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Introduction



Vital Statistics

National Vital Statistics System (NVSS)
- Used by National Center for Health Statistics (NCHS)
- Collect and disseminate national vital statistics
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Drug Overdose Trend

Every death certificate is assigned with an ICD-10 code, which 
corresponds the cause of death of decedent

4Ruhm, C. J. (2017). Drug involvement in fatal overdoses. SSM-population health, 3, 219-226.
Ruhm, C. J. (2016). Drug poisoning deaths in the United States, 1999–2012: a statistical adjustment analysis. Population health metrics, 14(1), 2.



Granularity of ICD-10

Literal text are recorded in the system

5

What if I want to know about a particular drug 
instead of the whole drug class?

Ossiander, E. M. (2014). Using textual cause-of-death data to study drug poisoning deaths. American journal of epidemiology, 179(7), 884-894.



Motivation

CDC team manually inspects the death 
certificate

- Record down drug/substance that 
cause death

- Compile into a drug list, used for 
retrieving documents
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Drug Entity
(Principal Variant)

Terminology 
Variants

Problem:
- Does not have hierarchy
- Time consuming
- Not scalable
- Hard to maintain



Method



Method Workflow
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CDC Drug List

Drug Resource Mapping
- RxNorm
- RxClass
- PubChem
- DEA list

Drug List Enrichment
RxNorm: Synonym, Brand Names

Misspelling Generation

Drug Relationship 
Extraction

RxClass: ATC

PubChem: metabolite

DEA list: Illicit drugs



Drug List 
Enrichment

Get as many terminology variant of drug as possible
To have better recall in retrieving documents



Number of terms enriched

1699 mapped to RxNorm:
- Synonym, SYN
- Brand Name, BN

Misspelling
- PV_MSP
- BN_MSP

Drug from Original 
List, PV (2477)

778 could not map:
- Illicit drugs
- Class level terms
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Evaluation of enriched prescription drug list
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Baseline:
Perform retrieval using 

original drug list

Perform retrieval using 
automatically enriched 

list

Evaluation by 
comparing the number 
of document retrieved

Data: Death certificate 
from Washington State 

in year 2015 (55k)
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Total number of 
documents 
retrieved

CDC 5010

NLM 4025

Diff 985

Tobacco Leaf
- Tobacco
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Total number of 
documents 
retrieved

CDC 5010

NLM 4883

Diff 127

Adding synonym 
‘tobacco’
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Use all drug from RxNorm
- Retrieves 485 more 

documents
- But contains a lot of 

false positive



Number of terms enriched

1699 mapped to RxNorm:
- Synonym, SYN
- Brand Name, BN

Misspelling
- PV_MSP
- BN_MSP

Drug from Original 
List, PV (2477)

778 could not map:
- Illicit drugs
- Class level terms
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Total number of 
documents 
retrieved

CDC 2332

NLM 1871

Diff 461
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Term variant Total number 
of documents 

retrieved

Medication 222

Beverage 
alcohol

46

Polysubstance 42

Product of 
Combustion

24

Antiplatelet 5

Anti platelet 3

Antibiotic 10



Drug 
Relationship 
Extraction

Have a better retrieval through relationship linkage
Better aggregation in class level



Drug Class Membership (ATC code)
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Succinimide N03AD

Ethosuximide N03AD01

Phensuximide N03AD02

Mesuximide N03AD03

ICD-10 Poisoning by

T43.0 Tricyclic and Tetracyclic Antidepressant

T43.1 Monoamine-oxidase-inhibitor antidepressants

T43.21 Selective serotonin and norepinephrine reuptake 
inhibitors

T43.22 Selective serotonin reuptake inhibitors

T43.3 Phenothiazine antipsychotics and neuroleptics

T43.4 butyrophenone and thiothixene neuroleptics

Carboxamide (N03AF) N03AF

Carbamazepine N03AF01

Oxcarbazepine N03AF02

Rufinamide N03AF03

Eslicarbazepine N03AF04



Number of terms enriched

1699 mapped to RxNorm:
- Synonym, SYN
- Brand Name, BN

Misspelling
- PV_MSP
- BN_MSP

Drug from Original 
List, PV (2477)

778 could not map:
- Illicit drugs
- Class level terms



Abused Drugs Classification
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DEA Drug of Abuse

Narcotics
Stimulants

Depressants
Hallucinogens

Cannabis
Steroids
Inhalants

Designer Drugs

Eight Classes

https://www.dea.gov/documents/2017/06/15/drugs-abuse

DEA drug list



Illicit Drugs Class-based Retrieval
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CLASS EXAMPLE OF DRUGS Number of Hit

NARCOTICS OPIOID, OPIATE AGONIST, MORPHINE, METHADONE, CODEINE, ... 1200

STIMULANTS STIMULANT, .ALPHA.-PVP, METHAMNETAMINE, BREPHEDRONE, ... 595

DEPRESSANTS DEPRESSANTS, BARBITURATE, PENTOBARBITAL, BENZODIAZEPINE, DIAZEPAM, ... 281

HALLUCINOGENS HALLUCINOGEN, DESCHLOROKETAMINE, NBOME, PSILOCIN, ... 1

CANNABIS CANNABIS, CANNABINOID AGONIST, JWH CANNABINOID, MDMB-CHMICA, ... 13

INHALANTS INHALANT, DEODORIZER, ORGANIC SOLVENT, REFRIGERANT, PAINT REMOVER, 
GLUE, ...

14

STEROIDS STEROID, ANABOLIC STEROID, THENODONE ENANTHATE 67

DESIGNER DRUGS 1-(1-BENZOFURAN-6-YL)-N-METHYLPROPAN-2-AMINE, BATH SALTS 0



Buchanich, J. M., Balmert, L. C., Williams, K. E., & Burke, D. S. (2018). The Effect of Incomplete Death Certificates on Estimates of Unintentional Opioid-Related Overdose Deaths in the United States, 1999-2015. Public Health Reports, 133(4), 423-431.

ICD-10 code: T40 Poisoning by, adverse effect of and 
underdosing of narcotics and psychodysleptics 

[hallucinogens]
CODE Narcotics Related SUBSTANCE DRUGS INCLUDED

T40.0 ✅ Opium

T40.1 ✅ Heroin

T40.2 ✅ Opioids Oxycodone, hydrocodone, morphine, hydromorphone, oxymorphone...

T40.3 ✅ Methadone

T40.4 ✅ Synthetic narcotics Fentanyl, tramadol

T40.5 Cocaine

T40.6 ✅ Unspecified narcotics

T40.7 Cannabis

T40.8 Lysergide (LSD)

T40.9 Unspecified psychodysleptics 
[hallucinogen]



Narcotics ICD-10 PV No. of PV Num_hit

OPIUM T40.0 Opium 1 0

OPIATES Opiate 1 235

HEROIN T40.1 Diamorphine 1 377

OXYCODONE

T40.2
Opioid

Oxycodone 1 157

HYDROCODONE Hydrocodone 1 62

MORPHINE Morphine 1 117

HYDROMORPHONE Hydromorphone 1 41

OXYMORPHONE Oxymorphone 1 14

CODEINE Codeine 1 21

Others Levomethorphan, Apomorphine, Nicomorphine, Morphinone, Dextrorphan, 
Racemorphan, Levorphanol

7 0

METHADONE
T40.3

Methadone(138) 1 138

Others Phenadoxone, Dimepheptanol 2 0

FENTANYL
T40.4

Fentanyl (36), Remifentanil (1), Carfentanil, Alfentanil, 3-methylfentanyl, Sufentanil, ... 23 37

TRAMADOL Tramadol 1 36

Narcotics Subtype



Depressants Subtype
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Depressants ICD-10 PV No. of PV Num_hit

DEPRESSANTS T42.7 CNS DEPRESSANT (1), SEDATIVE 2 1

BARBITURATES T42.3 PENTOBARBITAL (7), PHENOBARBITAL (4), SECOBARBITAL (1), CYCLOBARBITAL, 
APROBARBITAL, AMOBARBITAL, HEXOBARBITAL, BARBITAL, PRIMIDONE, 
ALLOBARBITAL, MEPHOBARBITAL, METHOHEXITAL, TALBUTAL, THIOPENTAL, 
BARBITURATE, METHYLBARBITURIC ACID

16 12

BENZODIAZEPINES T42.4 ALPRAZOLAM (60), DIAZEPAM (39), ZOLPIDEM (26), LORAZEPAM (21), 
BENZODIAZEPINE (15), TEMAZEPAM (12), CHLORDIAZEPOXIDE (11), 
CLONAZEPAM (11), OXAZEPAM (5), TRIAZOLAM (1), MIDAZOLAM, ZOPICLONE, 
FLURAZEPAM, PRAZEPAM, ESTAZOLAM, ZALEPLON, LORMETAZEPAM, 
FLUBROMAZOLAM, NORDAZEPAM, QUAZEPAM, HALAZEPAM, BROMAZEPAM, 
ESZOPICLONE, NITRAZEPAM, ETIZOLAM, CLONAZOLAM, CLOBAZAM

27 201



Refinement for the classification?
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Narcotics (T40.6)
- Heroin (T40.1)
- Oxycodone (T40.2)
- Hydrocodone (T40.2)
- Morphine (T40.2)
- Methadone (T40.3)
- Fentanyl (T40.4)
- Tramadol (T40.4)
- Codeine

Stimulants (T43.69)
- Amphetamine (T43.61)
- Cocaine (T40.5)
- Cathinone
- Methamphetamine

Depressants (T42.7)
- Barbiturates (T42.3)
- Benzodiazepines 

(T42.4)

Hallucinogens (T40.9)
- Ketamine
- Psilocybin
- Peyote & Mescaline
- LSD (T40.8)

Cannabis (T40.7)
- Cannabinoid
- Marijuana

Steroids (T38.7)

Inhalants
- Variety of 

Household products
- Petroleum

Designer Drugs
- Bath salts

Should Opioid 
and Opiate be 

separated?

Should these 
grouped together 

into synthetic 
opioid?

Should we have a 
deeper hierarchy?

What else 
subclass 
is there?

Is this class necessary? 
Is it better to remove it 
or merge with others?



Non-medicine 
Substance 

Classification



Non-medicine Source
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Toxin Intoxicant, Carcinogen, Irritant, Pollutant, Mouse poison, ...

Organic Chlorofluorocarbon, Hydrobromide, Organophosphate, Organofluorine, Alkyl Nitrite, Short Chain ... T53*

Inorganic Metal alloy, Heavy metal, Inert gas, Metalloid, Mineral fibers, Inorganic salt, Asbestos, ... T56*

Medicine Transplant medication, Sleeping drug, Appetite suppressant, Nondepolarizing Blocking Agent, ...

Chemical Alkali, Reagent, Acidic chemical, Chemical, Photo finishing chemical T54*

Cigar Cigar, Cigar Smoke, Smoke, Second hand smoke, Cigarette, Snuff, Cigarello, Cigarette smoke, ...

Cleaning Product Acidic wheel cleaner, Metal cleaner, Rust remover, Brake fluid, Detergent, Fuel injector cleaner, ... T55

Diagnostic Agent Radioactive seed, radiocontrast agent, Iodinated Contrast Agent, Radiocontrast agent, ...

Plant Amanita, Mushroom, Plant extract, Ephedra T62*

Hormone Hormone, Catecholamine, Statin, Estrogen, Insulin, Endorphin

* indicates partially consistent



Non-medicine Source

32

Alcohol Hard alcohol, Moonshine, Rum, Tequila, Whiskey, Beer, Schnapps, Vodka, ... T51

Supplement Nutritional supplement, Dietary supplement, Weight loss supplement, Bodybuilding supp...

Agriculture Rodenticide, Pesticide, Defoliant, Algaecide, Herbicide, Insecticide, Fungicide, Silo gas, ... T60

Alkaloids Alkaloid, Herbal alkaloid, Belladonna alkaloid, Morphine type alkaloid, Aconitine type alkaloid

Fuel Gasoline, Petroleum, Torch fuel, Aromatic petroleum T52

Gas Gasoline fumes, Exhaust fumes, Petroleum oxidation fume

Nutrition Nutrition, Enteral nutrition, Total parenteral nutrition, supplemental enteral nutrition

Substance Substance, Methicone, Povidone

Caffeine Caffeine, Caffeinated beverage T43.61



Discussion - Drug List Enrichment
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Type of variants:
Synonym, Brand Name, Misspelling

Example:
Fluoxetine - name
Prozac - brand name
Prozak - misspelling of brand name

Warfarin:
132 documents retrieved

- 70 by ‘warfarin’
- 62 by ‘coumadin’

33

Using RxNorm:
- 2% recall vs tedious manual effort of 

experts
- Identify new drug but need to aware 

of false positive

For terms other than prescription drug:
- Locate any resource
- Create rules for variant generation



Discussion - Drug Relationship Extraction
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Extract drug class membership (ATC) and 
metabolism relationship (PubChem)

Example:
Norfentanyl - is metabolite of - Fentanyl

Sertraline (N06AB06) - belong to class -
SSRI (N06AB)

Future Work

Classification refinement
- Feedback from experts
- Better fit for practical use case

Utilize 10 years death certificate data



Thank You
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