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ABSTRACT 

Purpose. The purpose of this quality improvement project was to develop and present an 

educational video presentation to anesthesia providers regarding anesthetic considerations for 

patients who use electronic cigarettes, and to assess whether the educational presentation causes 

a change in the anesthesia providers’ attitudes, knowledge, confidence, and intent to change 

clinical practice. 

Background. The prevalence of electronic cigarette use has been increasing, especially among 

adolescents and young adults. Research findings have associated electronic cigarette use with 

multiple adverse health effects that should be considered when providing anesthetic care to these 

patients. Anesthesia providers may not be fully informed about these effects and may not be 

adequately screening patients for electronic cigarette use prior to surgery. 

Methods. Participants were instructed to take a pretest survey, view a pre-recorded educational 

presentation, and then complete a posttest survey. The surveys were intended to assess for 

changes in anesthesia providers’ self-reported attitudes, knowledge, confidence, and intent to 

change clinical practice before and after viewing the presentation. 

Results. Three out of 25 anesthesia providers participated in the project. All participants reported 

improved attitudes towards the importance of anesthetic considerations for electronic cigarette 

users, increased knowledge, increased confidence in caring for patients who use electronic 

cigarettes, and a positive intent to include questions about electronic cigarette use when 

interviewing patients preoperatively as well as to incorporate the anesthetic considerations 

described in the educational presentation in their clinical practices. 
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Conclusions. Although the survey results showed changes had occurred in the outcome 

measures, due to the limited sample size no conclusions could be drawn. 
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INTRODUCTION 

While the adverse health effects of traditional cigarette smoking are well-known and 

researched, the same cannot be said for electronic cigarettes (ECs). ECs represent a relatively 

new challenge in healthcare, and anesthesia providers must be able to provide optimal care for 

the specific needs of patients who use ECs. First introduced into the U.S. market in 2007, ECs 

were advertised as a safer alternative to traditional cigarette smoking (McMillen et al., 2014). 

However, research has emerged in recent years that indicate the potential adverse health effects 

that EC use may cause through the delivery of nicotine and toxic byproducts (Tsai et al., 2020). 

Background Knowledge and Significance 

Electronic cigarettes – also known as e-cigarettes, electronic nicotine delivery systems 

(ENDS), or vapes – are small, portable electronic devices consisting of a battery, a cartridge 

containing e-liquid (which itself typically contains humectants, flavorings, and nicotine), and a 

heating element which produces an aerosol that is inhaled by the user (Marques et al., 2021). 

Approximately 3.2% of U.S. adults were current EC users in 2018, representing an estimated 8.1 

million adults (Centers for Disease Control and Prevention, 2020a). The EC usage among 

adolescents in middle and high school is even more troubling, with 20.8% (3.05 million) 

reporting current EC use as of 2018 (U.S. Food & Drug Administration, 2020). Ironically, 

although considered by some to be useful as a smoking cessation aid, EC use has been shown to 

be associated with eventual progression to cigarette smoking among adolescents (Chaffee et al., 

2018). Due to a lack of convincing evidence in support of their use for the purpose of quitting 

smoking, ECs are not approved by the FDA as a smoking cessation aid (Centers for Disease 

Control and Prevention, 2020b). EC use has been associated with multiple adverse health effects, 
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including increased blood pressure, heart rate, arterial stiffness, platelet activity, and 

atherosclerotic plaque formation (Antoniewicz et al., 2019; Benowitz & Burbank, 2016; Franzen 

et al., 2018; Garcia et al., 2020; Kennedy et al., 2019; Middlekauff, 2019; Qasim et al., 2018; 

Skotsimara et al., 2019; Tsai et al., 2020; Zhang et al., 2018). Daily use of e-cigarettes has been 

independently associated with a history of myocardial infarction, similar to that of daily cigarette 

smoking (Alzahrani et al., 2018). Pulmonary effects have also been identified including 

increased airway reactivity, airway resistance, mucus production, inflammation, epithelial injury, 

emphysema, and reduced immune function (Chaumont et al., 2019; Chen et al., 2019; Chun et 

al., 2017; Dinakar et al., 2016; Ghosh et al., 2018; Gotts et al., 2019; Kosmider et al., 2016; Lin 

et al., 2019; Madison et al., 2019; Meo et al., 2019; Reinikovaite et al., 2018; Thirion-Romero et 

al., 2019; Tsai et al., 2020; Zhang et al., 2018). These health effects have important implications 

for anesthesia care as they have the potential to cause complications and worsen surgical 

outcomes (Harris & Foley, 2020; Hobson et al., 2020). An Ohio State University descriptive 

pilot study concluded that there is a general lack of knowledge about the health effects of 

electronic cigarettes among healthcare providers and patients, indicating a need for education 

efforts (Al-Abed et al., 2014). With the prevalence of EC usage increasing among youth and 

adults, it has become more important than ever that anesthesia providers are apprised of the latest 

research and evidence to inform their clinical practice when caring for these patients. 

Local Problem 

The prevalence of EC use in Arizona was estimated to be 3.1% of the adult population in 

2018 (Parekh & Desai, 2020). The 2020 Arizona Youth Survey found that 14.8% of adolescents 

have used ECs in the last 30 days (Arizona Criminal Justice Commission, 2020). Anesthesia 
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providers in Arizona should be aware of EC usage adverse health effects and the latest evidence-

based anesthetic strategies to provide optimal care to these patients. Because of the relatively 

new research findings on EC-related health effects, some anesthesia providers may not be fully 

informed, potentially leading to inadequate patient teaching and suboptimal anesthesia care (Al-

Abed et al., 2014; Hobson et al., 2020). Additionally, anesthesia providers may not be screening 

patients properly for EC use; although standard preoperative anesthesia interviews often ask 

about smoking habits, patients may respond “no” when asked if they smoke because they do not 

consider EC use to be smoking (Hobson et al., 2020). Because of this nuance, anesthesia 

providers should consider including questions specifically about EC use or vaping in their 

preoperative interviews. The chosen site for implementation was Carondelet St. Mary’s Hospital 

in Tucson, Arizona. There is a group of approximately 25 certified registered nurse anesthetists 

(CRNAs) who form the southern Arizona team of the anesthesia group Arizona Anesthesia 

Solutions (AzAS) that provides the anesthesia services at Carondelet St. Mary’s Hospital. This 

group of anesthesia providers were the primary stakeholders in the project, as it is this group that 

made up the pool of potential participants that were recruited into the project. 

Intended Improvement 

Project Purpose 

The purpose of this project was to synthesize the latest available research regarding the 

physiologic effects of electronic cigarette use and the anesthetic implications drawn from these 

effects, to provide an educational video presentation to anesthesia providers regarding the latest 

evidence and considerations for clinical practice, and to assess via pre-test/post-test surveys the 

extent to which the educational presentation affects the anesthesia providers’ knowledge of the 
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anesthetic considerations of electronic cigarettes, their confidence in caring for patients who use 

electronic cigarettes, their attitudes about the topic (whether they feel the information is relevant 

to their clinical practice), and their intent to change clinical practice in regard to anesthetic 

management of patients who use electronic cigarettes. ‘Intent to change clinical practice’ is here 

intended to mean whether providers would view the anesthetic considerations outlined in this 

project as relevant and useful and intend to apply them in their own clinical practice. The 

project's goal was to improve anesthesia providers' knowledge and confidence towards providing 

care for this patient population. 

Project Question 

Will an educational session on anesthetic considerations for electronic cigarette users 

improve anesthesia providers’ knowledge, confidence, attitudes, and intent to change clinical 

practice with patients identified as electronic cigarette users at Carondelet St. Mary’s Hospital in 

Tucson, Arizona? 

Project Objectives 

The purpose of this quality improvement project was to determine if an education session 

resulted in a change in anesthesia providers’ knowledge, confidence, attitudes, and intent to 

change clinical practice in regard to caring for patients identified as EC users. The impetus for 

this project was that electronic cigarette use among youth and adults is increasing, and new 

research findings are emerging that indicate the harmful effects and physiologic challenges 

associated with EC use. Based on these findings, the specific aims for this QI project were: 
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Aim 1: Search for and synthesize the latest available research regarding the physiologic 

effects of electronic cigarette use and the anesthetic implications drawn from 

those effects. 

Aim 2: Develop and present an educational video to anesthesia providers that informs 

them of the physiologic effects of electronic cigarette use, the prevalence and 

patterns of EC use among adolescents and adults, how to effectively assess 

patients for EC use prior to surgery, and the anesthetic considerations for 

managing patients who use ECs. 

Aim 3: Assess whether, after viewing the educational video presentation, there was a 

change in anesthesia providers’ knowledge of vaping, level of confidence in 

managing patients who vape, attitudes regarding the importance of anesthetic 

considerations for patients who vape, and intent to implement the anesthetic 

management recommendations outlined in this project in their own clinical 

practices. 

Theoretical Framework 

Rogers’ Diffusion of Innovation Theory 

The theory chosen to inform the theoretical framework for the development and 

implementation of this project was Rogers Diffusion of Innovation Theory, originally described 

by Everett Rogers in his book Diffusion of Innovations published in 1962 (Rogers, 2003). Rogers 

theory sought to explain the way in which an innovation is disseminated within and across an 

organization or system (Rogers, 2003). There are four main elements described by the theory 
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(Figure 1): the innovation, time, communication, and the social system (Lundblad, 2003; Rogers, 

2003). 

Figure 1 

Elements of Rogers Diffusion of Innovation Theory 

(Adapted from Diffusion of Innovation, 5th edition, by Everett M. Rogers, 2003). 

The Innovation 

An innovation is defined by Rogers as an idea, system, or procedure that is new to the 

person or organization seeking to adopt it (Rogers, 2003). For this project, the innovation 

involved a pre-recorded educational video consisting of a PowerPoint presentation with 

voiceover narration that was recorded and hosted on Zoom. The video described anesthesia 

practice recommendations based on a synthesis of the latest published literature and research 

findings regarding the physiologic effects of EC use. 

Rate and 
Longevity of 

Adoption of the 
Innovation

Innovation
Video Teaching 

Anesthesia Practice 
Recommendations for 
Patients Who Use E-

Cigarettes

Communication
Educational Video 
Shared via Email to 

Anesthesia Providers

Time

Social System
Anesthesia Providers
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Communication 

Communication is defined as the process through which information is shared in order to 

reach an understanding (Rogers, 2003). For this project, the communication consisted of an 

educational video recorded and hosted on Zoom that was shared with anesthesia providers via 

email and was intended to increase their knowledge and confidence regarding the anesthetic 

implications of EC use. A pre-recorded video was chosen as the method of distribution to 

provide maximal ease of access and convenience for participants, who were able to view the 

recorded presentation at their convenience. An open invitation to contact the principal 

investigator (PI) with any questions or concerns about the project was included in the email. 

Time 

The element of time is comprised of three components: the innovation-decision process, 

adopter categories, and the rate of adoption (Lundblad, 2003). The innovation-decision process 

begins when a potential adopter becomes aware of a new innovation and ends when they either 

adopt or reject it (Lundblad, 2003). Adopter categories differentiate adopters based on how 

quickly or easily they accept new ideas and include (from most accepting to least accepting) 

innovators, early adopters, late adopters, and laggards (Lundblad, 2003). The rate of adoption is 

directly related to the adopter categories and is influenced by the distribution of adopter types 

within a social system (Lundblad, 2003). The time frame for implementation of this project from 

the first recruitment email until the end of data collection occurred over a span of three weeks. 

The Social System 

The social system is a group comprised of members with a common goal or objective 

(Lundblad, 2003). There are influential persons within social systems that are referred to as 
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opinion leaders, change agents, or champions (Lundblad, 2003). When attempting to implement 

an innovation in a social system, it is important to enlist the help of these individuals because 

their influence and expertise can assist with identifying and overcoming barriers and improves 

the chances of successful adoption (Lundblad, 2003). During preparation for implementation of 

this project, contact was initiated with the chief CRNA at the clinical site who assisted with 

arranging the distribution of recruitment and educational materials to the other CRNAs who 

worked at the clinical site. 

Rogers theory also describes five characteristics of an innovation that influence its rate of 

adoption: the relative advantage, compatibility, complexity, observability, and trialability 

(Rogers, 2003). 

Relative Advantage 

Relative advantage is the adopter’s perception of a new innovation’s benefits compared 

to the existing system or process that the innovation is meant to enhance or replace (Lundblad, 

2003). To ensure faster adoption, it was important to illustrate to the adopters the potential 

benefits of the anesthesia practice recommendations promoted by this project, which was done 

by including potential benefits to practice in the educational presentation. 

Compatibility 

Compatibility describes how congruent the new innovation is with the current goals, 

knowledge, and practices of the adopter (Lundblad, 2003). The anesthesia practice 

recommendations in this project included strategies and interventions that are already utilized in 

current anesthesia practice such as techniques for minimizing airway reactivity in susceptible 

patients. 
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Complexity 

Complexity is how easy or simple the innovation is to understand and implement 

(Lundblad, 2003). The more complex the innovation is, the more difficult it will be to implement 

and the longer it will take for adoption (Lundblad, 2003). The information presented in the 

educational presentation was not more complicated than existing anesthesia knowledge, and the 

anesthesia practice recommendations in this project were relatively straightforward and involved 

the application or adjustment of already existing techniques. 

Trialability 

Trialability is the level of commitment required to test an innovation prior to adoption 

(Lundblad, 2003). The trialability of this project was quite good because the practice 

recommendations included existing techniques that can be easily used or not used on a case-by-

case basis based on the anesthesia providers discretion and clinical judgement. 

Observability 

Observability refers to the visibility of the innovation, both in its implementation and in 

its effects (Lundblad, 2003). The project aimed to assess anesthesia provider knowledge, 

confidence, attitudes, and intent to change clinical practice, which was observable via an analysis 

of the paired pretest and posttest data that was collected before and after the participants viewed 

the educational video presentation. 

Literature Synthesis 

Evidence Search 

A literature search was conducted to find articles related to the physiologic effects of 

electronic cigarettes (ECs) and anesthetic considerations for those effects. Literature searches 
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were conducted using the PubMed and CINAHL databases accessed via the Arizona Health 

Sciences Library website. An initial search using the key terms “e-cigarette,” “electronic 

cigarette,” and “vape” yielded a combined 18,392 results. Filtering for criteria including “full 

text” and “publications within 5 years” reduced the number of results to 12,396. As relevant 

articles were identified, additional articles were also found using PubMed’s similar articles 

feature on their website sidebar and by reviewing the reference lists of relevant articles. Inclusion 

criteria for selection included full-text articles directly related to the physiologic effects and/or 

perioperative or anesthetic implications of EC use. Exclusion criteria included expert statements, 

opinions, editorials, non-research articles, and articles that did not pertain to the physiologic 

effects of ECs. A total of 41 articles were selected for the appraisal of evidence based on these 

search and selection criteria. 

Comprehensive Appraisal of Evidence 

Toxicity 

There is a general consensus in the literature that the aerosol produced by ECs contains 

many toxic and/or carcinogenic substances including acrolein, formaldehyde, diacetyl, 

acetaldehyde, and heavy metals such as lead, chromium, nickel, and manganese (Behar et al., 

2018; Dinakar & O’Connor, 2016; Gaur & Agnihotri, 2019; Hess et al., 2017; Khlystov & 

Samburova, 2016; Leigh et al., 2016; Putzhammer et al., 2016). Heavy metals are a significant 

health concern due to their associated effects that include pulmonary damage, cardiovascular 

disease, neurotoxicity, renal damage, and cancer (Zhao et al., 2020). Except for cadmium, most 

of the metals and metalloids measured in bio samples of e-cigarette users were found to be at 
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levels that were similar or even higher than those of tobacco cigarette smokers (Zhao et al., 

2020). 

The cytotoxic effect of EC aerosol was found to be variable and partly dependent on the 

concentration and type of flavoring chemicals used, with buttery, strawberry, and cherry flavors 

being the most cytotoxic (Behar et al., 2018; Khlystov & Samburova, 2016; Leigh et al., 2016; 

Putzhammer et al., 2016). Deleterious effects on the cellular level produced by these substances 

include increased oxidative stress, inflammation, inhibition of cell proliferation, cytotoxicity, and 

altered cell morphology (Behar et al., 2018; Dinakar & O’Connor, 2016; Gaur & Agnihotri, 

2019; Hess et al., 2017; Khlystov & Samburova, 2016; Leigh et al., 2016; Putzhammer et al., 

2016). 

Pulmonary Effects 

The evidence increasingly shows that e-cigarette use has significant toxic pulmonary 

effects, including irritation to the respiratory tract, oxidative stress, impaired lung development, 

and altered airflow (Antoniewicz et al., 2019; Chaumont et al., 2019; Chen et al., 2019; Chun et 

al., 2017; Ghosh et al., 2018; Gotts et al., 2019; Kosmider et al., 2016; Lin et al., 2019; Madison 

et al., 2019; Meo et al., 2019; Reinikovaite et al., 2018; Tsai et al., 2020). EC use is associated 

with airway hyperreactivity, increased airway resistance, distal airspace enlargement, mucin 

production, and cytokine expression, resulting in an increase in airway inflammation and 

worsening incidence and severity of respiratory tract viral infections due to compromised innate 

lung immunity (Reinikovaite et al., 2018; Tsai et al., 2020). Increased airway reactivity increases 

the risk for laryngospasm and bronchospasm, while the increase in airway resistance with a 

decreased FEV1/FVC ratio that is seen with chronic vaping produces pulmonary function test 
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results that are similar to those seen in obstructive lung disease (Harris & Foley, 2020; Meo et 

al., 2019). The use of ECs may also be a risk factor for the development of asthma, as suggested 

by a study among high school students in South Korea that found a prevalence of asthma of 3.9% 

among current EC users, 2.2% among former EC users, and 1.7% among those who had never 

used ECs (Cho & Paik. 2016). 

Cardiovascular Effects 

The cardiovascular system is also greatly impacted by the use of e-cigarettes. The major 

factors affecting the cardiovascular system are nicotine, carbonyls, and particulate byproducts of 

EC aerosol (Benowitz & Burbank, 2016; Buchanan et al., 2020). Depending on variables such as 

the specific device used and the nicotine concentration of the e-liquid, ECs have the ability to 

deliver an average of 1.3 mg of nicotine per 15 puffs, which is comparable to the average 

nicotine yield of 0.5 to 1.5 mg per conventional cigarette (St. Helen et al., 2015). Nicotine 

stimulates the central nervous system (CNS) and induces the release of catecholamines, resulting 

in exaggerated hemodynamic instability during general anesthesia (Middlekauff, 2020; 

Skotsimara et al., 2019). The vascular system is also affected by EC aerosol through a 

combination of inflammation and oxidative stress which promotes the development of 

atherosclerosis (Franzen et al., 2018; Garcia et al., 2020; Kennedy et al., 2019). The heating of 

glycerol produces acrolein, which when chronically inhaled inhibits the circulation of endothelial 

progenitor cells with a resulting promotion of atherosclerosis (Zhang et al., 2018). A review of 

2014-2016 National Health Interview Survey data reported that daily e-cigarette use was 

associated with 79% increased chance of having had a myocardial infarction compared to those 

who have never smoked or used ECs (Alzahrani et al., 2018). For comparison, the calculated 
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chance of having had a myocardial infarction for daily cigarette smokers was 172% compared to 

those who have never smoked or used ECs (Alzahrani et al., 2018). 

Pregnancy 

Although the potential dangers of EC use during pregnancy has not been well-studied 

thus far, animal studies strongly support the conclusion that nicotine exposure may harm the 

developing fetus, effecting neural development as well as cardiac, pulmonary, and immune 

system function (Whittington et al., 2018). 

Wound Healing 

Electronic cigarettes (ECs) may also have a significant effect on postoperative wound 

healing, as smoking nicotine-containing ECs has been shown to cause vasoconstriction with 

reduced blood flow to microvascular beds (Benowitz & Burbank, 2016). A study by Rau et al. 

(2017) reported an increased incidence of skin flap necrosis with both EC vapor and tobacco 

cigarette smoke in rats. These studies indicate the value of encouraging patients to abstain from 

using ECs in the perioperative period. 

Drug-to-Drug Interactions: Opioids 

Nicotine use has been linked to increased postoperative opioid requirements, although the 

exact mechanism of this effect is not well understood (Hobson et al., 2020; Sweeney & Grayling, 

2009). Possible explanations include altered pain thresholds, receptor-mediated tolerance, and 

the development of cross-tolerance between opioids and nicotine (Hobson et al., 2020; Sweeney 

& Grayling, 2009). A prospective observational study by Chiang et al. (2016) found that male 

cigarette smokers (not enough female smokers were recruited to reach statistical significance) 

required greater amounts of opioids during the first 72 hours after surgery when compared to 
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non-smokers. Although whether this interaction occurs with nicotine-containing ECs as well has 

not been established in the literature, providers should perhaps still consider the possibility when 

assessing and treating their patient’s pain. 

Anesthetic Considerations 

Anesthesia providers should be aware of the negative effects of EC use and anesthetic 

considerations so that they are best equipped to provide accurate patient education and optimum 

anesthetic care. The physiologic effects of EC use described above can be used to inform 

considerations when developing an anesthetic plan for patients who use ECs so that risks are 

minimized. Anesthetic considerations include routinely screening all patients preoperatively for 

smoking as part of their preanesthetic interview, but some patients may answer “no” when asked 

if they smoke because they do not consider EC use to be smoking (Harris & Foley, 2020). This 

nuance requires anesthesia providers to be more targeted in their questioning and to inquire 

specifically about EC use and vaping. All patients who vape should be counselled to abstain 

from vaping in the preoperative and postoperative period and encouraged to quit altogether, 

especially if they are pregnant or may become pregnant due to the potential for impaired fetal 

development. Due to the pulmonary effects of EC use that include diminished pulmonary 

function and hyperreactive airways, providers should consider using an antisialagogue agent 

such as glycopyrrolate to dry secretions, fully preoxygenating the patient for 3-5 minutes prior to 

induction, and if performing an inhalation induction, consider using sevoflurane as it is the least 

irritating to the patient’s airways. The risk for laryngospasm and bronchospasm can be reduced 

by administering intravenous lidocaine, using laryngotracheal anesthesia, and by avoiding 

manipulation of the airway during light anesthesia (Hobson et al., 2020). Bronchodilators should 
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also be considered for symptomatic EC users (Hobson et al., 2020). The main cardiovascular 

consideration is to carefully monitor the patient’s blood pressure, heart rate, and ECG tracing so 

that hemodynamic changes can be responded to quickly, as patients who vape may be 

hemodynamically unstable while under general anesthesia (Hobson et al., 2020). Finally, EC 

users who consume nicotine may potentially have increased opioid requirements in the 

postoperative period. (Chiang et al., 2016; Hobson et al., 2020; Sweeney & Grayling, 2009). 

Strengths of Evidence 

The literature reviewed for this project included five systematic reviews and one meta-

analysis that provide support for the potential for ECs to cause pulmonary and cardiovascular 

adverse physiologic effects (Garcia et al., 2020; Gaur et al., 2019; Kennedy et al., 2019; 

Skotsimara et al., 2019; Zhang et al., 2018). Systematic reviews and meta-analyses are 

considered to provide the highest level of evidence in research. There is also a general consensus 

of many of the health effects of ECs across the reviewed studies which further strengthens the 

overall conclusions. 

Weaknesses of Evidence 

While the literature generally agrees that ECs may cause several detrimental health 

effects, there is some disagreement as to the extent or severity. Some research findings report 

significant adverse health effects, while others report less serious effects. The relative newness of 

ECs also means that the literature is lacking in some areas. Many studies are of relatively poor 

quality on the evidence hierarchy and include cohort, cross-sectional, animal, and laboratory 

studies. Many of these studies also suffer from small sample sizes, which weakens the strength 

of the findings. 
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Gaps and Limitations 

To date there is a lack of studies regarding the long-term effects of EC use due to their 

relatively recent entry into the market. This is especially apparent when evaluating the 

carcinogenic substances, as the exact extent of their effects in the context of long-term EC use 

may not be seen for decades. There is also a lack of studies exploring the clinical outcomes of 

patients who received anesthetic care specifically utilizing the clinical practice recommendations 

outlined in this project. 

METHODS 

Project Design 

This quality improvement (QI) project had three main goals. The first goal was to gather 

the latest available research findings regarding the physiologic effects of electronic cigarette use 

and the potential anesthetic implications of those effects. The second goal was to provide an 

educational presentation for anesthesia providers in order to increase their knowledge and 

confidence regarding the specific anesthetic needs of this patient population. The third goal was 

to collect paired quantitative data on the anesthesia providers’ knowledge, confidence levels, 

attitudes, and intent to change clinical practice regarding the importance of anesthetic 

considerations for patients who use electronic cigarettes. 

This quality improvement project used a pre-test/post-test quantitative descriptive study 

design to assess whether the viewing of an educational video on the anesthetic considerations for 

patients who use electronic cigarettes resulted in a change in the self-reported knowledge, 

confidence, attitudes, and intent to change clinical practice among anesthesia providers. Data 

was collected through an online quantitative pre-test/post-test survey tool designed in Qualtrics 
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that was provided to participants via email with instructions to first take the pre-test, then view 

the recorded educational presentation, then take the post-test. 

Model for Implementation 

Plan-Do-Study-Act (PDSA) Cycle 

The Institute for Healthcare Improvement’s (IHI) Model for Improvement (MFI) was 

used to guide the development and implementation of this QI project (Langley et al., 2009). 

Within the MFI is the Plan-Do-Study-Act (PDSA) cycle which is used to test QI interventions 

and determine their effectiveness in achieving the desired effects. 

Plan 

The first phase (Plan) consisted of an extensive literature search to aggregate the latest 

data and research findings regarding the project topic. A literature synthesis was conducted, 

which informed clinical practice recommendations based on the findings. An educational lecture 

video was developed based on the research findings and clinical practice recommendations, then 

recorded and hosted on Zoom. Anesthesia providers at the implementation site were recruited via 

email to view the educational video and take the pretest/posttest surveys online. Links to the pre-

recorded Zoom video as well as the pretest/posttest surveys were included in the recruitment and 

disclosure email. 

Do 

During the second phase (Do), the recruitment and disclosure email was sent to the PI’s 

primary contact at the implementation site, the chief CRNA at Carondelet St. Mary’s Hospital, 

who then forwarded the recruitment and disclosure email to the other CRNAs who were also 

employed by Arizona Anesthesia Solutions (AzAS) and work at the hospital. The recruitment 
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and disclosure email contained an explanation of the project as well as contact information for 

the PI so that the participants were able to reach out with any questions regarding the project, 

educational video, or pretest/posttest surveys. Participants were instructed within the recruitment 

and disclosure email to first complete a pretest survey, then watch the video, then complete a 

posttest survey. The surveys were intended to quantitatively assesses whether, after viewing the 

educational video presentation, there was a change in anesthesia providers’ knowledge of vaping, 

level of confidence in managing patients who vape, attitudes regarding the importance of 

anesthetic considerations for patients who vape, and intent to implement the anesthetic 

management recommendations outlined in this project in their own clinical practices. Data 

collection began from the time that the recruitment and disclosure email was sent and continued 

for three weeks, with a weekly reminder email sent at the beginning of the second and third 

weeks in an effort to increase recruitment. 

Study 

In the third phase (Study) the paired data from the pretest/posttest surveys was analyzed 

to assess and determine whether there was a measurable change in the participants’ knowledge, 

confidence, attitudes, and intention to change clinical practice after viewing the education video. 

Act 

In the final phase (Act) the results of the collected data were used to determine if the 

outcomes of the project were beneficial and if the intended goals were met. 

Setting and Stakeholders 

The setting was Carondelet St. Mary’s Hospital, which is a 357-bed nonprofit acute care 

facility that offers a variety of healthcare services, including specialty surgical services such as 
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minimally invasive heart and vascular procedures (Carondelet Health Network, n.d.; American 

Hospital Directory, n.d.). There are 12 operating rooms, and anesthesia is also conducted in out-

of-OR departments such as MRI, cath-lab, and endoscopy. The facility performs approximately 

6800 surgical procedures per year, including intracranial and intrathoracic procedures. Arizona 

Anesthesia Solutions (AzAS), an anesthesia group that provides anesthesia services in many 

locations in Arizona, provides anesthetic services for all procedures at Carondelet St. Mary’s 

Hospital with the exception of cardiothoracic procedures, the anesthesia for which is provided by 

the anesthesiology group Envision Physician Services (Arizona Anesthesia Solutions, n.d.). 

There are currently 25 anesthesia providers who form the southern Arizona team with AzAS and 

provide anesthesia services at Carondelet St. Mary’s Hospital, from which the participants in this 

project were recruited (Arizona Anesthesia Solutions, n.d.). AzAS is an independent CRNA 

group, meaning there is no hierarchy or supervision, and each member is an independently 

practicing professional that works autonomously. They do have a chief CRNA position which is 

responsible for making daily OR and case assignments. This group of anesthesia providers were 

considered the key stakeholders. 

Planning the Intervention 

The intervention consisted primarily of a pre-recorded educational video based on the 

findings of the literature synthesis and involved a PowerPoint presentation and voice narration 

that was recorded and hosted on Zoom. The video was approximately eight minutes in duration. 

A pretest and posttest survey was designed and created with Qualtrics software licensed by the 

University of Arizona. After IRB exemption was obtained, the project began implementation 

with a recruitment and disclosure email that will be sent to the PI’s primary contact at the 
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implementation site, the chief CRNA at Carondelet St. Mary’s Hospital, who then forwarded the 

recruitment and disclosure email to the other CRNAs who were also employed by Arizona 

Anesthesia Solutions (AzAS) and work at the hospital. The recruitment email and disclosure 

email contained information about the project and links to the educational video and 

pretest/posttest surveys along with instructions on how to participate in the project. The 

participants were able to view the educational video and complete the surveys at their 

convenience via the links within the email. The instructions informed the participants to first 

complete the pretest survey, then watch the educational video, then complete the posttest survey. 

The email also clearly stated that viewing the video and completing the surveys would be 

considered consent to participate in the project. Contact information for the PI was listed on the 

recruitment and disclosure email so that the PI could be contacted by email or phone to answer 

any questions about the project, educational video, and pretest/posttest surveys. 

Participants and Recruitment 

The participants consisted of a convenience sample recruited from a pool of anesthesia 

providers employed by AzAS who work at Carondelet St. Mary’s Hospital. Participation in the 

project was entirely voluntary, and the goal was to achieve a sample size of at least 25% of the 

25 anesthesia providers credentialed at Carondelet St. Mary’s Hospital who were employed by 

AzAS. Recruitment was conducted via a recruitment and disclosure email that was be sent to the 

PI’s primary contact at the implementation site, the chief CRNA at Carondelet St. Mary’s 

Hospital, who then forwarded the recruitment and disclosure email to the other CRNAs who 

were also employed by Arizona Anesthesia Solutions (AzAS) and work at the hospital. The 

anesthesia providers who read the project description in the recruitment email, followed the link 
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to watch the educational video, and completed the pretest/posttest surveys were considered 

consenting participants and were eligible for inclusion in the project. Recruitment and data 

collection was an ongoing process throughout the implementation period of three weeks. After 

the initial recruitment and disclosure email was sent out, two subsequent reminder emails were 

sent out on a weekly basis to encourage participation in the project. The reminder emails were 

identical to the original recruitment and disclosure email except for a note at the beginning 

stating that the email was a reminder and that the project was still open for willing participants. 

Consent and Ethical Considerations 

The purpose and content of the project was openly shared with all participants, including 

a notice that participation in the project was entirely voluntary, with participants able to cease 

their involvement in the project at any time and for any reason. The privacy of individual 

participants was respected by maintaining anonymity in the surveys, the completion of which 

required no personally identifiable information. In order to enable pairing of pretest and posttest 

survey data while maintaining anonymity, participants were asked to enter the color, make, and 

model of the first car they owned on both the pretest and posttest. Consent was obtained through 

a written disclosure of the voluntary nature of the project that was featured in the recruitment 

email, with the explanation that viewing the video and completing the surveys would be 

considered consent to participation in the project. Ethical considerations included the principles 

of justice, beneficence, and dignity, which were upheld in this project through meticulous 

adherence to privacy, fairness, and respect for all participants and stakeholders. No personally 

identifiable information was collected at any point during the implementation of this project. 

There were no risks to participants associated with participation in this project, and no monetary 
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compensation or cost was involved. The disclosure instructions distributed to potential 

participants clearly stated that participation was entirely voluntary and could be withdrawn at 

any time and for any reason. 

Data Collection 

The data collected during implementation of this project consisted of quantitative data 

gathered through an online pretest and posttest survey conducted through Qualtrics software 

licensed by the University of Arizona. The surveys were written with the aim to address the 

specific goals of the project. The pretest survey included Likert-scale 5-point multiple-choice 

questions intended to gather demographical data regarding the age, gender, and years of clinical 

practice of the anesthesia providers, as well as questions intended to assess the anesthesia 

providers’ confidence levels in caring for this patient population, their attitudes towards the 

importance of vaping-related anesthetic considerations, and their self-assessed level of 

knowledge regarding vaping-related anesthetic considerations. The posttest survey included 

Likert-scale 5-point multiple-choice questions intended assess the providers’ perception of the 

quality and effectiveness of the educational video, the relevance of the information to their 

clinical practice, and whether any changes occurred to the providers’ knowledge, confidence, 

attitudes, and intent to change clinical practice in regard to vaping-related anesthetic 

considerations after viewing the video. Several of the pretest and posttest questions were written 

nearly identically with the goal to gather data that could be compared and contrasted to 

determine if change had occurred. To ensure the participants’ privacy, no personally identifiable 

information was required for the completion of the surveys. 
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Data Analysis 

The PI utilized the Qualtrics online survey software under the University of Arizona 

license and Microsoft Excel to analyze the data collected from the survey responses. Survey data 

was either ordinal or categorical, with the exception of a nominal variable question about the 

color, make, and model of the participant’s first car that was intended to act as a unique 

identifying variable so that the data from the pretests and posttests of individual participants 

could be paired. Data from the survey questions was numerically coded for comparison and 

analysis. The survey questions produced the following variables: 

Pretest Variables 

• Color, make, and model of participant’s first car (nominal) 

• Gender of the anesthesia provider (categorical) 

• The age group of the anesthesia provider (categorical) 

• Years of practice as an anesthesia provider (categorical) 

• How often the anesthesia provider asks patients specifically about vaping history during 

preoperative interviews (ordinal) 

• The anesthesia provider’s attitude regarding the importance of vaping-related anesthetic 

considerations to their clinical practice (ordinal) 

• Self-assessed level of knowledge regarding the health effects and anesthetic 

considerations of e-cigarettes (ordinal) 

• Provider’s level of confidence in their own ability to provide optimal anesthetic care for 

patients who vape (ordinal) 
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Posttest Variables 

• Color, make, and model of participant’s first car (nominal) 

• Participants’ opinion of the quality and effectiveness of the video presentation (ordinal) 

• The perceived relevance of the presented information in the video to the provider’s 

clinical practice (ordinal) 

• The anesthesia provider’s attitude regarding the importance of vaping-related anesthetic 

considerations to their clinical practice after watching the video (ordinal) 

• Self-assessed level of knowledge regarding the health effects and anesthetic 

considerations of e-cigarettes after watching the video (ordinal) 

• To what extent the provider’s self-assessed knowledge of the health effects and anesthetic 

considerations of e-cigarettes has changed after watching the video (ordinal) 

• Provider’s level of confidence in their own ability to provide optimal anesthetic care for 

patients who vape after watching the video (ordinal) 

• To what extent the provider’s level of confidence in their own ability to provide optimal 

anesthetic care for patients who vape has changed after watching the video (ordinal) 

• Provider’s likelihood of incorporating some of all of the anesthetic considerations 

recommended in the video into their clinical practice after watching the video (ordinal) 

After watching the video, how often the provider intends to ask patients specifically 

about vaping history during preoperative interviews (ordinal) 
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RESULTS 

Outcomes 

Of the approximately 25 anesthesia providers that received the recruitment emails, three 

respondents elected to participate for a total response rate of 12% by the end of the three-week 

implementation period. While the low number of respondents (n=3) precludes any meaningful 

statistical analysis of the data, general results and differences in the data may still be reported 

and discussed. 

Demographics 

Two of the respondents were between the ages of 30-39, and one between the ages 40-49. 

Two of the respondents were male, and one female. Two respondents reported having 10-12 

years of anesthesia experience, while one reported more than 15 years of experience. 

Quality and Relevancy of Educational Presentation 

One respondent rated the quality of the video presentation as ‘good’ and the relevancy of 

the information as ‘somewhat relevant’ while the other two respondents rated the video quality 

as ‘very good,’ and the information provided as ‘very relevant.’ 

Attitudes 

On the question of the providers’ opinion of the importance of vaping-related anesthetic 

considerations to clinical practice, which was repeated on both the pretest and posttest, there was 

an increased opinion of importance noted for all three respondents. Between the pretest and 

posttest, the first respondent’s answer changed from ‘somewhat unimportant’ to ‘neither 

important nor unimportant,’ the second respondent’s answer changed from ‘neither important nor 
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unimportant’ to ‘somewhat important,’ and the third respondent’s answer changed from 

‘somewhat important’ to ‘very important.’ 

Knowledge 

When asked to self-report their level of knowledge about anesthesia considerations for 

electronic cigarette users prior to viewing the educational presentation, the first respondent rated 

their knowledge as ‘very poor,’ and the other two respondents rated their knowledge as 

‘average.’ After viewing the presentation, all three respondents rated their level of knowledge as 

‘above average.’ When asked whether their level of knowledge had increased after watching the 

presentation, the first and third respondents answered, ‘strongly agree’ while the second 

respondent answered, ‘somewhat agree.’ 

Confidence 

When asked to self-report whether they feel confident in their ability to provide optimal 

anesthetic care to patients who use electronic cigarettes, prior to watching the presentation, the 

first respondent answered, ‘neither agree nor disagree’ while the other two respondents answered 

‘agree.’ After viewing the educational presentation, the same question was presented again in the 

posttest and all three respondents answered, ‘strongly agree.’ Additionally, when asked whether 

viewing the educational presentation had increased their confidence in their ability to provide 

optimal anesthetic care for patients who use vape, all three respondents answered with ‘strongly 

agree.’ 

Intent to Change Clinical Practice 

When asked how often they ask patients specifically about vaping history during 

preoperative interviews, the first respondent answered ‘never,’ the second responded with ‘most 
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of the time,’ and the third reported ‘about half of the time.’ In the follow-up posttest question 

that asked how often the provider intended to ask patients about vaping history in the future, the 

first respondent answered, ‘most of the time,’ and the other two respondents answered ‘always.’ 

When asked how likely the provider was to incorporate some or all of the anesthetic 

considerations described in the educational presentation, the first respondent replied, ‘somewhat 

likely,’ while the other two respondents answered, ‘very likely.’ 

DISCUSSION 

Summary 

The main goal of this QI project was to determine if an educational video presentation on 

the anesthetic considerations for patients who use electronic cigarettes would result in a change 

in anesthesia providers’ self-reported attitudes, knowledge, confidence, and intent to change 

clinical practice. Although responses were limited, the collected data from the pretests and 

posttests shows that changes occurred in all four of these measures. 

Interpretation 

Comparison of the paired data between the pretests and posttests shows that all of the 

participants (n=3) reported an increase in their attitudes towards the importance of the anesthetic 

considerations of EC use. All participants also reported an increase in their knowledge of these 

anesthetic considerations as well as an increase in their confidence in their ability to provide 

optimal anesthetic care for patients who use ECs. All participants also reported an increased 

intent to include questions specifically about vaping history when conducting preoperative 

interviews with patients in the future, and all participants reported a positive intent to incorporate 

the anesthetic considerations described in the educational presentation in their clinical practices. 
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Implications 

Although the limitations of this project prevent these findings from being generalized, the 

findings’ positive nature indicate that there may be potential usefulness for this project’s 

educational presentation – or one like it – for improving the attitudes, knowledge, confidence, 

and intent to change clinical practice among anesthesia providers regarding the topic of the 

anesthetic considerations for EC users. 

Limitations 

Among the limitations of this project are the small sample size of participants, as well as 

the fact that the project was implemented at a single facility. Another limitation is the self-

reported nature of the data which introduces bias. While a pre-recorded video presentation was 

used due to time, travel, and safety constraints within the context of the COVID-19 pandemic, a 

live, on-site, in-person presentation with the opportunity for discussion with participants may 

have been more effective both in outcomes as well as in the recruitment of participants. 

DNP Essentials Addressed 

DNP Essential I: Scientific Underpinnings for Practice 

This project addressed DNP Essential I by incorporating scientific knowledge including 

pharmacology, anatomy, physiology, and pathophysiology with the goal of improving anesthesia 

providers’ ability to provide effective care to the patient population of electronic cigarette users 

(AACN, 2006). 
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DNP Essential II: Organizational and Systems Leadership for Quality Improvement and 

Systems Thinking 

DNP Essential II was addressed though the QI design of this project, whose theoretical 

framework was informed by Rogers Diffusion of Innovation Theory to create and implement an 

educational presentation for anesthesia providers facilitated by collaboration with anesthesia 

leadership at St. Mary’s Hospital in Tucson, Arizona (AACN, 2006, Rogers, 2003). 

DNP Essential III: Clinical Scholarship and Analytical Methods for Evidence-Based 

Practice 

DNP Essential III was addressed through an extensive literature search and synthesis that 

was conducted in order to prepare an evidence-based educational presentation for anesthesia 

providers on the anesthetic considerations for patients who use ECs (AACN, 2006). 

DNP Essential VIII: Advanced Nursing Practice 

DNP Essential VIII was addressed though identification of a relevant topic on which 

anesthesia providers could be educated and through the tailoring of the educational session 

specifically for advanced practice nurses whose specialty is nurse anesthesia (AACN, 2006). 

Conclusions 

An examination of the paired pre-test and post-test data showed an increase in 

participating anesthesia providers’ self-reported attitudes, knowledge, confidence, and intent to 

change clinical practice in regard to the anesthetic considerations for patients who use electronic 

cigarettes. However, due to the small sample size (n=3), no conclusions can be drawn. 
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Plan for Sustainability 

Potential for sustainability is limited due to the transient nature of the educational 

presentation and lack of long-term follow-up with participants. Sustainability of a future project 

could be improved by utilizing a live, in-person format for the educational presentation, 

including a plan for additional follow-up to further assess outcome measures, and by distributing 

physical educational reference materials to participants. 

Plan for Dissemination 

The project and its findings were compiled as a poster presentation (Appendix G) that 

was displayed at the AzANA Sun & Fun 2022 Conference held in Scottsdale, Arizona on March 

17-20, 2022 

 



 

 
41 

APPENDIX A: 

ARIZONA ANESTHESIA SOLUTIONS SITE APPROVAL/THE UNIVERSITY OF 

ARIZONA AUTHORIZATION LETTER 
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APPENDIX B: 

PARTICIPANT RECRUITMENT AND DISCLOSURE LETTER 
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Participant Recruitment and Disclosure Letter 
 
Dear Anesthesia Providers, 
 
My name is Lee McMillan, and I am a Doctor of Nursing Practice (DNP) student at the 
University of Arizona. My DNP project is to assess whether an educational video presentation 
affects anesthesia providers’ knowledge, confidence, attitudes, and intent regarding clinical 
anesthetic management of patients who use electronic cigarettes. 
 
If you decide to participate in this study, you will be asked to first complete a survey, then view a 
pre-recorded online video, then complete another survey. The video is 8 minutes in length and 
the surveys should take approximately 5 minutes to complete. The video and surveys may be 
accessed via the links below and may be completed with either a computer or cellular device. 
After completing the video and surveys, no further action on your part will be required. 
 
No foreseeable risks have been identified regarding participation in this project. Your responses 
to the surveys are anonymous and no personally identifiable information will be collected. The 
data that is collected will not be used for any other purposes outside of this project. 
 
Your participation in this project is entirely voluntary, with no penalty or loss of benefits 
involved should you refuse to participate or decide to withdraw from participation, which you 
may do at any time and for any reason. 
 
This quality improvement project has been reviewed by the Institutional Review Board at the 
University of Arizona and found to be compliant with state, federal, and university regulations. 
 
Your voluntary completion and submission of the surveys will be considered confirmation of 
your agreement and consent to participate in this project. 
 
If you choose to participate, please complete the following three steps in order: 
 
Step 1: Please visit this link and complete the pretest survey: Qualtrics survey link 1 
 
Step 2: Please visit this link and watch the 8-minute video presentation: Zoom link 
 
Step 3: Please visit this link and complete the posttest survey: Qualtrics survey link 2 
 
If you have any questions or concerns about this project, please contact the principal investigator 
at the addresses below (call, text, or email). Thank you for your time and consideration. 
 

Lee McMillan 
DNP-NA Candidate 

361-558-8469 
leemcmillan@email.arizona.edu 

https://uarizona.co1.qualtrics.com/jfe/form/SV_cG5H8jcfOawKUVo
https://arizona.zoom.us/rec/share/pgnaiNsCcvI6adquMRAzAbtvnUx7pM048OBDMqxdezYXRL5FAwcKHOlYD8sQs3jz.KdhPm38m2YgMmKJz
https://uarizona.co1.qualtrics.com/jfe/form/SV_b3nu9sGEYvKry1E
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APPENDIX C: 

EVALUATION INSTRUMENTS (PRETEST AND POSTTEST SURVEY) 
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Pretest Survey 
 

Start of Block: Default Question Block 

 
Q1 This question is for data-pairing purposes and will appear on both surveys. Please enter the same answer on 
both this survey and the survey that you will complete after watching the educational video. 
 
 
What was the color, make, and model of your first car? 

________________________________________________________________ 
 

Q2 What is your gender? 

o Male (1)  

o Female (2)  

o Non-binary (3) 
 

Q3 Within which age group are you? 

o 20-29 years (1)  

o 30-39 years (2)  

o 40-49 years (3)  

o 50-59 years (4)  

o 60+ years (5)  
 



 

 
49 

Q4 How many years have you been in clinical practice as an anesthesia provider? 

o 1-3 years (1)  

o 4-6 years (2)  

o 7-9 years (3)  

o 10-12 years (4)  

o 13-15 years (5)  

o >15 years (6)  
 

Q5 How often do you ask patients specifically about vaping history during preoperative interviews? 

o Never (1)  

o Sometimes (2)  

o About half the time (3)  

o Most of the time (4)  

o Always (5)  
 

Q6 In your viewpoint, how important are vaping-related anesthetic considerations to your clinical practice? 

o Very unimportant (1)  

o Somewhat unimportant (2)  

o Neither important nor unimportant (3)  

o Somewhat important (4)  

o Very important (5)  
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Q7 How would you rate your current level of knowledge regarding the health effects and anesthetic considerations 
of e-cigarettes? 

o Very poor (1)  

o Below average (2)  

o Average (3)  

o Above average (4)  

o Expert (5)  
 

Q8 I feel confident in my ability to provide optimal anesthetic care for patients who vape. 

o Strongly disagree (1)  

o Disagree (2)  

o Neither agree nor disagree (3)  

o Agree (4)  

o Strongly agree (5)  
 

End of Block: Default Question Block 
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Posttest Survey 
 

Start of Block: Default Question Block 

Q1 This question is for data-pairing purposes and appears on both surveys. Please enter the same answer to this 
question that you entered on the previous survey. 
 
 
What was the color, make, and model of your first car? 

________________________________________________________________ 
 

Q2 After viewing the educational video, how would you rate the quality and effectiveness of the video 
presentation? 

o Very poor (1)  

o Poor (2)  

o Average (3)  

o Good (4)  

o Very good (5)  
 

Q3 In your viewpoint, how relevant is the information presented in the video to your clinical practice? 

o Very irrelevant (1)  

o Somewhat irrelevant (2)  

o Neither relevant nor irrelevant (3)  

o Somewhat relevant (4)  

o Very relevant (5)  
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Q4 After watching the video, in your viewpoint, how important are vaping-related anesthetic considerations to 
your clinical practice? 

o Very unimportant (1)  

o Somewhat unimportant (2)  

o Neither important nor unimportant (3)  

o Somewhat important (4)  

o Very important (5)  
 

Q5 After watching the video, how would you rate your current level of knowledge regarding the health effects and 
anesthetic considerations of e-cigarettes? 

o Very poor (1)  

o Below average (2)  

o Average (3)  

o Above average (4)  

o Expert (5)  
 

Q6 After watching the video, my knowledge of the health effects and anesthetic considerations of e-cigarettes has 
increased. 

o Strongly disagree (1)  

o Somewhat disagree (2)  

o Neither agree nor disagree (3)  

o Somewhat agree (4)  

o Strongly agree (5)  
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Q7 After watching the video, I feel confident in my ability to provide optimal anesthetic care for patients who vape. 

o Strongly disagree (1)  

o Somewhat disagree (2)  

o Neither agree nor disagree (3)  

o Somewhat agree (4)  

o Strongly agree (5)  
 

Q8 After watching the video, my confidence in my ability to provide optimal anesthetic care for patients who vape 
has increased. 

o Strongly disagree (1)  

o Somewhat disagree (2)  

o Neither agree nor disagree (3)  

o Somewhat agree (4)  

o Strongly agree (5)  
 

Q9 After watching the video, how likely are you to incorporate some or all of the anesthetic considerations 
recommended in the video into your clinical practice? 

o Very unlikely (1)  

o Somewhat unlikely (2)  

o Neither likely nor unlikely (3)  

o Somewhat likely (4)  

o Very likely (5)  
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Q10 After watching the video, how often do you intend to ask patients specifically about vaping history during 
preoperative interviews? 

o Never (1)  

o Sometimes (2)  

o About half the time (3)  

o Most of the time (4)  

o Always (5)  

End of Block: Default Question Block 
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APPENDIX D: 

PARTICIPANT MATERIAL (EDUCATIONAL PRESENTATION SLIDESHOW AND 

SCRIPT) 
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Electronic Cigarettes: 
Anesthetic Considerations to 

Improve Clinical Practice
Lee McMillan, BSN, RN
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Electronic Cigarettes: A Safe Alternative?

• E-cigarettes (ECs), electronic nicotine delivery systems 
(ENDS), vapes

• E-liquid: humectants, flavoring, nicotine or THC
• 3.2% of adults (8.1 million)
• 20.8% of adolescents (3.05 million)
• Not an FDA approved smoking cessation aid
• Toxic substances detected in EC aerosol
• Negatively affects cardiovascular, pulmonary, immune 

system, wound healing
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Toxic Substances in EC Aerosol

• Acrolein, formaldehyde, diacetyl, acetaldehyde
• Cause: oxidative stress, inflammation, inhibition of cell 

proliferation, cytotoxicity, altered cell morphology
• Tin, lead, chromium, nickel, manganese, zinc
• Heavy metal exposure often higher than cigarettes
• Cause: pulmonary damage, cardiovascular disease, 

neurotoxicity, renal damage, cancer
• Buttery, strawberry, and cherry flavors are most toxic
• Flavors help explain popularity among youth
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Pulmonary Effects

• Airway hyperreactivity
• Increased mucus production
• Inflammation
• Impaired defense against viral and bacterial infection
• Increased airway resistance, decreased FEV1/FVC ratio
• PFTs similar to obstructive lung disease (COPD)
• Risk for laryngospasm, bronchospasm, asthma
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Cardiovascular Effects

• Nicotine delivery is comparable to cigarettes
• Nicotine stimulates CNS, inducing catecholamine release
• Acute nicotine effects: increased HR, BP, myocardial O2 

consumption, PVR
• Hemodynamic instability under general anesthesia
• Glycerol > acrolein > inhibition of circulation of 

endothelial progenitor cells > atherosclerosis
• Daily vaping associated with 79% higher MI risk, 

compared to 172% increased risk with daily smoking
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Other Effects

• Impaired wound healing
• Vasoconstriction & reduced cutaneous circulation
• Increased skin flap necrosis comparable to cigarettes

• Pregnancy – risk to developing fetus
• Impaired fetal neural, vital organ system development

• Opioids – potentially increased opioid requirements for 
up to 72 hours postoperatively
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Anesthetic Considerations & Recommendations

• Screen all patients specifically for EC use
• EC users may answer “no” when asked if they smoke
• Perioperative risks, pregnancy risks
• Pulmonary: Antisialogogue, preoxygenate, sevoflurane, 

IV lidocaine, LTA, avoid airway manipulation during 
light anesthesia, bronchodilators if symptomatic

• Cardiovascular: Extra vigilant monitoring of BP, HR, 
ECG especially in patients with cardiac history

• Patients may have greater opioid requirements
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Educational Presentation Script 

SLIDE 1 – Title card 

Hello, my name is Lee McMillan, and I am a graduate student in the University of Arizona’s 

Doctor of Nursing Practice in Nurse Anesthesia program. This is an educational presentation on the 

anesthetic considerations for patients who use electronic cigarettes. Let’s get started. 

SLIDE 2 – Electronic Cigarettes: A Safe Alternative? 

Electronic cigarettes, also known as e-cigarettes, electronic nicotine delivery systems, or “vapes,” 

are portable devices comprised of a battery, a cartridge containing e-liquid, and a heating element. The e-

liquid is made up of humectants, flavoring, and nicotine or THC. When heat is applied to the e-liquid, an 

aerosol is produced that is inhaled by the user. Since their debut in the United States market in 2007, 

vaping has steadily increased in popularity with an estimated 3.2% or 8.1 million adults being active 

users. The prevalence is much higher among adolescents in middle and high school, with 20.8% or a little 

over 3 million reportedly vaping on a regular basis. Despite a general belief among the population that 

vaping is a safe alternative to smoking and may help with quitting smoking, the FDA has not approved e-

cigarettes for smoking cessation. The opposite actually appears to be the case, as studies have suggested 

that adolescents who vape are more likely to progress to smoking conventional cigarettes. In recent years 

analysis of e-cigarette aerosol has revealed a number of toxic substances, and evidence also indicates that 

vaping can cause a variety of negative effects on the function of the cardiovascular, pulmonary, and 

immune systems, as well as impairing wound healing. 

SLIDE 3 – Toxic Substances in EC Aerosol 

The toxic substances that have been detected in EC aerosol include acrolein, formaldehyde, 

diacetyl, and acetaldehyde. These substances are associated with harmful effects on a cellular level, 

including oxidative stress, inflammation, inhibition of cell proliferation, cytotoxicity, and altered cell 

morphology. Heavy metals have also been detected including tin, lead, chromium, nickel, manganese, and 
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zinc. The amount of heavy metals measured in the bio samples of e-cigarette users—‘bio samples’ here 

meaning the urine, saliva, and blood of e-cigarette users—have been found to be similar to or even higher 

than those who smoke tobacco cigarettes. The presence of these heavy metals is of concern due to their 

associated health effects that include pulmonary damage, cardiovascular disease, neurotoxicity, renal 

damage, and cancer. The toxicity of e-liquids has also been found to vary between flavors, with the most 

harmful being found to be the buttery, strawberry, and cherry flavors. A major concern with fruity or 

candy-like flavorings is that it makes these devices more attractive to younger populations, which may 

partly explain why they have become so popular among adolescents in recent years. 

SLIDE 4 – Pulmonary Effects 

We will now cover the major organ systems that are affected by vaping, beginning with the 

pulmonary system. Electronic cigarette use has been associated with increased airway hyperreactivity, 

increased mucus production, inflammation, and impaired host defense against pathogens. Patients who 

vape are thus more susceptible to development of respiratory tract infections and are more likely to 

develop pulmonary complications. Increased airway resistance has also been noted, especially with 

chronic vaping, with a decrease in the FEV1/FVC ratio and pulmonary function test results that are similar 

to those seen with obstructive lung disease like COPD. The airway hyperreactivity increases the risk of 

laryngospasm and bronchospasm, and vaping has also been linked to a higher risk of developing asthma 

in a study of South Korean high school students. 

SLIDE 5 – Cardiovascular Effects 

The cardiovascular system is also significantly affected by vaping. The primary driver of these 

effects is nicotine, which ECs can deliver at levels comparable to or exceeding cigarettes. Nicotine is a 

known central nervous system stimulant, inducing the release of catecholamines that cause increased 

heart rate and blood pressure, greater myocardial oxygen consumption, and increased peripheral vascular 

resistance. This can also mean that these patients may exhibit exaggerated hemodynamic instability while 
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under general anesthesia. One of the most common solvents used in e-liquid is glycerol, which when 

heated into aerosol produces acrolein. The chronic inhalation of acrolein causes inhibition of the 

circulation of endothelial progenitor cells with the net result being the promotion and acceleration of 

atherosclerosis. The risk of heart attack also appears to be increased, according to a review of National 

Health Interview Survey data from 2014 to 2016 that showed that daily e-cigarette use was associated 

with a 79% increased chance of having had a myocardial infarction compared to those who had never 

smoked or used ECs. For comparison, the calculated chance of having had a myocardial infarction for 

daily cigarette smokers was 172% compared to those who have never smoked or used ECs. So, while 

risks are less than with cigarette smoking, there is still plenty of cause for concern. 

SLIDE 6 – Other Effects 

Other effects of vaping include impaired wound healing caused by nicotine-induced 

vasoconstriction and reduced blood flow to microvascular beds. An animal study showed that the 

incidence of skin flap necrosis with e-cigarette aerosol that contained nicotine was comparable to that of 

tobacco smoke. This effect is a concern for patients who resume using ECs after surgery. 

Pregnancy presents another set of risks associated with vaping, as animal studies indicate that 

exposure to nicotine can impair fetal cardiac, pulmonary, and neural development. 

Nicotine use is also associated with increased postoperative opioid requirements, although this 

effect is not well understood. Possible explanations for this effect include altered pain thresholds, 

receptor-mediated tolerance, and the development of cross-tolerance between opioids and nicotine. A 

prospective observational study found that male cigarette smokers required greater amounts of opioids 

during the first 72 hours after surgery compared to nonsmokers. Whether this effect also occurs with 

electronic cigarette users has not been established in the literature, but the possibility exists, and it is 

worth considering when assessing and treating pain in this patient population. 
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SLIDE 7 – Anesthetic Considerations & Recommendations 

So, what does all this information mean, and how can it be applied to clinical practice? To start 

with, it’s important to ask specific questions about vaping history during the preoperative interview. 

Although asking about smoking is standard for most anesthesia providers, patients who vape may answer 

“no” when asked if they smoke because they don’t consider vaping to be smoking. If you find that they do 

vape, suggested follow-up questions include asking how much, how often, and whether they use nicotine 

or cannabinoids like THC. 

 The patient should be advised not to vape on the day of surgery, and to avoid vaping for several 

days after surgery so that wound healing is not compromised. All patients who vape should be advised to 

quit, but this is especially important for patients who are pregnant or may become pregnant.  

To reduce the risk of pulmonary complications, considerations include using an antisialogogue 

such as glycopyrrolate to dry secretions prior to induction of anesthesia, fully preoxygenating the patient 

prior to induction, and if performing an inhalation induction, use sevoflurane if possible as it is the least 

irritating to the patient’s airways. The risk for laryngospasm and bronchospasm can be reduced by 

administered IV lidocaine and/or using laryngotracheal anesthesia, and by avoiding manipulation of the 

airway during light anesthesia. Bronchodilators should also be considered for symptomatic EC users. 

The main cardiovascular consideration is to carefully monitor the patient’s blood pressure, heart 

rate, and ECG tracing so that hemodynamic changes can be responded to quickly. Patients who vape may 

be hemodynamically unstable while under general anesthesia. 

Finally, EC users who consume nicotine may potentially have increased opioid requirements in 

the postoperative period. 

SLIDE 8-11 – References 

 That concludes the presentation. Thank you for watching. 
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APPENDIX E: 

PROJECT TIMELINE 
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Completion Date Planning Pre-
Implementation Implementation Evaluation 

12/06/21 

Project proposal 
developed and 

defended to 
committee 

   

12/13/21  IRB application 
submitted 

  

02/06/22 
Initial email 

 
02/13/22 

1st reminder 
email 

 
02/20/22 

2nd reminder 
email 

 Sent recruitment 
email containing 

links to 
educational 
video and 
surveys to 

primary contact 
at 

implementation 
site 

Allowed three 
weeks for 
anesthesia 

providers to 
view educational 

video and 
complete 

surveys, with an 
email reminder 
sent out at the 
beginning of 

each week for a 
total of one 
recruitment 

email and two 
reminders 

 

02/28/22 

   Compiled data 
from survey 

responses and 
conducted 
analysis 

03/17/22 – 
03/20/22 

   Presented 
findings at 

AZANA Sun & 
Fun conference 
in Scottsdale, 

AZ 

04/15/22    Project Final 
Defense 
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APPENDIX F: 

LITERATURE REVIEW GRID 
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Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

2018; Alzahrani et al. Association between 
electronic cigarette use 
and myocardial 
infarction 

Cross-sectional 
study 

Daily e-cigarette use was 
independently associated with 
an increased chance of a history 
of myocardial infarction. Daily 
cigarette smoking was also 
associated with an increased 
chance of history of myocardial 
infarction. 
 
Former and occasional e-
cigarette use was not 
significantly associated with a 
history of myocardial 
infarction, while former and 
occasional cigarette use did 
have this association. 
 

Daily e-cigarette use may increase the 
risk for myocardial infarction, but to a 
lesser extent than tobacco cigarettes. 

2019; Antoniewicz et al. Acute effects of 
electronic cigarette 
inhalation on the 
vasculature and the 
conducting airways 

Randomized, 
double-blinded, 
crossover study 

Acute e-cigarette use caused 
significant increases in heart 
rate, arterial stiffness, blood 
pressure, and airway flow 
resistance as measured by 
impulse oscillometry. 
 

Acute e-cigarette use causes 
cardiovascular and pulmonary effects. 

2018; Behar et al. Comparing the 
cytotoxicity of 
electronic cigarette 
fluids, aerosols and 
solvents 

Laboratory 
study 

E-cigarette aerosols can have 
cytotoxic effects on cultured 
cells, with stem cells found to 
be more sensitive than 
differentiated cells. 
 

E-cigarette aerosols can cause 
cytotoxicity to cultured cells, raising 
the question of potential toxicity to the 
human body. 

2016; Benowitz & Burbank Cardiovascular 
toxicity of nicotine: 
Implications for 
electronic cigarette use 

Literature 
review 

The cardiovascular risks of 
smokeless nicotine 
consumption are low compared 
to cigarette smoking but may 
remain significant enough to be 

While not as harmful as tobacco 
cigarettes, consuming nicotine with e-
cigarettes may still increase risk among 
patients with existing cardiovascular 
disease. 
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Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

concerning for individuals with 
existing cardiovascular disease. 
 

2020; Buchanan et al. Cardiovascular risk of 
electronic cigarettes: a 
review of preclinical 
and clinical studies 

Literature 
review 

Use of e-cigarettes has 
dramatically increased in the 
last ten years, especially among 
youth and young adults. 
 
There is increasing evidence 
that e-cigarette aerosol 
constituents can negatively 
affect the cardiovascular 
system, and may cause 
inflammation, oxidative stress, 
and hemodynamic imbalance. 
 

E-cigarette use is a growing problem 
among the population, increasing its 
relevance for healthcare providers. 
 
Evidence is growing that shows 
negative cardiovascular effects 
associated with e-cigarette use, as well 
as the potential for inflammation, 
oxidative stress, and hemodynamic 
instability. 

2018; Chaffee et al. Electronic cigarette 
use and progression 
from experimentation 
to established smoking 

Prospective 
cohort study 

When compared to those who 
had never used e-cigarettes, use 
of e-cigarettes was found to be 
independently positively 
associated with progression to 
traditional cigarette smoking 
among adolescents. 
 

Adolescents who use e-cigarettes are 
more likely to progress to traditional 
cigarette smoking, contradicting the 
common belief that e-cigarettes can 
help with smoking cessation. 

2019; Chaumont et al. Fourth generation e-
cigarette vaping 
induces transient lung 
inflammation and gas 
exchange disturbances: 
results from two 
randomized clinical 
trials 
 

Randomized 
clinical trial 

Acute use of e-cigarettes with 
propylene glycol/glycerol with 
or without nicotine produces 
airway epithelial injury and 
induces sustained decrement in 
Tcpo2 in young individuals who 
occasionally smoke cigarettes. 

When aerosolized with an e-cigarette, 
the common e-juice solvents propylene 
glycol and glycerol can cause airway 
epithelial injury – a pulmonary effect. 

2019; Chen et al. Immunological and 
pathological effects of 
electronic cigarettes 

Literature 
review 

E-cigarette aerosols cause 
alterations in a variety of cell 
types, suppressing cell viability, 

E-cigarette use can have potentially 
harmful effects on multiple body 
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Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

producing pro-inflammatory 
cytokines, and increasing 
susceptibility to viruses and 
bacteria. 
 

systems, including cardiovascular, 
pulmonary, and the immune system. 

2016; Chiang et al. The implications of 
tobacco smoking on 
acute postoperative 
pain: a prospective 
observational study 

Prospective 
observational 
study 

Male smokers had a greater 
morphine requirement 
compared to nonsmokers and 
former smokers during the 72-
hour postoperative period. This 
is thought to be due to a 
nicotine withdrawal-related 
hyperalgesia and lowered pain 
threshold that is not fully 
understood. 
 

While the study involved cigarette 
smokers, because e-cigarettes also 
often contain nicotine there is potential 
applicability of this consideration for 
e-cigarette users as well. 

2016; Cho & Paik Association between 
electronic cigarette use 
and asthma among 
high school students in 
South Korea 

Cross-sectional 
study 

Prevalence of asthma among 
high school students in South 
Korea were studied and found 
to be 3.9% among current EC 
users, 2.2% among former EC 
users, and 1.7% among those 
who had never used ECs. 
 

E-cigarette use may be a risk factor for 
development of asthma. 

2017; Chun et al. Pulmonary toxicity of 
e-cigarettes 

Literature 
review 

E-cigarettes are associated with 
the development of respiratory 
symptoms in adolescents, 
increased airway reactivity and 
resistance, cytotoxicity, and 
negative effects on host-defense 
including downregulation of 
host-defense genes and 
decreased antimicrobial 
activity. 
 

E-cigarette use has been linked to 
multiple deleterious respiratory system 
effects. 
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2016; Dinakar et al. The health effects of 
electronic cigarettes 

Literature 
review 

Studies of e-cigarette aerosol 
have identified a number of 
potentially toxic substances, 
including acetaldehyde and 
formaldehyde. While appearing 
to be less toxic than tobacco 
cigarettes, e-cigarette aerosols 
can have biologic effects on 
airway epithelium and lung 
endothelium. Animal models 
indicate oxidative stress, 
inflammation, and impaired 
immune function. 
 

E-cigarette aerosols contain potentially 
toxic substances and may have 
deleterious effects on pulmonary and 
immune function. 

2018; Franzen et al. E-cigarettes and 
cigarettes worsen 
peripheral and central 
hemodynamics as well 
as arterial stiffness: a 
randomized double-
blinded pilot study 

Randomized, 
double-blinded 
pilot study 

Peripheral systolic blood 
pressure was increased for 45 
minutes after using nicotine-
containing e-cigarettes, for 15 
minutes after smoking a 
conventional cigarette. No 
significant SBP change was 
noted after using nicotine-free 
e-cigarettes. 
 
Heart rate was elevated for 45 
minutes after using nicotine-
containing e-cigarettes and for 
30 minutes after smoking a 
conventional cigarette. 
 
The authors note that the well-
known increased long-term 
cardiovascular risks associated 
with conventional cigarettes 
may also apply to nicotine-
containing e-cigarettes. 

E-cigarettes with nicotine cause 
increased blood pressure and heart rate, 
potentially increasing long-term 
cardiovascular risk. 
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2020; Garcia et al. Cardiovascular 
autonomic effects of 
electronic cigarette 
use: a systematic 
review 

Systematic 
review 

E-cigarette use increases heart 
rate and blood pressure, 
although less than conventional 
cigarette smoking. 
 
Nicotine-containing EC aerosol 
caused sympathoexcitatory 
effects, while non-nicotine 
aerosols did not. 
 

Nicotine-containing e-cigarettes cause 
increased HR and BP, similar to but to 
a lesser extent than conventional 
cigarettes. 

2019; Gaur et al. Health effects of trace 
metals in electronic 
cigarette aerosols – a 
systematic review 

Systematic 
review 

EC aerosols contain a variety of 
potentially toxic trace metals 
that originate from the EC core 
assembly, solder joints, and e-
liquid itself. These trace metals 
include nickel, chromium, lead, 
aluminum, cadmium, tin, 
copper, and manganese. 
Exposure to these metals is 
associated with a variety of 
adverse health effects. 
 

Although further research into the real-
world outcomes is needed, exposure to 
trace metals from EC use may 
potentially have damaging effects on 
vital organs and indirectly cause 
neurologic, reproductive, 
developmental, immunologic, and 
carcinogenic effects. 

2018; Ghosh et al. Chronic e-cigarette 
exposure alters the 
human bronchial 
epithelial proteome 

Cohort study The airways of EC users were 
inspected with bronchoscopy 
and appeared to be friable and 
erythematous. Chronic EC use 
causes alteration in 
approximately 200 proteins in 
airway epithelia. 
 

EC aerosol exposure has potentially 
harmful effects on airway epithelia. 

2019; Gotts et al. What are the 
respiratory effects of 
e-cigarettes? 

Literature 
review 

No long-term EC toxicological 
or safety studies have yet been 
completed in humans. 
 

EC use is associated with increased 
respiratory disease symptoms, and 
evidence suggests it may have 
deleterious effects on the pulmonary 
system. 
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Survey data shows increased 
symptoms of respiratory disease 
associated with EC use. 
 
Human, animal, and in vitro 
experimental data suggest EC 
aerosol can negatively impact 
pulmonary cellular and organ 
physiology and immune 
function. 
 

2020; Harris et al. Anesthesia 
implications of 
patients use of 
electronic cigarettes 

Literature 
review 

The nicotine in ECs is 
associated with risk for heart 
disease and myocardial 
infarction. 
 
EC aerosols contain substances 
that can cause chronic and acute 
respiratory diseases and may 
increase risk for cancer. 
 

EC use can potentially have deleterious 
effects on the pulmonary system. 

2017; Hess et al. E-cigarettes as a 
source of toxic and 
potentially 
carcinogenic metals 

Laboratory 
study 

E-liquids from five different 
brands were analyzed and 
found to contain potentially 
toxic metals, namely cadmium, 
chromium, lead, manganese, 
and nickel. 
 

EC liquids are a source of potentially 
toxic trace metals. 

2020; Hobson et al. Vaping: anesthesia 
considerations for 
patients using 
electronic cigarettes 

Literature 
review 

There is a general lack of 
knowledge about the health 
effects of electronic cigarettes 
among healthcare providers. 
 
ECs contain cytotoxic and 
harmful compounds and 
byproducts including nicotine, 

There is a need for education regarding 
the health effects of EC use for 
healthcare providers. 
 
ECs expose users to harmful 
substances that may cause a variety of 
negative effects. 
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heavy metals, propylene glycol, 
and diacetyl, which may 
potentially cause acute and 
chronic multiorgan toxicities. 
 

2019; Kennedy et al. The cardiovascular 
effects of electronic 
cigarettes: a systematic 
review of experimental 
studies 

Systematic 
review 

74.3% of studies reviewed 
reported potentially harmful 
cardiovascular effects. 
 
ECs may increase risk for 
thrombosis and atherosclerosis. 
 

EC use may cause harmful 
cardiovascular effects, such as 
increasing the risk for thrombosis and 
atherosclerosis. 

2016; Khlystov et al. Flavoring compounds 
dominate toxic 
aldehyde production 
during e-cigarette 
vaping 

Laboratory 
study 

The thermal decomposition of 
flavoring compounds in e-
liquids produce aldehydes that 
exceed occupational safety 
standards. 
 

Flavored e-liquids can produce toxic 
aldehydes in excess of safety standard 
limits. 

2016; Kosmider et al. Cherry-flavoured 
electronic cigarettes 
expose users to the 
inhalation irritant, 
benzaldehyde 

Laboratory 
study 

The airway irritant 
benzaldehyde is found in fruity 
flavors of e-liquid, although at 
concentrations far lower than 
the workplace permissible 
exposure limit. 
 

Fruit-flavored e-liquids expose users to 
a respiratory irritant, which may 
potentially have respiratory effects. 

2016; Leigh et al. Flavourings 
significantly affect 
inhalation toxicity of 
aerosol generated from 
electronic nicotine 
delivery systems 
(ENDS) 
 

Laboratory 
study 

Flavored e-liquid when 
aerosolized may cause 
inhalation toxicity. Strawberry-
flavored product was found to 
be the most cytotoxic. 

Toxicity of e-liquids may vary by 
flavor, with certain flavors (such as 
strawberry) being more toxic. 

2019; Lin et al. Vaporized e-cigarette 
liquids induce ion 

Laboratory 
study 

ECs can induce ion channel 
dysfunction in airway epithelial 
cells that is associated with 

EC aerosol exposure can have a 
negative effect on airway epithelial 
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transport dysfunction 
in airway epithelia 

chronic bronchitis onset and 
progression. 
 

cells, potentially resulting in 
respiratory symptoms. 

2019; Madison et al. Electronic cigarettes 
disrupt lung lipid 
homeostasis and innate 
immunity independent 
of nicotine 

Animal study Chronic exposure to EC aerosol 
alters lung epithelial cell 
physiology and promotes a poor 
response to infection with 
enhanced pulmonary 
inflammation and tissue 
damage. 
 

Chronic EC use may be harmful to the 
respiratory system and worsen 
pulmonary infectious processes. 

2019; Meo et al. Electronic cigarettes: 
impact on lung 
function and fractional 
exhaled nitric oxide 
among healthy adults 

Cross-sectional 
study 

EC use significantly impaired 
multiple lung function 
parameters in a pattern 
consistent with peripheral 
obstructive airway impairment. 
FEV1 and FEV1/FVC were 
found to be significantly 
decreased in e-cigarette users 
when compared to a control 
group. 
 

EC use may cause peripheral 
obstructive airway impairment and 
reduce FEV1 and FEV1/FVC ratio. 

2019; Middlekauff Cardiovascular impact 
of electronic-cigarette 
use 

Literature 
review 

Biomarkers associated with 
increased cardiovascular risk 
that have been reported as 
abnormal after EC use include 
increased sympathetic nerve 
activity, oxidative stress, 
inflammation, vascular 
dysfunction, and thrombosis. 
 

EC use is associated with an increase 
in multiple biomarkers that are linked 
to increased cardiovascular risk. 

2016; Putzhammer et al. Vapours of US and EU 
market leader 
electronic cigarette 
brands and liquids are 
cytotoxic for human 

Laboratory 
study 

There is a high level of 
variability in the cytotoxic 
effect of e-liquids depending on 
brand and device used. 

Some brands of e-liquid may be more 
dangerous than others. 
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vascular endothelial 
cells 
 

2018; Qasim et al. Short-term e-cigarette 
exposure increases the 
risk of thrombogenesis 
and enhances platelet 
function in mice 

Animal study EC-exposed mice showed 
hyperactive platelets with 
increased aggregation as well as 
reduced thrombosis occlusion 
and bleeding times. 
 

EC use may increase the risk of 
thrombogenic events. 

2020; Rao et al. JUUL and combusted 
cigarettes comparably 
impair endothelial 
function 

Animal study In rats, aerosol from JUUL and 
older generation ECs impair 
endothelial function 
comparable to that caused by 
cigarette smoke. 
 

EC aerosol exposure may impair 
endothelial function. 

2017; Rau et al. Electronic cigarettes 
are as toxic to skin flap 
survival as tobacco 
cigarettes 

Animal study Nicotine-containing EC aerosol 
is similarly toxic to skin flap 
survival compared to tobacco 
cigarette smoke. 
 

Nicotine-containing EC may cause 
skin flap necrosis, posing a risk for 
poor wound healing in the 
postoperative period. 

2018; Reinikovaite et al. The effects of 
electronic cigarette 
vapour on the lung: 
direct comparison to 
tobacco smoke 

Animal study Exposure to EC aerosol is 
similarly as damaging to 
pulmonary structures as 
conventional tobacco cigarette 
smoke. 
 

EC aerosol may potentially damage 
pulmonary structures, causing 
emphysematous changes. 

2019; Skotsimara et al. Cardiovascular effects 
of electronic 
cigarettes: a systematic 
review and meta-
analysis 

Systematic 
review, meta-
analysis 

There is evidence that EC 
aerosol exposure has adverse 
effects on endothelial function 
and arterial stiffness. 
 
Published evidence about the 
negative cardiovascular effects 
of ECs is limited and of 
moderate quality, with much of 
the literature comprised of non-

EC use may contribute to reduced 
endothelial function and increased 
arterial stiffness, both of which are 
associated with increased 
cardiovascular risk. 
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randomized observational 
studies. 
 

2015; St. Helen et al. Nicotine delivery, 
retention, and 
pharmacokinetics from 
various electronic 
cigarettes 

Cross-sectional 
study 

ECs can deliver nicotine at 
comparable or higher levels 
than conventional tobacco 
cigarettes and have similar 
systemic retention. 
 

EC users may be consuming as much 
or more nicotine than conventional 
cigarette smokers. 

2009; Sweeney & Grayling Smoking and 
anaesthesia: the 
pharmacological 
implications 

Literature 
review 

Smokers have increased opioid 
requirements postoperatively. 
The mechanism for this is 
poorly understood. 

Although whether this effect also 
applies to ECs has not yet been 
established, anesthesia providers may 
want to consider this possibility when 
assessing and treating their patients’ 
pain. 
 

2019; Thirion-Romero et al. Respiratory impact of 
electronic cigarettes 
and “low risk” tobacco 

Literature 
review 

Exposure to EC aerosol has 
been observed to produce 
airway irritation, inflammatory 
response, and mucus 
hypersecretion.  
 
Other changes include an 
increase in respiratory 
symptoms, a change in 
respiratory function, and 
impaired host defense 
mechanisms. 
 
EC use is associated with 
increased in respiratory 
symptoms in individuals with 
existing chronic obstructive 
pulmonary disease, asthma, and 
cystic fibrosis. 

EC use may cause increased 
respiratory symptoms in individuals 
with existing pulmonary disease. It 
may also induce airway irritation, 
increased mucus secretion, and an 
inflammatory response. 
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2020; Tsai et al. Effects of e-cigarettes 
and vaping devices on 
cardiac and pulmonary 
physiology 

Literature 
review 

EC exposure in animal models 
has been shown to cause 
increased arterial stiffness, 
angiogenesis, atherosclerotic 
plaque formation, and vascular 
endothelial changes. 
 
Pulmonary effects observed 
with EC use include increased 
airway reactivity, inflammation, 
obstruction, and emphysema. 
 

EC exposure may cause several 
harmful effects to the cardiovascular 
and pulmonary systems. 

2018; Whittington et al. The use of electronic 
cigarettes in 
pregnancy: a review of 
the literature 

Literature 
review 

The amount of nicotine 
consumed with ECs is 
comparable to conventional 
cigarettes. The main concern 
with pregnancy is exposure of 
the developing fetus to nicotine. 
Animal models indicate that 
nicotine exposure may have 
negative effects on fetal neural 
development as well as immune 
system, cardiac, and lung 
function. 
 

Fetal nicotine exposure via EC use 
may cause impaired neural 
development and may have negative 
effects on fetal immune system, 
cardiac, and lung function. Patients 
who are pregnant or who may become 
pregnant should be counseled to avoid 
all sources of nicotine, if possible. 

2018; Zhang et al. Safety assessment of 
electronic cigarettes 
and their relationship 
with cardiovascular 
disease 

Systematic 
review 

Most current research involves 
in vitro and short-term studies, 
with very few in vivo or long-
term studies available. 
 
EC aerosol contains many 
harmful substances, including 
volatile organic compounds, 
nicotine, and heavy metals, 
which are damaging to the 

While research is somewhat limited, 
available evidence points to the 
potentially harmful effects EC use may 
have on the cardiovascular and 
respiratory systems. 
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respiratory and cardiovascular 
systems. 
 

2020; Zhao et al. Metal/Metalloid 
Levels in Electronic 
Cigarette Liquids, 
Aerosols, and Human 
Bio samples: A 
Systematic Review 

Systematic 
review 

Heavy metals identified in e-
liquid and e-cigarette aerosols 
included cadmium, cobalt, 
chromium, copper, iron, lead, 
manganese, nickel, selenium, 
tin, and zinc. 
 
Most metal and metalloid levels 
from tested bio samples of EC 
users were found to be of 
similar or higher levels 
compared to bio samples of 
tobacco cigarette smokers. 
 

E-cigarette users are exposed to 
multiple heavy metals at levels that are 
comparable to—or in some cases even 
higher than—those found in 
conventional tobacco cigarette 
smokers. 
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