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EXECUTIVE SUMMARY 
 

 

The Office of the Assistant Secretary for Planning and Evaluation (ASPE) contracted with 

RTI International to conduct a scoping review of the scientific literature on non-fatal opioid-

involved overdose (NFOO) to better understand the health outcomes and health care implications 

associated with opioid epidemic. NFOO is a significant cause of opioid-related morbidity in the 

United States, and is of heightened interest to ASPE given the sharp increase in fatal and non-

fatal opioid overdoses as a result of the current fentanyl crisis. Compared to the first and second 

phases of the opioid epidemic, when the majority of opioid-related morbidity and mortality was 

associated first with prescription opioids and then with heroin, illicitly-manufactured fentanyl 

(IMF) is now the leading cause of fatal opioid overdoses (CDC, 2017; O’Donnell, Gladden, & 

Seth, 2017). People who consume IMF, either wittingly or unwittingly, are at higher risk for 

accidental overdose, experience comparatively atypical overdose-related side effects, have 

unique risk profiles, and are at higher risk for poorer health outcomes (Somerville, 2017). To our 

knowledge, no investigation has been conducted to examine whether the sharp increase in 

NFOOs over the last several decades is negatively impacting overdose victims’ chronic physical 

and mental health outcomes. To investigate the status of the scientific literature regarding the 

consequences of NFOO on victims’ physical and mental health, we conducted a scoping review 

of the existing knowledge in multiple stages: (1) publication identification; (2) selection of 

publications; and (3) data extraction, charting, and synthesis. Key findings from our review are 

presented below.   

 

 

Key Findings 
 

Findings from this scoping review confirm that NFOO is an important cause of morbidity 

among persons who misuse and abuse prescription and/or illicitly-manufactured opioids (e.g., 

heroin). The findings are summarily presented below and organized by three topics: (1) health 

outcomes associated with NFOO; (2) differing health outcomes for NFOOs that involve 

prescription opioids vs. heroin vs. IMF; and (3) the interaction between overdose victims’ pre-

existing health conditions and the health outcomes associated with NFOO.  

 

Health Consequences of Non-Fatal Opioid-involved Overdoses 

 

Opioid-Induced Respiratory Depression 

 

Opioid-induced respiratory depression (OIRD) was identified as a primary complication 

and the most dangerous source of adverse health outcomes associated with NFOO (King, Morris 

& Schahmann, 2015). The health consequences associated with OIRD include a range of acute 

complications that develop during or immediately after a NFOO event. OIRD most often 

presents as acute respiratory compromise with victims reverting to normal breathing activity 

either on their own or with the use of an opioid overdose reversal drug like naloxone 

(Wermeling, 2015). Most NFOO victims recover from OIRD and present only minor health 

consequences (e.g., dizziness, confusion, ineptness) lasting minutes to hours (Sporer & Dorn, 

2001; Buajordet et al., 2004; Olfson et al., 2018).  
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Brain Injury  

 

Most literature identifying chronic complications associated with NFOO concerns the 

development of hypoxia-related brain injuries and subsequent complications caused by a 

prolonged version of OIRD that contributes to a protracted deficiency of oxygen reaching the 

body’s tissues (Ueno et al., 2018; Somerville et al., 2017; Betts, Ritter, & Kubal, 2012; Salazar 

& Dubow, 2012). The range of health complications associated with opioid-induced hypoxia 

includes kidney failure, heart complications, neurologic consequences, seizures, nerve damage, 

temporary motor paralysis, fluid buildup in the lungs, stroke, and pneumonia from inhaling 

vomitus (Marino et al., 2018; Betts, Ritter & Kubal, 2012; O’Brien & Todd, 2009; Fitzgerald et 

al., 2000).  

 

Several studies have employed brain scans and demonstrate susceptibility of certain regions 

of the brain to hypoxic injury, with short-term memory loss and changes in cognitive and 

physical functioning documented. Stroke has also been observed in rare NFOO cases. Opioid-

induced hypoxic brain injury has also been shown to contribute to the development of severe 

disability, including mental disorientation, the loss of body movement, gait changes, 

incontinence, paralysis of lower extremities, and changes in behavior due to altered mental 

states, among a range of other presentations (Buttner et al., 2000). Slower reaction time, 

impaired memory (amnestic syndrome), reduced motor skills, and diminished physical 

functioning have all been documented as hypoxic-related brain injuries associated with NFOO 

(Barash, Somerville, & DeMaria, 2017; Ueno, et al. 2018; Somerville et al., 2017; Betts, Ritter, 

& Kubal, 2012; Salazar & Dubow, 2012).  

 

Differences in Effects of Overdoses between Single, Multiple, and Recurring Opioid Overdose 

 

There is relatively scarce literature detailing with health outcomes that develop among 

victims who experience more than one NFOO. However, one study demonstrated increased risk 

for hypoxic brain damage among persons who experience multiple or recurring opioid overdose 

events due to repeated and prolonged hypoxia (Zamora et al., 2015). 

 

Differing Health Outcomes between Illicitly-Manufactured Fentanyl, Heroin, and 

Prescription Opioids  

 

Fentanyl, a synthetic opioid 100 times more potent than morphine, stands apart from heroin 

and other semi-synthetic opioids in these findings by its relatively high potency and rapid onset 

of action when smoked, sniffed, or injected. These characteristics are the result of fentanyl’s high 

lipid profile, which allows its molecules to dissolve quickly in fats and rapidly cross the blood-

brain barrier (Burns et al., 2016). A rapidly growing supply of IMF in existing heroin markets 

has substantially increased the number of fentanyl overdose deaths over the last 5 years, with 

fentanyl deaths surpassing the number of deaths from both heroin and prescription opioids in 

2016 and 2017. Even so, few studies have examined the specific health complications associated 

with fentanyl overdose compared to overdoses involving prescription opioids or heroin. The 

medical research literature does identify several side effects resulting from the clinical use of 

intravenous fentanyl in hospital settings, with skeletal muscle rigidity and chest wall rigidity the 
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most commonly reported (Burns et al., 2016). Chest wall rigidity, colloquially referred to as 

“wooden chest syndrome,” is understood as the acute inability to ventilate or move the chest 

wall; this effect poses serious complications for ventilating overdose victims suffering from 

OIRD in non-hospital settings.  

 

Interaction between Pre-existing Conditions and Subsequent Overdose 

 

Few studies included in our review examined the interplay between pre-existing physical or 

mental health conditions among people consuming opioids and subsequent NFOO among this 

population. Some mental health conditions, such as depression and suicidality, have been 

strongly associated with opioid use disorder and drug overdose.  Comorbid mental health 

conditions are identified as risk factors for drug overdose, but it is difficult to distinguish the 

degree to which they are influenced or exacerbated by NFOO in retrospective studies (Neale, 

2000). Beyond depression, suicide attempts are shown to be associated with unintentional 

overdose (Neale, 2000; Bradvick et al., 2007), and suicide risk is correlated with higher numbers 

of drug overdoses among victims (Bradvick et al., 2007). It is unclear, however, to what degree 

suicidality is exacerbated by drug overdose and vice versa. Symptoms resulting from opioid-

induced hypoxia described above may exacerbate pre-existing disabilities and conditions among 

NFOO victims. For example, declines in a person’s cognitive and physical functioning due to 

having one or more NFOO may present difficulties for managing their existing chronic illnesses, 

such as diabetes, addiction, or clinical depression (King, 2015). 

 

 

Discussion and Conclusion 
 

As the number of NFOO continues to grow, it is paramount that health care and treatment 

providers as well as policymakers have information on how NFOO can impact overdose victims’ 

mental and physical functioning in both the short-term and long-term. This is especially true for 

the population of people who consume street opioids, given their increased risk for fentanyl 

consumption. Without this information, providers and policymakers will be hindered in their 

ability to provide appropriate and high-quality health care and supportive services for overdose 

victims. Further, they will be providing care to this population with no real understanding or 

guidance for how to identify the longer-term health consequences that may derive from recurring 

hypoxic overdose events, especially those associated with IMF use. 

 

The purpose of this scoping review was to better understand the health and functional 

outcomes associated with NFOO. After reviewing 48 peer-reviewed and grey publications 

identified and selected for review, our analysis concluded that numerous clinical complications 

are associated with NFOO. Among these, most of the concentration focuses on acute outcomes 

stemming from respiratory depression and hypoxia. The current lack of longitudinal studies 

examining the chronic complications resulting from non-fatal opioid overdose events restricts 

our ability to understand the longer-term effects of opioid overdose on victims’ physical, mental, 

and cognitive functioning. Most critical are the downstream effects of a fentanyl overdose crisis 

that, between 2016 and 2017, killed males aged 25-44 at an age-adjusted rate of 27 per 100,000. 

The fentanyl crisis has contributed to a population of fentanyl consumers who overdose with 
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more frequency than they did with prescription opioids or heroin because of fentanyl’s higher 

potency and more rapid duration of action. 

 

Potentially fruitful avenues for future research include an additional review of the literature 

with expanded search strategies, the collection of primary data through interviews with key 

subject matter experts and NFOO victims, and longitudinal studies utilizing secondary data. A 

longer-term recommendation for clinical research may include expanding current brain injury 

studies, such as the Chronic Traumatic Encephalopathy program at Boston University, to include 

fatal overdose victims who experienced recurring non-fatal hypoxic overdose events prior to 

death. 
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1. BACKGROUND 
 

 

The opioid epidemic in the United States continues to generate unprecedented levels of 

morbidity and mortality. More than 70,237 people died from a drug overdose in 2017, and over 

two-thirds of those deaths involved an opioid (CDC, 2017). The rise in overdose deaths since 

2013 has been largely attributable to the introduction of fentanyl (a synthetic opioid about 50 

times more potent by weight than heroin) within illicit drug supplies. Illicitly-manufactured 

fentanyls (IMFs)1 typically enter the country via illicit drug channels alongside heroin and other 

illicit drugs, before being sold either by itself or mixed with heroin (DEA, 2017). IMFs have also 

been distributed in the form of counterfeit prescription drugs, such as OxyContin or Xanax, 

which have been linked to overdose outbreaks in multiple states (Green & Gilbert, 2016). Since 

2016, prescription opioid-involved overdose deaths have been declining, and deaths from heroin 

and IMFs are now the main drivers of opioid-related mortality (O’Donnell, Gladden, & Seth, 

2017), with IMFs responsible for a majority of opioid overdose deaths since 2016 (CDC, 2017). 

According to the Centers for Disease Control and Prevention’s National Syndromic Surveillance 

Program, opioid overdose emergency department visits increased roughly 30% from third quarter 

2016 (July-September) to third quarter 2017 in all five United States regions--the Midwest 

showed the greatest increase (69.7%), followed by the West (40.3%), Northeast (21.3%), 

Southwest (20.2%), and Southeast (14.0%) (CDC, 2018). The increases in opioid overdose rates 

are consistent with previous reports indicating that non-fatal overdose hospitalizations and 

emergency department visits associated with heroin and IMF poisonings are on the rise (CDC, 

2017). 

 

Opioid abuse and non-fatal opioid overdose have been linked to concurrent upsurges in 

overdose-related health complications. For example, a 2014 study in Journal of the American 

Board of Family Medicine documented increases in adverse health outcomes associated with 

increased duration of opioid use (Paulozzi et al., 2014), and the National Institutes of Health 

(NIH) have linked opioid poisoning with hypoxia-related complications such as organ system 

damage, cardiac arrest, stroke, psychosis, and death (NIH, n.d.). The current IMF crisis has 

contributed substantially to the sharp increase in fatal and non-fatal opioid overdose, with IMF 

contributing to the development of unusual non-fatal overdose presentations. For example, a 

recent case report from Annals of Internal Medicine identified increases in unusual amnestic 

syndrome associated with the combined use of IMF and cocaine (Duru et al., 2018). 

 

Similarly, increases in anecdotal reports in the United States have identified increases in 

previously unseen side effects associated with IMF-involved overdoses, such as rigid chest 

syndrome, acute rigor mortis, and memory loss (Burns, 2016). People who use heroin and IMF 

are at higher risk for recurring overdose, they experience unusual overdose-related side effects, 

and they have unique health concerns or are at higher risk of poorer health outcomes 

(Somerville, 2017). Taken together, the increase in both known and unfamiliar/unusual health 

outcomes associated with opioid poisoning, and specifically IMF-involved overdose, suggests 

the need for a rigorous review of the literature to investigate existing scientific knowledge on the 

                                                 
1 IMFs include both fentanyl hydrochloride and fentanyl analogs (e.g., acetylfentanyl, furanylfentanyl, and 

carfentanil, etc.). 
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short and long-term effects of non-fatal opioid overdose, with a specific focus on IMF and 

heroin.  

 

The Office of the Assistant Secretary for Planning and Evaluation (ASPE) contracted with 

RTI International to conduct a scoping review to better understand the health and functional 

outcomes implications associated with non-fatal opioid-involved overdose (NFOO). This study 

addressed the following research questions: 

 

 What effects do non-fatal, opioid-involved overdoses have on overdose victims’ physical 

and mental health, including but not limited to functional and cognitive impairment? 

 

 How do physical and mental health outcomes, including but not limited to functional and 

cognitive impairment, associated with non-fatal, opioid overdoses that involve IMF and 

fentanyl analogs (e.g., acetylfentanyl, furanylfentanyl, carfentanil, etc.) differ from the 

physical and mental health outcomes of non-fatal overdoses involving heroin and other 

semi-synthetic opioids (e.g., oxycodone)?  

 

 How do non-fatal overdoses interconnect with or exacerbate other physical conditions 

and health outcomes among overdose victims, such as memory loss, cognitive 

impairment, mental illness, and increased physical disability? 
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2. DATA AND METHODS 
 

 

2.1. Scoping Review Framework 
 

Our methods were guided by a framework for conducting scoping reviews originally 

proposed by Arksey & O'Malley (2005) and later expanded by Levac & colleagues (2010; 

Colquhoun et al., 2014). This section describes the steps we undertook to ensure that we 

explored the full breadth of the literature and obtained comprehensive information about the 

short-term and long-term outcomes of non-fatal overdoses.  

 

 

2.2. Identification of Relevant Publications 
 

We began this scoping review by creating a data charting tool to capture and organize the 

information identified during the course of the review. We designed our tool (i.e., an Excel 

database) to capture: 

 

 Publication information, including author(s) names, study title, publishing journal or 

organization/agency, publication year, and abstract. 

 

 Reviewer initials, reviewers’ determinations for including or excluding a publication 

during each step of the review, and reasons for exclusion at each step. 

 

 Study data extracted during the review process, such as study drug of focus, 

methodology, and findings.  

 

The data charting tool allowed reviewers to synthesize information by research question 

and subquestion/theme and provide additional notations that may be pertinent as, “additional 

notes/noteworthy findings.” In addition, the tool allowed reviewers to indicate key articles and 

additional databases noted in the reviewed publication that were further investigated for possible 

inclusion in the review. 

 

After creating a charting tool, we took a two-part approach to identify relevant studies for 

inclusion in the review: we conducted a structured search of academic literature and a thorough 

review of several grey literature sources. The two searches were composed of multiple steps that 

included developing preliminary lists of search terms, exclusion and inclusion criteria, and 

databases and organizational and agency websites for conducting the searches. Table 1 shows the 

organizations, agencies, and publications searched as well as the search terms used.   
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TABLE 1. Search Terms 
Peer-Reviewed Literature Grey Literature 

1998-present 

 

English language 

 

Databases:  

PubMed, Embase, Web of Science, PsycINFO, Toxline, 

ScienceDirect, JSTOR, Google Scholar 

 

Search Terms (for first search): 

opioid* OR fentanyl OR "illicitly-manufactured fentanyl" 

OR "illicitly-made fentanyl" OR acetylfentanyl OR 

furanylfentanyl OR carfentanil OR heroin OR oxycodone OR 

oxymorphone OR Opana OR hydromorphone OR Dilaudid 

OR OxyContin OR hydrocodone OR Vicodin OR "novel 

psychoactive substance*" OR methadone 

 

AND 

 

overdos* AND ("non-fatal" OR nonfatal OR unintentional* 

OR accidental* OR accident) 

 

Search Terms (for second search): 

opioid* OR fentanyl OR "illicitly-manufactured fentanyl" 

OR "illicitly-made fentanyl" OR acetylfentanyl OR 

furanylfentanyl OR carfentanil OR heroin OR oxycodone OR 

oxymorphone OR Opana OR hydromorphone OR Dilaudid 

OR OxyContin OR hydrocodone OR Vicodin OR "novel 

psychoactive substance*" OR methadone 

 

AND 

 

overdos* OR postoverdos* 

 

AND 

 

hypoxic hypoxia OR arterial hypoxia 

 

Search Terms (for third search): 

opioid* OR fentanyl OR "illicitly-manufactured fentanyl" 

OR "illicitly-made fentanyl" OR acetylfentanyl OR 

furanylfentanyl OR carfentanil OR heroin OR oxycodone OR 

oxymorphone OR Opana OR hydromorphone OR Dilaudid 

OR OxyContin OR hydrocodone OR Vicodin OR "novel 

psychoactive substance*" OR methadone 

 

AND 

 

overdos* OR postoverdos* 

 

AND 

 

(longitudinal OR follow-up) AND (intervention* OR 

medication assisted treatment*) 

1998-present 

 

English language 

 

Organizations/Agencies:  

 CDC 

 CDC Grant and Contract Recipients 

 Substance Abuse and Mental Health Services 

Administration (SAMHSA) 

 Drug Enforcement Administration (DEA) 

 ASPE 

 Agency for Healthcare Research and Quality (AHRQ) 

 Centers for Medicare & Medicaid Services (CMS) 

 National Institute of Justice (NIJ) 

 Bureau of Justice Assistance (BJA) 

 U.S. Department of Veterans Affairs (VA) 

 IQVIA 

 State Departments of Health/Public Health/Substance Use 

Agencies 

 Appalachia Regional Commission 

 Harm Reduction Coalition 

 Arnold Foundation 

 State Consortiums 

 National Forensic Laboratory Information System 

 SAMHSA Substance Abuse and Mental Health Data 

Archive (SAMHDA) 

 Treatment Episode Data Sets 

 Inter-university Consortium of Public and Social 

Research  

 

Research Institutes:  

 RTI 

 RAND 

 Abt 

 Mathematica 

 Battelle 

 

Search terms: 

opioid OR fentanyl OR acetylfentanyl OR furanylfentanyl 

OR carfentanil OR heroin OR oxycodone OR oxymorphone 

OR Opana OR hydromorphone OR Dilaudid OR OxyContin 

OR hydrocodone OR Vicodin OR methadone 

 

AND 

 

Overdose OR Nonfatal 

 

Our team worked with an experienced librarian to refine the approach to identifying 

relevant studies at multiple points in the process. An example search strategy can be found in 

Appendix A.  

 



 5 

Once we identified a list of initial studies, we downloaded the publications into an Endnote 

database, removed duplicate publications, and completed a high-level review of the resulting 

publication titles. Our team met with the librarian to discuss the initial results and refined the 

exclusion and inclusion criteria to focus the scope to identify relevant studies. We paid special 

attention to ensure that all relevant systematic reviews were adequately captured. This step was 

completed three times to ensure all relevant peer-reviewed publications were captured. Once we 

agreed that all relevant studies were identified from all relevant sources, a team member 

imported the publication information and abstracts from selected relevant publications into the 

data charting tool.  

 

Concurrent to this review, members of the research team completed a search of the grey 

literature. They identified major organizations and governmental agencies and used key search 

terms to identify relevant resources from the website of each organization and agency. All 

resources identified from the search of the grey literature were included in the data charting tool 

for additional review. 

 

 

2.3. Selection of Publications 
 

After independent review by two members of the research team, we selected studies for 

inclusion. The purpose of the abstract review was two-fold: (a) to further refine the 

inclusion/exclusion criteria; and (b) to begin the process of eliminating studies from further 

analysis. A third, senior reviewer was included as a “tie breaker” in the instances where there 

was disagreement between the reviewers. Only those publications that both reviewers indicated 

should be included were reviewed further. A reason for exclusion was included for all 

publications excluded from further analysis. 

 

Two independent reviewers from the research team then assessed each article selected for 

inclusion. Like the abstract review, this assessment served two purposes: to further narrow the 

studies included in the review (i.e., remove studies that were not relevant to the three research 

questions) and to extract data using a qualitative thematic analysis approach. We focused on the 

findings of the publications, but also summarized content from other sections of the publications 

that were helpful in answering the research questions or providing information on other relevant 

studies. 

 

During each level of the review, we evaluated the quality of the resources identified and 

excluded resources that did not have the necessary methodological rigor for the review. We 

evaluated quality based on the number or type of citations (e.g., publications without citations 

were excluded) included in the publication as well as a minimum level of detail in the 

publication (e.g., conference proceedings without detailed notes and citations were excluded).  

 

We identified 254 articles through a search of the peer-reviewed and grey literature. One 

hundred and eight of these were reviewed in full for relevance; 60 of that 108 were culled based 

on determination that the publication type as unsuitable (six), the study focused on a substance 

not included in the research questions (four), or they were otherwise not relevant (50). Data was 
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extracted and synthesized from the 48 publications that met our inclusion/exclusion criteria. See 

Figure 1. 

 
FIGURE 1. Publication Selection Process 

 

 

 

2.4. Data Extraction, Charting and Synthesis 
 

Once relevant publications were selected for inclusion, we began extracting content 

relevant to each of the research questions and charting the information in the data charting tool. 

We then synthesized the data. To synthesize the data collected from the publications, we 

conducted a qualitative thematic analysis. This was done by identifying themes and subthemes 

within the content extracted by research question. Themes and subthemes identified were then 

documented in the data collection tool for further analysis and synthesis. We completed an 

additional analysis of the themes and subthemes identified across the three research questions to 

contextualize the implications of the results for health care practice. Finally, we identified gaps 

in the literature examined in order to highlight future research needs.  
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3. RESULTS 
 

 

3.1. Effects of Non-Fatal Opioid-Involved Overdoses 
 

Many of the studies included in this review focus on the health effects associated with 

NFOO. Findings confirm that non-fatal overdoses involving µ-receptor opioids (including 

natural, semi-synthetic and synthetic opioids) is an important cause of morbidity among persons 

who misuse and abuse prescription and/or illicitly-manufactured opioids (e.g., heroin). NFOO is 

of clinical consequence due to its association with a wide range of acute and chronic medical 

complications, including aspiration pneumonia,2 pulmonary edema,3 bronchopneumonia,4 

rhabdomyolysis,5 muscle tissue breakdown, hypoxic brain injury, peripheral neuropathy,6 renal 

failure, cognitive impairment, and traumatic injuries sustained during overdose (Darke & Hall, 

2003; Ridgway & Pountney, 2007). One study found more than three-quarters of overdose 

victims reported at least one post-overdose morbidity symptom, including pneumonia, palsy, 

rhabdomyolysis, pulmonary edema, seizure, or cardiac arrhythmia (Warner-Smith, Darke, & 

Day, 2002). Studies have also documented depression among opioid overdose victims, but the 

lack of baseline assessments limit identification of significant associations between depression 

and overdose (Dassanyake et al., 2012). Corrigan & colleagues (2013) nevertheless suggest that 

diminished performance in several cognitive domains can increase depressive symptoms and 

negatively impact everyday functioning and the likelihood of poorer social and vocational 

outcomes. 

 

Opioid-Induced Respiratory Depression 

 

Non-fatal overdose is associated with a number of post-overdose complications. Opioid-

induced respiratory depression (OIRD) is identified as a primary complication and the most 

dangerous source of adverse health outcomes associated with NFOO (King, Morris, & 

Schahmann, 2015). OIRD is caused by the activation of the µ-opioid receptor (MOR) expressed 

on the surface of neurons in brainstem respiratory centers that control breathing (Dahan et al., 

2018). In most NFOO cases, OIRD appears in the form of acute respiratory compromise with the 

victim reverting to normal breathing activity, either on their own or with the use of an opioid 

antagonist like naloxone (Wermeling, 2015). Most NFOO victims recover from acute OIRD and 

present minor health consequences lasting minutes to hours (Sporer & Dorn, 2001; Buajordet et 

al., 2004; Olfson et al., 2018).  

 

In some cases, such as when higher dose opioids are consumed or when opioids are taken 

concurrently with other central nervous system (CNS) depressants (e.g., benzodiazepine), acute 

respiratory compromise can progress into respiratory distress, cessation of breathing (i.e., apnea), 

cardiorespiratory collapse, respiratory arrest, and death (Solis et al., 2017; Dassanayake & 

                                                 
2 Swelling or an infection of the lungs or large airways. 
3 Lung congestion. 
4 Inflammation of the lungs. 
5 The breakdown of damaged skeletal muscle. 
6 Damage to the peripheral nerves, such as the hands or feet. 
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Michie, 2012). Research indicates that enduring cognitive and physical consequences are 

associated with NFOO as OIRD progresses from irregular breathing to apnea to the protracted 

loss of oxygen (Quinn & Abbot, 2014). Hypoxia-related outcomes associated with opioid 

poisoning include kidney failure, heart complications, neurologic consequences, seizures, nerve 

damage, temporary motor paralysis, fluid buildup in the lungs, stroke, and pneumonia from 

inhaling vomitus (Marino et al., 2018; Betts, Ritter, & Kubal, 2012; O’Brien & Todd, 2009; 

Fitzgerald et al., 2000).  

 

Brain Injury  

 

The health consequences of OIRD associated with NFOO include a range of acute 

complications that develop during and/or immediately after an overdose event. Relatively scarce 

is literature detailing the more chronic health outcomes that develop among victims experiencing 

one or more NFOO. The majority of chronic literature concerns the development of hypoxic-

related brain injuries associated with NFOO and subsequent complications (Ueno et al., 2018; 

Somerville et al., 2017; Betts, Ritter, & Kubal, 2012; Salazar & Dubow, 2012). The 

hippocampus, basal ganglia, and globous pallidus seem particularly susceptible to injury, with 

short-term memory loss and changes in cognitive and physical functioning indicated as 

symptomatic outcomes. Stroke has been observed in rare NFOO cases and secondary infections 

from injecting opioids (e.g., endocarditis) can lead to brain abscesses or meningitis, further 

extending the injury. Opioid-induced, hypoxic brain injury can also lead to the development of 

sever disability, including mental disorientation, ataxia, gait disturbances, incontinence, 

paraplegia, and catatonia, among a range of other presentations (Buttner et al., 2000). Slower 

reaction time, impaired memory (amnestic syndrome), reduced motor skills, and diminished 

physical functioning have all been documented with hypoxic brain injuries associated with 

NFOO (Barash, Somerville, & DeMaria, 2017; Ueno et al., 2018; Somerville et al., 2017; Betts, 

Ritter, & Kubal, 2012; Salazar & Dubow, 2012). More notable is one study indicating the 

increased risk for hypoxic brain damage among persons who experience multiple or recurring 

opioid overdose events due to repeated and prolonged hypoxia (Zamora et al., 2015). 

 

Episodes of delayed post-hypoxic leukoencephalopathy--a rare type of neuron damage 

caused by a prolonged period of oxygen deficiency--are documented among overdose victims 

and indicated via MRI by slight deterioration of the periventricular regions of the brain. A recent 

Morbidity and Mortality Weekly Report (MMWR) documented a cluster of cases of sudden onset 

amnesia, a rare cause of memory loss often associated with toxic exposure (e.g., carbon 

monoxide poisoning), in Massachusetts between 2012 and 2016 (Barash, Somerville, & 

DeMaria, 2017). These cases were similarly confirmed by MRI and involved acute and complete 

ischemia (i.e., a restriction in blood supply to tissues that cause a shortage of oxygen) of both 

hippocampi. The cause of the acute amnesia among these patients is unknown to researchers, but 

the toxicological presence of opioids across cases suggests associations with substance use.  

 

Differences in Effects of Overdoses between Single, Multiple, and Recurring Opioid Overdose 

 

Differential health complications associated with single, multiple, and recurring opioid 

overdose were identified. Most notable is the identification of a strong correlation between prior 

and future NFOO events, as persons experiencing a single NFOO event were found more likely 
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to experience a future overdose event in their lifetime; ergo, a person’s overdose risk increases 

with every overdose they experience (Olfson et al., 2018; Darke et al., 2014). NFOO victims 

who experience multiple/recurring opioid overdose are shown to be at greater risk for long-term 

physical and cognitive consequences resulting from OIRD than persons experiencing a single 

overdose. (Darke et al., 2007). Repeatedly subjecting the brain to a deficiency of oxygen is 

shown to cause damage to the white matter of the brain (King, Morris, & Schahmann, 2015), and 

the risk for neurophysiological consequences increases with the both number of times a person 

experiences a hypoxic/anoxic event and the duration of each event (Beeskow et al., 2018).  

 

 

3.2. Differing Health Outcomes between Illicitly-Manufactured Fentanyl, 

Heroin, and Prescription Opioids  
 

Studies included in this review have identified the overdose risks associated with opioid 

analgesics via their interaction with the MOR and the depressive effect on the CNS. The 

synthetic opioid fentanyl stands apart from heroin and other semi-synthetic opioids in these 

findings by its high potency relative to heroin--fentanyl is 50x more potent by weight than 

heroin--and its rapid onset of action (5-10 seconds when injected), both of which are made 

possible because of fentanyl’s high lipophilicity and its ability to rapidly cross the blood-brain 

barrier (Burns et al., 2016). The number of fatal IMF-involved overdoses has increased 

substantially since 2013, surpassing the number of deaths from heroin and prescription opioids in 

2016 and 2017, with a 45.2% change in IMF-involved overdose deaths from 2016-2017 (19,413-

28,466, respectively; Scholl et al., 2019). Few studies, however, have examined whether there 

are specific health complications associated with IMF-involved overdose compared to overdoses 

involving prescription opioids or heroin.  

 

While the epidemiological literature on overdose-related health outcomes linked to IMF are 

negligible (Somerville et al., 2017), the medical research literature does identify several 

iatrogenic side effects (i.e., side effects resulting from medical treatment) associated with the 

clinical use of intravenous fentanyl in hospital settings, specifically skeletal muscle rigidity and 

chest wall rigidity (Burns et al., 2016). Chest wall rigidity, colloquially referred to as “wooden 

chest syndrome,” is understood as the acute inability to ventilate or move the chest wall. Wooden 

chest syndrome presents obstacles for reversing respiratory depression associated with fentanyl 

toxicity, due to the hardening of the chest wall and the inability to ventilate victims, but the 

syndrome is shown to dissipate with naloxone administration. Rigid chest is not commonly 

associated with natural and semi-synthetic opioids and mainly observed in the synthetic lipid 

soluble compounds (e.g., fentanyl, acetyl fentanyl and sufentanil).7  Because fentanyl is known 

to produce sudden respiratory consequences at toxic levels, the potential for rapid respiratory 

depression and arrest may illustrate potential risks for reversing overdoses involving IMF in 

                                                 
7 See Fermaglich (1996) [https://jamanetwork.com/journals/jama/article-abstract/395849] for a description of the 

Parkinsonian effects associated with the consumption of illicitly-manufactured meperidine (MPTP [1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine], also a synthetic opioid. Several substance users were rendered immobile and 

speechless following use of the drug and were colloquial refer to in the press as “frozen addicts.” Clinical 

observations persuade doctors they are suffering from a pernicious form of Parkinson's disease. Confirmation arrives 

when they are treated with levodopa but have side effects that limit therapy, returning them to their debilitating 

frozen states. 

https://jamanetwork.com/journals/jama/article-abstract/395849
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street settings given reports of sudden unresponsiveness and rapid onset hypoxia associated with 

IMF (Somerville et al., 2017; MMWR).  

 

Solis, Cameron-Burr, & Kiyatkin (2017) also studied differences between heroin, fentanyl, 

and fentanyl-adulterated heroin and each substance’s influence on factors associated with 

respiratory depression leading to acute hypoxia in rats. They found that while all three 

heroin/heroin+fentanyl configurations led to decreased oxygen concentrations in rats, fentanyl 

caused a faster drop in oxygen levels than heroin, and heroin-containing fentanyl led to more 

sustained hypoxia and greater decreases in body temperature than both heroin and fentanyl alone. 

Two additional case studies also examined differences in health outcomes for NFOO involving 

fentanyl compared to heroin and other opioids, with both studies describing episodes of delayed 

post-hypoxic leukoencephalopathy8 after a NFOO involving fentanyl (Beeskow et al., 2018; 

Betts, Ritter, & Kubal, 2012). In both case studies, patients experienced symptoms of post-

hypoxic leukoencephalopathy about 3 weeks after a non-fatal overdose; for both patients, these 

symptoms included odd behavior, agitation, and decreased psychomotor or cognitive activity, as 

well as memory impairment in one of the patients (Beeskow et al., 2018; Betts et al., 2012). 

While neither case study described the full recovery of patients, one study did demonstrate 

patient improvement at 6-months (Betts et al., 2012).  

 

 

3.3. Interaction between Pre-existing Conditions and Subsequent Overdose 
 

As with the differences in outcomes between IMF and other opioid-related non-fatal 

overdoses, few studies have examined the interplay between already-existing physical or mental 

conditions and subsequent NFOO. Some mental health conditions, such as depression and 

suicidality, have been strongly associated with opioid use disorder and drug overdose.  Comorbid 

mental health conditions are identified as risk factors for drug overdose but it is difficult to 

distinguish the degree to which they are influenced or exasperated by NFOOs in retrospective 

studies (Neale, 2000). Tobin & Latkin (2003), for example, found that individuals who had 

experienced an overdose within 12 months prior to being interviewed scored significantly higher 

on depression indexes compared to those that had not. In this case, depression may have acted as 

a catalyst for the overdose event, been exasperated by it, or both. Beyond depression, intentional 

suicide attempts are shown to be associated with unintentional overdose (Neale, 2000; Bradvick 

et al., 2007), with intentional suicide risk correlated with a higher number of drug overdoses 

(Bradvick et al., 2007). It is unclear, however, to what degree suicidality is exasperated by drug 

overdose.  

 

A similar interplay is described with respect to prefrontal cortex functioning and opioid 

misuse and abuse. According to the cognitive deficits model, physical abnormalities in the 

structure of the prefrontal cortex can make it more difficult for individuals to control their 

impulses and drug use behavior. As individuals succumb to their impulses and use opioids and 

overdose, hypoxia can result in damage to the prefrontal cortex, worsening their addiction and 

increasing negative cognitive and mental health outcomes (Kosten & George, 2002).  

 

                                                 
8 A neurological relapse after initial recovery from an acute event resulting in the loss of oxygen to the brain. 
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Symptoms associated with the opioid overdose-induced hypoxic injuries described above 

may exasperate already-existing disabilities and conditions. Barash & colleagues (2017), for 

example, documented three cases of seizures associated with opioid overdose: one had 

previously experienced seizures, one experienced seizure during their acute overdose, and one 

developed a seizure disorder and post-overdose amnesia. While researchers did not document a 

history of worsening epilepsy, they were able to show an interaction between seizures and opioid 

overdose at each stage. Accordingly, declines in cognitive and physical functioning instigated by 

NFOO may also make it difficult for individuals to manage their existing chronic illnesses, such 

as diabetes and clinical depression (King, 2015).  

 

Finally, it is possible that the interaction between disability and opioid overdose has not 

been well examined simply because some of the health outcomes are rare and difficult for 

physicians and researchers to identify through standard medical practice. For example, in one 

case study, physicians described the challenge of diagnosing a young woman with a history of 

seizures and cri du chat, a developmental disability. The medical team focused heavily on 

characterizing the woman’s altered level of consciousness and ran extensive tests before taking a 

full history with her caregiver and discovering her recent codeine use (Kumar, 2007).  

 

 

3.4. Health Service Utilization 
 

Research containing information about utilization of health services after a non-fatal 

overdose is also scarce. One study meeting our inclusion/exclusion criteria conducted in 

Australia approximately 20 years ago found that, within their sample of current heroin users, 

about one-half had experienced a non-fatal overdose in their lifetime; following these non-fatal 

overdoses, 54% of respondents were administered naloxone, 59% reported that an ambulance 

attended the overdose, and 45% of respondents were hospitalized because of the overdose 

(McGregor et al., 1998).  
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4. DISCUSSION 
 

 

4.1. Discussion of Results 
 

Our findings suggest NFOO is associated with the current opioid epidemic and represents 

an increasing proportion of morbidity in the United States. The current and past research on non-

fatal opioid overdose included in this review describe a number of physiological complications 

stemming from an NFOO event. It is notable that the vast majority of clinical presentations 

associated with non-fatal opioid overdose identified in the literature are acute complications of 

the opioid overdose itself, with findings indicating that most consequences appear during or 

immediately after the overdose event, or in days to weeks afterward.  

 

Evidence indicates that people who experience a single opioid overdose are more likely to 

have subsequent overdoses (Dassanyake et al., 2012), and multiple and repeated opioid 

overdoses are correlated with decreasing cognitive performance (Darke et al., 2007), increases in 

depression symptoms (Tobin & Latkin, 2003), and suicidal ideation (Bradvick et al., 2007). The 

findings related to IMF, specifically its effect on increasing the cumulative number of overdoses 

individuals will experience in a lifetime, raise the possibility that people who repeatedly 

experience a NFOO may be undergoing recurrent hypoxic events and experiencing “minor” 

brain injuries whose negative effects are compounded by repetition. Beyond studies identifying 

opioid overdose-induced brain injuries via MRI, the recurring onset of hypoxia characteristic of 

“serial overdosers” may generate no immediate symptoms, while others may be so subtle that it 

becomes difficult for people to recognize, or symptoms may not appear for weeks, months, or 

years after. Consequently, these findings illustrate a plausible parallel between concussions as a 

traumatic brain injury on the one hand and opioid overdose-related hypoxic events as a “milder” 

brain injury on the other: both events affect the brain and both are known to be associated with 

physical, mental, and cognitive complications. 

 

Sharp increases in IMF supply and consumption since 2013 have been linked to the sharp 

rise in fentanyl-involved overdoses, with the number of fentanyl overdoses surpassing the 

number of prescription opioid and heroin overdoses for 2016 and 2017 (DEA, 2018). Fentanyl is 

a highly potent synthetic opioid that is roughly 50 times more potent by weight than heroin 

(Wade et al., 2015). Increased fentanyl consumption has given rise to the panoply of acute health 

complications described above, but numerous reports also indicate that IMF is engendering 

unique and heretofore uncommon overdose presentations not seen with natural and semi-

synthetic opioids (Somerville et al., 2017). A recent study in rats detected rapidly strong but 

transient decreases in extracellular oxygen levels when human-relevant doses (40 mcg/kg) of 

fentanyl was administered, with brain hypoxic effects becoming significantly enhanced when the 

fentanyl dose increased by 10% (Solis, Cameron-Burr, & Kiyatkin, 2017). As with similar 

pharmacokinetic studies on fentanyl toxicity, these findings indicate that illicit fentanyl 

consumption, even in nominal amounts, poses heightened risks for acute brain complications, 

including enhanced brain hypoxia and induced brain hypothermia. Additional symptoms 

associated with fentanyl toxicity have also been documented, including sudden respiratory 

distress, rigor mortis, rigid chest, comatose, immediate cyanosis, among others (Somerville et al., 

2017; Burns et al., 2016).  
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The surge in IMF consumption has not only contributed to concurrent increases in IMF-

involved overdoses (as noted by a recent CDC report indicating a 45% increase in fentanyl-

involved deaths from 2016-2017) but the cumulative number of overdoses experienced by 

individuals are also increasing (Scholl et al., 2019). An increase in the number of lifetime 

overdoses experienced by people using IMF is especially disconcerting given the damage that 

recurring hypoxic9 and anoxic events10 can have on the brain. At present, there are effective, 

evidence-based interventions that can reduce the negative health effects associated with NFOO, 

such as training and equipping opioid consumers, emergency responders, bystanders, family 

members, correctional officers, and drug treatment and health care providers in the use of 

naloxone (Beletsky, 2012). Naloxone, a drug that counters the effects of opioids, is effective in 

temporarily reversing the depressive effects of an opioid overdose (U.S. Surgeon General, 2018) 

and reducing opioid overdose death rates (McClellan et al., 2018). The rapid onset of respiratory 

depression and arrest associated with acute fentanyl toxicity makes the risk of hypoxic and 

anoxic events more likely, suggesting that naloxone may need to be administered more quickly 

than overdoses involving other opioids, in addition to potentially needing more than one dose per 

overdose reversal.  

 

 

4.2. Gaps in the Literature  
 

Our review of the literature identified several knowledge gaps. Specifically, while acute 

complications that transpire during or shortly after an opioid overdose are detailed and robust, 

the paucity of findings on the chronic complications resulting from recurring non-fatal opioid 

overdose events are alarming given the evidence we do have on hypoxic brain injuries stemming 

from opioid-induced toxicity. In addition, given what we know about fentanyl’s potency and the 

surge in IMF-involved overdoses, the limited number of publications examining differences in 

health outcomes between heroin, IMF, and prescription opioids was surprising. The current 

literature suggests that non-fatal overdoses involving synthetic opioids (e.g., fentanyl) can lead to 

more serious or longer-term health outcomes, but the specific discrepancies between health 

outcomes involving these types of drugs has yet to be examined more in-depth. A gap also 

appears to exist on whether existing physical and mental health outcomes among persons who 

misuse and abuse opioids become exacerbated when said consumers experience (>1) non-fatal 

opioid overdose. This lack of information is compounded by the retrospective design of many 

studies, which makes rigorously evaluating the functional status of individuals prior to overdose 

exceptionally challenging. The current dearth of longitudinal studies examining these topics 

restricts our ability to understand the myriad complications of opioid overdose on victims’ 

physical, mental, and cognitive functioning, and specifically the downstream effects of a fentanyl 

overdose crisis that, at present, involves thousands of people. 

 

 

                                                 
9 Partial supply of oxygen to the brain, but at low levels that are inadequate to maintain normal brain function. 
10 Complete interruption of the supply of oxygen to the brain. 
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4.3. Importance of Information 
 

As the number of non-fatal opioid-involved opioids continues to grow, it is paramount that 

health care and treatment providers as well as policymakers have information on the health and 

functional outcomes of individuals who have experienced singular, multiple, or reoccurring 

overdose events. This is especially true of IMF-involved overdoses. Without this information, 

providers and policymakers will be hindered in their ability to provide appropriate and high-

quality health care and supportive services for individuals who have experienced one or multiple 

overdose events. However, our review demonstrated that there is a paucity of peer-reviewed and 

grey publications leaving gaps in our understanding of the health and functional outcomes of 

non-fatal opioid overdoses. Further research that includes an additional review of the literature 

with expanded search strategies, the collection of primary data through interviews, and 

longitudinal studies utilizing secondary data, may address these knowledge gaps.  

 

 

4.4. Study Limitations  
 

Although our review yielded many studies presenting acute health consequences of an 

overdose, few focused on the chronic health and functional outcomes of non-fatal overdoses. 

Likewise, there appears to be little information in the peer-reviewed or grey literature regarding 

the differences in short-term and long-term health and functional outcomes between IMF and 

semi-synthetic opioids. Similarly, our review found very few publications that examined the 

interplay between pre-existing conditions and non-fatal overdose.  

 

It is unclear if the limited number of publications examining these topics is truly a 

reflection of the amount of research currently being conducted in this area or a reflection of the 

limitation in our search criteria. Although our team included a senior librarian and multiple 

(three) separate searches of the peer-reviewed literature and a thorough review of the grey 

literature, our review may have been limited by our search terms. For example, several 

publications were not identified in the first attempt in the peer-reviewed literature because they 

did not include the terms (or variations) of “opioid,” “overdose,” or “non-fatal” in their titles or 

keywords. Future reviews should build upon our search strategy and expand the list of search 

terms to include specific names of medications and health outcomes known to be associated with 

non-fatal overdose.  
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5. CONCLUSION 
 

 

The purpose of this scoping review was to better understand health and functional 

outcomes associated with NFOO. After reviewing 48 peer-reviewed and grey publications 

identified and selected for review, our analysis concluded that numerous clinical complications 

are associated with non-fatal opioid overdose. Among these, most focus on acute outcomes 

stemming from respiratory depression and related hypoxia.  

 

Epidemiological research suggests that the increased saturation of IMF in existing heroin 

markets may be serving as an overdose risk modifier due to fentanyl’s pharmacokinetics as a 

synthetic opioid and its higher potency compared to heroin (Dragoovic, Tamburro & Hadidi, 

2016; Marinetti & Ehlers, 2014). IMF is contributing to a rise in severe and uncommon opioid 

overdose presentations and increasing the cumulative number of overdose events experienced by 

individual fentanyl consumers. The combination of atypical overdose complications on the one 

hand and cumulative increases in the number of overdose events on the other raises concerns that 

recurring hypoxic brain injuries experienced by overdose victims may be contributing to chronic 

brain damage and associated physical, mental, and cognitive disability among this population.  

 

Taken together, these findings raise the possibility that people who repeatedly experience 

an opioid overdose may be undergoing recurring hypoxic events and experiencing “minor” brain 

injuries whose effects may be compounded by repetition. This hypothesis is based on 

aforementioned findings whose evidence points to a plausible parallel between recurring 

overdose events and repeat concussions, with opioid overdose-induced hypoxia understood as a 

“milder” form of brain injury: concussions and hypoxic overdose events both affect the brain, 

and both are associated with diseases that affect the function or structure of the brain.  

 

The current dearth of longitudinal studies examining the more chronic complications 

resulting from multiple or recurring non-fatal opioid overdose events restricts our ability to 

understand the longer-term effects of opioid overdose on victims’ physical, mental, and cognitive 

functioning, which is compounded by the unknown downstream effects of a fentanyl overdose 

crisis that, at present, involves hundreds of thousands of people. Although the studies examined 

as part of this scoping review do offer insight into the myriad consequences of non-fatal opioid 

overdose on victims’ physical and mental health, large gaps in our knowledge of NFOO still 

exist. Potentially fruitful avenues for future research include an additional review of the NFOO 

literature with expanded search strategies, the collection of primary data through interviews with 

key subject matter experts and NFOO victims, and longitudinal cohort studies that follow 

overdose victims for decades. A longer-term recommendation for clinical research may even 

include expanding current brain injury studies, such as the Chronic Traumatic 

Encephalopathy Program at Boston University, to include brains of fatal overdose victims who 

are known to have experienced--and/or been negatively affected by--repeated non-fatal hypoxic 

overdose events prior to death. 
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APPENDIX A. EXAMPLE SEARCH STRATEGY--PubMed 
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#3 Add Search ((#1 OR #2) NOT ("Comment"[Publication Type] OR "Letter"[Publication Type] 

OR "Editorial"[Publication Type])) Filters: Publication date from 1998/01/01; English 238 

 

#2 Add Search (opioid*[Title] OR fentanyl[Title] OR "illicitly-manufactured fentanyl"[Text 

Word] OR "illicitly-made fentanyl"[Text Word] OR acetylfentanyl[Title] OR 

furanylfentanyl[Title] OR carfentanil[Title] OR heroin[Title] OR oxycodone[Title] OR 

oxymorphone[Title] OR Opana[Title] OR hydromorphone[Title] OR Dilaudid[Title] OR 

OxyContin[Title] OR hydrocodone[Title] OR Vicodin[Title] OR novel psychoactive 

substance*[Text Word] OR methadone[Title] OR "Analgesics, Opioid"[Mesh] OR "Analgesics, 

Opioid"[Pharmacological Action] OR "Opioid-Related Disorders"[Mesh] OR "Fentanyl"[Mesh] 

OR "carfentanil"[Supplementary Concept] OR "N-(1-phenethylpiperidin-4-yl)-N-

phenylacetamide"[Supplementary Concept] OR "Heroin"[Mesh] OR "Heroin 

Dependence"[Mesh] OR "Oxycodone"[Mesh] OR "Oxymorphone"[Mesh] OR 

"Hydromorphone"[Mesh] OR "Methadone"[Mesh]) AND (non fatal overdos*[Text Word] OR 

nonfatal overdos*[Text Word] OR unintentional overdos*[Text Word] OR accidental 

overdos*[Text Word]) Filters: Publication date from 1998/01/01; English 202  

 

#1 Add Search (opioid*[Title] OR fentanyl[Title] OR "illicitly-manufactured fentanyl"[Text 

Word] OR "illicitly-made fentanyl"[Text Word] OR acetylfentanyl[Title] OR 

furanylfentanyl[Title] OR carfentanil[Title] OR heroin[Title] OR oxycodone[Title] OR 
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Opioid"[Pharmacological Action] OR "Opioid-Related Disorders"[Mesh] OR "Fentanyl"[Mesh] 

OR "carfentanil"[Supplementary Concept] OR "N-(1-phenethylpiperidin-4-yl)-N-

phenylacetamide"[Supplementary Concept] OR "Heroin"[Mesh] OR "Heroin 

Dependence"[Mesh] OR "Oxycodone"[Mesh] OR "Oxymorphone"[Mesh] OR 

"Hydromorphone"[Mesh] OR "Methadone"[Mesh]) AND (overdos*[Title] OR "Drug 
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furanylfentanyl[Title] OR carfentanil[Title] OR heroin[Title] OR oxycodone[Title] OR 

oxymorphone[Title] OR Opana[Title] OR hydromorphone[Title] OR Dilaudid[Title] OR 

OxyContin[Title] OR hydrocodone[Title] OR Vicodin[Title] OR novel psychoactive 

substance*[Text Word] OR methadone[Title] OR "Analgesics, Opioid"[Mesh] OR "Analgesics, 

Opioid"[Pharmacological Action] OR "Opioid-Related Disorders"[Mesh] OR "Fentanyl"[Mesh] 
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OR "carfentanil"[Supplementary Concept] OR "N-(1-phenethylpiperidin-4-yl)-N-

phenylacetamide"[Supplementary Concept] OR "Heroin"[Mesh] OR "Heroin 

Dependence"[Mesh] OR "Oxycodone"[Mesh] OR "Oxymorphone"[Mesh] OR 

"Hydromorphone"[Mesh] OR "Methadone"[Mesh]) AND (overdos*[ti] OR "Drug 

Overdose"[Mesh]) AND ("Hypoxia"[Mesh] OR "Hypoxia, Brain"[Mesh] OR "hypoxic 

hypoxia"[tw] OR "arterial hypoxia" OR "hypoxia"[tw]) Filters: Publication date from 

1998/01/01; English 16  
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"Opioid-Related Disorders/therapy"[Majr]) NOT #1)) Filters: Publication date from 1998/01/01; 

English 120  

 

#1 Add Search ((opioid*[Title] OR fentanyl[Title] OR "illicitly-manufactured fentanyl"[Text 

Word] OR "illicitly-made fentanyl"[Text Word] OR acetylfentanyl[Title] OR 

furanylfentanyl[Title] OR carfentanil[Title] OR heroin[Title] OR oxycodone[Title] OR 

oxymorphone[Title] OR Opana[Title] OR hydromorphone[Title] OR Dilaudid[Title] OR 

OxyContin[Title] OR hydrocodone[Title] OR Vicodin[Title] OR novel psychoactive 

substance*[Text Word] OR methadone[Title] OR "Analgesics, Opioid"[Mesh] OR "Analgesics, 

Opioid"[Pharmacological Action] OR "Opioid-Related Disorders"[Mesh] OR "Fentanyl"[Mesh] 

OR "carfentanil"[Supplementary Concept] OR "N-(1-phenethylpiperidin-4-yl)-N-

phenylacetamide"[Supplementary Concept] OR "Heroin"[Mesh] OR "Heroin 

Dependence"[Mesh] OR "Oxycodone"[Mesh] OR "Oxymorphone"[Mesh] OR 
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Overdose"[Mesh]) AND ("Longitudinal Studies"[Mesh] OR "Follow-Up Studies"[Mesh] OR 
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