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Abstract 
Background and Significance: 
Cocaine addiction represents a pressing and pervasive problem with social consequences. 
Despite advancements in the substance abuse treatment field, no pharmacotherapy has received 
approval for the treatment of Cocaine Use Disorder (CUD). N-acetylcysteine (NAC) has recently 
been identified as a novel pharmacotherapy that is well tolerated, may prolong abstinence time 
and lessen cravings for cocaine addicted individuals. Over the past 4 years, prescribing ofNAC 
has become increasingly more commonplace within a regional substance abuse treatment 
organization. 

Purpose and Objectives: 
This project was intended to evaluate treatment outcomes in the outpatient (OP) setting for CUD
diagnosed patients after having received NAC during participation in residential rehabilitation 
(RR) prior to OP admission. 

Theoretical Framework: 
The Cycle of Addictions was selected for its description of relapsing in terms of neurobiology. 
Glutamatergic dysregulation has been implicated as a contributor to relapse following sustained 
abstinence, and furthermore, a proposed target ofNAC pharmacotherapy. 

Methods and Design: 
A retrospective cohort design was selected. De-identified OP and RR data from 193 subjects 
was provided by the organization. Two groups were established: those prescribed NAC in RR (n 
= 90) and those not (n = 98). Group comparison was conducted using chi-square, t-test, and 
ANOV A analyses. 

Results: 
Groups were statistically similar demographically. Subjects prescribed NAC had significantly 
longer episodes of treatment (MD= 8.5). Treatment with NAC in RR did not significantly 
influence OP appointment attendance. Finally, a composite of those prescribed NAC was 
deducted. 

Conclusion: 
Further research is needed into prescriber decision-making, efficacy ofNAC in the OP setting, 
and patient perspective into NAC treatment. 

Key Words: Cocaine Use Disorder; treatment, N-acetylcysteine, Outcome evaluation, 
Retrospective cohort 



6 NAC, CUD, & TX OUTCOMES 

Acknowledgments 

It is a wonder to think I have completed my studies after having continually attended 

school since Kindergarten. This work is dedicated to all of those that have supported and 

encouraged me along the way. 

Firstly, my parents have provided for me so much. Each of them have taught me the 

meaning of perseverance in their own unique ways. My mother is the strongest person I know. I 

constantly look towards her for guidance in life and love. Thank you for showing me the way. 

My father is a courageous and fun-loving soul who can always realize the good in any situation. 

You've taught me to never give up, and for this I thank you. 

My grandparents have been an enormous part of my life from day one. Thank you for 

showing me unconditional and eternal love. None of this is possible without you. 

Of course, my incredible wife is always there to put up with the day-to-day complaints, 

no easy task, and for this, I could not be more grateful. The start of my journey to become a 

PMHNP coincide with the inception our relationship, so that you are invariably bound to any 

success I have achieved and have yet to realize. Thank you for inspiring me with your love and 

creativity. You make me a better person. 

To all of my professors, academic role models, and project collaborators, especially 

members of the DNP Committee, you made this all possible. Dr. Barrick has truly served as a 

guiding light in darkness. Thank you for your endless emotional and practical support on all 

things quantitative. Dr. Nisbet has facilitated my growth over the past four years having served. 

Your tireless efforts to nurture my development as a professional is deeply appreciated. 

Finally, to all of my close friends and family who have encouraged and supported me, I 

thank you from the deepest part of my heart and soul. 



7 NAC, CUD, & TX OUTCOMES 

Cocaine addiction remains a pervasive and devastating illness associated with severe 

social consequences. It is estimated that 5 million Americans 12 years and older have reported 

use of cocaine, nearly 870,00 have a diagnosable cocaine-related substance use disorder (SUD), 

nearly 18,900 hospitalizations, half of which involved cocaine poisoning, and nearly 10,400 

cocaine-related overdose deaths occurred (Centers for Disease Control and Prevention [CDC] , 

2018). 

Chronic cocaine abuse causes neuroplastic alterations involving glutamate (Glu) and 

dopamine pathways of the brain, which contribute to the manifestation of powerful cravings 

associated with environmental cues that can occur in even after sustained abstinence, 

theoretically contribute to relapsing behaviors characteristic of addiction (Volkow et al. , 2016). 

The advanced understanding of neuroplasticity unique to drug addiction has led to the 

identification of these pathways as novel targets for development of pharmacologic interventions 

(Koob & Volkow, 2010). Despite the development of highly effective medications used in the 

treatment of other SUDs, those suffering from addiction to cocaine have yet to benefit from 

similar treatment modalities. No such medication has been approved by the Food and Drug 

Administration for the treatment of cocaine use disorder (CUD). 

Background & Significance 

As defined by the American Psychiatric Association (APA, 2013), CUD falls under the 

umbrella category of stimulant use disorder, which includes other amphetamine, however, for 

purposes of this project, cocaine was the primary substance of focus. CUD is defined by 

recurrent use of cocaine in higher doses than originally intended, despite physical or social 

consequences, causing significant impairment in one ' s life. Cravings are an additional criterion 

for addictions and can be cue-induced, drug-induced, or stress induced. The Diagnostic and 



8 NAC, CUD, & TX OUTCOMES 

Statistics Manual, 5th edition (DSM-5) (APA, 2013) goes on to describe cue-induced cravings as 

follows: "Individuals with stimulant use disorder often develop responses to drug-related 

stimuli . . . [ which] contribute to relapse, are difficult to extinguish, and persist after 

detoxification." (p. 564). Cue-induced cravings are thought to be engendered through a powerful 

conditioned response to the rewarding effects of drugs known as incentive salience, defined as: 

" . . . when a previously neutral stimulus reinforces or strengthens behaviours through its 

association with a primary reinforcer and becomes a reinforcer in its own right." (Koob & 

Volk.ow, 2016, p. 763). The term addiction is associated with a moderate-severe diagnosis of 

SUD that likely includes compulsive use, physical dependency, and intense cravings (Volkow, 

Koob, & McLellan, 2016). Thus, cocaine addiction is more often associated with relapsing 

behaviors and short-term abstinence. 

Plasticity of neuronal circuitry resulting from chronic cocaine abuse includes a 

dysregulation of glutamatergic signaling from the prefrontal cortex (PFC) onto the nucleus 

accumbens (NA) of the striatum, associated with the down-regulation of both glial-glutamate 

transporter ( GL T-1) and extracellular cysteine-glutamate ( xCT) transporter expression, increased 

extracellular Glu, and reinstatement of drug seeking behaviors in a pre-clinical model (McClure 

et al, 2014). 

N-Acetylcysteine 

N-acetylcysteine (NAC), a medication traditionally used in the treatment of 

acetaminophen overdoses, as well as a mucolytic agent, has recently been identified as a 

potential agent to reduce cocaine cravings and drug seeking behavior via normalization of Glu 

pathways of the brain (Duailibi et al. , 2017). NAC, a cysteine prodrug, is thought to work by 

restoring function to the extra-synaptic GLT-1 and xCT proteins, thereby normalizing prefrontal-
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cortical activation of the NA, and decreasing the likelihood of cue-induced cravings and drug 

reinstatement (McClure et al. , 2014). GLT-1 proteines clear synaptic spillover ofGlu in 

extrasynaptic spaces, while increased xCT activity stimulates presynaptic metabotropic 

autoreceptors that downregulate Glu release from the PFC to the NA implicated in the formation 

of cue-induced drug cravings (McClure et al. , 2014). Such interactions are thought normalize 

Glu signaling, leading to decreased impulsive/compulsive behavioral complexes and prolonged 

abstinence times. 

Cysteine, the product ofNAC metabolism, is an amino acid that is used in the synthesis 

of the endogenous antioxidant, glutathione, thus reducing oxidative stress load (Ooi, Green, & 

Pak, 2018). Given the protective effects of glutathione, NAC may prevent neuronal degradation 

due to oxidation associated with mental illness and chronic cocaine abuse. In fact, NAC has 

been studied for a wide array of psychiatric conditions, including pathological gambling, 

obsessive-compulsive disorder (OCD), trichotillomania and skin picking, schizophrenia, bipolar 

disorder, posttraumatic stress disorder (PTSD), autism, and Alzeheimer's (Berk et al. , 2013). 

SUD Treatment Modalities 

The continuum of care for SUD treatment includes a broad range of services, such as 

inpatient/outpatient detoxification, crisis stabilization, inpatient rehabilitation, crisis stabilization, 

residential rehabilitation and reintegration, outpatient services, and supportive living. Those of 

interest to this study are residential rehabilitation (RR) and outpatient (OP) services. 

According to the New York State Office of Alcoholism and Substance Abuse Services 

(OASAS), OP clinics: 

"provide treatment services to individuals who suffer from substance use disorders and 

their family members and/or significant others. Outpatient services may be delivered at 
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different levels of intensity responsive to the severity of the problems presented by the 

patient. The length of stay and the intensity ( as measured by frequency and duration of 

visits) will vary during the course of treatment. In general, persons are engaged in more 

frequent outpatient treatment visits earlier in the treatment process; visits generally 

become less frequent as treatment progresses." (OASAS, 2015 , p. 53). 

RRs are "residential programs that also provide rehabilitative services for individuals 

who are stable enough to manage emotional states, urges and cravings, co-occurring psychiatric 

symptoms and medical conditions within the safety of a residential setting." (OASAS, 2015 , p. 

54). Generally, length of stay is approximately three - four months of live-in treatment. The 

residential setting is considered a controlled setting. Other examples of a controlled environment 

include "closely supervised and substance-free jails, therapeutic communities, and locked 

hospital units." (APA, 2013 , p. 492). Within such settings, the risk for relapse is lower than that 

of the OP setting simply because there is less exposure to drugs. Therefore, there exists a need 

to evaluate clinical outcomes for those being treated with NAC in the OP setting. 

Purpose & Objectives 

As mentioned previously, the social situation is dire and no pharmacologic intervention 

has yet been approved for the treatment of CUD. While a number of rigorous studies have 

suggested NAC's efficacy in reducing cocaine and other drug-related measures (Duailibi et al. , 

2017), there remains a lack of understanding surrounding long-term clinical outcomes associated 

with prolonged NAC treatment. Despite a lack of definitive clinical recommendations, 

prescribing ofNAC has become increasingly common in the clinical setting, which may be, in 

part, due to the modestly positive results yielded by recent research studies, as well as the 
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favorable tolerability and safety profiles, lack of alternative pharmacological treatments, neuro

protective potential (formation of antioxidant glutathione), and broad applications to other 

substance abuse and mental health disorders. 

The research question used to guide study development was: Does treatment with NA C 

plus RR result in improved OP treatment outcomes for cocaine addicted patients in the OP 

setting compared to no NAC treatment? 

The purpose of this study was to evaluate treatment outcomes in the OP SUD treatment 

setting for adult patients diagnosed with a CUD after having received NAC while attending a 

RR. 

Objectives were to : 1) evaluate retrospective data from a community source to understand 

behavioral patterns for people with CUD and taking NAC; 2) evaluate efficacy ofNAC in terms 

of patient outcomes; and 3) provide clinical insight, treatment recommendations, and future 

research recommendations on a novel treatment that is valuable to the broader scientific 

community and local organizations alike. 

Theoretical Framework 

The Cycle ofAddiction was originally conceptualized by Koob and Le Moal (1997) to 

describe a common pattern of progressive drug abuse, leading to drug addiction, based on 

neurobiological findings , social psychology, experimental psychology, and psychiatry. In recent 

years as understanding for addiction as a brain disease has become illuminated, the conceptual 

framework has been updated (Koob & Volkow, 2010; Koob & Volkow, 2016). Furthermore, the 

neurobiological understanding of addiction has exerted influence in changing relative healthcare 

policy (Volkow, Koob, & McLellan, 2016). The following is a review of these relevant sources. 
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Koob and Volk.ow (2010) postulate that as some individuals transition alcohol from mild 

occasional drug use to chronic addiction, maladaptive neuroplasticity perpetuates behaviors of 

uncontrolled, compulsive substance use and, furthermore, relapse even after sustained 

abstinence. Three distinct stages of addiction are: binge/intoxication, withdrawal/negative 

affect, and preoccupation/anticipation. 

In the binge/intoxication stage, individuals initially feel a sense of euphoria as a primary 

driver of drug administration. The mesolimbic-dopaminergic pathway, known as the reward 

circuit of the brain, are instrumental in survival of animal species. These pathways provide 

positive reinforcement to species-sustaining environmental stimuli, such as eating, drinking 

water, and having sex. Drugs of abuse, including cocaine, serve to commandeer these pathways 

through exogenous means to produce a euphoric state of mood and reinforce such behaviors. 

The reward circuit consists of sensory stimuli received by the ventral tegmental area creating and 

action potential that results in a release of dopamine across the synaptic cleft, thus activating the 

NA within the ventral striatum. Interactions between the NA, amygdala, frontal cortex, and 

hippocampus creates the basis for positive reinforcement, triggering stimuli, and impulsive drug 

administration. Drugs of abuse serve to lower the reward threshold. Environmental stimuli 

become positively associated with the act of drug taking and can independently stimulate the 

NA, thus activating the reward system and priming for future activation (i.e. incentive salience). 

Chronic substance use produces both a depletion of neurotransmitters associated with the 

positive feelings of the drug, as well as a desensitization of the receptor sites due to overexposure 

(i.e. opponent-process). Subsequent drug use produces a relatively subdued euphoric effect; 

thus, reinforcement of drug use moves from positive to negative. 



13 NAC, CUD, & TX OUTCOMES 

Eventually, individuals experience a state of withdrawal if drug administration is 

prevented following chronic substance use, thus prompting feelings of dysphoria, anxiety and 

pain (negative motivational factors) , stress-like response, and physiological syndrome. It is 

postulated that, in order to avoid such negative affective state, compulsivity serves to drive 

continued substance use (Koob & Volkow, 2016). While in a state of withdrawal, individuals 

experience a heightened reward threshold, essentially priming them for relapse (Koob & Volkow, 

2010). Driving the negative affect is the opponent-process, or the natural response of the brain to 

oppose the various effects of chronic drug abuse that remain active when the drug is prevented 

from being administered. Changes, including decreased dopamine and serotonin transmission, 

along with increased stress hormones, may contribute to the negative affective state and 

behavioral relapse both in the acute and protracted abstinence (preoccupation/anticipation) 

stages. 

In the preoccupation/anticipation stage, conditional cravings for the addictive substance 

remain active and may influence decisions that contribute to relapse. The PFC influence decision 

making and executive control over behavior. Glutamatergic projections from the PFC synapse 

onto the ventral tegmental area, influence activation of the NA (corticostriatal circuit) and reward 

activation in the presence of drug-related cues (i.e. cue-induced cravings via incentive salience). 

Hypo function of the PFC, along with incentive salience towards drug-related cues and over

activity of stress response system are hypothesized as contributing to impulsive/compulsive 

reinstatement of drug use (Koob & Volkow, 2016; Volkow et al. 2010). 

The later stage of the addiction cycle is the subject of focus for this project. This is 

supported by LaRowe and colleagues (2013) findings of prolonged abstinence in subjects with 

NAC who were abstinent at least one week prior to study initiation. According to Kalivas 
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(2009), glutamatergic dysfunction within the corticostriatal circuit is hypothesized as 

contributing to cravings and relapse, and is furthermore the target ofNAC therapy. Consistent 

administration ofNAC following chronic cocaine abuse has been shown to restore homeostatic 

regulation of Glu at the PFC-NA synapse, therefore decreasing NA excitability when cocaine

associated cues are presented and ameliorating reinstatement of drug use (Kalivas & Volkow, 

2011; Gipson et al. , 2013). Decreased cravings should lead to decreased likelihood ofrelapse 

and, furthermore, improvement of patient outcomes. Thus, the project was concerned with 

patterns of relapse during sustained abstinence. 

Literature Review 

Included in this limited literature review (Appendix A) is a brief overview of methods 

and measures of study used to evaluate relevant clinical evidence surrounding safety and efficacy 

ofNAC in the treatment of cocaine addiction. Searches of databases, including the University at 

Buffalo Library search engine, PubMed, and Google Scholar were conducted using different 

combinations and variants of key words, including cocaine addiction, cocaine dependence, 

treatment, n-acetylcysteine, and relapse. Dates of searches were constrained to the years of 

2013-2019 to ensure temporal relevancy of evidence. 

Due to the retrospective nature of this project, a measure of cocaine cravings was not 

utilized. While the constructs of cravings and relapse are independent of one another, they are 

not mutually exclusive (Volkow et al. , 2010). Thus, research that has utilized self-reported 

cravings over time as an outcome measure was included within this review. Not included, 

however, was preclinical (i.e. animal model) evidence that has otherwise strongly supported 

clinical investigation ofNAC as a viable pharmacological treatment for cocaine addiction 

(Nocito Echevarria et al. , 2017; Preedy, 2017; McClure et al. , 2014). 
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Relapse & Cravings 

Efficacy ofNAC in terms ofrelapse and cravings has been extensively studied. Findings 

related have been mixed, however, seem to suggest efficacy over placebo to prolong abstinence 

and reduce cue-related cocaine cravings for individuals past acute withdrawal. LaRowe and 

colleagues (2013) conducted a large randomized control trial (RCT) (N=lll) to assess efficacy 

ofNAC in the treatment of cocaine dependence. Subjects received a daily dose ofNAC 

2,400mg, 1,200mg, or placebo. While they did not find any significant correlation between 

NAC and relapse related measures, they did discover in a small subset of patients already 

abstinent from cocaine at least one week prior to study initiation a dose-dependent effect in 

prolonging days to relapse. Thus, in the context of abstinence as opposed to active use, NAC 

may provide protection against drug-use reinstatement. Certainly, further exploration is needed 

as the main outcome was negative. 

While findings suggest NAC may help to reduce cravings, desire to use, cue viewing time 

associated with cocaine, and spending related to cocaine, reporting studies were limited based on 

their designs or small sample sizes (Nocito Echevarria et al. , 2017). Nocito Echevarria and 

colleagues (2017) go on to recommend further investigation ofNAC as a relapse prevention 

agent administered over a prolonged period of time so to promote glutamatergic normalization 

and observable behavior changes. One systematic review and meta-analysis of substance-related 

cravings found NAC was superior to placebo in the treatment of cocaine, as well as nicotine, 

methamphetamine, and cannabis-related cravings (Duailibi et al. , 2017). As well, Levi Bolin and 

colleagues (2017) reported that subjects maintained on NAC vs. placebo prior to experimentation 

experienced a significant reduction in mean number of drug choices, which suggests NAC may 

help to attenuate self-administration of cocaine. Schulte and colleagues (2018) found subjects 
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taking NAC 2,400mg vs. placebo plus working memory training protocol reduced number of 

positive urine toxicology screens from lab visit 1 to visit 2, cravings as measured by a visual

analog scale, and self-reported problems related to cocaine use. However, subjects failed to self

report lower cocaine use and cravings as measured by daily computer assessments. 

Cognition 

Recent studies have focused primary outcome measures on cognitions associated with 

cocaine use, representing a shift towards elucidating the complexities ofNAC's role in the 

treatment of cocaine addictions. Shulte and colleagues (2018) found subjects receiving NAC and 

working memory training had greater improvements of stop signal response times, indicating 

greater inhibition. Conversely, NAC subjects performed worse on classic Stroop tests, indicating 

poorer cognitive control. This discrepancy may have been related to a low rate of compliance 

with working memory trainings, as well as small sample size and high rate of attrition. 

Additionally, Levi Bolin and colleagues (2017) found attentional bias of cocaine vs. 

neutral cues for cocaine users maintained on NAC was significantly improved for subjects 

receiving a sham dose of intranasal cocaine, but not for those receiving either 30mg or 60mg of 

cocaine prior to experimentation. This finding is in concordance with previous findings related 

to the attenuation ofrelapse in the context of abstinence (LaRowe et al. , 2013). Findings also 

suggest that NAC may help cocaine abusers shift incentive salience away from cocaine-related 

cues, although, due to small sample size (N=14) and selection of an indirectly related tool 

measuring attentional bias (visual-probe task), conclusive ability was limited. 

Methodology 

Setting 
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Data was provided by a regional WNY organization specializing in substance abuse and 

mental health treatment. Geographical locations range from rural to urban. 

According to the HHS (2019) website, the organization offers those with substance abuse 

issues a full continuum of care including medically supervised inpatient drug and alcohol detox, 

inpatient crisis stabilization, RR, residential reintegration, and OP services. Although every 

individual's course of treatment may differ, many will traverse the full continuum in the order 

previously mentioned. For this project's purposes, patients completing RR, followed by OP 

services was the particular focus. Following acute withdrawal, patients will transition to crisis 

stabilization in an inpatient setting, then to one of three RR programs differentiated by 

subpopulation (young adults, servicemen, and general) where they are provided with SUD 

treatment (i.e. individual, group, and family therapy), mental health counseling, psychiatric, and 

primary care services as needed. Treatment care plans are individualized per patient needs. 

Prior to discharge from RR, patients often transition to reintegration designed to facilitate 

transition to the uncontrolled OP setting. Here, patients are linked with OP care and receive 

vocational services and recovery coaching. In the OP setting, patients receive a breadth of 

services including individual and group therapy, psychiatric counseling, medication assisted 

treatment, case management, and family therapy as needed. 

Sample 

A convenience sample of all patients admitted to RR between September, 2017 and 

December, 2018 with a CUD diagnosis, who had been discharged from a RR program, who then 

continued with their care in the OP setting yielded a total sample of 193 subjects. Two groups 

were distinguished: Those who were prescribed NAC in the RR program, and those who were 

not. Generally, NAC is prescribed at 2,400mg daily divided into two doses (i.e. BID dosing). In 
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the RR setting, medication administration is overseen by a clinical staff member, thus bolstering 

internal validity. 

Proposed inclusion criteria were: CUD diagnosis; either independent CUD diagnosis or 

co-occurring diagnosis of mental illness or SUD (polysubstance ); adults (18 years and over); 

successful completion of a RR program. To maintain clinical relevance, individuals with co

occurring SUD were included. Those discharged from RR to another controlled setting were 

expected to be excluded since there is lesser risk for relapse and inclusion may confound analysis 

results, however, such exclusion was not possible due to limitations of provided data. As well, 

whether or not subjects successfully completed the RR program was not able to be substantiated. 

Methods & Design 

This project was a retrospective cohort study. The data collection process was completed 

independently of the PI: That is, the PI did not have access to identifiable patient data. Rather, 

Microsoft Excel Version 15 .37 (2016) was used by the primary investigator (PI) to create a 

spreadsheet containing a list of relevant variables as determined through processes of literature 

review and collaboration between the PI, members of the project advisory team, and site 

stakeholders. The spreadsheet was then sent to site collaborators responsible for data collection 

and used to compile routinely collected electronic medical records (EMR) data. University at 

Buffalo (UB) Institutional Review Board (IRB) approval was then obtained, followed by 

approval from the organization's Clinical Services Committee. Once approvals were obtained, 

the data was then transferred from the site collaborator to the PI in a Microsoft Excel file via 

email. The spreadsheet returned was created using the original data collection spreadsheet, 

however, for logistical reasons, the spreadsheet was altered by the site collaborator. 
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The independent variable was participation in the RR plus NAC (i.e. NAC treatment) vs. 

non-NAC treatment. Initially, the primary outcome variable was intended to be time to relapse 

in the OP setting as measured by clinician reports of discharge from the OP setting due to 

continued substance abuse, however, such data was not able to be provided by the site 

collaborators. Similarly, secondary outcome data, discharge category and reason for discharge 

was not made available to the research team. A secondary outcome variable provided by the 

organization was OP appointment attendance rate. 

Other variables requested include demographics, diagnostic lists, relevant medication 

treatments, trauma history, reported drug use, scaled assessments (i.e. PHQ-9, GAD-7, 

Cravings), and legal involvements. 

Statistical Analysis 

All analyses were conducted using the International Business Machines (IBM) Statistical 

Package for the Social Sciences (SPSS) Statistics software, Version 26. Demographics and other 

descriptive variables were analyzed using descriptive statistics, such as frequency and measures 

of central tendency in order to describe the sample as a whole. Chi-square tests were conducted 

to test for statistically significant deviations in categorical demographic variables (i.e. gender, 

race, ethnicity, educational attainment, and marital status), while an independent t-test was 

conducted to identify potentially confounding between-group deviations for continuous variables 

(i.e. age). 

The DNP project proposal intended for a survival analysis of time to relapse using the 

Kaplan Meier model, however, due to limitations in the provided data, such an analysis was not 

possible. Secondary outcomes analyses comparing group differences were conducted, including 

a series ofANOVA and chi-squared tests depending upon variable type. Variables tested include 
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OP appointment attendance rates, scaled psychiatric assessments, self-reported substance use 

patterns, and RR length of stay (LOS). Lastly, comparison of various SUD and mental health 

diagnoses between both groups were conducted using frequency calculations. 

Ethical Considerations 

Due to the nature of substance addictions, vulnerable populations were included, such as 

the mentally ill, substance abusers, those seeking treatment alternative to legal ramifications, 

women, and minorities. While not the target of study, one pregnant woman was included in the 

sample. As the project was intended as a records review of routinely collected EMR data, risk to 

subjects was determined to be no more minimal. Furthermore, no patient contact occurred, and 

no identifiable information was made accessible to the PI at any time. Prior to any data was 

received, approval from The UB IRB, as well as approval from the organizational Clinical 

Services Committee was obtained. IRB approval was granted on an exemption status on 

6/30/2019. All data was stored on a password protected hard drive. 

Results 

In total, data from 193 subjects was provided by the collaborating organization 

(Appendix C). Related to limitations in the provided data, exclusion of cases based on OP 

discharge level of care was not possible. The sample's mean age was 34 years, with a range 

from 20 to 60 years. Overall, the sample was predominantly White/Caucasian (86%), male 

(68%), never married (76%), heterosexual (92%), with at least one child (55%), and had not 

attained an educational level of an associate's degree or higher (85%). The majority of 

individuals reported a history of using drugs intravenously (70%). 51 % reported cocaine use at 

least 3-6 times per week, while 23% denied use in the past 30 days. The reported average age of 

onset for cocaine use was 21 years, with a median age of 19 years. The primary rout of cocaine 
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administration was smoking (39%), followed by injection (35%) and inhalation (25%). A 

majority of the population reported co-occurrence of substance abuse issues, i.e. polysubstance 

abuse. 87% reported lifetime use of opioid substances, 76% with a diagnosed opioid use disorder 

(OUD), and 44% reported daily opioid use. 42% of subjects carried diagnoses of alcohol used 

disorder (AUD), 20% of which reported daily use. In fact, most subjects (82%) were prescribed 

either buprenorphine/naloxone or naltrexone for co-occurring opioid or alcohol use disorders in 

the RR setting. High rates of mental illness were identified within the sample: 34% diagnosed 

with major depression, 20% with generalized anxiety, 44% with PTSD, 12% with attention 

deficit/hyperactivity disorder, 16% with bipolar disorder ( either I or II), and 5% with either 

schizophrenia or schizoaffective disorder. Interestingly, 91 % of subjects self-reported 

experiencing or witnessing a traumatic event in their lifetime. 

The sample was further divided into two groups: Those who were prescribed NAC in the 

RR setting, i.e. NAC group (n=90), and those who were not, i.e. non-NAC group (n=98). A total 

of five outliers were excluded from the outcome analysis as their reported length of stay in RR 

treatment was far greater than the general population. This may be explained by discontinuous 

care between RR discharge and OP admission. 

Chi-square and t-tests were initially run to compare categorical and continuous 

demographic variables, respectively, to test for statistically significant population differences that 

may have confounded results (Appendix D). Both groups were statistically similar (p > .05) in 

when considering age, gender, race, ethnicity, level of education, marital status, and residence 

type prior to RR admission. 
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Primary analysis variables were unable to be examined. Related to secondary outcome 

variables, it appears treatment with NAC did not have a significant impact on OP appointment 

attendance rates (F = .02,p = .89) (Table D3). 

Evaluation of group differences in terms of substance abuse frequency was conducted 

using chi-square analyses (Table D4). While frequency of alcohol and opioid use did not differ 

between groups, there was a significant between-group difference in self-reported use of cocaine 

(x2 = 11.3, p = .02). Specifically, subjects reporting daily use of cocaine were prescribed NAC at 

a greater rate than those reporting no use in the past 30 days. As well, self-reported cocaine 

route of administration significantly differed between groups (x2 = 8.3 , p = .04): That is, subjects 

in the NAC group reported smoking as the primary route of cocaine administration 15% more 

often than the non-NAC group, while those in the non-NAC group reported injection and 

insufflation (i.e. snorting) as the primary route of cocaine administration 8% and 11 % more 

often, respectively, when compared to the NAC group. 

ANOVA tests were conducted to determine statistical significance of mean differences 

between the two groups related to continuous variables including RR length of stay (LOS) and 

rating scales including the GAD-7, PHQ-9, and self-reported craving intensity (Table D3). 

While the mean scores for all three rating scales did not differ significantly, subjects in the NAC 

treatment group tended to score higher on average on each scale. Additionally, subjects who 

were prescribed NAC had a significantly longer RR LOS (F= 4.19,p = .42), with a mean 

difference of 8.5 days. 

Discussion & Recommendations 

Due to the limited amount of data that was made available by the site collaborators, a 

survival analysis of outcome data was not possible. The study was originally designed to 
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examine OP outcomes data centric around relapse following successful discharge from RR 

treatment, with NAC treatment initiation in the RR setting being the independent variable. 

While data related to NAC treatment was made available, data relating to relapse and OP 

discharge was not made available to the PI. Thus, only secondary variables were able to be 

analyzed. 

Subjects receiving NAC in the RR setting did not show greater OP appointment 

attendance rates. OP attendance rate was the only proxy for engagement in treatment, however, 

conceptually far downstream from relapse itself Unforeseen confounding influences, for 

instance, competing childcare responsibilities, family support networks, and transportation 

barriers, may have complicated the results. Other limiting factors include high variability of time 

in OP care between subjects. While the intention was to only collect data from subjects 

discharged from RR up to 90 days from the end of 2018, thus allowing for sufficient outcomes 

data, data was provided for subjects discharged through the end of the year. Additionally, OP 

appointment attendance was intended to compliment data related to relapse. Relapse rates could 

not be quantified as data related to reason or even category of OP discharge was not made 

available to the PI. In order to fully appreciate the effectiveness ofNAC on relapse rates, a 

prospective randomized control study tracking objective measures of relapse, i.e. urine 

toxicology screens, as well as self-reported relapse, is recommended. A mixed methods 

approach may also be of particular value to elucidate patient perceptions of the treatment before, 

during, and after the study period. Such a design would allow for enrichment of quantitative data 

regarding treatment outcomes with actual humanistic variables in an attempt to fully explore the 

complexities of the issue at hand (Polit & Beck, 2012). 
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For related to residential length of stay, those who were prescribed NAC in RR remained 

in RR treatment for an average of 8.5 days longer than those who were not prescribed NAC, a 

statistically significant finding. Furthermore, an examination of data regarding type of discharge 

from RR treatment would allow for a more comprehensive analysis related to treatment 

retention. It is unknown at this point whether or not individuals who received NAC were more 

motivated in treatment, or, due to an increase in complexity, were determined by the clinical 

providers to require longer treatment stays. Certainly, further analysis of is needed. A 

prospective study design is recommended in order to control for confounding variables. 

Given the large volume of data provided by the organization, a general profile of subjects 

prescribed NAC became apparent. Demographic characteristics were statistically equivalent 

between groups. As well, about half the sample was prescribed NAC and half was not despite all 

being diagnosed with some form of cocaine use disorder. These findings are contrary to the 

cautious expectation prior to data collection that groups may be unevenly distributed related to 

selection bias as randomization into groups did not occur. Because addiction represents the more 

severe forms of SUD, those with moderate-severe CUD were distinguished from those with a 

mild diagnostic specification (Koob & Volkow, 2016). A total of 15 subjects were diagnosed 

with mild CUD, 10 of whom were not prescribe NAC, five who were. Furthermore, those 

reporting daily use of cocaine were prescribed NAC at a higher rate than those reporting no use 

in the past 30 days. These findings suggest that those with a more severe cocaine-specific 

presentation were more likely to be prescribed NAC; certainly, a logically intuitive assumption. 

Additionally, NAC treated subjects reported smoking cocaine as the primary route of 

administration at a greater frequency, while non-NAC subjects reported injection (i.e. IV) and 

insufflation as the primary route of administration at greater frequencies. However, it appears 
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those prescribed NAC had lower rates ofAUD, OUD, and cannabis use disorder diagnosed by 

5%, 12%, and 10% respectively. In other words, subjects with more complicated substance 

abuse profiles did not receive NAC as frequently. Lastly, 50% of subjects with PTSD were 

prescribed NAC, 13% greater than the non-NAC group. If desired, future program evaluation 

initiatives may choose to explore the question of why some cocaine addicted individuals are 

prescribed NAC and some are not? in an attempt to understand the decision-making process and 

potential biases of prescribers concerning NAC within the organization. This effort should 

include some sort of examination or surveying of providers perspectives, assumptions, and 

rationale for prescribing NAC as a treatment for CUD. Complimentary, data related to 

prescribing practices and setting should be included as well. 

Limitations 

Based on the retrospective nature of this study, limitations in data collection strategies are 

inherent. While differences between cohorts were expected prior to analysis, it appears as 

though an equal number of subjects belonged to both groups with limited baseline differences in 

demographic characteristics. Selection bias was apparent as randomized group assignment was 

inviable (Lengerich, 2018). No objective measure ofrelapse was incorporated into the 

study. While urine toxicology records would represent an objective and direct measure of 

relapse, this information was not made accessible to the PI. Furthermore, no measure remotely 

resembling relapse was made available for analyses; thus, the primary question pertaining to 

relapse could not be addressed. Reported analyses were of secondary nature, thus, introducing 

threat to internal validity. Compliance with NAC in the OP setting was difficult to substantiate, 

which introduced risk for misclassification bias. However, those using NAC in RR received 

their dose ofNAC directly from a clinical staff member, enhancing compliance and bolstering 
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reliability of exposure (Lengerich, 2018). Medication administration records would have been of 

particular value to substantiate exposure, but were not made available. Thus, it cannot be known 

for sure if subjects actually took NAC while in RR. Related to scaled assessments, it is not 

known for sure when such assessments took place in the course of treatment. As well, one of the 

assessments, Craving Intensity, did not differentiate between substances of abuse. Finally, 

whether or not subjects actually abstained from substance use or were discharged from RR 

successfully was unknown, thus, could not be controlled for when carrying out analyses. 

APN Role and DNP Essentials 

This DNP project has fulfilled a number of DNP Essentials established by the American 

Association of Colleges ofNursing (2019) including: I. Scientific Underpinnings for Practice; 11. 

Organizational and Systems Leadership for Quality Improvement and Systems Thinking; III. 

Clinical Scholarship and Analytical Methods; VI. Interprofessional Collaboration for Improving 

Patient and Population Outcomes; and VIII. Advanced Nursing Practice. Prior to conducting this 

research, considerable evidence in the form of a limited literature review was gathered to support 

the design of this project. To achieve the objectives, considerable collaboration with advisors 

and stakeholders took place. Stakeholder collaboration included regular email and occasional in

person correspondences with organizational leaders and those responsible for data collection. 

Such correspondence served as a medium for negotiating the role of the Pl, establishing priorities 

respective to the PI and organization, and requesting data. A presentation to the organization' s 

Clinical Services committee was conducted to review the design and goals of the project and 

request approval. Weekly meetings between the PI and faculty project advisor were conducted 

in order to formulate study design and methodology, critically review the dataset, and conduct a 

series of different statistical tests. From the knowledge generated through statistical analysis, 
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insights and recommendations for future research were provided as a deliverable to the 

organization. 

Conclusion 

In total, NAC is a fairly safe and well tolerated pharmacotherapy for CUD with potential 

benefit for a broad range of SUD and psychiatric disorders alike. The treatment has been 

increasingly prescribed for CUD given modest clinical evidence related to cocaine cravings, as 

well as the absence of other approved treatments. While NAC has shown promise as a low risk 

treatment of CUD, it is ultimately being used off-label in the treatment of CUD. It is the 

responsibility of the healthcare to seek understanding surrounding how such treatments are 

impacting recipients. Much of the available evidence in support ofNAC is either pre-clinical or 

lacking in scope and generalizability; thus, a retrospective review was sufficiently justified. 

While an evaluation of actual outpatient treatment outcomes regarding relapse was the 

original intention of this endeavor, insufficient data was made available for such analyses to be 

conducted. Issues regarding retrospective data, including difficulty with collecting intended data 

points from existing EMR assessments, became apparent and problematic throughout the 

process. However, analyses rather sizeable data set was provided by the collaborating 

organization has revealed insights into secondary outcomes and prescribing practices within the 

organization. Namely, subjects who received NAC had significantly longer episodes of RR 

treatment (i.e. LOS) by an average of 8.5 days. There was no correlation between NAC 

treatment in the RR setting and OP appointment attendance rates, however, a number of 

confounding variables may have influenced this observation. As well, it appears as though 

subjects reporting more severe cocaine use, who were diagnosed with PTSD, but who did not 

have dual diagnoses of SUD's were prescribed NAC at an increased frequency. While any 
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recommendations for clinical practice would be arbitrary given the lack of outcomes data, 

recommendations for future research are provided in detail. 
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Appendix A 

Literature Review Matrix 

Article Type of 
Citation Studi 
Levi Bolin Pilot study 
et al. 
(2017) 

LaRowe et Randomized 
al. (2013) control trail 

Method, Description, Tools 

Within-subject, duble-blind, 
placebo-controlled, crossover design 
of 14 non-treatment seeking cocaine 
and nicotine users (age 30-52). Dose 
ofNAC: 2,400mg or placebo for 
four maintenance days, followed by 
intranasal cocaine (0mg, 30mg, or 
60mg) plus NAC or placebo for 
three and three (total of six) 
experimental days. DVs: Visual
probe task assessed attentional bias; 
drug choice procedure assessed 
reinforcing effects of cocaine; 
subject-related drug-effect 
questionnaires; and physiological 
measures. 

Double-blind, placebo controlled 
study of cocaine dependent subjects 
(n=l 11) received placebo, 1,200mg 
or 2,400mg ofNAC for 8 weeks. 
DVs: Urine toxicology, self-reported 
cocaine use, Brief Substance 
Craving Scale, Cocaine Selective 
Severity Assessment, and 
side/adverse effects were evaluated. 

Results/Key Findings 

Visual-probe task: significant 
reversal of mean attentional bias 
score given NAC plus 0mg of 
cocame 

Mean number of drug choices 
significantly reduced across groups 
maintained on NAC vs. placebo for 
four days prior to start of 
experimental days. NAC had 
limited effect on subjective ratings, 
but decreased ratings of euphoria 
and stimulating effects. 

No significant differences detected 
between groups for side effects, 
urine toxicology, days of confirmed 
abstinence, or self-reported 
measures. For subgroups of 
subjects abstinent for at least one 
week prior to the study, time to 
relapse was significantly prolonged 
for 2,400mg vs. placebo. 2,400mg 
group reported less cravings than 
either group. 

Relevance to Project 

NAC may reduce attentional bias 
towards cocaine-related 
environmental cues for those 
abstinent from cocaine, but not 
those in active use. NAC may 
decrease decision to use cocaine 
when NAC is initiated during 
abstinence. NAC may reduce 
subjective effects from cocaine 
intoxication. 

While NAC failed to show 
significant reduction of drug use 
vs. placebo, results suggest NAC 
may help prolong abstinence time 
for indiviudals with some clean 
time prior to treatment initiation 
at 2,400mg/day. 
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Schulte et 
al. (2018) 

Nocito 
Echevarria 
et al. 
(2017) 

Duailibi et 
al. (2017) 

Randomized 
control trial 

Systematic 
review 

Systematic 
review and 
meta-analysis 
or RCTs 

Double-blind, placebo controlled 
study of 38 cocaine using males. 
Study period: 25 days. Subjects 
received 2,400mg or placebo daily 
and received working memory 
training. DVs: self-reported cocaine 
use, cravings, obsessive compulsive 
drug use, urine toxicology reports, 
inhibition (Stop Signal task), daily 
computer assessment and Stroop 
task. 

Qualitative review of preclinical and 
clinical data through Feb. 2016. 

Review of RCTs to assess cravings 
across SUDs. Hedges' g and meta
regression (random-effect model) 
utilized. 

24 subjects completed the study. 
No significant differences detected 
between-group cocaine use or days 
to relapse. NAC decreased 
cravings, improved inhibition (Stop 
Signal), but conversely worsened 
cognitive control (Stroop). 

Total of six clinical trials reviewed. 
Positive results include NAC's 
ability to reduce cravings, desire to 
use, cocaine-related cue viewing, 
and cocaine-related spending. 
Safety and tolerability were 
favorable. 

Total of seven RCTs reviewed; 
cocaine (2), Meth (1), cannabis (1), 
nicotine (3). Low risk of 
publication bias and insignificant 
heterogeneity between studies 
found. Most common dose was 
2,400mg/day. NAC significantly 
reduced cravings (Hedges' g = 
0.94, 95% Cl 0.55-1.33). 
Limitations based on small number 
of subjects and studies. No serious 
AE's reported, only mild-moderate 
AE's not significantly different 
from £_lacebo. 

Findings suggest mixed effect on 
cognition, thus, are inconclusive. 
Further exploration is needed. 

NAC represents a potential 
pharmacological treatment that 
may potentially reduce relapse 
rates for cocaine using individuals 
previously abstinent from 
cocame. 

NAC may reduce cravings for a 
myriad of substances with a 
favorable safety and tolerability 
profile. More research is required 
with larger sample sizes. 

DV = dependent variable . Meth = methamphetamine . NAC = n-Acetylcysteine . SUD = substance use disorder 

https://0.55-1.33
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Appendix B 

University at Buffalo IRB Study Exemption Letter 

T ~ University at Buffalo
':C::S T/1e Srate University ofNew York 

University at Buffalo Institutional Review Board (UBIRB) 
Office of Research Compliance I Clinical and Translational Research Center Room 5018 

875 Ellicott St. I Buffalo, NY 14203 
UB Federalwide Assurance ID#: FWA00008824 

STUDY EXEMPTION 
June 30, 2019 

Dear Jake Schechter, 

On 6/30/2019, the University at Buffalo IRB reviewed the following submission: 

Type of Review: Initial Study 
Title of Study: A Retrospective Cohort Study ofN-Acetylcysteine 

Effects on Outpatient Treatment Outcomes for Adult 
Cocaine Abusers 

Investigator: Jake Schechter 
IRB ID: STUDY00003520 

Funding: None 
Grant ID: None 

IND, IDE, or HDE: None 
Documents Reviewed: • Exempt Determination Letter Request-Jake 

Schechter.docx, Category: Other; 
• NAC Study Spreadsheet.xlsx, Category: Other; 
• HRP-410-Checklist-Waiver or Alteration of Consent 
Process (1).docx, Category: Other; 
• HRP-613-HIPAA-Certificate of 
Deidentification.docx, Category: Other; 
• scientificreview Schechter.pdf, Category: Other; 
• HRP-503 Schechter NAS Protocol.docx, Category: 
IRB Protocol; 

The University at Buffalo Institutional Review Board has considered the submission for the 
project referenced above on 6/30/2019 and determined it to be Exempt. 

In conducting this study, you are required to follow the requirements listed in the Investigator 
Manual (HRP-103), which can be found by navigating to the IRB Library within the Click 
system. 

UBIRB exemption is given with the understanding that the most recently approved procedures 
will be followed and the most recently approved consenting documents will be used. If 
modifications are needed that may change the exemption determination, please contact the UB 
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IRB Office. Also, see the Worksheet: Exempt Determination (HRP-312) for information on 
exemption criteria and categories. 

As principal investigator for this study involving human participants, you have responsibilities to 
the SUNY University at Buffalo IRB (UBIRB) as follows: 

1. Ensuring that no subjects are enrolled prior to the IRB approval date. 

2. Ensuring that the UBIRB is notified of: 
• All Reportable Information in accordance with the Reportable New Information 

Smart Form. 
• Project closure/completion by submitting a Continuing 

Review/Modification/Study Closure Smart Form in Click. 

3. Ensuring that the protocol is followed as approved by UBIRB unless minor changes that 
do not impact the exempt determination are made. 

4. Ensuring that the study is conducted in compliance with all UBIRB decisions, conditions, 
and requirements. 

5. Bearing responsibility for all actions of the staff and sub-investigators with regard to the 
protocol. 

6. Bearing responsibility for securing any other required approvals before research begins. 

If you have any questions, please contact the UBIRB at 716-888-4888 or ub-irb@buffalo.edu. 

mailto:ub-irb@buffalo.edu
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Appendix C 

Descriptive Analysis of Total Population (N = 193) 

Table Cl : Percent Frequency of Categorical Demographic Characteristics 

Demographics Frequency (%) 

Gender 
Male 68.4 
Female 31.6 

Race 
Caucasian 85 .5 
African American 5.2 
Native American 2.6 

Multicultural 1.0 
Other 5.7 

Marital Status 
Married 7.8 
Never Married 75 .6 
Separated 7.3 
Divorced 8.3 
Widowed 1.0 

Ethnicity 
Not Hispanic 93 .8 
Puerto Rican 3.6 
Other Hispanic 2.1 
Refused .5 

Edu. Level 
Less than HS 19.2 
HS Diploma 16.6 

GED 23 .3 
Some College 25 .9 
Associates 5.7 
Bachelors 3.6 
Graduate 1.0 
Voe. Cert w/HS/GED 2.1 
Voe. Cert w/o HS/GED .5 

Note: Edu. Level ~ level of education; HS ~ high school ; Voe . Cert~ vocational certificate 



38 NAC, CUD, & TX OUTCOMES 

Table C2: Measures of Central Tendency for Continuous Demographic Variables 

Demographic M(SD) Median Minimum Maximum 

Age 33.7 (9.0) 31 20 60 

No. of Children 1.2 (1.5) 1 0 6 
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Appendix D 

Group Comparison 

Table Dl: Frequency and Chi-square Results of Categorical Demographic Variables 

Freguency 

Demographic Variable 

Gender 
Male 
Female 

Race 
Caucasian 
African American 
Native American 
Multicultural 
Other 

Marital Status 
Married 
Never Married 
Separated 
Divorced 
Widowed 

Ethnicity 
Not Hispanic 
Puerto Rican 
Other Hispanic 
Refused 

Edu. Level 
Less than HS 
HS Diploma 
GED 
Some College 
Associates 
Bachelors 
Graduate 
Voe. Cert w/HS/GED 
Voe. Cert w/o HS/GED 

Note: Edu. Level ~ level of education; HS ~ 

NAC 
(n=90) 

Non-NAC 
(n=98) 

x2 df p 

1.40 1 .24 
57 70 
33 28 

3.18 4 .53 
79 81 
3 7 
1 4 
1 1 
6 5 

3.02 4 .56 
9 6 

69 73 
4 10 
7 8 
1 1 

7.39 3 .06 
86 91 
1 6 
3 0 
0 1 

3.07 4 .55 
18 17 
14 18 
18 26 
28 21 
4 7 
2 5 
1 1 
4 3 
1 0 

high school ; Voe. Cert~ vocational certificate 
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Table D2: Measures of Central Tendency and t-test Comparison for Age 

Age 

NAC 
M(SD) 95%CI 

34.1 (8 .8) [31.4, 35 .1] 

Non-NAC 
M(SD) 95% CI 

33.3 (9.1) [32.4, 36.0] 

t 

.69 

df 

191 

p 

.99 

Table D3: Measures of Central Tendency and ANOVA Comparison of Continuous Variables 

Variable by Grou2 M{SD} 95%CI Sum of Sguares df F l!.. 
RR LOS (days) 3373 .5 1 4.19 .04 

NAC (n = 90) 86.4 (30.4) [80.0, 92.7] 
Non-NAC (n = 98) 77.9 (26.4) [72.6, 83.2] 

OP Show Rate (%) 5.1 1 .02 .89 
NAC (n = 90) 68 .2 (14.7) [31.4, 35.1] 
Non-NAC (n = 98) 68 .5 (17.5) [32.4, 36.0] 

PHQ-9 49.2 1 1.41 .24 
NAC (n = 90) 5.8 (6 .1) [4.5 , 7.1] 
Non-NAC (n = 98) 4.7 (5 .8) [3.6, 5.9] 

GAD-7 71.5 1 2.00 .16 
NAC (n = 86) 7.1 (6.4) [5.8 , 8.5] 
Non-NAC (n = 91) 5.9 (5 .6) [4.5 , 7.1] 

Craving Intensity 564.3 1 .82 .38 
NAC (n = 90) 33 .7 (25 .8) [28.3 , 39.1] 
Non-NAC (n = 98) 30.3 (26.6) [25.0, 35.6] 

Note: RR LOS ~ residential rehabilitation length of stay; OP Show Rate~ outpatient appointment attendance rate; PHQ-9 ~ 
Patient Health Questionnaire 9-item; GAD-7 ~ Generalized Anxiety Disorder 7-item questionnaire 
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Table D4: Frequency and Chi-square Comparison of Self-Reported Substance Use 

Substance Use Variable 

COC Rout ofAdmin (N = 188) 
Smoke 
IV 
Inhalation 
Other 

COC Freq. of Use (N = 188) 
None in 30 days 
1-3x in 30 days 
1-2x/week 
3-6x/week 
Daily 

ETOH Freq. of Use (N = 147) 
None in 30 days 
1-3x in 30 days 
1-2x/week 
3-6x/week 
Daily 

OPI Freq. of Use (N = 162) 
None in 30 days 
1-3x in 30 days 
1-2x/week 
3-6x/week 
Dail 

Note: COC ~ Cocaine; ETOH ~ Alcohol; OPI ~ 

Freguency 

NAC Non-NAC x2 df p 

8.27 3 .04 
43 31 
28 38 
17 29 
2 0 

11.30 4 .02 
17 27 
11 15 
6 17 
10 5 
46 34 

3.44 4 .49 
35 25 
8 11 
7 9 
6 10 
19 17 

3.03 4 .55 
31 26 
3 7 
4 5 
2 2 
35 47 

Opioid; Freq. ~ Frequency; Admin ~ Administration; IV ~ Intravenous 
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Table D5: Percent Frequency of Common Diagnoses by Group 

Diagnosis Non-NAC (n = 98) Non-NAC (n = 90) 

AUD 44% 39% 
OUD 82% 70% 
CUD-Mild 10% 6% 
Cannabis UD 40% 30% 
Schizophrenia I 3% 
Schizoaffective 3% 2% 
BDI 11% 8% 
BDII 5% 7% 
MDD 34% 33% 
GAD 21% 20% 
PTSD 37% 50% 

Note: AUD~ Alcohol Use Disorder; OUD ~ Opioid Use Disorder; CUD~ Cocaine Use Disorder; UD ~ Use Disorder; BD ~ 
Bipolar Disorder; MDD ~ Major Depressive Disorder; GAD ~ Generalized Anxiety Disorder; PTSD ~ Posttraumatic Stress 
Disorder 
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Background and Significance 

Addiction: 
olerance/Dependence 
ntense cravings 
ncentive salience: association of environmental cues 

with drug use 

elapse is common even after prolonged abstinence 

Advances in understanding of neurobiological 
mechanisms 
• Glutamatergic and dopaminergic dysregulation 

No FDA pproved treatments 

Background and Significance 
Here' the issue... 

Cocaine: Highly addictive stimulant - Dopamine Agonist 

Can be smoked (crack, freebase), inhalation (powder), or in ected IV 

Serious health implications: cardiopulmonary, neurotoxicity, mood 
disturbances, psychosis 

Commonly mixed with other substances: opioids, alcohol, marijuana, 
benzodiazapines, nicotine 

The facts 

5 million Americans 12 years and older have reported use of cocaine 

870,00 have a diagnosable cocaine-related substance use disorder 

18,900 hospitalizations and 50% involving cocaine poisoning 

10,400 cocaine-related overdose deaths occurred 

'11!J l1nlwnltyatBulfalo r,,,~,.._,,._ -

N-Acetylcysteine (NAC) 

ysteine prodrug 
OTC amino acid supplement 

istorically used as a mucolytic and in acetaminophen toxicity 
Antioxidant properties: t lutathione synthesis 

The brain is susceptible to oxidizing agents (cocaine) because 
of its high utilization of oxygen, relatively limited antioxidant 
defenses, and abundant lipids vulnerable to peroxidation 
Oxidative stress leads to dopamine autoxidation and impaired 
glutamatergic neurotransmission 

Regulates glutamate homeostasis via activation of glial-glutamate 
transporters (GLT-1) and extracellular cysteine-glutamate exchanger 
Stimulate presynaptic metabotropic autoreceptors • J P 
glutamate release • J nucleus accumbens activation • J cue
induced cravings 



_ 

44 NAC, CUD, & TX OUTCOMES 

'{eunJwnltyalBuifalo r.-.wul.MffW(.,__ '{sllnlwntty111Bu1f.\lo r,,.,wn'-'-'-',fll-• 

NAC Effect on Glutamate Dysregulation Review of Literature 

1 Pilot, 2 RCTs, 2 SR's 

Usual dosing: 1, 00mg - , 600mg daily (divided) 

Results are mixed, but leaning towards positive 

Prolonged time to relapse for subjects 
abstinent from cocaine 1 week prior to study l 
(LaRowe t al., 013) j • 
Improved cognition: decreased attentional I 
bias towards cocaine cues and choice to l , 
use cocaine (Levi Bolin et al. 2017) ! 
Decreased cocaine cravings (Duailibi t al.,~---

·.• 017) 

W II tolerated and safe - mild side effects 
b non-significantly different from placebo, no 

serious AE's (Duailibi t al., 2017) 

Gaps: mixed r suits, small sample size, limited 
study periods 

'telh1Jo.-rntty11Bulblo ~wu'--',fll'--1o % uruvt,nlly at BU.fhlo n.\lu~.,._.,.. 

(017) 
___..,,w;..__ ,__.,___ ,w; ■--

.,....,_.,__,w;__ --......., ...---- Purpose 
Topic selected because: 

No approved pharmacological treatment for cocai e abuse _... __....___.._____ • Increased use of NAC in practice, yet lack of evaluation of 
(013) _ ,__....___..__ ,....,___,., - efficacy/outcomes 

Purpose 

• To evaluate treatment outcomes for patients diagnosed with a ______.,, ·--- ·--...-....- ____... ____ cocaine use disorder (CUD) after having received n-acetylcysteine,c, __ ,._____, .....--_____,,, ------ (NAC) while attending a residential rehabilitation program. 
(018) Objectives 

1. Evaluate retrospective data from a community source to 
__ol ...,_l_____ (L T_,._______ IU<;-•--- understand behavioral patterns for people with CUD and taking 

" NAC
_,w;-a_.,_,,__.,______..,__ 

Evaluate efficacy of NAC in terms of patient outcomes- ....--- ----- Provide clinical insight, treatment recommendations, and future( 017) -------- research recommendations valuable to the broader scientific-or,-;:r,.,_____ T- "'-IIC'T•--(n-(). rw:---b•-ol-
-- ____(___ -(1).-1)._........,__ -------- - community, as well as local organizations. 

1017) 
"' 
RCT5 
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'11!J llnlwn.lty:itBulfalo """'•tu-,•- -

Study Question 

For ocaine addicted patients foffowing successful 
discharge from a residential rehabilitation progr m, 
did outpatient treatment outcomes differ between 
those who have received consistent treatment wffh n
etyf cysteine (NAG) compared ta those not treated 

with AC? 

'11:!J l1nl'«'nltyatBuffalo r,,,,uu-,•,_ -

Theoretical Framework 
Stages ofA iction 

Binge/intoxication 

ithdrawal/neg ative affect 

Preoccupation/anticipation (study 

focus) 

'{eUnJwnlly.:il Buli.;udl no.. uu -1 • - -

Setting 

Site *lncreasi'lgly cx,mmon use of NAC + No 

Serves WNY population evaluation of outcomes to date 

Substance abuse/mental 
health treatment 
Individualized treatment Number of Patients Who Received NAG by 
planning Year 

Full continuum of 
substance abuse care: 
detox, crisis stabilization, 1: ii 
residential rehab, 

• 00 ■reintegration, outpatient 
~ 00 ■ 
• ,oo ■I■ ■ 

,_ 

'11:!JunJwnttya1 Bu.li.alo r,,,, uu-, • - -

Sample 

lndusion criteria: All CUD diagnoses, treated in RR program and 
discharged to OP setting, co-occurring psychiatric disorder or dual 
diagnosis of SUD (polysubstance), adult (>18 years old) 

Exdusion criteria: Discharged from RR to another controlled 
setting ("Unable to substantiate) 

12 
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'{eunJwnttya1Buifalo ""-'w.u-,fll--.1. 

Data Collection 
Design 

• Retrospective cohort 

Data Co cton 

Source: EMR assessments 

Convenience sampling 

- Discharge from OP to RR in 2018 

- Discharged to internal (organizational) OP program only 

Microsoft Excel Version 16.18 

Data Requested 

Planned primary outcome variable: Time to Relapse 

Secondary outcome variables: OP discharge type, length of stay, missed 
appointments 

- Unable to gather data on discharge type or reason 

Potential covariates: Demographi s, diagnoses list, treatment, trauma 
history, reported drug use, scaled assessments (PHQ-9, GAD-7, Cravings) 

13 

'{sllnlwntty111Bu1f.\lo ""-'w.u-,fll--.1o 

Analysis 
Planned statistical test: Survival Analysis: Kaplan-Meier 

- Unable to perform due to limitations in data 

SPSS, Version 2 

Descriptive statistics used to analyze population as a whole (N 193) 

- Demographics and other descriptive variables 

• Two groups: 

- N C treatment 

- non-N C treatment 

One-way NOV A, Chi-Square, and independent-sample !-tests 

'{eunJwnlty ,ttBu.lf.;udl r,,..w,..-,111-• 

Ethical Considerations 

Vulnerable populations: mentally ill, substance abusers, seeking 

treatment alternative to incarceration, women (may be pregnant), 

minorities 

inima1-to-no risk to subjects 

• e-identified data prior to receiving 

• No patient contact 

Approvals: UB RB & organizational Clinical SeNices ommittee 

ataset stored on password protected oomputers 

~ lJnJ\l't'n:lty111Bu.lf• Do-w .... '-""-tfll-• 

Demographics -
Statistics 

Descriptive 

N = 193 

Mage: 34 years 

Sample predominantly: Caucasian 

(86%), male (68%), never married 

(76%), heterosexual (92°/4), at least 1 
child (55%), less than associates 

degree (85%) 

Age 

No.olCildren 

M{SD) 

3.3.7(9.0) 

1.2(1.S) 

Median 

31 
M nlmum 

20 
Maximum 

60 

De'!'Oflraphlcs 

African American 
atlveAme<lcan 
u l1ku l1ural 

ever Married 
Separa1ed 
Dlvor,;ed 
Widowed 

Elhnk l!y 
O!Hlspanlc 

PuenoRkan 
l herHlspank 

Refused 
Edu.Level 

e$$ !hanHS 
SOlploma 

Some College 
A$$0<:la1es 
Bachelors 
Gradua1e 
1100:: . een 
w/HS/GEO 
1100:: . cenw/o 
S/GEO 

frequency(%} 

93_g,., 

https://w.u-,fll--.1o
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'1l!JunJwntty,111 Buffalo """' w... _,.,_ -.1. 

Descriptive Variables - Descriptive Statistics 

Reported IV drug use: 70% 

Cocaine Use: 

Age of first use: Mean = 21 years, Median = 19 years 

Rout of ad min: 39% smoke, 35% injection, 25% inhalation 

Polysubstance UD: OUD (76%), AUD (42%), Cannabis UD (35%), Sedative UD (18%) 

Other fom,s of MA (naltrexone/vivtrol or buprenorphine): 82% 

CO-OOO.Jrrence of mental illness: MOD (34%), GAD (20%), BD 1/11 (16%), Schizophrenia 
(2°/o), Schizoaffective (3%), P SD (44%),ADHD (12%) 

Reported traumatic experiences: 92% 

'{eunJwnlty ,ttBu.lf.;udl r,,..w,..-,111-• 

Group Comparison - Demographics Cont. 

Independent samples t-test comparing continuous variables 

NAC(n :90) Non-NAC n:98) 

M SD) 95%C/ M SD) 95%CI df 

Age 34.1 8.8) 31.4-35.1 33.3 9.1) 32.4-36.0 69 191 99 

19 

Group Coml?arison
Demograph1cs 

Chi-Square test of categoocal variables 
to identify confounding dif rences 
between groups 

Group Comparison -
Diagnosis 

AUD 

UD 

CUD- Mild 

Cannabis UO 

Schizophrenia 

Schizoaffective 

BDI 

BD II 

MDD 

GAD 

D 

0.:-mographicVariable 

s, 
33 " " 

Cauca~;,.., 
African American 
Na~American 
Multicultural 
Other 

arried 
everMarri<:'d 

Separated " " "''""'' Widowed ' 
h ' 

El n:.'.;Hisanic 

PuertoRican 
Other !,pan ic 
Ref~ed 

Les,than S 

iE~ploma " " 
Some Collese " " 
Associate, ". " 
Bachelors , 's 
Graduate 
Voc.Cenw/HS/GED 
Voc.Cenw/oHS/GED 

18 

Frequency(%) of Diagnoses 
on-NAC (n = 98) NAC (n = 90) 

44% 39% 

82% 70% 

10% 6% 

40% 30% 

I 3% 

3% 2% 

11% 8% 

5% 7% 

34% 33% 

21% 20% 

37% 50% 

20 
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Group Comparison - ANOVA 

95%CI 

Sum of 
Variable b'i Graue M(5D) Ueeer Sguares d[ 

RR l S {days) 3373.S 1 4.19 .04 

NACt = 90) 86.4 (30.4) 80.0 92.7 

Noa- Ac (a= 98) 77.9 (26.4) 72.6 83.2 
OP Show Rate{%) 5.1 .02 .89 

68.2 (14.7) 31.4 35.1 
P~:~-tA~~~)= 98) 68.S (17.5) 32.4 36.0 

PHQ-9 49.2 1.41 .24 
NAC {n = 90) 5.8 (6.1) 4.5 7.1 
Ncin-NAC (n = 98) 4.7 (5.8) 3.6 5.9 

GAD-7 71.5 2.00 .16 
NAC {n = 86) 7.1 (6.4) 5.8 8.5 
Non-NAC (n = 91) 5.9 (5.6) 4.5 7.1 

Craving Intensity 564.3 .82 .38 
NAC (n = 90) 33.7 (25.8) 28.3 39.1 
Non-NAC (n = 98) 30.3 (26.6) 25.0 35.6 21 

°teunJ'ffnily.:i1BuJfalo ro..-..u-,•--

Conclusion 

NAC in the literature 

Well tolerated 

Potentially beneficial across a broad spectrum f mental illness 
and substance abuse disorders 

May help to reduce cravings and prolong abstinence time 

Increasingly common prescribing practices 

NAC in practice 

nger LOS for those prescribed NAC 

observed correlation with OP appointment attendance rates 

Prescriber bias - more frequent cocaine use, smoked vs. IV or 
inhalation, diagnosis of PTSD, uncomplicated by competing SUD 
diagnoses 

Insufficient data for outcome analysis and clinical 
recommendation 

23 

Frequency(Count) ,,Self-reportedU e AC on-NAC dfGroup 
C C out of Admin (N ,., 188) 8.27 .04Comparison - 43 31Smoke 

IV 28 38 
Inhalation 17 29

Self-reported
Substance Use 

Other 
C C Freq. of Use (N: 188) 11.30 .02 

Nonein30day 17 27 
1-3xin30day 11 15 
1-2x/week 6 17 

3-6x/week 10 
Daily 46 34 

ETOH Freq. of Use (N = 147) 3.44 .49 
Nonein30day 35 25 

1-3xin30day 8 11 
1-2x/week 
3-6x/week 10 
Daily 19 17 

OPI Freq. of Use (N : 162) 3.03 .55 
Nonein30day 31 26 
1-3xin30day 3 
1-2x/week 
3-6x/week 

Dail 35 47 22 

'tellnJ'ffnily.:ilBuffa.lo ro..-..u-,•--

Strengths/Limitations 

Strengths Limitations 

Large sample size Chalenges related to retrospective 
review-poc,riy oontroled, lack of

Sttistically similar group demographics -""""' D tacollectionissues-notconducted 
Many variables 

y research team mem ers, dinical data 
Statistical significance of findings from many providers 

Threats to internal validity• selection 

bias,deviationfrom protocol 

Lack of relapse data - no formal 

measu,e 

Difficuty substantiating compliance - risk 

fcx-misdassificationbias 

24 
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°teunJ~nltyatilUU• f!¥\I••_,.,,_..., 'leunJ~nltyar Buffalo ,.... \I••-,"' - _., 

Deliverables 

Presentation of findings to site stakeholders 
Insight into prescribing trends 

Initiative for future funded scientific endeavors 

Scholarly publication of findings 

Future Implications/ Recommendations 

More rigorous scientific exploration 

rospective cohort study of outcomes 

NAC treatment and LOS 

urveying of providers 

25 26 

°teunJt.-enlly.atBuffa,lo ,.._.\I.. _,.,._..., 

DNP Essentials & the APN's Role 

Scientific Underpinnings for Practice 

Organizational and Systems Leadership for Quality provement 
and Systems Thinking 

Clinical Scholarship and Analytical ethods for Evidence-Based 
Practice 

V. nfor ation Systems/Technology and Patient Care Technology for 
the provement and Transfer ation of ealth Care 

VI. nterprofessional Collaboration for proving Patient and 
Population Outcomes 

VIII .Advanced Nursing Practice 

27 
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