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Synthetic opioids have caused a sharp increase in deaths over the 
past five years, reinforcing the need for immediate solutions from the 
medical and chemical engineering communities.

Responding to  
the Opioid Epidemic
for dependence (4). It is estimated that 8–12% of people 
who take opioid prescription medications for chronic pain 
go on to develop opioid use disorder (OUD). 
	 As overdose deaths from prescription opioids steadily 
rose throughout the 2000s, the number of opioid prescrip-

▲ Figure 1. The opioid epidemic in the U.S. is traditionally split into three main 
phases driven by different sources of opioid deaths: prescription opioids, heroin, 
and synthetic opioids such as fentanyl. Source: Adapted from (2, 3). 
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tions began to decline in the late 2000s. Despite efforts to 
curtail opioid prescriptions, by 2009, there were more than 
one million emergency department visits due to misuse of 
pharmaceutical drugs, outpacing visits from heroin and 
cocaine. In response, the volume of prescription opioids 
dispensed has been greatly reduced between 2009 and 2019, 
from 80 prescriptions per 100 persons down to 40 prescrip-
tions per 100 persons in the U.S., respectively (Figure 1, 
purple squares) (2, 3).
	 The lowered rates of opioid prescriptions coincide with 
the second phase of the opioid epidemic: increased heroin 
overdose deaths (Figure 1, green triangles). Today, an esti-
mated 80% of people who use heroin begin by first misusing 
a prescription opioid. Heroin costs significantly less than 
prescription opioids and is more accessible. In 2005, less 
than 10% of individuals who regularly used opioids began 
by using heroin; however, by 2015, there was a three-fold 
increase in this number (5).
	 One key difference between heroin and prescription 
opioids is that the unregulated nature of heroin translates 
into individuals not being certain of the potency of the 
heroin they consume. Another important difference between 
heroin and prescription opioids is the route of administra-
tion, which influences the potential addictive properties of 
the opioid. Most individuals that use prescription opioids 
administer them orally. Oral administration has a relatively 
lower risk for addiction than intravenous administration, 
which is the route many individuals administer heroin. 
Thus, heroin’s properties induce tolerance and addiction 
faster than orally delivered opioids.
	 In the third and current phase, heroin has been com-
bined with or replaced by synthetic opioids. Similar to 
heroin, obtaining accurate dosing of these potent synthetic 
opioids is very challenging, if not impossible; thus, over-
doses are very common. Deaths from synthetic opioids such 
as fentanyl have skyrocketed from 2015 to 2021, especially 
during the social isolation of the COVID-19 pandemic 
(Figure 1, pink triangles). 
	 Importantly, it is reported that most individuals do not 
want to use heroin that is combined with (i.e., “cut with”) 
fentanyl, but fentanyl is nevertheless inundating the illicit 
opioid market. The rise in prevalence of fentanyl, and 
therefore increased overdoses from fentanyl, is largely due 
to the combination of fentanyl’s high potency and low cost. 
Fentanyl can be easily added to heroin, making heroin sales 
more profitable (6). Similar to the difficulty of knowing 
the purity or strength of heroin, the same risk is amplified 
for fentanyl-spiked heroin because fentanyl is 30–50-fold 
more potent than heroin. This means that the amount of 
drug required to potentially cause an overdose is up to 
50-fold lower when fentanyl is added to heroin compared to 
heroin alone.  

	 While the number of opioid prescriptions continues to 
decline, overdose deaths from prescription opioids have 
not. Rather, deaths from prescription opioids have plateaued 
(Figure 1, blue circles). Following a similar trend, despite 
this recent rise in synthetic opioid deaths, death rates from 
heroin overdoses have not decreased but have remained 
constant (Figure 1, green triangles). Taken together, these 
disconcerting trends suggest that the first two phases of 
the opioid epidemic have not been adequately addressed. 
Instead, the continued rise in overdose death tolls is over-
shadowed by the latest phase. 
	 The most recent Diagnostic and Statistical Manual of 
Mental Disorders
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	 For individuals who are ready to obtain treatment for 
OUD, MOUDs have decades of evidence-based research 
supporting their efficacy when prescribed at the correct dose. 
More physicians should reexamine their preconceptions and 
beliefs surrounding individuals with OUD. Individuals with 
OUD are human beings stuck in a destructive loop of danger-
ous decisions because they lack better alternatives. It is the 
role of physicians to provide treatments, support, and respect 
for all types of individuals. 
	 In response to the COVID-19 pandemic, federal regu-
lations deemed telemedicine visits sufficient to prescribe 
buprenorphine to individuals with OUD (23). Telemedicine 
greatly expanded access to MOUD while also removing the 
barriers of stigmatization to accessing care. This innovative 
strategy found that 80% of individuals with OUD prescribed 
buprenorphine were retained in the telemedicine treatment 
program at the one-year follow-up (24). Telemedicine should 
be expanded within communities to reach people with OUD 
who are ready to start treatment. Needle exchange programs 
and safe injection sites foster opportunities for trained 
professionals to initiate conversations about the effective 

MOUD treatments available for people with OUD. More 
efforts are required to remove the negative stigma associ-
ated with needle exchange and safe injection sites to expand 
access to telemedicine and treatments for OUD.
	 In addition, chemical engineers and physicians should 
collaborate to further improve the properties of MOUDs 
like buprenorphine. Current strides in MOUD delivery have 
brought forth an implantable buprenorphine product that 
was approved by the U.S. Food and Drug Administration 
(FDA) in 2016. The delivery of MOUDs could be opti-
mized after obtaining feedback from individuals in OUD 
treatment programs and physicians. As a result, the risks 
and side effects of MOUD could be further reduced through 
chemical design. Chemical engineers could improve 
MOUD options to prevent opioid relapses and help turn the 
tide of the opioid epidemic. 
	 Effectively combating the opioid epidemic requires 
education, awareness, innovations, new collaborations, 
novel approaches, and compassion. We believe it is the 
duty of the medical and chemical engineering communities 
to end the opioid epidemic.
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