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Opioids were involved in 33,091 deaths in 2015

Overdoses involving opioids have quadrupled since 1999

Highest rates of death due to drug OD:

West Virginia (41.5/100,000)

New Hampshire (34.3/100,000)

Kentucky (29.9/100,000)

Ohio (29.9/100,000)

Rhode Island (28.2/100,000)

19 states saw statistically significant increases in death rates from 2014 
to 2015

Opioid Overdose Deaths, CDC, 2015



New York Times, 9/2/2017



Heroin



Diacetylmorphine (Heroin)

Originally synthesized in the 1870s in London, England

Non-addictive form of morphine - Diacetylmorphine



Diacetylmorphine (Heroin)

“Less addictive”

Ceased production

Made illegal in US in 1924



Heroin Metabolism

6-Acetylmorphine

Blood: up to about 2-3 hours

Urine: up to about 18-24 hours



NFLIS Annual Report, 2016



Fentanyl



Jansenn Pharmaceutica

Originally synthesized in 1960

Pharmaceutical drug in 1960s – 2000s

Fentanyl



Fentanyl



Strong mu opioid receptor agonist

Up to about 40 times more potent as heroin

Significant central nervous system effects

Respiratory depression

Coma, Death

Fentanyl



NFLIS Annual Report, 2016



NFLIS Annual Report, 2016



Fentanyl Analogs



What are they?

A derivative of the drug fentanyl, illicitly produced to circumvent the CSA

(derivative = a chemically engineered modified version of a root substance)

Where do they come from?

Ordered from the "dark web" (Internet sites designed to peddle illicit materials)

Overseas contacts (China is a primary source)

Fentanyl Analogs



3-methylfentanyl

4-methoxybutyrylfentanyl

2, 3, and 4-fluorobutyrylfentanyl

2, 3, and 4-fluorofentanyl

Acetylfentanyl

Acrylfentanyl

Alphamethylfentanyl

Benzylfentanyl

Betahydroxythiofentanyl

Butyrylfentanyl

Carfentanil

Cyclopentylfentanyl

Cyclopropylfentanyl

Furanylfentanyl

Fentanyl Analogs

Lofentanyl

N-Methylcarfentanil

Methoxyacetylfentanyl

Ocfentanil

Ohmefentanyl

Parafluoroacrylfentanyl

Remifentanil

Sufentanil

Thienylfentanyl

Thiofentanyl

Trefentanyl

Valerylfentanyl

Many more…



July 2015

Acetylfentanyl

May 2016

Betahydroxythiofentanyl, Butyrylfentanyl

November 2016

Furanylfentanyl, U47700

May 2017

4-Fluoroisobutyrylfentanyl

July 2017

Acrylfentanyl

September 2017

Methoxyacetylfentanyl

Orthofluorofentanyl

Tetrahydrofuranfentanyl

Waves of Federal Legislation (2015-Present)



3-methylfentanyl

Synthesized in 1974

Appeared on the illicit drug market in the 1980s

10-15 times more potent than fentanyl

Schedule I in USA

Fentanyl Analogs



Acetylfentanyl

Synthesized in the 1960s

Appeared on the illicit drug market in 2013

Overdoses in Rhode Island and Pennsylvania 

Less potent than fentanyl

Schedule I (May 2015)

Fentanyl Analogs



Furanylfentanyl

Synthesized in 1986

Appeared on the illicit drug market in 2015

Similar potency as fentanyl

Schedule I (2016)

Fentanyl Analogs



Carfentanil

Synthesized in 1974

*10,000 times more potent than morphine / 100 times more potent than fentanyl*

Marketed as Wildnil (a large animal immobilizer)

Schedule II in the USA

Exposure from veterinary medicine

Chemical warfare implications

Emerged as a unknown contaminant in heroin in 2016

Fentanyl Analogs



Janssen, 1976



Animals



How prevalent are they?

7/1/2016 – 9/14/2017

1,911 blood samples tested. 1,039 positive samples. ~54% positivity rate.

11 different fentanyl analogs/opioids across 26 states

3-methylfentanyl, Acetylfentanyl, Acrylfentanyl, Betahydroxythiofentanyl,

Butyrylfentanyl, Carfentanil, Cyclopropylfentanyl, Furanylfentanyl, 

Methoxyacetylfentanyl, Parafluorobutyrylfentanyl, Tetrahydrofuranfentanyl

*Source: Axis Forensic Toxicology internal laboratory data

Fentanyl Analogs



Fentanyl Analogs



Carfentanil

558 positive cases since 7/1/2016 (~29% of all cases)

Mean,183 pg/mL 

Median, 100 pg/mL

90% Percentile, 403 pg/mL

10.0 – 2,732 pg/mL

Potent substance

Purity of product used?

Fentanyl Analogs



Case Studies



26 year old female

Was seen using heroin

Found deceased the next morning

Iliac Blood

THC-COOH (10.1 ng/mL)

Topiramate (7.5 mcg/mL)

Carfentanil (234 pg/mL)

Urine

THC-COOH (204 ng/mL)

Buprenorphine (4 ng/mL)

Norbuprenorphine (20 ng/mL)

Norfentanyl (0.5 ng/mL)

Morphine (58 ng/mL)

Carfentanil (Qualitative)

Case Experiences



33 year old female

Found deceased on bathroom floor

Narcan kit found – dose used

Femoral Blood

Morphine (10.9 ng/mL)

THC (2.7 ng/mL)

THC-COOH (29.0 ng/mL)

Carfentanil (145 pg/mL)

Urine

THC-COOH

Morphine

Codeine

Case Experiences



When should a toxicologist, or pathologist consider fentanyl 

or fentanyl analogs?

History consistent with opioid overdose

Negative routine toxicology

Use information from scene evidence!

Considerations



Public Health Issues (MMWR)



What to expect in the future?

More of the same…the cat and mouse games will continue…



kshanks@axisfortox.com

Thank you!

mailto:Kshanks@axisfortox.com


Heroin was originally marketed as a 

pharmaceutical drug by what company?

Q1



Fentanyl is typically prescribed to patients in 

what form?

Q2



What veterinary medication has been found in 

street heroin in the USA starting in 2016?

Q3


