications of these effects that should be considered
by the anesthesia provider to optimize the anesthetic plan for patients undergoing surgical
procedures.
Results of Individual Studies
Neurological

The first article, published by Alasmari et al** in 2019, evaluated the concentration of
inhibitory and excitatory neurotransmitters in the frontal cortex and striatum of mice after long
term exposure to EC vapor. This quasi-experimental study examined the effects of daily
exposure to EC vapor in male C57BL/6 mice that were 6-8 weeks old over a 6-month period.
The EC used was classified as a 2.4-ohm plastic, refillable, cartomizer tank. EC liquid was
flavorless, without additives, and contained 50% vegetable glycerin, 50% propylene glycol, and
24mg/mL of nicotine. Mice were placed in soft mesh restraints so that only their noses were
exposed to a central channel through which the intervention group, containing 10 mice, received
EC vapor and the control group, also containing 10 mice, received environmental air. EC vapor
was created by activating the battery with application of negative pressure at 2L/min for 1
second, followed by continuous negative pressure at 1L/min for 3 additional seconds. Mice
inhaled EC vapor or air, respectively, for 4 seconds every 20 seconds, for 1 hour every day, 5
days per week, for 6 months. After 6 months, mice were anesthetized, euthanized via terminal
intra-aortic bleed, and their brains dissected to isolate the frontal cortex and the striatum. High-

performance liquid chromatography with electrochemical detection was performed to determine
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the levels of glutamate, glutamine, GABA, dopamine, and serotonin in the frontal cortex and
striatum of both groups.

There was a total of 10 male mice split into equal groups: 5 mice in the EC group and 5
mice in the air or control group for this study. Six months of chronic exposure to EC vapor
caused a statistically significant decrease in the concentration of dopamine in the striatum but not
in the frontal cortex. There were no significant changes in the serotonin concentrations in the
frontal cortex or the striatum. The mice who had been chronically exposed to EC vapor had
statistically significant increases in glutamate concentration in the striatum but not in the frontal
cortex. The chronic exposure to EC vapor caused a statistically significant increase in the
glutamine concentration in both the frontal cortex and the striatum. Finally, the exposure to EC
vapor over the course of 6 months induced a statistically significant decrease in the levels of
GABA in the frontal cortex but not the striatum.

The limitations of this article included a small sample population size that is specific for
species and gender. This limits the ability to generalize the study’s findings to other species and
does not account for the potential gender differences in response to the intervention. Another
limitation is that the controlled exposure conditions does not accurately mimic the setting in
which ECs are used. The focus on specific neurotransmitters in the frontal cortex and striatum is
also a limitation, as other areas of the brain may contain relevant findings in regard to this
intervention. Lastly, because this is an animal study, an important limitation to consider is that
the findings in animal research does not always translate to humans. Additional research would
need to occur to confirm these findings amongst humans.

The second article, published by Heldt et al®® in 2020, determined the impact of long-

term exposure of EC vapor on the function of the blood brain barrier (BBB). This was done by
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measuring the expression of vascular and inflammatory markers, permeability of the BBB and
microglial activation, and the interaction between leukocytes and endothelial cells. Researchers
also measured affective state and cognitive function. Similar to Alasmari et al, the quasi-
experimental design and examined the effects of daily exposure to EC vapor in male C57BL/6
mice that were 8 weeks old. Unlike Alasmari et al, who examined effects over a 6-month period,
Heldt et al had an 8-week exposure period. While Alasmari and colleagues examined an EC
intervention group and a room air control group, Heldt et al compared 4 groups: EC groups with
and without nicotine, a TC group, and a control group with room air. The EC used was classified
as a 1.8-ohm nichrome cotton-wick dual-coil unit, a different model than Alasmari et al, who
utilized a 2.4-ohm device. Two different commercially purchased tobacco-flavored EC liquids
with concentrations of either 0 or 18mg/mL of nicotine were used, which differed from Alasmari
et al, where the concentration of nicotine was 24mg/ml. Distinct from Alasmari et al, the
components of the EC liquid were not disclosed. The TCs used were 1R6F reference cigarettes
provided by Kentucky Tobacco Research and Development Center but their nicotine content or
composition were disclosed. During the exposure, individual mice were placed in TE-2e
smoking apparatus and exposed to either nicotine containing (EC1.8%) or nicotine-free EC
(EC0%) vapor, TC smoke, or room air. This varies from Alasmari et al who exposed only the
noses of the mice to the vapor or air. EC vapor was created by generating a 4-second puff,
approximately 35mL, every 30 seconds with 6L/min of total airflow, 2 hours every day, 5 days
per week, for 8 weeks. TC smoke was created by burning 2 TCs concurrently with 28 seconds of
time between puffs with approximately 3.7L/min of airflow. The room air control group
experienced similar flows, management, and placement into the TE-2e apparatus. These flows

and puff times were based on pilot studies, which correlated serum cotinine levels in previous
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EC and TC models to determine comparable levels of exposure. Unlike Alasmari et al, all groups
underwent behavioral tests 2-4 hours following exposure to their various substances. To
determine if body weight and biomarker trends noted in humans were similar to mice, all mice
were weighed at 2-week intervals prior to daily exposure and blood collection via submandibular
bleed occurred at 1-hour post-exposure, and at weeks 1, 3, 5, and 7 of exposure to measure
serum cotinine levels. After 8 weeks, mice were euthanized by decapitation under isoflurane
anesthesia 24 hours following the last EC, TC, or air exposure. Cerebral micro-vessel isolation
occurred, and RNA isolation was performed and characterized. Isolated RNA was reverse
transcribed, sequenced, and aligned with the mouse genome to identify and map differentially
expressed genes. Histology was performed on the lung, frontal and parietal lobes of the left
hemisphere of the brain, and the basal ganglia. This shows some similarities to Alasmari et al.
who focused on the frontal cortex of the brain to determine the concentration of
neurotransmitters. Of note however, Alasmari et al did not perform any imaging, unlike Heldt
and colleagues. Image analysis was performed on the brains to determine peroxidase-reactive
regions which indicates vessel-localized antigens Claudin 5, Occludin, and Glutl; proteins that
make up important components of tight junctions. Image analysis also allowed for the total
density, branching, and location of microglial cells; macrophages responsible for maintaining the
health of the central nervous system by removing damaged neurons. Image analysis of lung
tissue created a rendering of total lung area excluding alveolar space. BBB permeability was
assessed using 2 tracers and 1 vascular marker injected retro-orbitally just prior to euthanasia.
Areas of the brain that were examined were the parietal cortex, caudate nucleus, thalamus, and
hippocampus. Leukocyte quantification was done by examining cranial window images of pial

vessels at baseline and 2 hours after tumor necrosis factor (TNF) was injected via an
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intracerebroventricular cannula located in the right parietal lobe. RNA was extracted from lung
tissue, quantified for concentration and purity, then reverse transcripted to DNA to perform a
quantitative polymerase chain reaction to determine any fold change expression for intervention
groups when compared to the control group. Plasma was collected prior to euthanasia to
determine cytokine levels by performing an ELISA test. Affective state and cognitive function
were assessed using a novel object recognition test, a Y-maze spontaneous alteration task, an
elevated plus maze, and an open field assessment.

In total, approximately 80 male mice, split into 4 unequal groups, were used for this
study. Of the 4 groups, 3-10 mice per group were identified for molecular studies and 8-20 mice
per group were identified for behavioral analysis. The exact number of mice employed for this
study nor the exact number of mice per group were stated. The clinical relevance of this model
was determined by comparing body weight and serum cotinine. While all groups at the
beginning of the study had comparable weights, the TC group of mice weighed less than all other
groups at weeks 2, 4, 6, and 8 with statistical significance occurring at week 4. The researchers
found that serum cotinine levels were within a clinically relevant range throughout the duration
of the study for the TC and EC1.8% group indicating the successful delivery of nicotine.
Following sequencing of micro-vessel mRNA to identify any differentially expressed genes, the
researchers found that exposure to the EC0% resulted in a 5.5% increase in upregulated genes
and 5.8% in downregulated genes. The EC1.8% group had 0.8% upregulated and 2.2%
downregulated while the TC group had 1.4% upregulated and 1% downregulated. The genetic up
and down regulation and the relevance to the BBB is specific to Metadherin (Mtdh), Occludin
(Ocln), monocarboxylate transporter 1 (Slc16al), Glutl, an inflammation associated transcripts

like Cxcl12, Ifnarl, and integrin alpha 4 (Itga4). Mtdh is important for tight junction maturation
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and overexpression may result in downregulation of excitatory amino acid transporters. Mtdh
was found to be increased in the EC0% group with no differences in the EC1.8% group and TC
group. Ocln, an important protein in the development of tight junctions was significantly reduced
in the EC0% group with upward trends in the EC1.8% and TC groups. Slc16al is an important
transporter of lactate, pyruvate, and branched chain amino acids and is upregulated by all 3
groups with statistical significance occurring for both EC groups but not the TC group. Glutl is
the sole glucose transporter for the BBB. The impact of EC0% caused a decrease in expression
of Glutl, an increase in expression following exposure to TC, and no changes observed after
exposure to EC1.8% in micro-vessels. However, in the parietal cortex, expression of Glutl is
decreased across all 3 groups when compared to the control group with statistical significance
occurring in all 3 groups. Regarding the upregulation of inflammatory associated transcripts, TC
exposure caused increases in expression of Cxcl12 and Ifnarl while EC1.8% showed increases in
expression of Itga4. Expression of tight junction proteins Occludin and Claudin 5 were
significantly decreased in the cortex of all 3 groups when compared to the control group. While
there is a downward trend in expression of these tight junction proteins in the basal ganglia, none
of the groups achieved statistical significance when compared to the control group. In order to
observe changes in the permeability of the BBB, 2 tracers (NaF and TMR-Dextran) were used to
directly observe any changes to tight junctions. In the EC0% group, tracer deposition, indicative
of permeability, was increased across all regions of the caudate, thalamus, hippocampus, and the
cortex with the majority of permeability occurring in the medial structures of the hippocampus
and the thalamus with statistical significance observed in the latter structure. Tracer deposition
had a downward trend in the EC1.8% group and no conclusive effects were noted in the TC

group. The BBB is a boundary between the CNS specific immune system and the peripheral
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immune system. The scale to which the leukocyte interaction occurs at the BBB is an indicator
of permeability. Prior to injection of TNF, no leukocytes were observed regardless of group.
Following TNF injection, leukocyte counts were increased in all 3 groups when compared to the
control group. The EC0% group had significantly more leukocytes when compared to the
EC1.8% and TC groups with the TC group being greater than the EC1.8% group. Image analysis
of the pulmonary bronchioles and vasculature revealed an increase in the number of
macrophages surrounding the bronchioles and vasculature of the EC1.8% exposed mice when
compared to the control, EC0%, and the TC groups. Blood plasma measurements of
proinflammatory cytokines were performed on all groups with all cytokines measuring
unchanged or below the lower limits of detection. The number of microglial cells in the
parenchyma of the basal ganglia is increased only in the EC1.8% group indicating potential
neuroinflammatory changes. The results of the behavioral analysis yielded no differences
between any of the groups with respect to spontaneous exploratory behavior or control over
movement. Short-term memory performance was impaired in the EC0% group when compared
to the EC1.8%, TC, and control groups. The greatest anxiolytic effects were noted in the TC
group when compared to the control and EC1.8% groups.

The limitations of this study are similar to Alasmari et al in that this animal study
contained a small sample size and used only male mice, and because of this, the results are
difficult to generalize to other species. The potential gender difference also limited the findings
related to the intervention. Another similar limitation to Alasmari et al is the controlled
conditions which does not correlate to real life EC use as well as the translation of animal studies

over to human studies.
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Ocular

The third article included in this literature review was published by Md Isa et al?* in 2019
and sought to determine the effect of long-term vaping on ocular surface health. Different from
Alasmari et al and Heldt et al, this study is a cross-sectional, single-visit, pilot design that
recruited human participants rather than utilizing mice. This study recruited participants that
were between the ages of 19 and 30 years old that could be divided into an intervention group of
EC users and a control group of nonsmokers. Inclusion criteria for the intervention group was at
least 1 year of vaping history with daily use of at least 3ml per day of EC liquid that contained a
composition of at least 50% propylene glycol. The composition of EC liquid used in this study is
similar to Alasmari et al whose protocol utilized an EC liquid with a composition of 50%
propylene glycol and 50% vegetable glycerin. Exclusion criteria included individuals who wore
contact lenses, recently used artificial tears or eye drops, known dry eye or other ocular disease,
had laser keratomileusis or refractive surgery, and heavy dual EC and TC smokers. In order to
avoid variation, all data was collected during the hours of 2 pm and 4 pm. Participants answered
questionnaires to determine their demographic status and vaping profile, including device
voltage, followed by the Ocular Surface Disease Index questionnaire to establish dry eye
symptoms. The scores had a range from 0 to 100 points where a score from 0-12 indicated a
normal ocular surface, 13-22 indicated mild, 23-32 indicated moderate, and 33-100 indicated
severe ocular surface disease. The assessment of the cornea and tear film began with least
invasive examination and ended with the most invasive to minimize reflex tears with both eyes
being utilized for all measurements. The noninvasive tear breakup time was used to measure tear
film stability by recording the time it took for an ophthalmometer to measure anterior corneal

curvature changes after participants performed full blinking. Researchers recorded 5-time
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intervals with the average of the 3 closest values used as the tear breakup time. Fluorescein
breakup time was used to measure tear film stability by gently mixing fluorescein into each
participant’s tear film and asking them to then blink while viewing the ocular surface with a slit-
lamp. The breakup time was recorded as the time it took for the first dark spot to appear after
blinking. Researchers took 3 measurements and calculated the average as the fluorescein break
up time. The National Eye Institute corneal grading system was used to grade any corneal
staining. Tear meniscus height was determined using image analysis to calculate tear volume and
no additional fluorescein was added to avoid overestimation and reflex tearing. Researchers took
3 measurements and calculated the average. The Schirmer test was performed with a series of 5-
minute intervals between irrigation of previous fluorescein dye, instillation of 0.5% proparacaine
hydrochloride for topical anesthesia, and then placement of the folded Tear Touch Schirmer’s
Strip into the lower conjunctival sac of both closed eyes where the length of wetted strip was
recorded.

This study utilized 42 total participants, all male, split into 2 equal groups containing 21
individuals in the EC group and 21 individuals in the nonsmoker group. In the EC group, 6
participants stated their EC power output was 3.0-3.9 volts, 9 participants stated their EC power
output was 4.0-4.9 volts, and 6 participants stated their EC power output was 5.0-5.9. The
average age of participants was 22 * 2 years. Researchers utilized a survey to determine that the
EC group’s vaping history was approximately 17.2 months + 6.5 months, and the frequency of
daily vaping sessions was 4 times per day * 2 times. The results of the Ocular Surface Disease
Index questionnaire showed that the EC group experienced moderate to severe dry eye. When
examining the results of the questionnaire compared to EC device power output, participants

with device voltage of 5.0-5.9 volts experienced significantly higher scores on the Ocular
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Surface Disease Index questionnaire, an average score of 44.8, indicating severe dry eyes. The
participants in the 3.0-3.9v and 4.0-4.9v groups, with an average score of 14.6 for both groups
but both experiencing a wide range, experienced mild to moderate dry eye. The noninvasive tear
breakup time and fluorescin break up time indicated that the tear film stability in the EC group
was significantly decreased. For the nonsmoking group, the average noninvasive tear breakup
time was 6.57 seconds while the EC group was approximately 3.13 seconds. When examining
device power output, those individuals in the 5.0-5.9v group experienced the lowest average
noninvasive tear break up time at 2.02 seconds, followed by the 4.0-4.9v group with 3.14
seconds, and finally the 3.0-3.9v group with 3.95 seconds. For the nonsmoking group, the
average fluorescein break-up time was 4.12 seconds while the EC group was approximately 2.68
seconds. When comparing the average fluorescein break up time across the varying voltage
groups, the 5.0-5.9 group experienced 2.02 seconds, followed by the 4.0-4.9v group at 3.14
seconds, and finally the 3.0-3.9v group at 3.95 seconds. The tear volume, indicated by tear
meniscus height, was significantly reduced in the EC group, with the average height in
micrometers (um) for the EC group at 203um and for the nonsmoker group at 235um. When
comparing device power, the 5.0-5.9v group had the lowest tear meniscus at 197.5um, followed
by the 4.0-4.9v group at 201um, and finally the 3.0-3.9v group at 206.5um. Results of the
Schirmer test showed that a significantly higher production of tears occurred in the EC group
than the nonsmoker group. The wetted strip was measured at 14.5mm for the EC group and
8.0mm for the nonsmoker group. When comparing the device power output, the wetted strip was
16.5mm for the 5.0-5.9v group, 14.5mm for the 4.0-4.9 group, and 11.5mm for the 3.0-3.9
group. When examining the significance among the power output groups, all clinical parameters

were found to have significant differences except for the difference in tear meniscus height. Of
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note, grade 1 corneal staining was noted in 10 participants of the EC group and 4 participants of
the nonsmoker group.

The limitations of this study were that the sample size is small, and the entire study was
composed of male participants. This is similar to both Alasmari et al and Heldt et al who both
had small sample sizes containing only male participants; however, this study differs from both
of these in that human subjects are used. The small sample size of this study may limit the effects
of the results meaning that if the sample size were larger, the observed effect of the intervention
might not be as robust. Additionally, the exclusive use of male participants from Malysia limits
the potential findings that are applicable to female participants as well as participants from
various ethnic or racial backgrounds.

The fourth article was published by Munsamy et al®® in 2019 and attempted to determine
what effects ECs had on corneal epithelium. Unlike Md Isa et al who performed a cross-
sectional, single-visit, pilot study, Munsamy and colleagues designed their study to be a quasi-
experimental one group pretest posttest design. This study design is similar to both Alasmari et al
and Heldt et al, who performed quasi-experimental studies using mice, which differs from
Munsamy and colleagues in their recruitment of human subjects. While Alasmari et al, Heldt et
al, and Md Isa et al, focused on the chronic effects of ECs have on various aspects of the
neurological and ocular organ systems, Munsamy et al centers more on the acute effects ECs
have on the ocular surface of the eye in human participants who were at least 18 years of age.
This study recruited participants where exclusion criteria involved participants with acute or
chronic systemic disease, history or presence of corneal diseases, ocular or systemic medications,
recreational drug users, contact lens users, or individuals who had undergone corneal surgery.

This study determined the effect of vaping on corneal epithelial thickness by using a device
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called Optovue iVue optical coherence tomographic pachymetry to generate a corneal scan and
pachymetry map that showed corneal epithelial thickness divided by region (central, superior,
inferior, nasal, and temporal). This differs from Md Isa et al who focused solely on tear film
stability; however, Munsamy et al included several tear film stability tests, though their methods
were different from Md Isa et al. Unlike Md Isa and colleagues who used fluorescein break-up
times, tear height, and the Schirmer test to determine tear film stability, Munsamy et al utilized
the Non-Invasive Keratography Break-up Time (NIKBUT) with the Oculus keratography 5M.
This method is a simple, noninvasive screening test that provides information about tear break-
up over time including a map showing the size and location of the tear break-up region.
Following data collection, the average tear film break-up time of all regions were calculated and
assigned a stability level of 0, 1, or 2. Level 0 represented stable tear film lasting 14 seconds or
longer, level 1 represented critical tear film that lasted longer than 7 seconds but less than 14
seconds, and level 2 represented unstable tear film that lasted less than 7 seconds. Each
participant was required to vape 10 puffs of EC liquid that contained 8mg/ml of nicotine. The
components in the EC liquid, other than the concentration of nicotine, were not disclosed. Prior
to and following each vaping session, participants underwent epithelial pachymetry and
NIKBUT measurements to obtain pre and post-test measurements.

There was a total of 64 participants, 43 males and 21 females, who were admitted into
this study. Of the 64 individuals, 58 had reliable pachymetry scans for corneal thickness
measurements and 57 participants had reliable NIKBUT data from scans. Of note, information
regarding the age of the participants was not disclosed. The corneal epithelial thickness analysis
was split into regions; central, superior, inferior, nasal, and temporal. All of these regions

measured increasing thickness changes post-EC use; however, the changes were not statistically
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significant. When comparing the NIKBUT data from pre-EC use to post-EC use, the average tear
breakup time changed from 12.72 seconds to 14.12 seconds. This change was shown to be
statistically insignificant with 41.1% of participants with stable NIKBUT readings, 42.8% with
moderately unstable NIKBUT readings, and 16.1% with unstable NIKBUT readings post-EC
use. These findings are in opposition to what Md Isa et al. found; statistically significant
decreases in tear breakup times in their study.

The limitations of this study are that the sample size is limited, there was a lack of access
to exclusive EC users, the inclusion of EC naive subjects, and the influence on corneal surface
changes. Similar to Alasmari et al, Heldt et al, and Md Isa et al, the sample size was a limitation
to this study and might yield different results should a larger sample size be utilized. This study
sought to use participants who exclusively used ECs which proved to be difficult during
recruiting. This was a limitation in that it could impact the ability to accurately represent the
results obtained. Another limitation was in recruiting individuals who had never used an EC
before, which could have influenced the results of the study based on the ability of these
individuals to learn how to use the device. Finally, the amount of EC liquid vaped is a limitation
because it may not have been a significant amount of vapor to cause observable changes to the
corneal surface.

Oropharyngeal

The fifth article by Schwarzmeier et al®” was published in 2021 and investigated the
potential cyogenetic and cytotoxic damage based on the evaluation of micronuclei and
metanuclear anomaly frequency in the oral mucosa of EC users versus TC smokers versus
former TC smokers and a control group of nonsmokers. This is the first study examined in this

review that compares former smokers to current TC and EC users. Similar to Alasmari et al,
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Heldt et al, and Md Isa et al, a control group was utilized to provide comparison. The study
design is quasi experimental with human participants, much like Munsamy and colleagues. The
inclusion criteria for this study were the absence of any history of malignancy or visible clinical
signs of change in the oral cavity. The exclusion criteria were consumption of other forms of
tobacco that were not TC, alterations noted to the oral mucosa, and any previous cancer
treatment including, but not limited to, surgery, radiotherapy, or chemotherapy. Schwarzmeier
and colleagues recruited and split participants into 4 groups for this study. The EC group was
composed of users with a history of at least 5 months of EC use where each participant’s use was
quantified as EC liquid consumption in mLs/day and concentration of nicotine in mg to
determine dependence level and dose effect. This is unlike all previously reviewed articles in that
the consumption of EC liquid was made constant, like in Alasmari et al, Heldt et al, and
Munsamy et al, or to meet the participation requirement, a minimum consumption amount was
defined, like Md Isa et al. The smoker group was composed of users that were attending the
Outpatient Smoking Cessation Program of the Heart Institute at the University of Sao Paulo, and
like the EC group, each participant’s use was quantified by determining the number of cigarettes
per day, years of use, calculated smoking load, and carbon monoxide concentration in exhaled
breaths. The former smoker group was composed of participants undergoing smoking treatment
with abstinence for at least 1 year and a maximum of 2 years attending the Outpatient Smoking
Treatment Program of The Heart Institute at The University of Sao Paulo where this group’s past
use was quantified in the same way that the smoker group was. The control group were current
nonsmokers and not defined as never smokers. Researchers determined nicotine dependence by
using the Issa Situational Consumption Score which generated a score between 0 and 4 that

described nicotine dependence with the lower score indicating low dependence and the higher



31

score indicating high dependence. The quantification of smoking load was determined by
calculating pack years. Next, researchers evaluated CO concentration of exhaled air and plasma
cotinine to evaluate cigarette and nicotine consumption. Of note, the information obtained
regarding the former smoker group relied on medical records following smoking cessation.
Researchers then performed exfoliative cytology of the lateral border of the tongue and mouth
floor by using a cytobrush for the collection of material and then affixing the treated and
collected material to slides for microscopic examination. Slides were examined under 400x and
1000x magnification in order to properly detect and evaluate micronuclei, with each sample
containing approximately 1500 cells for examination. Micronuclei are the result of nucleus
fragmentation during cell division that are important to evaluate when structural or numerical
chromosomal aberrations occur. Analysis of slides consisted of evaluating the number of cells
with 1 micronucleus, more than 1 micronucleus, total micro-nucleated cells, and total
micronuclei. The metanuclear anomalies that were evaluated were karyolysis, karyorrhexis,
binucleation, the presence of broken eggs, and nuclear budding. Metanuclear anomalies like
binucleation, broken eggs, and nuclear buds can show defects in cytokinesis and chromosomal
instability or DNA damage while karyolysis and karyorrhexis are anomalies that are associated
with cell death.

The total number of participants for this study was 91 individuals, 50 males and 41
females, with the EC user group containing 20, the smoker group containing 22, the former
smoker group containing 22, and the non-smoker or control group containing 27 individuals. The
average age of the EC user group and the smoker group was 41 years with ages ranging from 17
to 60 years and 51 years with ages ranging from 29 to 70 years, respectively. The former smoker

group and control group of nonsmokers had an average age of 58 years with ages ranging from
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38 to 73 years and 56 years with ages ranging from 30 to 80 years, respectively. In addition to
sex and age, other profile categories included in this study were education level, alcohol
consumption, and typical daily doses of alcohol consumption. The average EC use history was,
on average, 31 months with the range being 5 to 96 months. Of note, 18 out of the 20 individuals
in the EC user group, were former TC smokers. The measured plasma cotinine levels varied
from less than 25 nanograms (ng) to greater than 200ng for EC users. There were 3 individuals
with plasma cotinine levels that were less than 25ng/mL who claimed to have consumed between
4-5mL/day of EC liquid that contained either Omg of nicotine or 18mg of nicotine. There was 1
individual with plasma cotinine levels that were 25-40ng/mL who claimed to have consumed an
unknown amount of EC liquid per day that contained 6mg of nicotine. There was 1 individual
with plasma cotinine levels that were 41-99ng/mL who claimed to have consumed 12mL/day of
EC liquid that contained 1.2mg of nicotine. There were 7 individuals with plasma cotinine levels
of greater than 200ng/mL who claimed to have consumed either 5mL, 10mL, or 30mL per day of
EC liquid that contained 2mg or 4mg of nicotine. The average number of cigarettes consumed
was determined using a questionnaire and review of medical records with the EC user group,
prior to the use of ECs, consumed on average 23 TCs per day. The smoker group and former
smoker group, on average, consumed 17 and 18 TCs per day, respectively. Smoking load, or
pack years, was determined for all 3 groups with the EC group and the smoker group achieving
approximately the same amount at 29 pack years while the former smoker group achieved 37
pack years. Nicotine dependence level was determined using the Issa Situational Consumption
Score where average dependence scores for the EC group were 2, the average smoker group
scores were 2.86, and the average former smoker scores were 2.91. The evaluation of exhaled

CO in parts per million (ppm) was another way TC consumption was measured with former
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smokers measuring at 1.7ppm, EC users measuring at 4.58ppm, and TC users measuring at
10.14ppm. Evaluation of cells with only 1 micronucleus showed a significant increase in the
smoker group, followed by the EC group, then the former smoker group, with the control group
displaying no cells with 1 micronucleus. Evaluation of total micro-nucleated cells showed a
significant increase in the smoker group, followed by the EC group, then the former smoker
group with the control group displaying no micro-nucleated cells. Evaluation of the number of
micronuclei showed significance in the results with the smoker group having the most, the EC
group having the second most, followed by the former smoker group, and the control group with
no cells containing micronuclei. The results for the groups containing cells with karyolysis,
karyorrhexis, binucleation, the presence of broken eggs, and nuclear budding were significant.
The frequency of karyolysis was found to be highest in the EC group followed by the smoker
group with former smokers and the control group obtaining low rates of equal value. The
frequency of karyorrhexis was highest among the smoking group, followed by the EC group,
then the former smoker group, and finally the control group with no observed karyorrhexis. The
presence of binucleation, presence of broken eggs, and nuclear budding showed the EC user
group with the highest frequency for all 3 categories. For the binucleation category, the former
smoker group followed closely behind the EC group, then the smoker group, and finally the
control group. For both the categories of broken eggs and nuclear budding, the smoker group had
the second highest frequency with the former smoker group and the control group having no
observed broken eggs or nuclear budding. It should be noted that the sample area containing the
highest significant abnormalities was the tongue.

The limitations of this article are that there is missing data in medical records, there was

difficulty in standardizing the concentrations of EC liquid used, there was no scale for nicotine
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dependence, and there was a high incidence of alcohol use among participants. The missing data
in medical records is a limitation of this study because it yields incomplete and inaccurate data
for analysis. The inability to standardize the concentrations of EC liquid could lead to variability
in exposure level and create erroneous results. The lack of a scale for nicotine dependence is a
limitation because the correlation between the effects on oral mucosa cells and EC use is an
important aspect of this study. Finally, the high incidence of alcohol use among participants
could influence the results of this study and make it difficult to determine that the effects seen
are from the use of ECs alone.

The sixth article, published by Tommasi et al®® in 2019 explored the effects of exclusive
EC use and exclusive TC use on gene regulation by examining the oral transcriptome in these
two groups when compared to nonsmokers. This is similar to Heldt et al and Schwarzmeier et al
who compared their intervention groups of TC smokers and EC users to a control group of
nonsmokers. However, a major difference in these 3 studies is that Heldt et al utilized non-
nicotine containing EC use in their study while Schwarzmeier et al included former smokers in
their study. Unique to the quasi-experimental study designs of Alasmari et al, Heldt et al,
Munsamy et al, and Schwarzmeier et al, this quasi-experimental design was intentionally blinded
in order to decrease the risk for bias. Additionally, sample collection and processing of the
collected samples from different groups were done in variable orders and not batches in order to
blind the researchers from bias. Unlike all of the other studies, who described inclusion and
exclusion criteria, Tommasi and colleagues performed a dual phone and in-person screening
questionnaire to confirm eligibility. Inclusion criteria specifically defined in this study were that
eligible candidates were of both sexes and of diverse races and ethnicities. Exclusion criteria for

participation was any indication of oral infection, inflammation, gum disease, dental decay, any
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disorder of the immune, pulmonary, or kidney systems, diabetes, BMI that was less than
18kg/m2 or greater than 40kg/m2, any unstable or significant medical conditions that had
occurred in the last 12 months, being pregnant or having given birth in the last 12 months, any
history of uncontrolled mental illness or substance abuse, and use of any medication that caused
induction or inhibition of CYP450 2A6 enzyme. The 3 groups were exclusive EC users,
exclusive TC smokers, and a control group who were nonsmokers and non-vapers. EC users had
to report exclusive and current use of ECs at least 3 times per week for a minimum of 6 months.
Composition of EC liquid nor nicotine concentration was defined for participants. TC users had
to report exclusive and current use of TC at least 3 times per week for a minimum of 1 year. The
nonsmoker, non-vaper control group were those participants who reported no use of any tobacco
product more than 5 times in their lifetime and with no use occurring within the past 6 months.
All participants were asked to refrain from eating, smoking, or using an EC for at least 1 hour
prior to samples being taken and in addition, were asked to rinse their mouths with water to
remove any saliva, food particles, or mucosal debris. Using sufficient pressure and a rotatory
motion, an ultrasoft Oral-B toothbrush was used on the interior surface of each participants
bilateral cheeks. The proximal, central, and distal regions of the inside surface of each
participant’s bilateral cheeks were brushed 15 times. This is a different collection method and
location than Schwarzmeier and colleagues who used a cytobrush for collecting oral cells from
the tongue and mouth floor. Total RNA was isolated, processed, and analyzed using the
Database for Annotation, Visualization, and Integrated Discovery Bioinformatics Tool. RNA
was reverse transcripted to determine the expression level of individual up-regulated and down-
regulated genes. This is different from Schwarzmeier et al who used a microscope to analyze

cellular structures at varying magnifications to correlate genetic damage to each group. Both



36

plasma cotinine and exhaled CO levels were measured to determine smoking status and
consumption, similar to Schwarzmeier et al. However, in addition to these measurements, the
percentage of carboxyhemoglobin was also calculated for this study to evaluate cigarette and
nicotine consumption.

Ninety-three participants were recruited for this study with the EC user group containing
42, the TC group containing 24, and the control group of nonsmokers containing 27 individuals.
A total of 69 males and 24 females were a part of this study with representation from various
races, educational backgrounds, marital status’s, employment status’s, annual incomes, and
BMaIs included in the population characteristics. This study shows some similarities to
Schwarzmeier et al. in their inclusion of additional factors in their population analysis of
educational background and alcohol consumption. In order to attempt to quantify smoking or
vaping status, plasma cotinine was drawn and shown to be significantly higher in both the EC
user and smoker groups than nonsmokers. CO in exhaled breath and percentage of
carboxyhemoglobin was shown to be significantly higher in the TC group than both the EC and
control groups. An analysis was performed on the total amount of genes that were differentially
expressed with significant increases, over 1.5 times greater, noted in both the EC and TC group
compared to the control group. Of note, the TC group had nearly 50% more abnormal gene
expression than the EC group. While the TC group had 1383 upregulated and 343 downregulated
genes, the EC group had 857 upregulated and 295 downregulated genes. Researchers then further
explored the differentially expressed genes by creating a list of the top diseases and biochemical
pathways associated with their downstream targets. For the EC user group, the top 5 disease
processes related to genetic changes, in order from greatest to least were: cancer, organ-related

injury or abnormality, neurological diseases, psychological diseases, and gastrointestinal
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disorders. For the smoker group, the top 5 disease processes related to genetic changes, in order
from greatest to least were: cancer, organ related injury or abnormality, gastrointestinal
disorders, dermatological conditions, and infectious diseases. For the EC group, the top 5
biochemical pathways that were affected, in order from greatest to least were: Wnt/Ca2+
pathway, the protein ubiquitination pathway, aryl hydrocarbon receptor signaling, tRNA
charging, and aldosterone signaling in epithelial cells. For the smoker group, the top 5
biochemical pathways that were affected, in order from greatest to least were: integrin signaling,
phagosome maturation, insulin receptor signaling, ERK/MAPK signaling, and actin nucleation
by ARP-WASP complex. Utilization of the Database for Annotation, Visualization, and
Integrated Discovery Bioinformatics Tool identified the categories of functional genes most
affected in the EC user group were those involved with chaperones, the stress response, ATP-
binding, and tumorigenesis with emphasis on smoking-related cancers like lung cancer,
squamous cell carcinoma of the head and neck, esophageal cancer, bladder cancer, ovarian
cancer, and leukemia. The categories of functional genes most affected in the smoker group were
those involved in keratinocyte differentiation, small GTPase superfamily, cell-cell adhesion, and
protein serine/threonine phosphatase activity.

The limitations of this study were that the sample size and composition were small, the
exclusivity of EC versus TC versus nonsmoker groups, reliance of self-reported social habits,
and variability in EC products. The limitations of this study were similar to Alasmari et al, Heldt
et al, Md Isa et al, and Munsamy et al in that the sample size was small and the age distribution
was limited, which may yield results that would not be repeatable with a larger sample size. The
exclusivity of each group of participants was a limitation in that it did not account for individuals

who use both EC and TC, which was not only a large population of individuals but may not
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accurately represent a real-life setting. The reliance this study has on self-reporting each
participant’s vaping or smoking status is a limitation that may result in inaccurate reporting of
use. The variability in EC products is a limitation in that the amount of inconsistency that is
reflected in the results is unknown due to consumption levels.
Pulmonary

The seventh article, published in 2018 by Coppeta et al,>® assessed whether the active use
of ECs by healthy subjects can cause short term changes in lung function and whether these
changes are similar or different to TC smokers. A secondary aim of this study was to determine
the impact of ECs and TCs on environmental pollution by examining the concentration of
particles in confined space over time. The research design is comparable to Alasmari et al, Heldt
et al, Munsamy et al, and Schwarzmeier et al in that a quasi-experimental design is utilized.
However, unlike all of the previously mentioned studies, Coppeta et al. also employed a cross-
over design. Human participants were recruited for this study, like all previously mentioned
studies aside from Alasmari et al and Heldt et al, who used mice. This study was unique in that it
recruited only healthy nonsmokers who excluded if they had 1 or more of the following
conditions: chronic bronchopulmonary diseases in the acute phase, respiratory allergies or
symptoms, acute or chronic disease affecting the cardiovascular, hepatic, renal, or immune
systems. Participants were also excluded if they could not perform spirometric tests such as with
pregnancy, recent abdominal surgery, thoracic or ocular episodes of hemoptysis, myocardial
infarction within 3 months or unstable angina, thoracic aneurysm, pneumothorax, oral pain
exacerbated from the spirometric mouthpiece, dental implants, dementia or confusion, and
language difficulties. Also excluded were those participants who were ex-smokers and those who

reported previous spirometric changes related to drugs acting on the pulmonary tract.
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Participants were asked to avoid alcohol up to 4 hours prior to testing and to abstain from heavy
physical activity or eating up to 2 hours prior to testing. Similar to Munsamy et al, the
researchers sought to determine the acute, rather than the chronic, effects of EC use. Each
participant, on different days, partook in a 5-minute smoking session of either an EC or a TC.
While there was no defined washout period for this study, it is noted that at least these sessions
occurred on different days. The EC used for this study is the EGO P (L) with a manual start that
contained EC liquid comprising of 18mg/ml of nicotine, propylene glycol, glycerol, vegetable
flavorings, and deionized water in the brand Latakia tobacco aroma. Though the ingredients of
the EC liquid were provided, the exact concentration of these components were not included.
The TC had a composition equal to 0.6mg of nicotine, 8mg of tar, and 9mg of CO. Participants
were asked to smoke the EC or TC over a 5-minute period, performing 15 puffs total, different
from Munsamy et al, who specified 10 puffs in their protocol. Prior to lung function testing,
height and weight was obtained from each participant along with a full ventilatory inspiratory
and expiratory maneuvers. During each day, 3 spirometric evaluations were performed: before
smoking (baseline), within 1 minute of smoking, and 15 minutes after completion of smoking.
The use of a flow-based spirometer was used to obtain the following measurements for 3
consecutive trials: Forced Vital Capacity (FVC), forced expiratory volume in the first second
(FEV1), FEV1/FVC, Peak Expiratory Flow (PEF), forced expiratory flow at 25% of FVC (FEF
25%), forced expiratory flow at 50% of FVC (FEF 50%), forced expiratory flow at 75% of FVC
(FEF 75%), and forced expiratory flow between 25% and 75% of FVC (FEF 25-75%). Results
were expressed as the onset of obstruction, changes in the FEV1/FVC ration, changes in FEV1,
or changes in FEF 25-75%. Obstruction was diagnosed in subjects with FEV1/VVC below the

lower limits of normal or in subjects showing a change in FEV1 > 20% compared to baseline.
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The environmental impact of EC and TC use was measured using emission assessment of
nanoparticles using 2 different devices: the Optical Particle Counter (OPC) and the Condensation
Particle Counter (CPC). The OPC measured the concentration of airborne dust with a micron
sensitivity of 0.3 microns to 10 millimicrons. The CPC measured the concentration of airborne
dust every second and can detect particles smaller than 1 micron and can provide guidance on the
presence of nanoparticles. The environmental impact measurements were performed at baseline,
during active smoking of ECs and TCs individually and for 60 minutes after each independent
smoking session.

A total of 30 never smokers, 17 men and 13 women, were enrolled for this study. The
average age was 32 years and the average BMI 23.2. A significant decrease in FEV1 for the TC
group, when compared to baseline, was observed after the cessation of smoking at 1 minute and
at 15 minutes. The FEV1 was significantly decreased for the EC group, when compared to
baseline, at 1 minute after vaping but not at 15 minutes after vaping. The FEV1/FVC and FEF
25-75% were significantly reduced from baseline at 1 minute and 15 minutes following TC
smoking. A significant decrease in FEV1/FVC ratio and FEF 25-75% for the EC group after 1
minute with a persistent decrease at the 15-minute mark for FEF 25-75% but not in FEV1/FVC
ratio. During and after the TC smoking session, the average concentration of particles in the
room was 42,645pp/cm3 with a range of approximately 2,310-500,000pp/cm3. During and after
the EC vaping session, the average concentration of particles in the room was 49,690pp/cm3
with a range of 5040-500,000pp/cm3. The concentration of particles dropped to baseline in the
EC room after 5 minutes and after 30 minutes in the TC room.

The limitations of this study were that there was a small sample size, a short duration of

exposure with results examined for acute measurements, the lack of a control group, and the
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variability of ECs and TCs used. The small sample size was similar to all previously stated
articles other than Schwarzmeier et al. The small sample size was a limitation because it could
impact statistical power and repeatability of results to a larger population. The 5-minute exposure
per session was a limitation because it may not accurately represent the typical pattern of
individuals who smoke or vape, which will alter the accuracy of the results. The lack of a control
group was a limitation due to the lack of comparison or baseline measurements to evaluate the
groups. The variability in product use can affect the ability of the study to generalize the results
to different products.

The eighth article by Song et al®® was published in 2020 and focused on examining acute
lung inflammation and gene expression of healthy individuals when nicotine free and nicotine
containing ECs are used. This is similar to Heldt et al who also investigated the effects of non-
nicotine containing ECs as one of their intervention groups. This study recruited human
participants, much like all of the aforementioned studies other than Alasmari et al. and Heldt et
al. Additionally, Song and colleagues recruited healthy, never smokers to participate in this
study, similar to Coppeta et al. This means that no control group was used for comparison for
this study, much like Munsamy et al and Coppeta et al. Recruitment was done using
advertisements followed by a phone screening to confirm eligibility. Participants were aged 21-
30 years and were excluded if they had a history of significant medical problems including lung
disease, general anesthesia or bronchoscopy within the previous year, recent drug use, BMI > 40,
use of other combustible tobacco within the past year, pregnancy, or any other medical disorder
that would affect their bronchoscopy risk. Unlike all other previously discussed articles in this
literature review, Song et al was the first to perform a randomized controlled trial. In this study,

participants, the site of bronchial alveolar lavage, and bronchial brushing locations were



42

randomized to avoid bias among researchers. This showed some similarities to Tomassi and
colleagues who performed a blinded quasi-experimental study where their sample collection and
processing of samples was blinded to remove bias. Baseline bronchoscopy was performed on all
participants where samples were collected by bronchial alveolar lavage for inflammatory cells
and cytokines and bronchial brushings were collected from normal appearing epithelium for gene
expression assays. Participants were provided with an EC 1 week after the baseline
bronchoscopy was performed and trained on how to use the device. The EC was an Innokin
iTaste VV 4.0 refillable tank device with flavorless EC liquid that contained 50% propylene
glycol and 50% vegetable glycerin without nicotine. Participants in the intervention group were
instructed to use the device at least twice per day over 60 minutes each time, performing 20
puffs. This was unique from other previous described studies where Munsamy et al utilized 10
puffs and Coppeta et al utilized 15 puffs. The device chosen for this study conveniently included
an LED screen that counted the number of puffs taken. Participants received daily reminders via
text message to use the EC device and were required to send a photo displaying the puff counts
to ensure compliance with protocol. After 2 weeks of use, the intervention group was evaluated
in person for compliance or any adverse events. After 4 weeks of EC use, all participants
underwent a second bronchoscopy, 5 weeks after the baseline bronchoscopy, where samples
were taken from the opposite side of the baseline samples. Both baseline and secondary
bronchoscopies were performed under light intravenous sedation. Urine was collected at the time
of the second bronchoscopy. Unlike all of the previously discussed studies, the participants in
this study were financially compensated for their participation; $37 for the orientation visit and
$200 for each bronchoscopy. Assays that were done for data collection included bronchial

alveolar lavage cell counts and determination of inflammatory cytokines like IN-y, IL-1p, IL-2,
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IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, and TNF-a. This is similar to Heldt et al who also
examined plasma cytokines via ELISA. Total RNA was extracted from bronchial brushings to
determine any upregulation or down regulation of gene expression. A urine spot test was
performed to determine the concentration and presence of propylene glycol.

A total of 30 participants were enrolled in this study. When comparing baseline and post-
intervention bronchoscopy samples, there was no statistical significance observed. There were
trends showing decreases in average cell concentration, macrophages, lymphocytes, and
neutrophils of the EC group with the control group seeing the opposite trend of increasing
average cell concentration and macrophages. Urine propylene glycol levels were significantly
increased in the intervention group but not the control group. When comparing changes in
urinary propylene glycol levels to cell counts and inflammatory cytokines of the intervention
group, there was statistical significance for positive correlations with changes in cell
concentration and lymphocyte counts. Additionally, changes in several cytokines, IL-8, IL-13,
and TNF-a, were found to be significantly correlated with the intervention group but not the
control group. There were no significant changes in gene expression from lung epithelial cell
brushings.

The limitations of this study were the small sample size, the limited scope of EC liquid
product, and the use of self-reporting and compliance. The small sample size, a common theme
among all of the articles aside from Schwarzmeier et al, was a limitation in that the results might
be different if a larger sample size was utilized. The components of the EC liquid studied was a
limitation in that the product studied does not represent the full range of products that are
available. The use of self-reporting, similar to Tommasi et al, is a limitation of this study in that

bias might occur should participants report inaccurate testaments.
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Cardiovascular

The ninth article was published in 2019 by Biondi-Zoccai et al®! who focused on the
acute effects of TCs, ECs, and a new generation heat-not-burn cigarette (HNBC) on oxidative
stress, flow-mediated dilation of vasculature, platelet function, and blood pressure. Focusing on
the acute, rather than the chronic effects of, TCs, ECs, and HNBC:s is shared with Munsamy et
al, Coppeta et al, and Song et al. Also sharing similarities to this study are Heldt et al,
Schwarzmeier et al, Tommasi et al, and Coppeta et al, who utilized TCs as an intervention group
to show trends and comparisons among varying methods of nicotine consumption. To add to the
parallels noted amongst the articles in this literature review, the absence of a control group is
akin to Munsamy et al, Coppeta et al, and Song et al. However, this is the only study in this
literature review that compares the effects of the use of a HNBC to TCs and ECs. Of note, the
researchers also compared satisfaction levels of each device which is unique to all other
beforementioned studies in this review. The design of this study is an independent, randomized
cross over study, which is similar to Coppeta et al who utilized the same design but without
randomization. Researchers were blinded to the device being used when examining blood
samples, endothelial dysfunction data, and cardiovascular parameters to prevent bias. This study
recruited human participants, much like all of the aforementioned studies other than Alasmari et
al. and Heldt et al. For this study, healthy participants were recruited if they had no acute or
chronic organic, metabolic or inflammatory disease, no fever or infection within 3 months, no
cardiovascular symptoms, no allergies, normal blood pressure levels and heart rhythms at
screening, not pregnant or menstruating, and were on no medications or supplements known to
affect or modulate measurement parameters. Participants were first, tutored on how to use each

device and then randomly allocated into 6 different cycles of using a single TC, EC, or HNBC.
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Like Munsamy et al and Coppeta et al, no control group was utilized in this study. The
randomization list was computer generated and participants did not know which group they
would be assigned to until each session began. Sessions consisted of either a single Marlboro
Gold TC with a mean nicotine content of 0.6mg per cigarette, a total of 9 puffs from a tobacco
flavored Blu Pro EC with a mean nicotine content of 0.58mg per 9 puffs, or a single THS2.2
IQOS with Heets HNBC with a mean nicotine content of 0.5mg per stick. None of the
aforementioned devices defined the components, other than nicotine concentration, of the TC,
EC liquid, or HNBC stick. Blood samples were drawn just before and immediately after the use
of each product. Participants eventually used all 3 products with a washout period of 1 week
before switching products. Blood was analyzed for markers of oxidative stress, antioxidant
reserve, platelet function, and cotinine levels. Serum levels of soluble Nox2-derived peptide, a
marker of NADPH oxidase activation, and quantification of 8-iso-PGF2a-I11, a class of
prostaglandins that reflects lipid peroxidation, were detected via ELISA to determine levels of
oxidative stress. Additionally, hydrogen peroxide levels and serum hydrogen peroxide
breakdown activity were measured in serum samples to determine levels of oxidative stress by
reactive oxygen species. Vitamin E levels and nitric oxide bioavailability were measured in
serum to determine antioxidant reserve and ability to counteract reactive oxygen species. Platelet
activation was measured by analyzing 2 markers of platelet activation in the serum. Serum
cotinine levels were drawn to measure compliance throughout the study. Endothelial dysfunction
was recorded as flow mediated dilation of the vasculature that was measured using ultrasound of
the brachial artery. All measurements were obtained between 8 and 10 am with the patient
resting in the supine position. The brachial artery was imaged at a location 3 to 7cm above the

antecubital crease utilizing a 7.5MHz linear array transducer. A sphygmomanometric cuff was
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placed on the forearm and inflated 50mmHg above systolic blood pressure to create flow
stimulus in the brachial artery. All measurements were made at the end of diastole and expressed
as percent change in post stimulus diameter when compared to baseline diameter. Systolic,
diastolic, and mean arterial pressures were recorded and analyzed at baseline and after each
smoking session. Following each smoking session, a 7-question survey was conducted with each
featuring scores from 0, no effect, to 100, maximum effect, describing satisfaction levels.

The total number of participants for this study, after the exclusion of 30 individuals due
to unwillingness to refrain from smoking during the required washout period, amounted to 20
subjects, 6 male and 14 female, with an average age of 35 years. Other population characteristics
included was BMI, serum cholesterol, hemodynamic values, family history of cardiovascular
disease, and pharmacologic therapy with contraceptives, antiepileptics, or thyroid replacement
therapy. Plasma cotinine levels were analyzed before and after exposure to all devices to
evaluate for compliance with all products increasing cotinine levels significantly from baseline
values. Regarding oxidative stress, all 3 devices showed statistically significant increases of
soluble Nox2-dervied peptide, hydrogen peroxide, and 8-iso-PGF2a. The order of greatest to
least increases was the TC group, followed by the EC group, and then the HNBC group across
all 3 categories of oxidative stress. The antioxidant status of participants was determined by
baseline and post-intervention vitamin E levels and hydrogen peroxidase levels. Both vitamin E
levels and hydrogen peroxidase levels were significantly reduced in both the TC and EC groups
following intervention. While no changes were observed in vitamin E levels for the HNBC, a
significant reduction in hydrogen peroxidase levels were observed post intervention. The
evaluation of platelet activation was determined by a change in concentration of sSCD40L and

soluble P-selectin. For all 3 devices, there were significant increases in the concentrations of both
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markers of platelet activation with the greatest increase in concentration in the TC group,
followed by the EC group, and the least amount of increase in the HNBC group. Endothelial
dysfunction was evaluated using flow mediated dilation, NO bioavailability, and blood pressure
changes. There was a significant decrease in flow mediated dilation for all 3 devices with the
greatest percent decrease occurring in the TC group, followed by the EC group, and finally the
HNBC group. A significant decrease in NO bioavailability was observed in the TC and EC
groups but not in the HNBC group with the greatest decrease occurring in the TC group.
Regarding blood pressure parameters, all devices cause statistically significant increases in
systolic, diastolic, and mean arterial pressures. The greatest increases were observed in the TC
group, followed by the EC group, and lastly in the HNBC group. Of note, biomarkers for
oxidative stress, antioxidant status, platelet activation, and endothelial dysfunction returned to
baseline prior to repeated exposure to each device. Satisfaction scores indicated a preference for
TC first, followed by HNBC, and least desirable was the EC.

The limitations of this study were the small sample size, focus on specific health
outcomes, the focus on specific health outcomes, the limited range of products tested the self-
reported smoking history, the limited range of products tested, and the controlled nature of the
setting. Like all the other articles discussed other than Schwarzmeier et al, the small sample size
that involved the recruitment of homogenous nonsmoking White population without overt
clinical conditions leads to generalizability. The focus was on acute effects of a single smoking
session so it remains unclear whether chronic tobacco users may lead to more persistent vascular
changes and biochemical profiles. This study focused on cardiovascular and oxidative stress
parameters while other health dimensions such as pulmonary function or carcinogenesis were not

evaluated. This study focused on specific brands of products, which may not represent the wide
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variety of products available. The controlled nature of this experimental setting does not
accurately reflect a real-world environment, which is a similar limitation found in Alasmari et al.
and Heldt et al.

The tenth article was published in 2020 by Gonzalez and Cooke®? who investigated how
acute use of the popular EC brand, JUUL, affects arterial pressure and sympathetic neural
outflow. Similar to Biondi-Zoccai et al, cardiac parameters were an important outcome of this
study but unlike any of the other articles discussed in this literature review, the impact of EC on
microneurography was determined. Like Munsamy et al, Coppeta et al, Song et al, and Biondi-
Zoccai et al, this study focused on the acute rather than chronic effects of ECs. This study is a
randomized cross over design, comparable to Coppeta et al, but most like Biondi-Zoccai and
colleagues. Akin to Heldt et al and Song et al, the utilization of non-nicotine EC liquid was used
as a comparison to a nicotine containing EC liquid. This study recruited human participants,
much like all of the aforementioned studies other than Alasmari et al and Heldt et al. Participants
were enrolled in this study if they had no history of autonomic dysfunction, hypertension,
respiratory disease, diabetes, tobacco or vaporized nicotine usage, and not taking any prescribed
medications were screened for hypertension prior to being admitted into this study. All female
participants were tested only during the early-follicular phase of their menstrual cycle and both
male and female participants were instructed to abstain from exercise and caffeine for 24 hours
prior to testing. Devices used for this study were the JUUL vape pod system and the SMOK FIT
Kit vape pod system. The device pods utilized were mango flavored JUUL EC liquid pods that
had 30% propylene glycol, 60% vegetable glycerin, and 59mg/ml of nicotine and mango
flavored naked EC liquid pods that contained 30% propylene glycol, 60% vegetable glycerin,

and Omg/ml of nicotine. This composition is unique to all previously reviewed articles in that the
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components found in the EC liquid of all the other studies remained equal at 50% each of
propylene glycol and vegetable glycerin. Additionally, this study utilizes the highest
concentration of nicotine at 59mg/ml, with the second highest, Alasmari et al, utilizing an EC
liquid containing 24mg/ml concentration of nicotine. Each participant was tested using both
devices at random, approximately 1 month apart. This study is similar to Munsamy et al,
Coppeta et al, Song et al, and Biondi-Zoccai et al. in that there was no control group used.
Participants were placed in a semi recumbent position where heart rate was recorded
continuously via a 3-lead electrocardiogram, respiratory rate was continuously measured using a
pneumobelt, and beat-to-beat arterial blood pressure was recorded continuously using a
noninvasive NOVA finometer. Multifiber efferent sympathetic nerve traffic was recorded from
the peroneal nerve muscle fascicles at the popliteal fossa by using a tungsten microelectrode that
obtained a mean voltage display of nerve activity. All participants were then allowed at least 5
minutes of nonrecorded rest to confirm hemodynamic and neural stability. Participants breathed
in time to a computer display which was set to 15 breaths per minute. A 10-minute baseline was
recorded followed by a 10-minute inhalation protocol. This protocol called for participants to
inhale once every 30 seconds on the device for a total of 20 inhalations while keeping in time
with the computer display. This puff count is similar to Song et al, who also utilized a 20-puff
count for their study. After completing the inhalation protocol, a 10-minute recovery period was
recorded where participants were asked to report any symptoms. Plasma cotinine levels were
measured before the start of the experiment, immediately after the inhalation protocol, and after
the recovery period. This was to ensure participants had not been exposed to any nicotine before

using the EC as well as quantify nicotine consumption values throughout the experiment.
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A total of 15 healthy young adults, 9 males and 6 females, were recruited for this study.
Plasma cotinine levels were analyzed before, during, and after exposure to each vaping device to
evaluate for compliance with no detectable increases being noted in whole blood cotinine
concentrations before, during, and after intervention. Subjective experiences were also recorded
with 11 out of 15 participants reporting feelings of light-headedness and/or throat irritation
following the use of the nicotine containing JUUL product and no reported symptoms by any
participant after the SMOK FIT product. When compared to baseline values, vaping sessions
with the nicotine containing JUUL device caused significant changes in all parameters; increased
systolic and diastolic blood pressure, increased mean arterial pressure and heart rate, and
decreases in muscle sympathetic nerve activity and spontaneous cardiovagal baroreflex
sensitivity. These significant changes continued into the recovery phase for all parameters except
for spontaneous cardiovagal baroreflex sensitivity, which returned to baseline values during the
recovery period. When compared to baseline values, vaping sessions with the non-nicotine
containing SMOK FIT product saw increases in systolic and diastolic blood pressure, mean
arterial pressure, and muscle sympathetic nerve activity; however, the findings were not found to
be significant. There was no change in heart rate for the SMOK FIT product and a decrease in
spontaneous cardiovagal baroreflex sensitivity, though it was not found to be significant. During
the recovery phase after use of the SMOK FIT non-nicotine containing device, all parameters
returned to normal.

The limitations of this study were the sample size and demographics, the specific brand
focus, the self-reported experience, the patterns of vaping, the lack of plasma nicotine
measurements, and the study suspension. Similar to all other previously discussed articles other

than Schwarzmeier et al, the small sample size was not a good representation of the general
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population, and an increased sample size may result in changes to the overall results. This study
focused on a specific brand of EC, the JUUL, which does not represent the effects other brands
of EC may have on study parameters. The bias introduced by self-reporting is a limitation in that
the subjective nature of experience varies among individuals. There is a limitation noted on the
pattern of vaping described in this study in that it may not represent real-world usage. This
coupled with participants who were naive to the effects of nicotine may not reflect the effects
seen in individuals who regularly use ECs. The lack of measurement of plasma nicotine levels is
a limitation of this study, as it could have provided more insight into the absorption of nicotine
and its relationship to the cardiovascular parameters being studied. Lastly, a limitation of this
study is the suspension of enrollment due to concerns over EVALI, which may have impacted
the completeness of the data and therefore accuracy of the results.

The eleventh article was published in 2020 by Chaumont et al.®® and seeks to determine if
the short-term cessation of vaping in heavy EC users would clear aerosol deposits from the lungs
resulting in recovery of gas exchange along with improvement of biological and clinical
cardiorespiratory parameters. Additionally, Chaumont et al. also sought to determine if EC
cessation for 5 days could shift serum and urine metabolomes toward a healthier
cardiorespiratory profile. This study is a randomized crossover design similar to Coppeta et al.
but most like Biondi-Zoccai et al. and Gonzalez and Cooke. Additionally, this study shows
similarities to Munsamy et al, Coppeta et al, Song et al, Biondi-Zoccai et al, and Gonzalez and
Cooke in that this study focused on the acute rather than chronic effects of ECs. This study
recruited human participants, much like all of the aforementioned studies other than Alasmari et
al and Heldt et al. Participants who were healthy, former tobacco smokers and exclusively used

nicotine containing EC over the past year were recruited and screened prior to enroliment.
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Participants were excluded if they used chronic medication or recreational drugs, had acute or
chronic illness, past or present symptoms of cardiopulmonary disease, use medications, or had
hypertension. Participants were asked to refrain from caffeine, alcohol, and exercise for 48 hours
and be fasting for at least 12 hours prior to each experimental session and study period. The
device used for this study was a fourth-generation Alien 220 box mod EC set at 60 watts with an
EC liquid containing 50% propylene glycol and 50% glycerol. One EC liquid lacked nicotine
while the other contained 1.5mg/ml of nicotine. Akin to Heldt et al, Song et al, and Gonzalez and
Cooke, the utilization of non-nicotine EC liquid was used as a comparison to a nicotine
containing EC liquid. All participants rotated through the protocol at random. The protocol
included 3 periods where in 1 period, participants were asked to vape an EC containing nicotine
for 5 days and until 2 hours before the experimental session which required them to vape 10
nicotine containing puffs at 60 watts. A second period asked participants to vape a nicotine free
EC for 5 days and until 2 hours before the experimental session which required them to vape 10
non-nicotine containing puffs at 60 watts. A third period asked participants to completely stop
EC vaping for 5 days before the experimental session and then perform sham-vaping which
mimicked actual vaping but with the device turned off. The cessation of EC use in this study is
not considered the control group but intervention; therefore, this study shares the lack of a
control group with Munsamy et al, Coppeta et al, Song et al, Biondi-Zoccai et al, and Gonzalez
and Cooke. Additionally, the protocol requirement of 10 puffs is similar to that seen in the
protocol designed by Munsamy et al. Researchers were blinded to experimental sessions to avoid
bias. Following experimental sessions, participants rested for 30 minutes and then were placed in
the semi-recumbent position for data collection. A PeriFlux system was used to monitor

transcutaneous oxygen and carbon dioxide. Continuous monitoring of oxygen saturation, end-
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tidal carbon dioxide, respiration rhythm, and heart rate were assessed using the Capnostream-35-
monitor. Systolic and diastolic waveforms were obtained using the Finometer Pro, which also
was used to calculate the cutaneous vascular conductance. Blood pressure was taken before and
immediately following experimental sessions. A PeriFlow system was used to assess skin
microcirculatory blood flow. All readings were recorded immediately before experimental
sessions, during, and then for 60 minutes after. Lung function tests were performed 3 hours after
the experimental sessions and focused on flow volume curves to include forced expiration and
inspiration, lung volumes via body plethysmography, and diffusing capacities for carbon
monoxide and nitric oxide. Blood was drawn at the beginning of and approximately 1 hour after
experimental sessions while urine specimens were collected at the beginning of and
approximately 90 minutes after experimental sessions. Serum concentrations of CC16,
creatinine, and surfactant protein-D were examined in blood samples while urine was examined
for concentrations of retinol binding protein, creatinine, and CC16. CC16 and surfactant levels
are indicative of lung inflammation. Protocol compliance was assessed by examining serum
nicotine and propylene glycol at baseline, urine cotinine, and fractional concentration of carbon
monoxide during expiration.

This study had 30 male participants with an average age of 38 years. They were regular
and exclusive EC users with an average consumption of 17mL of EC liquid daily. Plasma
cotinine levels were measured at baseline to maintain compliance and establish washout. The
researchers found that all baseline urine and plasma cotinine levels were within acceptable levels
for the study aside from high serum nicotine levels and urine cotinine levels in 3 nicotine free
sessions and 1 stop session. When compared to sham-vaping, both nicotine-containing and

nicotine-free vaping groups experienced a significant decrease in transcutaneous oxygen tension
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10 minutes following acute vaping sessions. A significant decrease in transcutaneous carbon
dioxide tension occurred 40 minutes following acute nicotine containing vaping sessions when
compared to sham vaping. When compared to sham vaping, both nicotine containing and
nicotine free vaping groups experienced decreases in both oxygen saturation and end tidal carbon
dioxide concentration though neither were significant. No changes were noted across all groups
when comparing changes in respiratory rate. When comparing oxygen saturation baseline values,
the stop session group had lower oxygen saturation than the nicotine containing and nicotine free
groups. No changes were noted to transcutaneous oxygen and carbon dioxide tensions, end-tidal
carbon dioxide concentrations, respiratory rhythms, skin microcirculatory blood flow, or
cutaneous vascular conductance. Significant increases in systolic and diastolic blood pressures
were noted acutely and remained elevated, not returning to baseline, throughout the recovery
phase in the nicotine containing vape group. There was a significant increase in the heart rate of
the nicotine containing vape group with a return to baseline during the recovery phase. While
significant increases were noted in the nicotine free vaping group across all 3 hemodynamic
parameters acutely, a return to baseline was noted for all parameters during the recovery phase.
Sham vaping resulted in increases in both systolic and diastolic blood pressures though the
changes were not significant nor were they as drastic as either the nicotine containing or non-
nicotine containing groups. Sham vaping resulted in little to no change in heart rate and the little
change that did occur, resulted in a decrease in heart rate. When comparing heart rate baseline
values, the stop session group had the lowest heart rate compared with the nicotine and non-
nicotine containing groups. FEF-25% was significantly higher in the stop sessions when
compared with nicotine free sessions. During acute sessions, changes in serum and urine

creatinine, changes in serum surfactant protein-D, and changes in urine retinol-binding-protein
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did not vary across groups. When comparing baseline serum CC16 concentrations, stop sessions
showed significantly higher concentrations when compared with the nicotine and nicotine-free
sessions. Baseline urine PG is lower in the stop session group when compared to both vape
groups. Baseline urine 3-hydroxyisovalerate and pyruvate were higher in both vape groups when
compared to the stop session. Baseline urine trimethylamine oxide, Hippurate, and N-
Phenylacetyl-glycine was lower in the nicotine session when compared to the stop session group.
The limitations of this article were sample size and gender exclusivity, previous smoking
history, the techniques used to measure parameters, the short study periods, the focus on specific
EC liquid components, the lack of control over vaping behavior, self-reporting compliance, and
the limited health outcomes. The small sample size and gender exclusivity, similar to Alasmari et
al, Heldt et al, and Md Isa et al was a limitation in that it is not an accurate representation of the
population and gender differences that might occur in a real-world setting. The participants
former TC smoking history is a limitation, even though they had not smoked a TC in over 1 year
and were exclusive EC users, this could still represent inaccurate results of EC exclusive users.
The techniques used to measure outcome parameters are a limitation because each EC can emit a
specific profile of heavy metals, carbonyls, and CO which may explain why the baseline oxygen
saturation was higher in the nicotine and non-nicotine containing groups due to absorbance
properties. Additionally, CO baseline levels tended to be higher in active vaping sessions
suggesting combustion with high-wattage vaping rather than simple vaporization. This study
only focused on EC liquid containing varying nicotine levels and PG, not on whether other
components, such as flavoring, could have an impact on the results. Vaping conditions during the
5 days prior to experimental sessions was not monitored. Only 5 days of vaping does not mimic

real-world setting, nor does it account for variation in exposure. The participants’ self-reporting
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could lead to bias and variation in the results, similar to Tommasi et al, Song et al, and Gonzalez
and Cooke.
Results

According to Alasmari et al,>* the chronic, daily use of nicotine containing ECs can alter
the concentrations of neurotransmitters within the mesocorticolimbic brain regions and lead to
addiction to nicotine. The effects on the concentrations of neurotransmitters may be related to
nicotine exposure and additional research regarding the other components found in the liquid of
the EC are needed to make further conclusions. Alasmari and colleagues® found that the chronic
and daily use of ECs resulted in changes to concentrations of dopamine, glutamine, and
glutamate in the STR and changes to concentrations of glutamine and GABA in the FC with
serotonin concentrations remained unchanged in both regions of the brain. Heldt et al*® found
that the long-term use of ECs can have adverse effects on neurovascular health and may
contribute to cognitive dysfunction, regardless of nicotine content. Additionally, Heldt et al>®
determined that the effects of ECs may be equivalent to combustible TC and have uniquely
damaging properties. More research is needed to further understand the specific components and
byproducts which are implicated in these effects to determine the mechanism at which these
changes occur.

Following the completion of their study, Md Isa et al?* found that individuals who use
ECs experience moderate to severe eye dryness along with improper tear film stability. However,
these individuals also appeared to have an overproduction of tears which is thought to act as a
countermeasure to combat the dry eye symptoms. A secondary outcome that Md Isa and
colleagues?! found was that as the EC device increased in power output, so too did the worsening

of symptoms experienced by the user. The outcome obtained from the study performed by
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Munsamy et al®® revealed that 10 puffs from an EC resulted in no statistically significant changes
to the integrity or thickness of the corneal surface or in the stability of tear film. However,
Munsamy and colleagues®® noted a negative clinical trend with only 10 puffs from an EC, which
may be amplified with increases in puff number and repeated vaping throughout the day.

Schwarzmeier et al®’ concluded that the use of EC presented genotoxicity and
cytotoxicity in the oral mucosa cells. However, there is a need for further research to delineate
the degree of damage that is attributable to the consumption of alcohol. The results obtained
from the whole transcriptome analysis performed by Tommasi et al®® found that individuals who
were exclusive EC users have deregulation of key genes, similar to TC smokers, the majority of
which converge on cancer-related pathways. Tommasi et al®® also determined that future
research should target the long-term effects of EC use along with the effects associated with the
passive exposure to vapor from ECs.

The results obtained from Coppeta et al*® regarding the use of ECs in healthy participants
yielded worsening of ventilatory function after only 5 minutes of exposure mimicking an
obstructive like disease process. While Coppeta and colleagues® found that these negative
outcomes were not as severe as those seen in participants exposed to TC smoke, they maintained
significance. In addition, Coppeta et al®® also determined that the air quality in confined spaces
was affected by both TCs and ECs. More research is warranted concerning the long-term active
use of and passive exposure to EC. The research performed by Song et al®® determined that the
use of ECs containing the carriers PG and vegetable glycerin produces inflammatory changes in
the lungs that is dose responsive. Further research is needed to understand the significance of the

magnitude of the dose responsiveness of PG and vegetable glycerin as well as flavors.
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According to Biondi-Zoccai et al,% the use of TCs, ECs, or HNBC was associated with
acute detrimental effects on oxidative stress, antioxidant reserve, platelet function, and
hemodynamic parameters. The HNBC was associated with less biological and physiological
markers of damage but requires further studies, along with ECs and TCs, to compare the long-
term effects of use to the cardiovascular system. The findings obtained from the study performed
by Gonzalez and Cooke®? showed increases in mean arterial pressure and heart rate with
inhibition of muscle sympathetic nerve activity when participants inhaled ECs with nicotine
containing EC liquid. Gonzalez and Cooke®? also found that inhalation of an EC with non-
nicotine containing EC liquid did not elicit sympathoexcitatory responses or influence peripheral
sympathetic outflow. However, because this study was performed on healthy, young individuals,
the populations whose baroreflex function is not as robust is thought to likely experience
exaggerated symptoms of sympathoexcitation, which warrants further research investigating the
potential chronic effects of EC use on cardiovascular health. Chaumont et al®® determined that
short-term cessation of EC use in those who regularly use ECs decreases hemodynamic
parameters, increases ventilatory function, and modified urine cigarettes signature®*. Regardless
of the nicotine content of EC liquid, transcutaneous oxygen tension levels decreased with EC
use. Further research is necessary to determine if chronic cessation can further improve
hemodynamic and pulmonary parameters.

Discussion

The neurological effects associated with the use of ECs include the alteration in the
concentration of excitatory and inhibitory neurotransmitters in the mesocorticolimbic brain
regions. These neurotransmitters are important factors in maintaining consciousness and normal

brain function but also in the induction of and emergence from general anesthesia.%® By
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enhancing inhibiting excitatory transmission or inhibiting excitatory transmission, anesthesia
providers can achieve desired anesthetic effects of sedation, amnesia, loss of consciousness, or
muscle relaxation.®® 8657 The anesthetic implications behind the changes to neurotransmitter
concentrations associated with EC use can increase the risk for post-operative nausea and
vomiting, increase neuronal excitability and requirements for sedatives, impact the effectiveness
of commonly used medications in anesthesia, as well as delay emergence from anesthesia due to
disturbances in neurotransmitter balance. %67 The damage to the neurovascular structures of
the brain and potential contribution to cognitive dysfunction that ECs cause can significantly
impact the emergence phase of anesthesia. Neurovascular damage can lead to impairment of
cerebral autoregulation with decreased cerebral reserve, increased inflammation and oxidative
stress, blood brain barrier disruption, and hemodynamic instability.58 5% 70 All of these factors
can increase the risk for delayed emergence, alter the penetration of drugs into the brain further
complicating emergence, and exacerbate or increase the risk for neurological injuries related to
fluctuations in perfusion and oxygenation to the brain.®8 6% 7

The effects of ECs on the ocular health of individuals requiring anesthesia are important
considerations to avoid potential perioperative complications. Important anesthetic
considerations for patients with unstable tear film and moderate to severe dry eye is the increased
risk for corneal damage related to the diminished blink reflex and exacerbation of dryness which
could lead to a number of keratopathies.”> "> Additionally, some commonly used anesthetic
medications such as anticholinergics and opioids can worsen ocular symptoms through varying
mechanisms and cause further damage.” "> Though the presence of postoperative ocular
complications are rare following general anesthesia, in the presence of dry eyes or unstable tear

film, the recommendation is to utilize appropriate ocular occlusion with a lubricating ointment
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prior to placing eye protection.” The overproduction of tears may provide challenges during the
intraoperative period in distinguishing between natural tear production and the presence of
injury.” "> The overproduction of tears may prove troublesome in maintaining proper eye
protection during extended surgical procedures as well as recognize the entry into phase two of
anesthesia during the emergence process.’ ™ Finally, with increasing corneal thickness the
anatomy of the eye and the structures that surround and support it may change which could
increase the risk for injury or affect the distribution of local anesthetic administered during a
retrobulbar or peribulbar block.” "® 7 With increasing corneal thickness, changes to intraocular
pressure could also occur, which may lead to negative postoperative outcomes given the
techniques employed during induction, extreme surgical positioning, medications administered
throughout the perioperative period, and if any major hemodynamic changes occur.’ /6. 77.78
The anesthetic implications for alterations in the oral mucosa cells of EC users involves
impaired oral mucosa integrity resulting in impaired healing and increased infection risk, the
need for gentle airway management due to an enhanced inflammatory response, and regional
anesthetic considerations for dental and oral surgery.”® 8 8182 The need for gentle airway
management may require the pretreatment of oral mucosa with topical medications and the use
of video laryngoscopy techniques in order to avoid unanticipated trauma to the oral cavity and
airway.’® & 8! The changes noted in the oral cavity and the airway may also increase difficulty
with intubation and may necessitate advanced techniques to avoid unintentional damage.®*
Administration of anti-inflammatory agents like corticosteroids may be warranted to decrease the
risk for post-extubation swelling.8% 8! Additionally, when the oral mucosa is compromised the
use of regional anesthesia may be inappropriate, resulting in the requirement for adjustment in

anesthetic technique or plan of care.?
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The anesthetic management of a patient who uses ECs can be complex.® With
derangements in pulmonary function due to acute or chronic use of ECs, the patient can be at risk
for increased respiratory complications and challenges when it comes to ventilation.® 648384
Intraoperative management and emergence from anesthesia may be complicated and should
involve optimizing the patient to prevent negative outcomes. Intraoperative management should
include continuous monitoring of oxygen saturation and end tidal carbon dioxide concentration
supplemented with arterial blood gas analysis to ensure optimization of oxygenation is occurring
and ventilation/perfusion mismatch is being avoided.®® Prolonged emergence and delayed return
of airway reflexes can occur due to slower clearance of anesthetic gases so all objective criteria
for extubation should be met prior to removal of protective airway devices.® 84 Inflammatory
processes occurring in the lungs and airway increase the risk for bronchospasms, atelectasis, and
laryngospasm.®® 84 Administration of anesthetic gases and intravenous medications should be
chosen carefully to avoid increased reactivity of the airway.®* The anesthesia provider may
consider treating with bronchodilators, anticholinergics, or corticosteroids during the
preoperative phase to optimize the patient prior to the induction of anesthesia.?* 8 Consideration
of regional anesthesia is also warranted to minimize pulmonary complications.®* Given the air
quality studies performed, these anesthetic considerations may be indicated for patients who
experience passive exposure to ECs however, more research is required to determine the long-
term effects.34

The cardiovascular changes observed in patients who vape place the individual at risk for
intraoperative complications that are similar to those risks associated with TC smoking. Due to
the alterations in baseline hemodynamics, patients may be at greater risk of cardiac

complications such as intraoperative myocardial infarction, cardiac arrhythmias, and
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hemodynamic instability partially due to impaired baroreceptor response.® 8 Advanced
hemodynamic monitoring may be necessary in order to closely monitor cardiovascular status and
prevent negative perioperative outcomes.® & Along with close monitoring, careful fluid
management should take place to maintain appropriate fluid balance and large swings in
hemodynamic parameters.2® An important consideration during the intraoperative phase for
patients who vape ECs containing nicotine is the potential for nicotine withdrawal which
manifests as increased levels of anxiety in the preoperative period and increased heart rate and
blood pressure during the intraoperative period.* & 8 Management of nicotine withdrawal for
longer duration surgical procedures may require increased anxiolytics or nicotine replacement
therapy.® 8 Similar to smoking TCs, individuals who vape ECs have increased risk of
vasospasms due to endothelial dysfunction, which is caused by increased oxidative stress and
decreased antioxidant status, further exacerbated by the use of ECs.28 Maintenance of stable
hemodynamics and fluid status is the recommendation to avoid worsening of endothelial
dysfunction.®® Consider avoiding use of nitrous oxide, as its use has been associated with
decreased postoperative endothelial function and may worsen status.®® Increased platelet
activation raises the intraoperative risk for thrombosis so careful monitoring is recommended or
even consultation with a hematologist if laboratory values are extremely deranged.®®

Very few current preoperative assessment tools exist for patients who use ECs. One that
was found within the literature by a large urban teaching hospital located in South Florida has
shown clinically significant improvements in the identification of patients who use ECs and their
likelihood of adverse perioperative outcomes.>® The quantification of use (never, former, or
current), type of EC liquid consumed which is additive specific, use per day, and number of

years of vaping history are included in this pilot project with the addition of any treatment for
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cessation of vaping, a readiness for change assessment, as well as an indicator for positive
passive exposure.®® When determining risk cardiopulmonary risk assessment with traditional
cigarettes the quantification of use, use per day, and number of years of smoking history is
established.>* An important question that is asked of current traditional cigarette smokers is if
they have abstained from smoking prior to their procedure and if so, for what duration of time as
there are known benefits to abstinence from smoking prior to surgery.® This guides the
anesthesia provider in determining which methods will be best suited for this particular patient in
order to deliver safe and effective anesthesia during the perioperative period.> Given the
duration in which the patient has abstained from smoking, if they have at all, will provide
valuable insight as to the type of anesthetic to deliver (regional versus general versus monitored
anesthesia care), the type of inhalational agents to use or not use, intravenous medications that
can be utilized to prevent unwanted side effects associated with nicotine or tobacco products, and
the anticipation of potential intraoperative events.>? A similar assessment can be utilized for
patients who use ECs however, the quantification of nicotine or “cartridges per day” must be
calculated to accurately understand risk, anticipate complications, and provide safe anesthesia.>?
The importance lies in how to properly assess and evaluate patients who use ECs and if further
pulmonary or cardiac testing is indicated based on use to eliminate or anticipate perioperative
complications when delivering anesthesia.>
Conclusion

The increasing number of potential surgical patients who use ECs requires the knowledge
and evolution of anesthetic care during surgical procedures to help optimize perioperative
outcomes and prevent unanticipated negative complications. The anesthesia providers who

partake in an educational intervention regarding the health hazards associated with the acute and
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chronic use of ECs can make a difference in the care provided by improving their knowledge and
skills in the perioperative period. The studies provided have their limitations, mainly being small
sample sizes and the need for more research in a real life setting rather than a controlled
environment. However, the potential for advancing anesthesia practice with continued education
practice will allow for increased patient safety and overall patient outcomes.

Purpose/PICO Clinical Questions/Objectives
PICO Question or Purpose

The purpose of this project was to educate anesthesia providers on the negative side
effects associated with the acute and chronic use of ECs and in what manner the use of ECs
affects the anesthetics administered during surgery or diagnostic procedures. This project was
also for discussion regarding the proper perioperative management of patients who have history
of current or past use of ECs. Additionally, this project informed anesthesia providers on the
importance of proper preoperative assessment for the patient populations that use ECs or are
exposed to ECs via surrogate or secondhand vaping. This was done via the utilization of a
preoperative assessment tool that was meant to help to determine intraoperative cardiopulmonary
risk.

The PICO question for this project was as follows: Will an educational intervention
regarding the anesthetic perioperative consequences of EC use improve the knowledge among
anesthesia providers?

P: Any aged individual who acutely or chronically uses ECs as well as those patient

populations who are exposed to secondhand vapor from ECs.
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I: An educational intervention, developed from evidence-based literature, with the goals

of improving the anesthesia provider’s knowledge of the health hazards of ECs and the

impact ECs may have in the perioperative period to guide intraoperative management

C: The anesthesia provider’s pre-education knowledge measured by a pretest containing

questions from the literature relating to the potential anesthetic consequences of EC use.

O: The anesthesia provider’s post-education knowledge that will be evaluated by a

posttest containing questions from evidence-based literature pertaining to the anesthetic

consequences of EC use in the perioperative period.
Primary DNP Project Goal

The health hazards surrounding the use of or exposure to vapor from electronic cigarettes
in the perioperative period can lead to unanticipated intraoperative challenges like difficulty with
intubation, pulmonary injury, and hemodynamic instability.> ® These intraoperative challenges
can increase anesthesia related complications such as dangerous drops in oxygen saturations due
to difficult intubation, unexpected ICU admission due to pulmonary injury, and increased risk for
intraoperative cardiac events due to unstable hemodynamics.®® The use of electronic cigarettes is
a fairly current and new trend amongst multiple population groups that, until recently, has lacked
substantial evidence based data involving the health hazards associated with their use. This
remains especially complex for patients undergoing procedures that require anesthesia because
there is no standardized preoperative evaluation to quantify perioperative risk and guide
intraoperative management. The purpose of this project was to educate anesthesia providers on
the potential negative side effects associated with the acute and chronic use of electronic
cigarettes and to help guide anesthetic administration and management during surgery or

diagnostic procedures.
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The practice site was a large urban teaching facility located in South Florida. Their
mission was to “heal the body, mind, and spirit of those we touch.”®® Their leadership team was
made up a board of commissioners that consisted of 7 members appointed by the governor of
Florida. This site was one of the largest not for profit facilities and was important for this project
because of the large number of high acuity patients in the community.*® This facility houses 571
beds and has over 14,000 employees, and as of 2022, this facility had a total number of 10,567
surgeries including but not limited to: bariatric, hernia repair, general, emergency, neurologic,
cardiac, orthopedic, vascular, transplant, and advanced minimally invasive surgeries.®® The high
number of procedures performed at this facility, increases the likelihood that patients who vape
will be admitted to or arrive via outpatient channels for surgery.

According the National Center for Health Statistics and the Centers for Disease Control
and Prevention (CDC), in the US, approximately 8.1 million adults and 2.55 million adolescents
use electronic cigarettes with frequency of use most commonly being daily or weekly.%* %2
Additionally, electronic cigarettes remain unregulated by the US Food and Drug Administration
(FDA) allowing for widespread sale and accessibility for individuals over the age of 18 years, in
most states, as of 2021.%2 Users of electronic cigarettes identify as a separate group from those
who “smoke cigarettes” and prefer to describe themselves as individuals who “vape.”®* The
vernacular used to describe the use of electronic cigarettes has evolved from utilization of the
word “smoking” and users of electronic cigarettes consider themselves not to be “smokers,”
which can complicate a health care provider’s assessment of smoking status in the primary care
environment as well as in the perioperative period.* When discussing these statistics with
providers at this facility, it was determined that there was not a section within the preoperative

assessment documentation for vaping status.
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The practice at this facility was that the anesthesia provider performs a preoperative
evaluation, but the documentation was performed by the attending anesthesiologist. There was
no section within the preoperative assessment documentation to determine vaping status. The
literature supports including a subsection to determine vaping status in order to better provide
intraoperative management.® Intraoperative management varies per anesthesia provider based on
the training and experience they have as well as the presence or absence of other patient
comorbidities. Due to these factors, it was not possible to discuss how intraoperative
management of patients who vape was performed at this site. It was noted that these patients
usually are treated as if they are current traditional cigarette smokers.

The project sponsor for this project played a major role in determining whether the
educational points were of interest and importance to the anesthesia providers at this facility.
This individual served as a mentor and helped to navigate certain issues and problems regarding
the nature of the project design and how one should best deliver information. Additionally, the
project sponsor helped to identify major leaders within the facility who helped to motivate and
encourage other providers to participate in this project. The sample included approximately 60
total anesthesia providers consisting of anesthesiologists, anesthesiologist assistants, and
certified registered nurse anesthetists working in the surgical department of this facility. This
population was important to this project due to the direct relation to the information which was
provided to the patient population that this group provides anesthesia services for. The update in
evidence-based literature allowed these anesthesia providers to best care for their patients who
vape, bettering patient outcomes. This facility met and exceeded the goals set forth in order to

have increased quality of patient experience, effective quality of care, and patient safety.® This



68

facility’s dedication to these goals provided one with the ability to reach a large target audience
to further improve patient satisfaction, overall quality of care, and patient safety.*
Goals and Outcomes
For the purposes of this DNP quality improvement project, the following SMART

objectives were identified:

Specific
Anesthesia providers received an educational intervention tool with evidence-based
information on the organ specific side effects of electronic cigarettes in order to improve

anesthetic management during the perioperative period

Measurable

The effectiveness of this educational intervention was derived through the analysis of a
survey that was provided to participants before and after delivery of the educational presentation.
Outcomes were measured by evaluating the variations in the anesthesia providers’ knowledge of
the negative side effects associated with electronic cigarettes and perioperative management
techniques for this patient population, pre- and post-intervention. In order to generate reports,

Qualtrics® software was used to create the surveys and analyze the data.

Achievable

Physician anesthesiologists, certified registered nurse anesthetists (CRNASs), and certified
anesthesiologist assistants (CAAs) and other anesthesia providers benefited from the educational
intervention of negative side effects associated with electronic cigarettes and perioperative

management techniques for the patient who vapes.
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Realistic
Anesthesia providers were educated on the negative side effects associated with the use
of electronic cigarettes for surgical patients and potential perioperative management techniques

that can be utilized to avoid complications.

Timely

The presentation discussing the negative side effects associated with the use of electronic
cigarettes and the potential perioperative management techniques that can be implemented to
decrease the risk for complications was completed and available to anesthesia providers within 6
months. The outcome of this initiative was as follows: within 6 months, anesthesia providers had
access to an evidence-based presentation discussing the organ specific side effects associated
with the use of electronic cigarettes and the recommendations for perioperative management for

the vaping patient who requires surgical intervention.

Program Structure

Following guidance from the DNP student’s clinical mentor, a baseline organizational
needs assessment was performed at the potential project site. This needs assessment was
performed mainly through interviewing various anesthesia providers followed by a review of the
preoperative assessment documentation paperwork. A thorough review yielded a section in the
preoperative assessment documentation titled “Social Activities” where alcohol consumption and
quantification of nicotine containing tobacco products was located. Discussion amongst several
anesthesia providers led to an overwhelming agreement that this section would be an appropriate
location for information pertaining to electronic cigarette use and updated vaping status. A
secondary interview style assessment was performed by the clinical mentor to gauge interest in

the topic of anesthesia implications for the vaping patient with several providers showing
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interest. The DNP student was successful in the completion of this project due to the approval
and encouragement with the chief certified registered nurse anesthetist along with the chief
anesthesiologist.
Strengths

The strengths that were identified at this facility that aided in the completion of this
project were the specialized services that are offered, the updated technology and facilities
available for use, the skilled staff that were essential providing excellent care, and this facility’s
reputation for excellence.®® The ability of a large hospital to provide specialized services allows
for a wide variety of patients from different cultures and demographic backgrounds to seek
treatment at this facility.®® With increasing patient needs and attendance, there was an increased
likelihood that patients who use electronic cigarettes required specialized surgical services.®® The
fact that this facility was equipped with state-of-the-art medical equipment means that they value
new information to better patient care.?® This increased the likelihood that this project was
accepted at this facility. Having skilled staff and an excellent reputation continues to support this
idea that new evidence-based information and knowledge provided for better patient care and
outcomes.®
Weaknesses

The weaknesses that were identified at this facility that might hinder the completion of
this project are capacity constraints, dependence on external funding, and competition.*® Any
facility experiences capacity constraints, no matter how large the hospital or the number of beds
they have.®® With capacity nearing complete, this might translate into patient care delays or
increased pressure on existing resources which could have placed this project at a lower

priority.®® Additionally, this facility was dependent on government funding to provide services
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that may have affected operations should changes in policies or disasters occur.?® Finally, the
local competition among hospitals may have affected the choice a patient makes when choosing
which hospital to attend.®® These factors might have slowed the progression of this project.
Opportunities

The opportunities that were identified at this facility that may have increased the chances
for this project to be completed are population growth, medical tourism, and healthcare
legislation.®® With an ever-growing population in South Florida, there was a need for this facility
to potentially require expansion due to increased patient influx.®® This facility has many
specialized surgical services that increase the number of patients seen at this site.*® Additionally,
evolving healthcare legislation allows the hospital to adapt and optimize the way surgical
services are run, therefore increasing efficiency.® These site-specific opportunities increased the
likelihood that the anesthesia providers who maintain leadership positions saw the importance in
this project and supported it.
Threats

The threats that were identified at this facility that might have ceased the advancement of
this project are regulatory changes and the current anesthesia provider shortage. Regulatory
changes are something that remain out of the control of those individuals who supported this
project.®® Should regulatory changes have occurred within the facility, this project may have
become low on the priority list due to the impact these changes may have had on the financial
stability and overall hospital operations.®® Additionally, the anesthesia provider shortage might
not have allowed for this project to be seen as important. With the shortage of providers, the
quality of patient care can decrease, making the priority of the surgical department those things

that they can do quickly to increase safety and quality of care.®®
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Methodology of Quality Improvement

Setting and Participants

A baseline organizational needs assessment was performed at the project site. This needs
assessment was performed mainly through interviewing various anesthesia providers followed by
a review of the preoperative assessment documentation paperwork. A thorough review yielded a
section in the preoperative assessment documentation titled “social activities” where alcohol
consumption and quantification of nicotine containing tobacco products was located. Discussion
amongst several anesthesia providers led to an overwhelming agreement that this section would
be an appropriate location for information pertaining to electronic cigarette use and updated
vaping status. A secondary interview style assessment was performed by the clinical mentor to
gauge interest in the topic of anesthesia implications for the vaping patient with several providers
showing interest. The successful completion of this project required the chief certified registered
nurse anesthetist along with the chief anesthesiologist’s approval and encouragement to garner
additional interest among anesthesia providers at this facility. The relevance of the sample size
and setting in which this project took place was important due to evolving nature of the health
hazards associated with the use of ECs.
Description of Approach and Project Procedures

This DNP project began with inviting all of the anesthesia providers at this facility to
participate in the quality improvement project. The method employed for this project was that of
a pre-post intervention design that would first measure self-reported knowledge on the health
hazards of ECs with respect to anesthesia administration. The data collected before the
educational intervention included demographic data, position or title, years of practice, and

educational level. The educational intervention included the system-based health hazards
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associated with the acute and chronic use of ECs, the anesthetic implications of these health
hazards, and the evaluation of a preoperative assessment tool in determining risk for anesthesia
complications during the perioperative period. Throughout the educational intervention,
providers were invited to speak openly about their own experiences with patients who vape and
undergo anesthesia. In order to maximize the educational intervention, the DNP student
welcomed discussion amongst individuals regarding adverse events and treatment options
pursued to discourage negative perioperative outcomes. The project investigator attempted to
create an educational intervention that had a duration of approximately 20 minutes. Following
the educational intervention, participants were asked to complete a post-test survey.
Protection of Human Subjects

The plan for protection of human subjects was to utilize the Florida International
University Institutional Review Board and any other Institutional Review Board that the facility
requires. Participants were asked to consent via Qualtrics, with the right to withdraw at any time.
Benefits of participation included the improvement of knowledge in preventing negative patient
outcomes, intraoperative management, and self-reflection on anesthetic methods and practice.
No identifiable data was collected during this project. Data was collected and stored in a
password-protected online database, accessible only to the primary investigator.
Data Collection

The data collection included demographic information including gender, race, and
ethnicity. The participant’s position or title was included in the collection of data along with the
highest educational level achieved. Additionally, the years of practice were included in the data
collection. This information, along with the pre-test and post-test, were obtained via a Qualtrics

survey.



Data Management and Analysis

Data storage and analysis were done via a password-protected and locked account in

Qualtrics. Data were collected and stored this way in an electronic database. The primary

investigator was the only individual with access. No direct identifiers were collected, and all

results were reported in collectively. Questionnaires were collected, scored, and presented as

percentages for comparison of pre- and post-educational intervention.

Demographics

Results

The demographics of the participants surveyed are represented below.

Table 1. Consent to Participate
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Answer Percentage Count
I consent to be a participant 100.00% 10
Total 100.00% 10
Table 2. Gender
Answer Percentage Count
Male 40.00% 4
Female 60.00% 6
Non-binary or third gender 0.00% 0
Other 0.00% 0
Table 3. Age in Years
Answer Percentage Count
25-30 20.00% 2
31-35 50.00% 5
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ol

41+ 20.00% 2

Table 4. Ethnicity

Answer Percentage Count

Caucasian 40.00% 4

Asian 0.00% 0

Table 5. Position/Title

Answer Percentage Count

MD 20.00% 2

Table 6. Level of Education

Answer Percentage Count

Bachelors 0.00% 0

Doctorate 80.00% 8
(MD/DO/PhD/DNP)

Table 7. Experience in Anesthesia in Years

Answer Percentage Count
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2-5 40.00% 4
5-10 10.00% 1
10+ 10.00% 1

A total of 66 invitations were distributed via email to anesthesia providers to participate
in the pre- and post-test educational intervention. Ten participants consented to participate, no
surveys were left incomplete, totaling 10 participants for the quality improvement project. The
demographics of those who participated are represented by the following: male (n = 4, 40%),
female (n = 6, 60%), Hispanic (n =5, 50%), Caucasian (n = 4, 40%), and African American (n =
1, 10%). Eight of the participants were certified registered nurse anesthetists (n = 8), with either
a master’s degree (n = 2, 20%) or a doctorate (n = 6, 60%), and 1-2 years of experience (n = 3,
30%), 2-5 years of experience (n =4, 40%), or 5-10 years (n = 1, 10%) as an anesthesia provider.
Two participants were medical doctors (n =2, 20%) with 1-2 years of experience (n = 1, 10%) or

10 or more years of experience (n = 1, 10%) as an anesthesia provider.

Pre-Test Knowledge of Anesthesia Implications for Patients Who Vape

The pre-test consisted of 10 questions that assessed the current knowledge of the
anesthesia implications for patients who vape. None of the participants were able to identify that
an increased plaque buildup is a complication noted in patients who vape. The same number of
participants were unable to identify that strawberry is a vape flavor that increases the risk for
airway hyperresponsiveness when compared to other flavors. One (n = 1, 10%) out of 10
participants was able to determine that one of the neurotransmitters effected by ECs was GABA.
The same number of participants correctly identified that an increase in tear production occurs
and that an increased requirement for anxiolytics is noted in those patients who vape. Two (n = 2,

20%) of the ten participants correctly answered that the estimated number of adults and
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adolescents in the United States that use ECs is 10 million. Four (n =4, 40%) of the 10
participants answered that increased airway reactivity was a pulmonary complication associated
with the use of ECs, and 5 (n =5, 50%) of the 10 participants correctly identified that an
increased risk of vasospasms occurs in patients who vape. Seven (n =7, 70%) of the 10
participants were able to identify that delayed wound healing, sepsis, and EVALI were all poor
patient outcomes that could occur when patients undergo anesthesia without an anesthesia

provider’s knowledge of their vaping history. No questions were marked invalid.

Post-Test Knowledge of Anesthesia Implications for Patients Who Vape

After the educational intervention, participants answered a post-intervention
questionnaire consisting of the same questions found in the pre-test. Results assessed the
knowledge gained from the educational intervention are listed in the table below (Table 1). All
questions showed an increase in the correct answer when the pre- and post-intervention tests
were compared. The most significant increase in participant knowledge was noted in the
application questions discussing which EC flavor the participant would be most concerned with
in the preoperative area with regard to increased airway hyperresponsiveness, where in the pre-
test none of the participants answered correctly and, in the post-test, all 10 of the participants
answered correctly, demonstrating an increase in participant knowledge by 100.0%. Of note,
participant knowledge was shown to increase by 90.0% when comparing the pre-test and the
post-test answers with respect to the neurotransmitter most likely to be affected by the use of
ECs. In addition to the 2 questions discussed above, 5 further questions demonstrated 50.0% or
higher increase in participant knowledge when comparing the pre- and post-test. Of the 10
questions provided, only 3 provided less than a 50.0% increase in participant knowledge with

none of the questions dropping below less than a 30.0% increase in participant knowledge.
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Question

Pre-Test
(n=10)

Post-Test
(n=10)

Difterence (%)

What is the estimated number of adults
and adolescents in the United States
who use Electronic Cigarettes?

Which of the following complications
or poor patient outcomes can occur
when patients undergo anesthesia
without the anesthesia provider
knowing their vaping history?

Which of the following
neurotransmitter derangements is
correct for the patient who vapes?

Which of the following are anesthetic
implications for the neurological
system for the patient who vapes?

Which of the following are anesthetic
implications for the ocular system for
the patient who vapes?

Which of the following are anesthetic
implications for the oropharyngeal
system for the patient who vapes?

Which of the following are anesthetic
implications for the pulmonary system
for the patient who vapes?

Which of the following are anesthetic
implications for the cardiovascular
system for the patient who vapes?

Which of the following are anesthetic
implications for the nicotine
withdrawal for the patient who vapes?

Your patient in the preoperative area
admits they vape. Which of the
following Electronic Cigarette flavors

2

8

10

10

10

+60.00

+30.0

+90.0

+70.0

+40.0

+70.0

+50.0

+30.0

+50.0

+100.0
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are you most worried about due to
increased airway hyperresponsiveness?

Summary of Data

Overall, the results of the educational intervention demonstrated a knowledge increase of
59.0% between the pre- and post-tests. The most significant increase in provider knowledge was
noted in the questions that discussed which flavor would be most concerning for increased
airway hyperresponsiveness (+100.0%) and the neurotransmitter derangement that would be
most likely to occur in patients who vape (+90.0%). The following figures illustrate the

differences between the pre- and post-test answers for each question.

Figure 1. Question 1 Responses

What is the estimated number of adults and
adolescents in the United States who use
Electronic Cigarettes?

10

1 Million 5 Million 10 Million 15 Million

O N B~ OO

B Pre-Test Post-Test
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Figure 2. Question 2 Responses

Which of the following complications or poor
patient outcomes can occur when patients
undergo anesthesia without the anesthesia

provider knowing their vaping history?
12
10

S D A

EVALI Sepsis Delayed wound All of the
healing above

mPre-Test Post-Test

Figure 3. Question 3 Responses

Which of the following neurotransmitter
derangements is correct for the patient who
vapes?
12
10

| Serotonin 1 GABA + Dopamine

S D~ O

1
Acetylcholine

mPre-Test Post-Test



Figure 4. Question 4 Responses

Which of the following are anesthetic
implications for the neurological system for the
patient who vapes?

8

7

6

5

4

3

2

-

0 I
+ Risk for BBB disruption | BIS All of the

intraoperative monitoring above

awareness effectiveness

mPre-Test Post-Test

Figure 5. Question 5 Responses

Which of the following are anesthetic
implications for the ocular system for the patient

who vapes?
6
5
4
3
2
1
,
+ Risk tear + Risk for + Risk for eye All of the
production cataracts infection above

mPre-Test Post-Test
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Figure 6. Question 6 Responses

Which of the following are anesthetic
implications for the oropharyngeal system for the
patient who vapes?

8
7
6
5
4
3
2
1
o 1
| Saliva + Risk for + Plaque build All of the
production uvular necrosis up above

mPre-Test Post-Test

Figure 7. Question 7 Responses

Which of the following are anesthetic
implications for the cardiovascular system for the
patient who vapes?

9
8
7
6
5
4
3
2
=
0
Hypotension Bradycardia + Risk for All of the
vasospams above

mPre-Test Post-Test
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Figure 8. Question 8 Responses

Which of the following are anesthetic
implications for the nicotine withdrawal for the
patient who vapes?

8
7
6
5
4
3
2
1
o 1l I I
+ Pain Postoperative + Anxiolytic All of the
sensitivity delirium requirements above

mPre-Test Post-Test

Figure 9. Question 9 Responses

Your patient in the preoperative area admits they
vape. Which of the following Electronic Cigarette
flavors are you most worried about due to
increased airway hyperresponsiveness?

12
10
8
6
4
2
0 |
Chocolate Tobacco Strawberry Mango

mPre-Test Post-Test
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Figure 10. Question 10 Responses

Overall increase in participant knowledge from
Pre- and Post-Test results

80%
80%
70%
59%

60%
50%
40%
30% 215
20%

0%

Pre-Test Post-Test % Difference
Limitations

This quality improvement project had several limitations including a small sample size. A
total of 66 surveys were distributed via email to anesthesia providers at one location, however,
only 10 participants completed the pre-test, educational intervention, and post-test in its entirety.
A larger, more diverse sample size would allow for a more accurate representation of the
preexisting knowledge of the anesthetic implications for patients who vape.”* A larger sample
size would also validate the effectiveness of the educational module and intervention.”* The time
frame for the responses was also a limitation, as participants were given 2 months to complete
the survey. Another limitation was sending out the surveys to only 1 facility instead of multiple
facilities to maximize the amount of participation. The need for further research was an
additional limitation for this project. One area of future research is in the pathway that nicotine is
metabolized by and how it affects the many anesthetic agents that are metabolized by the same

pathways or ones that share end target organs. Another area of future research is in the
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components of the EC liquid and how they impact various organ systems on the cellular and

molecular level, independent of nicotine.

Discussion of the Results with Implications for Advanced Nursing Practice

The preoperative evaluation phase of the perioperative period is a vital part of the
anesthetic management plan set forth by the anesthesia provider. Understanding how to properly
communicate with the patient regarding their vaping status in the preoperative phase is essential
in determining how to manage potential complications that can be expected during the
intraoperative and postoperative phase. By gathering a thorough and exhaustive history of a
patient’s vaping use, the anesthesia provider can tailor the patient’s unique anesthetic to avoid
the complications that this project discusses. The results of this project indicate that there is a
knowledge gap and that anesthesia providers can improve patient outcomes by understanding

how the use of ECs impacts major organ systems in the body.

This project will prepare the anesthesia provider to be aware of the potential
perioperative changes that are significant to this patient population. The increased requirement
for anxiolytics and a meticulous airway assessment is vital during the preoperative phase to
properly optimize patients who vape.% 6 67-83.84 Additionally, the probable need for a
preoperative breathing treatment due to airway hyperresponsiveness related to EC liquid flavors
and the potential utilization of regional anesthetic techniques due to a reactive airway process are
important factors to consider in this patient population.®>* A unique consideration for outpatient
eye centers or those patients presenting for ocular surgery is the anatomical changes that can
occur to the eye in patients who vape, which may complicate regional anesthesia.” 777 This
project demonstrates that during the induction of anesthesia, the anesthesia provider should be

aware of the increased requirements for sedatives and anesthetic agents.%® %7 Important
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considerations for the patient’s eyes during the induction phase is that there is an increased risk
for corneal abrasions, intraocular pressure changes, nystagmus, and overall ocular injury due to
the vasoconstrictive effects of ECs.”" 7> Additionally, gentle airway management should be
considered not only due to increased plaque, tooth decay, and bleeding but also because of this
patient’s increased risk of infection and impaired healing abilities in the oropharynx.” 3% 8! This
patient population may require video-laryngoscopy or pretreatment with topical medications.”*3%
81 Lastly, the impaired baroreceptor response may cause dangerous hemodynamic swings during
the induction phase.® *¢ This project reveals that patients who vape are at an increased risk of
post-operative nausea and vomiting, unlike their tobacco smoking counterparts.> %667 An
important aspect of the maintenance phase of anesthesia that this project discloses is the
impairment of cerebral autoregulation, blood brain barrier disruption, and the decreased cerebral
reserve that can impact the ability the length of stay in the hospital due to unwarranted
postoperative effects.®® ¢ 7% The caution that is required during the maintenance phase due to the
pulmonary changes demonstrated by this project suggest that vigilant ventilatory management
should be observed due to decreased gas exchange, pulmonary function, and the mimicking of an
obstructive process.> %8384 Even passive exposure to ECs may cause these pulmonary changes
during the intraoperative phase.3* Additionally, this project displays that this patient population is
at risk for hemodynamic instability and thrombosis, which places these individuals in danger due
to the increased chances for intraoperative myocardial infarction or cardiac arrhythmias.?®> 86
Furthermore, the use of nitrous oxide should be avoided due to its association with worsening
endothelial function, increasing the risk for thrombosis and coronary vasospasms.®® This project

shows that this patient population may experience delayed emergence and increased risk for

emergence agitation, which may alter the anesthesia provider’s choice in anesthetic
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management.5> % 67 This project demonstrates the potential need for the administration of
corticosteroids during the emergence and post-operative phase to prevent any post-extubation

swelling and postoperative complications during the recovery period.’% !

This project can have positive implications for health care organizations that aim to offer
the latest research and evidence-based practice approaches to the management and care of their
patients who use products like ECs undergoing any surgical procedure. This project will help
guide future research and standardization options for properly evaluating and managing patients

who vape during the perioperative phase.

Conclusion

With the increasing number of individuals in the United States and the world using ECs,
the anesthesia provider must maintain the responsibility of remaining up to date on all the
potential complications that may arise during the perioperative phase of a patient’s surgical
experience. By performing a rigorous preoperative evaluation and assessment, proper planning
and execution of an anesthetic that is tailored to the vaping patient’s specific needs can ensure
that patient outcomes are improved and overall surgical experiences are positive. The studies
provided do have their limitations, mainly being small sample sizes and the need for further
research. However, as anesthesia providers continue to improve their knowledge surrounding this

growing vaping population, they also can improve their patient outcomes.
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Alasmari F, Design was This Independent Unpaired When Chronic EC Chronic daily | Level I1l
Crotty quasi- experiment variables: independent t- | compared to use induced inhalation of evidence.
Alexander LE, | experimental. took place in control group test was used the control changes in the | nicotine Limitations of
Hammad AM, | The goal was the United vs EC vapor to analyze group: neurochemical | containing EC | this study were
Bojanowski to evaluate the | States. EC group tissue content | Dopamine: EC | levels in the alters small sample
CM, concentrations | liquid Dependent readings group had FC and STR. concentrations | size, the
Moshensky A, | of GABA in containing variables: obtained for lower of neuro- species and
Sari Y, 2019, the frontal 50% glycerin, | Concentrations | neurotransmitt | concentrations transmitters gender
Effects of cortex and 50% propylene | of glutamate, ers of interest | in the STR but within meso- specificity, the
Chronic striatum of glycol, and glutamine, in the frontal not the FC. corticolimbic | controlled
Inhalation of mice after long | 24mg/ml of GABA, cortex (FC) Serotonin: No brain regions, | exposure to
Electronic term exposure | nicotine were | dopamine, and | and striatum significant which may conditions, the
Cigarette to EC vapors used for this serotonin in (STR). The changes in lead to focus on
Vapor to determine project. Vapor | the frontal level of either the FC addiction. specific
Containing whether the was created by | cortex and significance or the STR. neurotransmitt
Nicotine on vapor induces | applying striatum was shown as | Glutamate: ers, exposure
Neurotransmitt | any alterations | pneumatic p <0.05. Significant time, and lack
ers in the in the pressure. 10 increases in of human
Frontal Cortex | inhibitory male C57BL/6 the STR but correlation.
and Striatum neuro- mice were not the FC This study
of C57BL/6 transmitter placed in soft Glutamine: provided
Mice GABA and the | restraints Significant evidence that
excitatory where their increases in changes occur
neuro- noses were both the STR in the brain
transmitters exposed and and FC when chronic
dopamine and | were made to GABA: use of ECs.
glutamate. inhale vapor Significant
for 4 seconds decreases in
every 20 GABA in the
seconds for 1 FC but not in
hour per day the STR

for 5 days per
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week for 6
months. The
control group
was placed in
the same soft
restraint but
exposed to air.
After 6
months, mice
were
euthanized,
and their
brains isolated.
Tissue samples
were taken to
quantify the
concentrations
of glutamate,
glutamine,
GABA,
dopamine, and
serotonin.

Heldt NA,
Seliga A,
Winfield M, et
al. 2020.
Electronic
cigarette
exposure
disrupts blood-
brain barrier
integrity and
promotes

Design was
quasi-
experimental.
The goal was
to determine
the impact of
long-term EC
exposure on
the blood brain
barrier (BBB)
function,
expression of

This
experiment
took place in
the United
States. EC
liquid
contained
nicotine
concentrations
of O or
18mg/mL. A 4
second puff

Independent
variables:
control group
vs EC nicotine
group vs
cigarette group
vs EC non-
nicotine group

Dependent
variables:
nicotine

All measures
were
expressed as
mean with
standard error
of the mean.
Shapiro-Wilk
test was
applied to test
the data
distribution.
ANOVA was

Body weight
and serum
cotinine
(biomarker of
nicotine
exposure): Cig
exposed mice
weighed less
than other
groups while
neither EC

group

EC emissions
without
nicotine had a
robust effect
that often
exceeded the
nicotine

containing EC.

This was
particularly
evident with
respect to

Long-term use
of ECs may
negatively
affect
neurovascular
health and
contribute to
cognitive
dysfunction,
regardless of
nicotine
content. EC

Level I11
evidence.
Limitations of
this study were
the sample size
and the
inclusion of
only male
mice. The
controlled
laboratory
conditions
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neuroinflamma | vascular and (~35mL) intake, tight also used. The | impacted body | reduced gene use is were also a
tion inflammatory | occurred every | junction and level of weight. Cig expression of comparable to | limitation.
markers, 30 seconds 2 transporter significance and nicotine critical BBB exposures of This study also
permeability, hours per day, | associated was shown as | containing EC | genes, traditional focused only
leukocyte- 5 days per mMRNA p <0.05 groups were in | increased cigarettes and | on nicotine
endothelial week for 8 expression, clinically paracellular may be content and
interaction, weeks. 2 BBB relevant permeability, uniquely not the other
and microglial | cigarettes were | permeability cotinine ranges | and impaired deleterious in ingredients
activation. burned via tight supporting cognition. All | some contexts. | found in ECs
Affective state | concurrently junction similar forms of EC and traditional
and cognitive | for another proteins, nicotine and cig cigarettes that
function were | group with 28 | pulmonary delivery. exposure may contribute
also measured. | seconds macrophages, Genes impacted to these unique
interpuff microglial associated leukocyte neurovascular
duration. The changes, and with tight margination effects.
control group behavioral junction with non-
was exposed to | assessments complexes nicotine EC

room air.
Group sizes
varied from
11-30 mice.
Blood was
collected at
weeks 1, 3, 5,
and 7 to
determine
nicotine and
cotinine
concentrations.
Following
euthanasia,
lung, brain
neocortex
(frontal and

responsible for
the facilitation
of drug efflux
or active
transport of
key nutrients
in relation to
the BBB
(Up/Down):
cerebral
microvessel
mRNA
showed
significant
upregulation
and down-
regulation in

exhibiting the
most robust
response.
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parietal lobes), the 0%EC
and basal (2163/2281),
ganglia were 1.8%EC
fixed for (311/863), Cig
microglial (529/384).
analysis BBB immune
(brain) and associated
total area genes: Cig
excluding exposure
alveolar space showed up
(lung). Tracers regulation with
and markers a unique
were injected upregulation
just prior to for 1.8%EC.
euthanasia to BBB
determine permeability:
BBB Expression of
permeability. tight junction
Plasma proteins for the
cytokine levels BBB was
were significantly
determined via decreased in
ELISA. the cortex
Behavioral independent of
tasks were nicotine when
performed and compared to
measured room air.
throughout the Similar trends
experiment to were noted in
determine the basal
ambulatory ganglia but did
activity, not approach
anxiety- significance.

associated

Tracers were
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behavior, and also used to
novel object observe
recognition changes in
permeability.
Functional
increases in
permeability

were unique to
0% EC
exposure.
Transporter
protein Glutl
expression
decreases
following Cig
exposure and
EC regardless
of nicotine
content.
Following
tumor necrosis
factor
injection,
leukocyte
margination
was elevated
in all exposure
groups when
compared to
room air,
further
supporting
increased BBB
permeability




99

Citation

Design/
Method

Sample/
Setting

Major
Variables
Studied and
their
Definitions

Measurement
and Data
Analysis

Findings

Results

Conclusions

Appraisal:
Worth to
Practice/Level

for EC and cig
groups.
Pulmonary
macrophages:
Increased by
exposure to
nicotine
containing EC
or cigs. Neuro-
inflammatory
changes: No
differences
observed.
Functional/
behavioral
consequences:
Data suggest a
damaging
effect of 0%
EC on
cognition
(short-term
memory and
anxiety-related
behavior).

Md Isa NA,
Koh PY, Doraj
P, 2019, The
Tear Function
in Electronic
Cigarette
Smokers

Design was
Cross-
sectional,
single visit,
pilot study.
The goal was
to determine
dry eye
symptoms,

This
experiment
took place in
Malaysia. 42
participants
with 21 in the
control group
of non-
smokers and

Independent
variables:
control group
of nonsmokers
Vs. vaping
group

Dependent
variables:

Statistical
analysis was
performed
using SPSS
with intraclass
correlation
coefficient.
Normality is
assessed by

Overall, the
vaping group
experienced
moderate to
severe dry
eyes.
Break-up time
in both
noninvasive

The effect of
vaping on dry
eye symptoms
and tear film
integrity is
very similar to
that of tobacco
cigarette
smoking

When
compared with
nonsmokers,
vapers
experience
moderate to
severe eye
dryness and
their tear film

Level I11
evidence.
Limitations
were that this
sample size
was small, all
male, and that
this was a pilot
study. More
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particularly 21 inthe ocular surface | Shapiro-Wilk | tear and function is studies should
tear film, vaping group. | assessments test (p > 0.05) | fluorescein significantly be done to
between Inclusion 1. Noninvasive | and tests was disturbed. confirm the
vapers and criteria were tear break-up differences significantly There may be | results of this
nonsmokers. age 19-30 2. Fluorescein | between decreased in a counter- study

years with at break-up time | groups were the vaping measure to

least 1 year of | 3. Corneal measured group. Tear combat these

vaping history | staining using volume/tear dry eye

at least 4. Tear independent t- | meniscus symptoms

3mL/day with | meniscus test or Mann height was with over

at least 50% height Whitney U significantly production of

propylene 5. Schirmer test. decreased in tears as

glycol liquid. test Jonckheere- the vaping confirmed by

Control group Terpstra test group. Corneal the Schirmer

was healthy was used to staining was test.

non-smokers. identify trends | noted in 10 Interestingly,

Ocular surface
assessments
started with
noninvasive
tear breakup (5
measurements
taken and the 3
closest times
were taken),
followed by
fluorescein
breakup time
slit lamp bio-
microscopy;
time interval
for the first
dark spot to
appear after

from increased
power output.
Significance
was
determined at
p <0.05.

vapers and 4
nonsmokers at
various
locations
(grade 1).
Schirmer test
showed a
higher
production of
tears in vapers
that was
significant.
With
increasing
power
output/voltage
on the vaping
device,

as power
output from
the device
increased, the
clinical
parameters
also
significantly
worsened.
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blinking, X3 significance
measurements and values are
averaged), significantly
grading of increased.
corneal
staining (done
after
fluorescein
break up), tear
meniscus
height (image
analysis, X3
measurements
averaged), and
then Schirmer
test (length of
wet strip after
a period of
time) for both
eyes.
Munsamy A, This was a This study was | Independent Data collection | Corneal While there is | There are no Level 111
Bhanprakash quasi- done in South | variables: Pre- | comprised of Epithelial no statistical statistically evidence. The
B, Sirkhot A, experimental Africa. 64 test values both pre-test Thickness significance, significant limitations of
etal, 2019, A | design with on | participants and post-test Analysis: The | there are changes on the | this study were
pre-test post- group pretest were originally | Dependent measurements. | mean changes | increases seen | pretest and that the sample
test assessment | and posttest. admitted with | variables: Measurements | from pretestto | in corneal posttest when | size is limited,
of non- The goal was reliable scans Post-test data were posttest are thickness 10 puffs of EC | there was a
invasive to determine occurring for conducted by | central (-.3448 | (central> are performed. | lack of access
keratograph the effect of 58 the same 2 microns, p = inferior> Clinical to exclusive
break up time | vaping onthe | participants; examiners to 0.105), temporal> increases were | EC users, the
and corneal outer-most therefore, there ensure superior (- superior> noted, which inclusion of
epithelial ocular surface, | were 58 eyes standardiz- 0.2414 nasal) and may be EC naive
thickness after | the corneal for corneal ation. The microns, p = increases in amplified with | subjects, and
vaping epithelium epithelial corneal 0.230), inferior | tear film puff number the influence
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with the use of | thickness and measurements | (-0.2931 instability and repeated on corneal
corneal 57 eyes for were an microns, p = when posttest | vaping surface
pachymetry tear stability. average of 2 0.169), nasal ( | values are throughout the | changes.
and a non- Participants measurements | -0.2069 compared to day.
invasive tear were recruited while the first | microns, p = pretest values.
stability test. using a reading 0.269), and

purposive measurement temporal (-

sampling for the average | 0.2759

technique tear stability microns, p =

where the was analyzed 0.117). None

inclusion using SPSS of these values

criteria were version 24. showed

participants Statistical statistical

older than 18 significance significance.

years with no was given for

history of p <0.05. Tear Film

either acute or Stability

chronic Analysis: The

systemic average

disease, change was -

history or 1.40 seconds

presence of with p = 0.089.

corneal 41.1% had

disease, stable tear film

oculuar or post vaping,

systemic 42.8% had

medications, intermediate

recreational tear film post

drug users, vaping, and

contact lens 16.1% had

users, and unstable tear

persons who film post

had undergone vaping.

corneal




103

Citation

Design/
Method

Sample/
Setting

Major
Variables
Studied and
their
Definitions

Measurement
and Data
Analysis

Findings

Results

Conclusions

Appraisal:
Worth to
Practice/Level

surgery. The
effect of
vaping on
corneal
epithelial
thickness was
measured
using the
Optovue iVue
optical
coherence
tomographer
pachymetry,
and tear film
stability was
assessed using
Non-Invasive
Keratograph
Break-Up
Time with the
Oculus
keratography.
Each
participant was
asked to vape
10 puffs of EC
liquid of 8mg
nicotine
concentration
(0.05mL of
liquid) ina
study site that
was 4.67m by
2.25m with the
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air
conditioning
turned off.
Schwarzmeier | This was a This study Independent: Exploratory Nicotine Increased The former Level I
LAT, daCruz | quasi- took place in EC user vs. analyses were | dependence/IC | frequency of smoker group | evidence. The
BS, Ferreira experimental Brazil. 91 smoker vs. performed CS scores micronuclei, showed no limitations of
CCP, Carvalho | design where total former smoker | with the when binucleation, significant this article
BFDC, Alves | the focus was participants vs. control Kruskal-Wallis | compared broken egg, cytotoxicity, were that there
MGO, Lima to investigate splitinto 4 test with across groups | and nuclear showing that was missing
Carta CF, cytogenetic groups: Dependent: Dunn’s test as | were non- bud are there are data in medical
Scholz JR, and cytotoxic nonsmokers, CO a post-hoc significant (p considered benefits to records, there
Almeida JD., damage former concentration, | method. =0.0296). indicators of quitting was difficulty
2021, E-cig through the smokers, EC Cotinine levels | Correlations Smoking load | genotoxicity smoking and in
might cause evaluation of users, and in the plasma, | and was also non- | while vaping standardizing
cell damage of | micronuclei smokers. micronuclei associations significant (p karyolysis and | altogether. the
oral mucosa. and Inclusion levels, and between data =0.5069). CO | karyorrhexis While there concentrations
metanuclear criteria was metanuclear were concentration are indicators are significant | of EC liquid
anomalies absence of any | anomalies determined was found to of cytotoxicity. | findings of used, there
frequency in history of oral using be significant Significantly cytotoxicity was no scale
the oral malignancy Spearman’s (P <.0001). higher number | and for nicotine
mucosa and of | and absence of correlation test | Plasma of broken eggs | genotoxicity in | dependence,
nicotine any visible and Fisher’s cotinine levels | inthe EC the oral and there was
dependence in | clinical signs exact test. of the EC group than the | mucosa cells a high
EC users of alteration at Significance group were smoker group | in both the EC | incidence of
compared with | the site to be level of 5% found to be and and smoking alcohol use
smokers of evaluated. was adopted non-significant | significantly groups. among
traditional Exclusion for all tests. when more participants.
cigarettes, criteria were determining karyolysis,
former consumption correlation to binucleation,
smokers, and of other forms daily broken eggs,
nonsmokers. of tobacco, frequency (p = | and nuclear
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any previous 0.213) and buds than the
cancer nicotine former smoker
treatment concentration | and control
including found in EC groups.
surgery or liquid (p =
radiotherapy/c 0.527).
hemotherapy
in any organ or The frequency
system, and of micronuclei
alteration of and
the oral metanuclear
mucosa. abnormalities
Evaluation of in each group
nicotine is presented
dependence graphically;
was done by Cells
means of the containing 1
ISCS score. micronucleus,
The total micro-
quantification nucleated
of the smoking cells, and total
load was micronuclei
performed for were most
the smoking frequent in the
group by smoking group
calculation of followed by
pack years. the EC group
Evaluation of and former
cigarette smoker group
consumption and least
for the EC, frequent in the
smoker, control group

former smoker
groups were

(p 0.0035, p =
0.0024, and p
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completed =0.0014
with CO respectively).
concentration The frequency

of exhaled air.
Evaluation of
plasma
cotinine levels
was also
performed.
Exfoliative
cytology was
performed of
the lateral
border of the
tongue and
mouth floor
and then
washed and
fixed onto
slides. Slides
were evaluated
for
micronuclei
and
metanuclear
abnormalities.

of
karyorrhexis,
in order from
most to least
frequent was
smoker group,
EC group,
former
smokers, and
nil for the
control (p =
0.0028). The
frequency of
broken eggs in
order from
most to least
frequent were
EC users,
smokers, and
nil for former
smokers or the
control group.
Karyolysis
frequency
from most to
least frequent
was EC users,
smokers, and
former
smokers
equaling the
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control group
(p =0.0001).
Binucleation
frequency
from most to
least is as
follows EC
users, former
smokers,
smokers, and
control group
(p =0.002).
Nuclear
budding
frequency
from most to
least is as
follows: EC
group,
smoking
group, and nil
for the former
smokers and
control group
(p <0.001).
Qualitative
variables
assessed the
frequency of
micro-nuclei
and
metanuclear
abnormalities
for location
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finding that
there is a
significant
association in
the EC and
smoker groups
for the tongue
(p =0.0098
and p =0.26,
respectively).
Tommasi S, Thisis a This study Independent Data analysis Genome wide | EC users have | Whole Level I
Caliri AW, blinded quasi- | took place in variables: EC | for gene gene significant transcriptome | evidence. The
Caceres A, experimental the USA. 93 USErs Vs. ontology and expression overexpression | analysis of oral | limitations of
Moreno DE, study that total smoking canonical analysis: 857 and under cells from this study were
Li M, ChenY, | soughtto participants traditional pathway was upregulated expression of exclusive EC that the sample
Siegmund KD, | determine the | splitinto EC cigarettes vs. done using the | transcripts and | genes in the users and size and
Besaratinia A., | effects of EC users (n = 42), | nonsmokers database for 295 down oral smokers shows | composition is
2019, use vs. smokers (n = annotation regulated epithelium, that vapers, small, the
Deregulation smoking on 24), and Dependent visualization transcripts in which isa similarly to exclusivity of
of Biologically | gene nonsmokers (n | variables: and integrated | EC users and major target smokers, have | EC vs. TC vs.
Significant regulation by = 27) groups Changes in discovery 1383 site for deregulation of | nonsmoker
Genes and interrogating were used in gene bioinformatics | upregulated smoking key genes, the | groups,
Associated the oral this study. expression tool and the and 343 associated majority of reliance of
Molecular transcriptome | Individuals related to RNA | ingenuity downregulated | carcino- which self-reported
Pathways in in the meeting sequencing, pathway transcripts in genesis. converge on social habits,
the Oral exclusive EC criteria were CO breath analysis tool. smokers. Diseases and cancer related | and variability
Epithelium of | user and contacted via analysis, (Smokers have | disorders pathways and inEC
Electronic traditional phone and plasma nearly 50% found to be functions. products.
Cigarette cigarette screened cotinine more genetically
Users. smokers when | followed by an | results, and aberrantly expressed in
compared to in-person carboxyhemog expressed EC users are
nonsmokers. interview for a | lobin values. transcripts cancer,
second than EC users. | organismal

screening prior

Relative to

injury/abnor-
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to the study controls, both | malities,
beginning. EC users and neurologic
Exclusion smokers are disease,
criteria were statistically psychologic
oral infection significant disease, and
or differences for | Gl disease
inflammation, differentially (Smokers =
gum disease, expressed cancer,
dental decay, transcripts (p < | organismal
immune 0.005). Vape injury and
system specific abnormalities,
disorders, transcripts Gl disease,
diabetes, comprise of dermatological
respiratory 74.1% of all diseases and
disease, kidney differentially conditions, and
disease, BMI < expressed infectious
18kg/m2 or > transcripts in diseases).
40kg/m2, or EC users, Pathways
any medical smoke specific | effected by EC
disorder or transcripts users are
medication constitute Whnt/Ca+
that could 82.7% of all pathway,
affect the transcripts in protein
study results or smokers. ubiquitation
patient safety. pathway, aryl
Participants Gene ontology | hydrocarbon
were asked to and molecular | receptor
refrain from pathway/functi | signaling
eating, onal network pathway,
smoking, or analysis: Of tRNA
vaping at least the 1152 charging, and
1 hour prior to aberrantly aldosterone
lab collection. expressed signaling.
Participants transcripts in (Smokers =
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were then EC users, 876 | integrin
asked to (76%) are signaling,
vigorously connected to phagosome
rinse their known disease | maturation,
mouths with processes insulin
water to while receptor
remove saliva, 1539/1726 signaling,
residual food deregulated ERK/MAPK
particles, and transcripts in signaling, and
mucosal smokers (89%) | actin
debris. An are connected | nucleation by
ultra soft Oral- to known ARP-WASP
B brush with disease Complex).
sufficient processes.
pressure was 53% of
applied to aberrantly
contact the transcribed
surface of the DNA
inside of the sequences in
participants EC users vs
cheeks with 79% in
rotatory smokers were
motion along protein coding
the face and (p < 0.0001)
edge of the and 28% of
brush was used aberrant
to gently transcripts in
scrape the EC users
entire surface belonged to
area of the diverse classes
inside of the of regulatory
cheek while non-coding
avoiding RNAs (in

bleeding.

smokers this is
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Proximal, about 8%) (p <
central, and 0.0001). Most

distal regions
were brushed
15 times each.
Plasma
cotinine was
measured and
quantified via
ELISA. CO
levels in
exhaled breath
and percentage
of
carboxyhemog
lobin were
determined.
Total RNA
was isolated,
sequenced, and
analyzed to
determine
expression
level of
individual up
regulated or
down
regulated
genes.

affected
canonical
pathway in EC
users is the
“Wnt/Ca+
pathway”
while in
smokers it is
the “integrin
signaling
pathway”.
Pathways
found to be
affected by
both smoking
and EC use is
the “Rho
family of
GTPases
signaling
pathway
(number of
downstream
affected
targets is 3X
higher in
smokers than
vapers).
Tumor
suppressor p53
gene is the
most
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frequently

mutated gene
in the head and
neck
squamous cell
carcinoma-
associated
with smoking.
The most
represented
functional
categories in
EC users
involved
molecules that
involved
chaperones,
stress
response, and
ATP-binding
and Wnt-
binding
proteins
(smokers =
keratinocyte
differentiation,
small GTPase
superfamily,
cell to cell
adhesion, and
protein
serine/threonin
e phosphatase
activity).
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Further noted
analysis found
that EC user
gene ontology
was commonly
associated
with
tumorigenesis
particularly in
smoking
related cancer
(lung,
squamous cell
carcinoma of
the head and
neck,
esophageal,
bladder,
ovarian, and
leukemia.)
(Smoking =
cancer related
and similar to
EC users with
potential to
involve
tumorigenesis
initiation and
promotion.)
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Coppeta L, Design was This study Independent No sample size | Pulmonary: In | 5-minute use The active use | Level Il
Magrini A, quasi- took place in values: study was EC smokers, a | of EC caused a | of EC by evidence. The
Pietroiusti A, experimental. Italy. 17 men baseline conducted significant significant healthy limitations of
Perrone S, The goalisto | and 13 women | measurements | before, and the | decrease in decrease in subjects leads | this study were
Grana M. assess whether | (total 30) who | Dependent data was FEV1 was airflow when to worsening that there is a
2018, Effects the active use | were healthy values: analyzed with | observed 1 measured with | of the main small sample
of smoking of ECs from (no history of | Spirometry STAT9 min after flow-volume parameters of | size, a short
electronic healthy chronic (onset of statistical smoking but spirometry. No | ventilatory duration of
cigarettes on subjects can bronchopulmo | obstruction, package. not at 15 significant function after | exposure with
pulmonary cause short nary disease in | changes in Paired minutes. A onset of 5 minutes of results
function and term effects on | the acute FEV1/FVC ANOVA test significant fall | obstruction exposure examined for
environmental | lung function phase, ratio, changes | was used for in FEV1/FVC | patterns in acute
parameters and if these respiratory in FEV1, and statistical ration and in exposed measurements,
changes are allergies, changes in evaluation. FEF 25%-75% | heathy the lack of a
similar to respiratory FEF 25-75) was observed volunteers. control group,
tobacco symptoms, after 1 minute. | Trend of and the
smoke. The acute or Environmental After 15 significant variability of
possible chronic (emission minutes post- | worsening of ECsand TCs
impact of diseases assessment of exposure, a all respiratory used.
environmental | regarding the nanoparticles persistent parameters
pollution was | cardiovascular | at baseline, decrease in after 1 minute
also measured. | system, liver, during FEF 25-75% but not after
kidney, or smoking, and but not 15 minutes
urinary for 60 minutes FEV1/FVC from active EC
system, post smoking was observed. | smoking with
cancer, session) a persistent
autoimmune, Environ- decrease in
or immune- mental: The FEF 25%-
deficiency average 75%.
conditions, or concentration Environmental
pregnancy). of particles study
Liquid used during and determined
contained after smoking | that aerosol
1.8% nicotine ECs was generated by
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(18mL/L), 49690ppm/cm | EC falls within
propylene 3 (tobacco particle size
glycol, 42645pp/cm3) | similar to
glycerol, with the EC traditional
vegetable dropping to cigarette and
flavorings, and baseline values | can pollute a
deionized in 5 minutes closed
water. and cigarette environment
Traditional lasting for for a short
cigarette about 30 period of time
contained minutes. (traditional
0.6mg cigarette
nicotine, tar pollutes much
8mg, and CO longer).
9mg.
Each
participant

underwent, on
different days,
a5 minute
session of
active EC or
traditional
cigarette
smoking. EC
group was
asked to
perform 15
puffs of
nicotine
containing
liquid with
evaluations of
spirometry
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occurring at
baseline,
within 1 min,
and after 15
minutes.
Song MA, Design was a This study Independent: Statistical Propylene EC use The data from | Level 1l
Reisinger SA, | randomized took place in non nicotine analysis was glycol was induced lung this study evidence. The
Freudenheim controlled the United non flavor EC | performed significantly inflammation provides direct | limitations of
JL, Brasky trial. The goal | States. 30 group vs using JMP 10 | increased in correlated with | safety this study were
TM, Mathé is to better never smokers | control no and Partek the change in information the small
EA, McElroy understand the | between the intervention software. Data | intervention propylene regarding the sample size,
JP, Nickerson | health effects ages of 21-30, | group were group (p = glycol EC solvent the limited
QA, Weng of ECs and without history summarized as | 0.0015) but exposure. The | carriers scope of EC
DY, Wewers focusing on of significant Dependent: mean and not the control | use of nicotine | propylene liquid product,
MD, Shields the solvent medical bronchial standard group (p = and flavor free | glycol and and the use of
PG., 2020, carriers in EC | problems alveolar lavage | deviation with | 0.72). ECs did not vegetable self-reporting
Effects of liquid by including lung | cell counts and | the Wilcoxon affect gene glycerin. Small | and
Electronic conducting a disease, inflammatory | rank-sum test There were no | expression, changes in compliance.
Cigarette clinical trial of | general cytokines, being used for | significant including inflammation
Constituents never smokers | anesthesia or urinary associations differences in | expression correlated with
on the Human | randomized bronchoscopy | propylene and fisher’s cell counts or commonly change in
Lung: A Pilot | into nicotine within the glycol exact tests cytokines associated propylene
Clinical Trial. | and nicotine previous year, | analysis, and used for between the with cigarette | glycol
free EC use recent drug gene comparisons control and smoking. exposure but
intervention use, use of expression between intervention Large no difference
groups and other intervention groups. magnitude between the
examining combustible and control Changes for changes in intervention
lung tobacco within group. these markers | expression are | and control
inflammation the past year, were likely not to groups in
and gene pregnancy, or correlated with | occur from expression.
expression. any other changes in inhaling
medical urinary propylene
disorder that propylene glycol and
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would affect glycol levels vegetable
their as a marker of | glycerin after 1
bronchoscopy EC use and month of use.
risk were compliance.
selected. Pre-
study broncho- The
scopies were intervention
performed on group was
all subjects. found to have
One week after statistically
bronchoscopy, significant
intervention positive
participants correlations of
were provided propylene

with an EC
that contained
50% propylene
glycol and
50% vegetable
glycerin
without
nicotine or
flavors and
instructed to
use the device
at least twice
per day, 20
puffs over 60
minutes. After
5 weeks, a
second
bronchoscopy
was
performed, 4

glycol change
with changes
in total cell
concentration
(p=0.03),
lymphocyte
counts (P =
0.02), and
borderline
significance in
macrophage
counts (p =
0.07). For
controls,
correlations
were not
statistically
significant.
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weeks of Change in
product use. propylene
Lung samples glycol was
were collected significantly
by cronchial correlated with
alveolar lavage changes in IL-
for 8 (P=0.02),
inflammatory IL-13 (P =
cells and 0.01), and
cytokines, and TNF-a (P
bronchial =0.01) for the

brushings from
normal
appearing
epithelium for
gene
expression
assays. Urine
spot tests were
also performed
after 4 weeks
of product use.

intervention
group but not
the control

group.

There were no
significant
changes in
gene
expression
from lung
epithelial cell
brushings for
either group
and no
differences
between the
intervention
and control
groups.
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Biondi-Zoccai | This study was | This study was | Independent: Variables were | Oxidative Use of any of | Use of HNB, Level |
G, Sciarretta S, | an done in Italy. Baseline reported as stress profile: | these products | EC, or evidence. The
Bullen C, et al, | independent, 20 healthy values taken means with 3 markers of is associated traditional limitations of
2019, Acute randomized, subjects with from each standard oxidative with acute cigarettes with | this study were
Effects of crossover no acute or participant deviation as stress (SNox2- | detrimental equivalent the small
Heat-Not- study. The aim | chronic prior to percentages. dp, effects on nicotine sample size,
Burn, was to organic, smoking Multilevel productions of | oxidative consumption focus on
Electronic compare heat- | metabolic, and | sessions mixed effects H202, and 8- | stress, in a group of specific health
Vaping, and not-burn inflammatory linear model iS0-PGF2a) antioxidant healthy adults | outcomes, the
Traditional cigarettes disease or no Dependent: with identity significantly reserve, was associated | focus on
Tobacco (HNBC) vs fever/infection | values covariance increased platelet with acute specific health
Combustion ECs vs within 3 obtained after | matrix was following function, flow | multidimensio | outcomes, the
Cigarettes: traditional months, no smoking used for all smoking of all | mediated nal adverse limited range
The Sapienza | cigarettes (TC) | cardiovascular | sessions of findings. devices (TC > | dilation, and effects on a of products
University of on several symptoms, no | markers of Nonparametric | EC > HNBC). | blood pressure. | range of tested the self-
Rome- acute allergies, and oxidative analyses with Of note, with biological and | reported
Vascular cardiovascular | normal blood stress, Wilcoxon Antioxidant the HNBC and | physiological smoking
Assessment of | parameters: pressure levels | antioxidant signed ranks Status: 2 EC there are markers. The history, the
Proatheroscler | oxidative and heart reserve, tests were indicators of less HNB device is | limited range
otic Effects of | stress, flow rhythm at platelet done for antioxidant detrimental less impactful | of products
Smoking ( mediated screening were | function, and satisfaction system effects than than both EV | tested, and the
SUR - VAPES | vascular used for this cotinine levels. | scores. effectiveness traditional and traditional | controlled
)2 dilation, study. Endothelial Statistical (vitamin E and | cigarettes cigarettes. nature of the
Randomized platelet Participants dysfunction significance hydrogen however their setting.
Trial aggregation, were all asked | and was assigned peroxide impact is still
blood pressure, | to smoke a cardiovascular | by 2-tailed breakdown significant to
and single TC parameters 0.05 level assay (HBA)) | health
satisfaction. (average without were measured | parameters.
nicotine multiplicity with
content adjustment. significant
0.60mg), decreases in
vaped 9 puffs both the EC
from tobacco and TC groups

flavored EC

with vitamin E
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(average and no
nicotine changes to the
cartridge with HNBC group.
16mg at 250 Significant
puffs), or the decreases were
HNBC noted for all
(0.58mg groups
nicotine in 9 however the
puffs) over the ECand TC
course of 3 groups showed
weeks with larger
blood samples significance.
being drawn
before and Platelet
immediately Activation: 2
after each markers of
product. platelet
activation
were measured
(sCD40L and
soluble P-
selectin). All

groups were
found to have
significant
increases
following
smoking.

Endothelial
Dysfunction: 3
parameters
were
evaluated;
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flow mediated
dilation, nitric
oxide
bioavailability,
and blood
pressure. Flow
mediated
dilation
analysis
showed a
significant
reduction after
use of each
device. Blood
pressure
parameters
(SBP, DBP,
and MAP)
were
significantly
higher for all
groups
following
smoking with
a significant
decrease in
NO
bioavailability
being noted in
the TC and EC
groups. No
changes were
noted in the
HNBC group.




Appendix B: IRB Exemption

FLORIDA Office of Research Integrity
INTERMNATIOMNAL Research Compliance, MARC 430
UNIVERSITY
MEMORANDUM

To: Dr. Charles Buscemi

cC: Lindsey Bell

From: Eourmey Wilson, M3, IRE Coordinator mhf

Date: February 6, 2024

Protocol Title:  “The Anesthetic Implications for the Patient who Vapes: A Quality
rovement Project”

The Florida Intemnational University Office of Fesearch Integrity has reviewed your research study
for the use of human subjects and deemed it Exempt via the Exempt Review process.

IEE Protocol Exemption #:  IRB-24-0045 IEE Exemption Date:  02/06/24
TOPAZ Reference # 113842

As arequirement of [RB Exemption you are required to:

1) Submit an IRB Exempt Amendment Form for all proposed additions or changes in the
procedures involving human subjects. All additions and changes must be reviewed and
approved prior to implementation.

) Promptly subnut an IRB Exzempt Event Report Form for every serous or umosual or
unanticipated adverse event, problems with the nghts or welfare of the human subjects, and/or
deviations from the approved protocol.

3) Submit an [RB Exempt Project Completion Feport Form when the study is finished or
discontimued.

Special Condifions:  N/A

For further information, you may visit the IRB website at http:/Tesearch fin edufirb.
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Appendix C: QI Project Consent

FLORIDA
INTERNATIONAL
UNIVERSITY

CONSENT TO PARTICIPATE IN A QUALITY IMPROVEMENT PROJECT
Anesthetic Implications for the Patient who Vapes

SUMMARY INFOEMATION
Thimgs yvou should know about this stady:

* Purpose: Educational module to increase providers awareness of the health hazards associated
with the use of electronic cigarettes and the implications one should consider as an anesthesia
provider in the perioperative period caring for the patient who vapes.

* Procedures: If the participant chooses to participate, they will be asked to complete a pretest,
watch a voice PowerPoint, and then 2 post test

+ Duration: Thiz will take about 2 total of 30 minutes total.

+ Risks: There will be mimimal rizsks inwvelved with thas project, as would be expected in any type
of educational intervention, which may mclude mild emotional stress or mild physical
discomfort from sitting on a chair for an extended period.

» Benefitz: The main benefit to vou from this research iz increaze the participants mowledze on
the anesthetic implications for the patient who vapes.

» Alternatives: There are no kmown altematives available to the participant other than not taking
part in this quality improvement project.

+ Participation: Taking part in thiz quality improvement project iz voluntary.

Pleazs carefully read the entire document before asreeing to participate.

NUMEER OF 5TUDY PARTICIPANTS:

If the participant decides to be in this study, they will be one of approximately 10-15 people in
this research study.

PURPOSE OF THE PROJECT

The participant i3 being asked to be in a quality improvement project. The goal of this project is
to increase providers' knowledge on the health harards associated with the use of electronic
cigarettes and the anesthetic implications n the perioperative period for the patient who vapes. If
you decide to participate, vou will be 1 of approximately 10-13 participants.

DURATION OF THE PROJECT
The participation will require about 30 minutes

PROCEDURES

If the participant agrees to be in the project, PI will ask you to do the following things:

1. Complete an online 10 question pre-test survey via Qualtrics lasting 3 minutes, an Online survey
product for which the URL link 18 provided.

2. Beview the educational PowerPoint Module lasting 20 minutes via Qualtrics, n Online survey product

Page 1 of 3
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for which the URL link is provided.
3. Complete the online 10 question post-test survey via Qualtrics lasting 5 minutes, an Online survey
product for which the URL link 1= provided.

RISKS ANDVOR DISCOMFORTS

The main risk or discomfort from this research is minimal. There will be minimal risks involved
with this project, as would be expected in any type of educational intervention, which may
include mild emotional stress or mild physical discomfort from sitting on a chair for an extended
period.

BENEFITS

The following benefits may be associated with participation in this project: Increased
knowledze regarding the health hazards associated with the use of electronic cigarettes and
the anesthetic implications in the perioperative period for the patient who vapes. The overall
objective of the program is to increase the providers’ knowledge based on the current
literature.

ALTERNATIVES

There zre no known alternatives available to the participant other than not taling part in this
project. However, if the participant would like to receive the educational material, it will be
provided to them at no cost.

CONFIDENTIALITY

The records of this project will be kept private and will be protected to the fullest extent
provided by law. If, in any sort of report, PT might publish, it will not include any information
that will malce it possible to identifiy the participant. Fecords will be stored zecurely, and only
the project team will have access to the records.

PARTICIPATION: Taking part in thiz quality improvement project is voluntary.

COMPENSATION & COSTS
There is no cost or payment to the participant for receiving the health education and/or for

participating in this project.

RIGHT TO DECLINE OF. WITHDEAW

The participation in this project is voluntary. The participant is free to participate in the project
or withdraw the consent at any time during the project. The participant’s withdrawal or lack of
participation will not affect any benefits to which vou are otherwize entitled. The investigator
reserves the right to remove the participant without their consent at such time that they feel it is
in their best interest.

RESEARCHER CONTACT INFOEMATION

If you have any questions about the purpose, procedures, or any other issues relating to this
research project, you may contact Lindsey Bell at 214.733.4774 or 1bell023 @ fiu.edu and Dr.
Charlez Buscemi at 303-348-4870 or cbuscemi@fiu.edu.

IRB CONTACT INFOREMATION

Paze 2 of 3
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If the participant would like to talk with someone about their rights pertaining to being a
subject in thiz project or about ethical issues with this project, the participant may contact the
FIU Office of Eezsearch Intezrity by phone at 305-348-2494 or by email at on@fiu.edu.

PARTICIPANT AGREEMENT

I have read the information in this conzent form and agree to participate in this study. I have had
a chance to ask any questions I have sbout this study, and they have been answered for me. By
clicking on the “consent to participate”™ button below I am providing my informed consent.
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Appendix D: Recruitment Letter

MNMursing & Health Sciences

FIU Micole Wertheim Collere of

The Anesthetic Implications for the Patient who Vapes
Deear Memorial Regional Hospital Perioperative Providers:

My name 13 Lindsey Bell, and I am a student from the Anesthesiology Nursing Program
Departtent of Nurse Anesthesiology at Florida International University. [ am writing to invite
vou to participate in my quality improvement project. The goal of this project is to increase
health care providers’ awareness on the health hazards associated with the use of electronic
cigarettes and the anesthetic implications in the perioperative period for the patient who vapes.
You are eligible to take part in this project becanse you are a part of the Memorial Regional
Hospital perioperative provider.

If you decide to participate in this project, you will be asked to complete and sign a consent form
for participation. Next, vou will complete a pre-test questionnaire, which iz expected to take
approximately 3 minutes. You will then be asked to view an approximately 20 minutes long
educational presentation online. After going through the educational module, you will be asked
to complete the post-test questionnaire, which is expected to take approximately 3 minutes. No |
compensation will be provided.

Femember, this iz completely voluntary. You can choose to be in the study or not. If you'd like
to participate or have any questions about the study, please email or contact me, Lindsey Bell at
214733 4774 or [bell083 @ fiu edu.

Thank you very much.
Sincerely,
Lindsey Bell

2147334774
1bell0E3 @ fin.edu
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Pretest and Posttest Questionnaire:
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THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES

INTRODUCTION

The primary aim of thiz QI project is to increase providers on the health hazards associated

with the uze of electronic cigarettes and the anesthetic implications in the perioperative period for

the patienit who vapes

Pleaze anzwer the question below to the best of your ability. The questions are either in

multiple choice or true/false format and are meant to measure knowledge the health hazards

associated with the uze of electronic cigarettes and the anesthetic implications in the perioperative

pericd for the patient who vapes.

[

PERSONAL INFORMATION

Gender: Male Female Other

Ages 15 and above:

Ethnicity: Hizpanic Cavpcasian African American  Asian

Other

Position/Title:  CRINA Anesthesiclogist Fesident
Anesthesiologist Assistant

Level of Education: Certificate Bachelors Masters DNP PhD  MD

How many years have you been a perioperative provider?

Page 1of 4
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Orer 10 5-10 vears 2-5 years 1-2 years

QUESTIONNAIRE

1. What is the estimated number of adults and adolescents in the United States who

use Electronic Cigarettes?

a. 1 million

b. 5 million
c. 10 million
d. 15 million

2. Which of the following complications or poor patient outcomes can occur when
patients undergo anesthesia without the anesthesia provider knowing their vaping
history?

a. EVALI (Electronic Cigarette or Vaping Associated Lung Injury)
b. Sepsis

€. Delayed wound healing

d. Al of the above

3. Which of the following neurotransmitter derangements is correct for the patient
who vapes?

a. | Serotonin
b. | GABA
¢. T Dopamine

d. T Acetylcholine

2of4
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4. Which of the following are anesthetic implications for the neurological system for
the patient who vapes?
a. Increased risk for intraoperative awareness
b. BEB disruption
¢. Decreased BIS monitoring effectiveness
d. No significant effects
5. Which of the following are anesthetic implications for the ocular system for the
patient who vapes?
a. Increased tear production
b. Imcreased risk for cataracts
c. Imcreased risk for eye infection
d. No significant effects
6. Which of the following are anesthetic implications for the oropharyngeal system for
the patient who vapes?
a. Decreased saliva production
b. Imcreased risk for uvular necrosis
c. Increased plaque build|up
d. No significant effects
7. Which of the following are anesthetic implications for the pulmonary system for the
patient who vapes?
a. Imcreased risk for upper airway infections
b. Increased rizsk for reactive airway

¢. Maintain O2 saturations at 38-92%3
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d. No significant effects
8. Which of the following are anesthetic implications for the cardiovascular system for
the patient who vapes?
a. Hypotension
b. Bradycardia
¢. Increased risk for vasospasms
d. No significant effects
9. Which of the following are anesthetic implications for the nicotine withdrawal for
the patient who vapes?
a. Increased pain sensitivity
b. Postoperative delirium
¢. Imcreased anxiolytic requirements
d. No significant effects
10. Your patient in the preoperative area admits they vape. Which of the following
Electronic Cigarette flavors are you most worried about due to increase airway
hyperresponsiveness?

a. Chocolate

b. Tobacco
¢. Menthol
d. Mango
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Appendix F: QI Educational Module

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT

WHO VAPES

Lindsey Bell, MSN, APRN, AGACNP-BC, ENP-BC

A

OBJECTIVES

« Evaluate the health hazards associated
with the use of electronic cigarettes (EC)

+ Discuss anesthetic techniques to
consider to avoid complications during
the perioperative period

+ Identify ways to assess a patient’s risk for
perioperative complications

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES
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BACKGROUND

* In the United States, 8.1 million adults and 2.55 million adolescents use ECs

» Evolution of EC design has newer generations containing low-resistance coils
that allow for larger vapor clouds and increased administration of substances
contained in the liquid

» Newer generations are marketed in bright colors with fun patterns or
interesting shapes that are much smaller and easier to conceal than previous
generations

» The additives in EC liquid are made to taste like a sweet treat that not only
carries names and flavors that may be appealing to the adolescent population,
but also can cause irreversible damage to the lungs and other organ systems

» Targeted consumers are vulnerable and are experiencing acute and chronic
health problems associated with use

» In 2020, the Center for Disease Control (CDC) was forced to declare an
outbreak of Electronic Cigarette or Vaping Associated Lung Injury (EVALI)

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES

SCOPE OF THE
PROBLEM

* Misconception among
adolescents and young
adults is that it is a healthier
alternative to traditional
cigarettes

The degree and acceleration
at which life-threatening
lung injury is occurring in
the adolescent population is
increasing
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CONSEQUENCES OF
THE PROBLEM

The detrimental effects of undergoing anesthesia
without previous knowledge of vaping history
can lead to complications and poor patient
outcomes.

+ EVALI

* Delayed wound healing

* Sepsis

» Misdiagnoses and delay of treatment

» Inadequate anesthetic plane and
medication interactions

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 5

SYSTEM BASED HEATH EFFECTS
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NEUROLOGICAL

» Alterations in the concentration of excitatory and inhibitory
neurotransmitters in the mesocorticolimbic brain regions

* | Dopamine
+ |GABA
* 1 Glutamine
* 1 Glutamate
+ The long-term use of ECs can have adverse effects on

neurovascular health and may contribute to cognitive
dysfunction, regardless of nicotine content
* This is due to the reduction in gene expression of

critical blood brain barrier (BBB) genes, specifically
expression of tight junction proteins for the BBB

» The effects of ECs may be equivalent to combustible
traditional cigarettes (TCs) and have uniquely damaging
properties for the neurological system

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES
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ANESTHETIC IMPLICATIONS: NEUROLOGICAL

* Dopamine, GABA, glutamate, and glutamine are
important factors in maintaining consciousness and
normal brain function.

+ These neurotransmitters also play a role in the
induction of and emergence from general
anesthesia

+ Changes in neurotransmitter concentrations associated
with EC use can increase the risk for:
% + Post Operative Nausea and Vomiting (PONV)
- - + Increased requirements for sedatives due to
increased neuronal excitability
+ Impact the effectiveness of commonly used
medications in anesthesia

+ Delay emergence due to disturbances in
neurotransmitter balance

The damage to the neurovascular structures of the
brain can significantly impact emergence.

Neurovascular damage can lead to:
» Impairment of cerebral autoregulation
» Decreased cerebral reserve
+ Increased inflammation and oxidative stress
» BBB disruption via tight junctions
* Hemodynamic instability

ECs can alter the penetration of drugs into the brain to
further complicate emergence

Exacerbation or increased risk for neurological injuries
related to fluctuations in perfusion and oxygenation to
the brain

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES
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OCULAR

* Individuals who use ECs experience moderate to severe eye
dryness and impaired tear film stability

» Worsening of symptoms occurred with increases in EC
device power output
» Changes to the integrity or thickness of the corneal surface
associated with the use of ECs
» Negative clinical trend, no significance

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 9
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OROPHARYNGEAL

* The use of ECs shows genotoxicity and cytotoxicity of oral mucosa cells
* There is a need for further research
+ Transcriptome analysis found that individuals who exclusively vape have changes in
expression of key genes, similar to cigarette smokers
» Tumor Suppressor Gene p53 is the most frequently mutated gene in the head and
neck squamous cells
» Upregulation of tumorigenesis genes known to cause cancer
* Lung
*  Squamous cell carcinoma of the head and neck
» Esophageal
+ Bladder
* Ovarian
+ Leukemia

» Research is still needed to determine the long-term effects of passive exposure

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 11

ANESTHETIC IMPLICATIONS: OROPHARYNGEAL

= Patients who use ECs are at risk for impaired oral mucosa + Regional anesthetic considerations for dental or oral surgery
integrity may not be appropriate and will require adjustment of
« Impaired healing anesthetic technique and plan of care
 Increased infection risk + Periodontal health decline with EC use
* The need for gentle airway management due to an + Plaque
enhanced inflammatory response

« Tooth decay

* May require pretreatment with topical
s 3 « Bleeding in the oral cavity

medications
* May require the use of video laryngoscopy to avoid + Components in vapor cause inflammation and disrupts
unanticipated trauma normal oral flora
= Increased difficulty with intubation with a need for + Tooth loss
advanced techniques to avoid unintentional damage S Tafection
ﬁmh;‘:g :ot; mtory agents to decrease the R S

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 ]2
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PULMONARY

+ After only 5 minutes of EC use, healthy individuals
experience worsening ventilatory function that
mimics an obstructive disease process.

* | FEV1
« | FEV1/FVC
» | FEF 25-75%
* Passive exposure and air quality studies show
similarities to traditional cigarettes
* The ingredients found within the EC liquid have
been found to cause inflammatory changes
* Propylene glycol
» Vegetable glycerin

E ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES = 2024 13

ANESTHETIC IMPLICATIONS: PULMONARY

« Increased respiratory complications and challenges + Increased risk for inflammatory processes
~with ventilation - Bronchospasms
+ Intraoperative management and emergence may be o Atalaatacic
complicated
« Laryngospasm

* Optimize the patient to prevent negative

outcomes « Carefully choose induction and volatile agents

g Sl . due to increased reactivity of the airway
+ Continuous monitoring of oxygen saturation

and end tidal CO2 with ABG analysis » Consider treatment in preop for a reactive airway
« Bronchodilators

+ Prolonged emergence and delayed return of airway

reflexes can occur « Anticholinergics
= All objective criteria for extubation should « Corticosteroids
be ek * These anesthetic considerations may be warranted for
« Consider regional anesthesia to prevent patients who are passively exposed to ECs

complications

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 14
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CARDIOVASCULAR

* Acute detrimental effects on cardiovascular parameters with the use of ECs
* T Markers of oxidative stress
* T Markers of platelet activation
+ | Indicators of antioxidant system effectiveness
* Endothelial dysfunction
» | Flow mediated dilation
+ | Nitric oxide bioavailability
* Hemodynamic parameters
* 1 Systolic blood pressure
+ 1 Diastolic blood pressure
* | Mean arterial pressure
¢ 1 Heart rate
» Inhibition of muscle sympathetic nerve activity

* | Baroreflex sensitivity

THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 15

ANESTHETIC IMPLICATIONS: CARDIOVASCULAR

+ Alterations in hemodynamics increase the risk for * Nicotine withdrawal may occur
- intraoperative complications * Preop: may manifest as 1 levels of anxiety
* Myocardial infarction » Intraop: may manifest as 1 heart rate and
« Cardiac arrhythmias blood pressure
» Hemodynamic instability related to impaired + Forsurgical procedures that are long in
baroreceptor response duration, consider 1 anxiolytics or nicotine

E replacement
Consider advanced hemod: i itori
e O * 1 Risk for vasospasms due to endothelial dysfunction
fluid management from derangements in oxidative stress and antioxidant

+ Maintain appropriate fluid balance to avoid Stats

» Maintain stable hemodynamics and fluid

e swings in hemodynamics
e status to avoid worsening endothelial
« Consider hematology consult with abnormal + Avoid use of nitrous oxide

s

~ THE ANESTHETIC IMPLICATIONS FOR THE PATIENT WHO VAPES 2024 16
S

&



139

Neuro! Effects Oropharyngeal Effects
. TPOI.JV,nemLirmems.formiolyﬁBorsedaﬁws,impacnhe. « Impaired healing, 1 infection risk, 1 plaque, 1 tooth decay or loss,
effectiveness of anesthetic agents, delay emergence, and T the risk for and 1 bleeding in the oral cavity
emergence agitation.
y * 1 Risk for oropharyngeal cancer
* Impaiment of cerbral atosegulaton, | csebral sy, |
inflammation and oxidative stress, BBB disruption, and « Gentle airway £ e ded with p ial need for
‘hemodynamic instability pretreatment with topical medications and use of video
R laryngoscopy
Ocular Effects + Regional hetics may be inappropri
= 1 Risk for corneal abrasions, overproduction of tears may prove o RIS jon of ¢ ids may be d prior to

troublesome maintaining proper eye protection and make enuy into
phase II of anesthesia difficult to identify

10 prevent post-extubation swelling

« Issues with regional anesthesia due to anatomical changes Cardiovascular Effects

= 1 Risk for MI, cardiac arrhythmias, and ble h d

« 1IOP, 1 risk of nystagmus, and risk for injury due to vasoconstrictive
due to impaired baroreceptor response

effects of nicotine

ing may be y

Effects
nent

= 1 Airway resistance, | O2 saturations, and | f
t ¥ L o J due to 1 platelet activation, consider a

« Interruption in pulmonary gas exchange, im nt of pulmo n F: A ; vith derangements in laboratory values
fu: i and i il, un «-5_’ t .
¥ g may occur and cause unstable hemodynamics

» 1 Risk for reactive airway processes, conside; \
i % 5\ : due to endothelial dysfunction cause by |
- D if ACTiy a c | oy N ’ : ‘a.ntiuxidmtstams

Predp

« Passive exposure may lead to complicatio ’ S gl » C 2 N20O due to its association with worsening of

18

+ Consider advanced monitoring prior to extub
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