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Presentation Objectives

1. Highlight selected Natural Language Processing (NLP) approaches being
used by the National Center for Health Statistics (NCHS)
2. Discuss NLP projects within the Division of Vital Statistics with realworld
examples
. Finding and classifying drug related infant deaths

. Automating the classification of cause of fetal deaths




Use cases for Natural Language Processing

1. Searching for a topic through large volumes of text

2. Cleaning and homogenizing language prior to analysis
a) Stemming and lemmetization
b)  Abbreviation handling
c)  Correcting misspellings

3. Learning about the language being used
a)  Finding a word’s synonyms, antonyms
b)  Are deaths from novel drugs appearing in our data ? (Both legal and illicit drug use is of interest here)

4.  Assigning cause of death to death certificates




Pattern Matching

Terms

- Regular expressions — a sequence of characters that define a search pattern
- Tokenization - preprocessing step where text is segmented into plausible units (i.e., tokens).

-Token — can be words, acronyms, abbreviations, numbers, punctuation symbols, etc.

Challenges

Abbreviations (MD = doctor, state?), apostrophes, hypens, varying formats (e.g., acetyl-fentanyl,

acetyl fentanyl, acetylfentanyl), varying boundary demarcations (e.g., The oil prices fell in the
U.S.).




Regex: Dealing with Abbreviations

Replacing abbreviations in text with their meaning during data cleaning and
processing can improve the performance of any text analysis or algorithm

Medical data (death certificates, and health records) in particular contains a wide

variety of abbreviations:
o Diseases and syndromes (e.g. CM = Chiari malformation, dm = diabetes mellitus, . . .)

o Short hand (e.g. fx = fracture, hb = hemoglobin, .. .)




Abbreviation handling:

__mnputtext | Pattern | Qualty | Outputtet

Gestational dm “dm” Worst Gestational diabetes mellitus
NAS “INn][Aa][Ss]” Better Neonatal abstinence syndrome
h.s.v “IHh][-. 1*[Ss][-. 1*[VV]” Best Herpes simplex virus

Special Characters for use with Regular Expressions and their meaning: (in R)

Quantifiers: Specifying position:

* * match at least O times e A match at start of string

* + match at least 1 times * S match at end of string

* ? Match at most 1 time « \b “word boundary” matches at end/beginning of word

* {n} match n times




Spell-checking literal text fields

Spelling errors are common in text describing health conditions, medical jargon, and descriptions
of deaths.

Without handling errors in some way, a model will treat different spellings of a word as entirely
unrelated.

Example:
Does “gestation iabetes and placental abrupton”
equal
“gestational diabetes and placental abruption”?




Spell-checking literal text fields

A good spell checker has three main components:

1. Dictionary
2. A method of measuring the “distance” between two strings

3. Language model or decision rules about which word from the dictionary was misspelled in the text

NOTE: The quality of all three parts corresponds to the overall quality of the spell checker. A bad
dictionary, poor choice of distance metric, or an improper language model will cause poor results even if
the other elements are well implemented.




Spell-checking literal text fields

“This sentence contains a misspleling.”

l

Words/tokens  In dictionary? Replace “misspleling” with the most sensible similar word

This True ‘ ‘,

sentence True Similar words in dictionary . . : ;
_ “This sentence contains a misspelling.”
contains True a Misspelling .
a True Misspellings
Misspleling False < Misspelled
Mrs. Speiling




Determining word associations (e.g. finding novel drugs)

Basic steps:
1. Use regular expressions to match known words of interest

2. Define a context within which to consider each word
o N-grams (similar to ‘neighborhood’ in real analysis)
> Bag of words
o Punctuation based (e.g. Which words were used in the same sentence)

3. Find other occurrences of contexts of interest:
> Synonyms/antonyms — words that appear in similar contexts

> Modifiers/adjectives — words that commonly appear around a word of interest are typically describing a
characteristic of that word




Demonstration: An automated approach for
classitying cause of fetal death
NLP FOR AUTOMATED ICD-10 CODING ASSIGNMENT




An automated approach for classifying cause of fetal death

Background
o NCHS provides cause of death coding for all death records in the United States including fetal deaths
o This predominantly manual approach takes time and resources to complete
o Upon receipt by NCHS, cause of death coding for fetal deaths s can take years to complete

Objective: To create an automatic rule-based procedure for assignment of multiple cause ICD-10
codes for fetal death records at the national level

o Automating the classification of cause of death for fetal death records would provide an immediate
benefit to research and surveillance efforts.




Data Source and Software

Data Source: 2014 — 2015 Fetal death reports

Literal text refers to the information written by the death certifier on

the death report/certificate:
* Maternal Conditions/Diseases
* Complications of placenta, cord, or membranes
Fetal Anomalies
* Injuries
* Infections
* Other field
Non-Literal information from the record includes:
* Weight of the fetus
* Plurality
* Length of gestation
* Sex

Software: R statistical language, focused on using base scripting
language without additional resources

18, CAUSE/CONDITIONS CONTRIBUTING TO FETAL DEATH

CAUSE
OF
FETAL
DEATH

Mother’'s Medical Record No.

Mother’s Name

REV. 11/2003

18a. INITIATING CAUSE/CONDITION

(AMONG THE CHOICES BELOW, PLEASE SELECT THE ONE WHICH MOST
LIKELY BEGAN THE SEQUENCE OF EVENTS RESULTING IN THE DEATH OF
THE FETUS)

Matsmal Conditions/Dissases (Spacify)

18b. OTHER SIGNIFICANT CAUSES OR CONDITIONS

(SELECT OR SPECIFY ALL OTHER CONDITIONS CONTRIBUTING TO DEATH
IN ITEM 18b)

Matemal Conditions/Dissases (Spetify)

Complications of Placenta, Cord, or Membranes
= Rupture of membranes prior to onset of labor
= Abruptio placenta
= Placental insufficiency
= Prolapsed cord

= Chorioamnionitis

Complications of Placenta, Cord, or Membranes
= Rupture of membranes prior to onset of labor
= Abruptio placenta
= Placental insufficiency
= Prolapsed cord

= Chorioamnionitis

= Other Specify) = Other Specify),
Other Obstetrical or Pregnancy G ions (Specify) Other Obstetrical or Pregnancy Complications (Specify)
Fetal Anomaly (Specify) Fetal Anomaly (Specify)

Fetal Injury (Specify)

Fetal Infection (Spetify)

Other Fetal C: ions/Disorders (Specify)

Fetal Injury (Specify)

Fetal Infection (Specify)

Other Fetal Conditions/Disorders (Specify)

—
18c. WEIGHT OF FETUS (grams prefered, specify unit)

18e. ESTIMATED TII

= grams = Ibloz

18d.  OBSTETRIC ESTIMATE OF GESTATION AT DELIVERY

weeks)

o= Dead at time of first assessment, no labor ongoing

= Dead gt fime of first assessment, labor ongoing

= Unknown time of fetal death

——ninen
E OF FETAL DEATH 18f. WAS AN AUTOPSY PERFORMED?
o¥es cNo o Planned

18g. WAS A HISTOLOGICAL PLACENTAL
EXAMINATION PERFORMED?

= Died during Iabor, after first cYes oMo oPlanned

18h. WERE AUTOPSY OR HISTOLOGICAL
PLACENTAL EXAMINATIOM RESULTS USED
IN DETERMINING THE CAUSE OF FETAL
DEATH? =Yes =No




Project’s data flow

o e T Spellchecking functionality ~ Abbreviation lookup table

Abbreviation 1 -> meaning 1
Abbreviation 2 -> meaning 2
Abbreviation 3 -> meaning 3

1. Dictionary
2. Distance metric
3. Language model

- -

Input text
p—; w Classification

Algorithm




COD Classification algorithm

*see D3 and Rshiny visualization™® (or screenshots)




Defining topics for use by an algorithm

Fetal death related to Gestational Diabetes )
Flu symptoms at hospital intake )
Syndromic and Case Definitions ()

Infant death from complication of methadone treatment )

Work related injuries O




Defining a topic:
Fetal death associated with gestational diabetes of the mother

e litus O (O Condition of the child (neonatal dm) —- P70.3 O Onset duri S
iabetes mellitus nset during pregnancy -- :
Condition of the mother O

(O Onset prior to pregnancy - P70.1




Defining a topic:
Fetal death associated with complications of methadone therapy

) Heroin T40.1 Accidental T40.3X1 O
Methadone T40.3 O O Assualt T40.3X3
Poisoning by or adverse effect of narcotic (O (O Opium T40.0 () Undetermined T40.3X4

() Other opioids T40.2

() Other synthetic narcotics T40.4




Representing all causes of death:
International Classification of Diseases

Congenital malformations, chromosomal abnormalities ©)
(O Diseases of the blood, blood forming organs
(O Diseases of the digestive system
(O Diseases of the musculoskeletal system
(O Diseases of the nervous system
Cause or condition O O Diseases of the respiratory system
Endocrine, nutritional and metabolic diseases )
External causes of morbidity )
(O Injury, poisoning and other external causes

Neoplasms )

- Perinatal conditions ©) _




Text mining the coding manual to define all ICD codes

SECTION I - Alphabetical index to diseases and nature of injury

A

Aarskog's syndrome (Q87.1 2a

Abandonment T/4.0

Abasia(-astasia) (hysterical) F44.4

Abdomen, abdominal - see also condition

- acute R10.0 2b

- convulsive equivalent G40.8

- muscle deficiency syndrome Q79.4

Abdominalgia R10.4 2b

- periodic E85.9 2b

Abduction contracture, hip or other joint - see Contraction, joint
Aberrant (congenital) - see afso Malposition, congenital

- adrenal gland Q89.1

- artery (peripheral) NEC Q27.8 2a 2b

- breast Q83.8

- endocrine gland NEC Q89.2

- hepatic duct Q44.5

- pancreas Q45.3

- parathyroid gland Q89.2

- pituitary gland Q89.2

- sebaceous glands, mucous membrane, mouth, congenital Q38.6
- spleen Q89.0

- subdlavian artery Q27.8 2a 2b

- thymus (gland) Q89.2

- thyroid gland Q89.2

- vein (peripheral) NEC Q27.8 2a 2b

Aberration, mental F99 2a 2b

Abetalipoproteinemia E78.6

Abiotrophy R68.8 2a 2b

Ablatio, ablation

- pituitary (gland) E23.0 2b

- placentae (see also Abruptio placentae) 045.9 2b

- - affecting fetus or newborn P02.1 2a

- retinae (see also Detachment, retina) H33.2

- uterus '790.7

Ablepharia, ablepharon Q10.3

Abnormal, abnormality, abnormalities - see also Anomaly
- acid-base balance (mixed) E87.4

- - due to

4]
Poisoning Adverse
effect in
Chapter Intentional Undetermined therapeutic
Substance XIX Accidental self-harm  intent use
Obidoxime chloride........cococoriiiieiiieres s e csesessscreneees T90.6 X44- X64- Y14-
Octafonium (chloride) ..T49.3 a4 X64- Yi4-
Octamethyl pyrophosphoramide .. .. T60.0 2b X48- X68- Y18-
OCEENOIN cvvevieeeeeecesrerinrenessesn ..T50.9 2a 2b X44- X64- Y14-
Octatropine methylbromide .. .. T44.3 X43- X63- ¥13-
Octotiaming .....c..coeeeeevennne ..T45.2 X44- HE4- Yi4-
Octoxinol (9)... .. T49.8 X44- HE64- Y14-
Octreotide. ..T38.9 X44- X64- Yi4-
Oestradiol .. T38.5 X44- X64- Yi4-
Oestriol... .. T38.5 X44- X64- Y14-
Oestrogen .. 138.5 X44- Xed- Yi4-
Oestrone ..T38.5 X44- HE64- Y14-
Ofloxacin . .. 136.8 X44- Xe4- Y14-
0il (of)
- bitter almond ... e e T62.8 x49- X69- Y19-
- doves........... .. T49.7 X44- X64- Yi4-
- colors T65.6 x49- H69- ¥19-
- fumes ..T59.8 2a 2b X47- X67- Yi7-
- lubricating .. T52.0 X46- X66- Yi6-
- Niobe ........... ..T52.82b X46- X66- Y16-
- vitriol (liquid) T54.2 X49- X69- Y19-
- - fUmEs .o T54.2 X47- X67- Y17-
Qily preparation (for skin) . .. T49.3 X44- X64- Y14-
Ointment NEC .....coceemmmmmmmmmmssssnesssssmss sss sss s svssssssssses T49.3 X44- He4- Yi4-
OIANZAPINE.....c..coiviminresriesisresssimsssessscsssesssssssssanesssensess 193.3 2B X41- X61- Yi1-
Oleander..... T62.2 %49- X69- Y19-
Oleandomycin . T36.3 X44- He4- Yi4-
Oleandrin.... T46.0 2a 2b X44- X64- Y14-
Oleic acid.... T46.6 X44- X64- Y14-
Oleovitamin A . T45.2 x44- HE4- Yi4-
Oleum ricini T47.2 X44 X64- Y14-
Olivomycin.. T45.1 X44- X64- Yi4-
Olsalazine ... T47.8 X44- X64- Y14-
Omeprazole L T47.1 X44- X64- Y14-
OMPA...coeiiiiireccceirrinsiissiessssessimstnssssssssessensansessnssneensess 1000 2B X48- X68- Y1B-
ONaNSEEION .coocvieimisiriismiemiisisseenssessmsmssmssssmrsnsesssseseeneees 149.0 2B X44- HE64- Y14-
Ophthalmological drug NEC.......coccuiveiscussessssesssssssessssnsss T49.5 X X64- Y14-
Paisoning Adverse




International Classification of Diseases (zoomed in

Balanced rearrangements and structural markers O

Down syndrome O

Monosomies and deletions from the autosomes

fied O

Other chromosome abnormalities O

Other sex chromosome abnormalities, female O

Other sex chromosome abnormalities, male O
Other trisomies and partial trisomies of the autosomes )
Trisomy 18 and Trisomy 13 O

Turner's syndrome O

O autosomal fragile site

(O Balanced autosomal rearrangement

(O Balanced sex/autosomal rearrangement
O Balanced translocation and insertion

() Chromosome inversion

(O Other

(O Unspecified

() Chromosome replaced with ring

(O Deleation of short arm of chr4

(O Deletion from autosomes, unspecified

O Deletion of short arm of ch5

() Deletions with other complex rearrangements
O Other deletions from the autosomes

(O Other deletions of part of a chromosome

(O Whole chromoosome monosomy, mosaicism

(O Whole chromoosome monosomy, nonmosaicism

O 47, XYY

O Klinefelter syndrome 47, XXY
O Klinefelter syndrome, male XX+
O Kilinefelter, unspecified

O Male, 46 mosaicism

() Male, structurally abnormal sex chromosome
() Other male 46, XX
(O Other, male

(O Sex chromosome abnormality, male, unspecified




International Classification of Diseases (high level view)

= Shown here is just one
S — subsection of one chapter of
= the ICD-10




shinyApp screenshots: Fetal COD Classification algorithm

What would you like to do? What would you like to do? What would you like to do?

® Choose from simple examples @ Choose from simple examples ® Choose from simple examples

(O Choose from complex examples (O Choose from complex examples (O Choose from complex examples

() Explore the Spell Checking Functionalit | O Explore the Spell Checking Functionality (O Explore the Spell Checking Functionality
Other (specify): ETOPIC PREG. POLYHYDRAMMIOS mod control of gest DM dx at 17 wks;

After some initial processing your text lo | After some initial processing your text looks After some initial processing your text looks like this, and can be handed to the a.i.

other specify ectopic preg polyhydramnios mod control of gest dm dx at 17 wks
press to run the algorithm ‘ press to run the algorithm | press to run the algerithm
Generating ICD codes Generating ICD codes Generating ICD codes
These are the ICD 10 codes that correspon( | These are the ICD 10 codes that correspond to These are the ICD 10 codes that correspond to each section:
1. PO1.O 1. P01.3 1. PT0.0
;—




What would you like to do?
(O Choose from simple examples
® Choose from complex examples

(O Explore the Spell Checking Functionality

ectopic pregnancy polyhydramnios true knot in cord v

After some initial processing your text looks like this, and can
be handed to the a.i.

ectopic pregnancy polyhydramnios true knot in cord

press to run the algorithm

Understanding sentence structure =

These examples are more complex sentences. The algorithm has
broken your choice into the following sections:

1. ectopic pregnancy
2. polyhydramnios
3. true knot in cord

Generating ICD codes =

These are the ICD 10 codes that correspond to each section:

1.P0L.4
2.P013
3. P02.5

What would you like to do?
(©) Choose from simple examples
® Choose from complex examples

() Explore the Spell Checking Functionality

gestaton iabetes and placetal abrupton -

After some initial processing your text looks like this, and can
be handed to the a.i.

gestational diabetes and placental abruption

‘ press to run the algorithm |

Understanding sentence structure -

These examples are more complex sentences. The algorithm has
broken your choice into the following sections:

1. gestational diabetes
2. placental abruption

These are the ICD 10 codes that correspond to each section:

1. P70.0
2.P02.1

What would you like to do?
) Choose from simple examples
® Choose from complex examples

() Explore the Spell Checking Functionality

premature preterm rupture of membranes, placental
abruption none none

After some initial processing your text looks like this, and can
be handed to the a.i.

premature preterm rupture of membranes placental abruption none
none

‘ press to run the algorithm

Understanding sentence structure

These examples are more complex sentences. The algorithm has
broken your choice into the following sections:

1. premature preterm rupture of membranes
2. placental abruption

Generating ICD codes -

Generating ICD codes -

These are the ICD 10 codes that correspond to each section:

1.POL1
2.P02.1




Questions?

PATRICK DRAKE, STATISTICIAN
DIVISION OF VITAL STATISTICS | 301-458-4848 | NNH9@CDC.GOV



