Death-on-FHIR:
Analytics-Driven Mortality Reporting
Using a SMART-on-FHIR App
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Outline

Goal: Next-Generation Mortality Reporting System
Application Design
Key Component — Wireframe of App (User-Interface)

Data Transfer from EHR to reporting jurisdiction

Key Component — Death Certificate System Design using SMART on FHIR
(Communications)

Analytics Engine
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2003 US Standard Certificate of Death

Patient Info

Funeral Home
Contacts

Manner of Death

Demographic Data

U.S. STANDARD CERTIFICATE OF DEATH
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Our Goal

FHIR — Define new and standardized death
certificate reporting system by developing
common, national FHIR profiles

APP — Develop FHIR-based death registration
application with interactive interface for data
analysis and entry

ANALYTICS — Develop decision support systems
to enable provide timely, accurate, and complete

reporting
) FHIR
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Outline

Goal: Next-Generation Mortality Reporting System

Application Design
Key Components — Wireframe of App (User-Interface)

Data Transfer from EHR to reporting jurisdiction

Key Components - Death Certificate System Design using SMART on FHIR
(Communications)

Analytics System
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Proposed Cause of Death Reporting Application Infrastructure

SMART-on-FHIR
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Proposed Cause of Death Reporting Application Infrastructure

SMART-on-FHIR
App Launch

Web App:
Runs on any

EHR Neutral: modern Final DC transmitted to
browser remote server

Package and Submit:
HIR Death

Any SMART-on-
FHIR compliant EHR
(e.g. our in-house

synthetic data FHIR
server) FHIR Resources

Advanced Analytics

FHIR Data
App Server:

The web application server, decision support
engine, and UMLS interface middleware are
implemented on our lab’s application server

EHR Server



Proposed Cause of Death Reporting Application Infrastructure

_______________ g
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App Launch
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Certificate

State Health
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App Interface Design

® < m (U] ®

SMART FHIR Starter

localhost:8888/Timeline-App/ 3

GT / COC Death Aeporting FHIR Application

+ Return to EHR Context

Johnston, Jonathan -- ID 100001

Patient Details Patient History,
Name: Jonathan James Johnston Lorem ipsum dolor sit amet, consectetur adipiscing elit. Suspendisse hendrerit, enim vel dictum
Age at death: 64.5 years

dapibus, tellus massa dapibus nibh, in auctor felis felis ut mauris. Nam sit amet lorem diam. Sed
Residence: Everytown, USA 99999 ullamecorper magna eget cnim semper, eu maximus nisi porta. Proin congue ex quam, ac rhoncus ipsum
hendrerit miic Proin enllicimdin diam vel diam ecemner ac norta felic convallia Nolla fancihne riang

~

P IT»TIII | : : : | 1 1

1 1 1 1 1 1 I 1 )
Wiyears 10years 3 years | yeari months 2 months 3 weeks 1 week 3 days lday 12 hours 4 hours Ihour 20 min 5 min 1 min Time of Death
=
Cause of Death: Onset to Death: ) Other Significant Conditions
- Enter text here.
Rupture of heart 13 minutes
Acute myecardial infarction 3 days
Diffuse disease of coronary artery 16 years
Diabates mellitus 29 years

Demographic Information Validate and Submit

Logged in as: unknown

BIO-MIBLAB



App Interface Design

Automatically extract
patient data from

localhost:8888/ Timaline-App/

Johnston, Jonath EHR

Patient history
information

Patient Details
Name: Jonathan James Johnston
Age at death: 64.5 years
Residence: Everytown, USA 99999

Scaled t|mel|ne Of adipiscing elit. Suspendisse hendrerit, enim vel dictum
ang uctor felis felis ut mauris, Nam sit amet lorem diam. Sed
reportable conditions

u maximus nisi porta. Proin congue ex quam, ac rhoncus ipsum
el dinm eemner ac norta felis convallia. Nolla fancihne riane

¢ It

T T T T T T T T T T T T T T
) years 10 years 3 years | yearh months 2 months 3 weeks 1 week 3 days Iday12hours 4 hours 1 bour 20 min 5 min 1 min Time of Death
Analytical
=
assessment of
Cause of Death: Onset to Death: Other Significi pOSS| ble Sequences
Enter text here

Rupture of heart 13 minutes
Acute myocardial infaretion 3 days
Diffuse disease of coronary artery 16 years
Diabetes mellitus 29 years

Validate and Submit

Logged in as: unknown

Familiar interface for

cause-of-de_ath Bundle results in
documentation FHIR format

BIO-MIBLAB



Interface Demo
s

e 0 < im] ® 8 ® ® localhost:9090 0 O
FFB Feedly Reddit MFP Schoolv Moneyv Sportsv translate papers pocket share Trophy v
SMART FHIR Starter Settings
& Please sign in above to get started

© Harvard Medical School / Boston Children's Hospital, 2015

Backup Link: https://www.youtube.com/watch?v=PIBoRspEzbA BIO-MIBLAB



https://www.youtube.com/watch?v=PIBoRspEzbA

Outline

Goal: Next-Generation Mortality Reporting System
Application Design
Key Components — Wireframe of App (User-Interface)

Data Transfer from EHR to reporting jurisdiction

Key Components - Death Certificate System Design using SMART on FHIR
(Communications)

Analytics System
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FHIR Profiling for Death Certificates

Key infrastructure question: how to represent death certificate objects
best using the FHIR framework? Should be:

— Simple to implement

— Idiomatically correct in FHIR

— Include machine-searchable and human-readable representations

Implementation priorities:

1.
2. Use native FHIR Resources and fields for as much data as possible
3.

4. Develop new profiles only where necessary

Ensure mapping for all fields of the HL7 VR DAM to our representation

Reuse public profiles where possible

BIO-MIBLAB



2003 US Standard Certificate of Death

Patient Info

Funeral Home
Contacts

Manner of Death

Demographic Data

U.S. STANDARD CERTIFICATE OF DEATH
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Some Sections Map Naturally to
FHIR Resources

U.S. STANDARD CERTIFICATE OF DEATH

For use by physician or institution

NANME OrF bECEDENT

LOCAL FILE NO. STATE FILE NO. .
1. DECEDENT'S LEGAL NAME (Include AKA’s if any) (First, Middle, Last) 2. SEX 3. SOCIAL SECURITY NUMBER Pat e nt
4a. AGE-Last Birthday |4b. UNDER 1 YEAR 4c. UNDER 1 DAY 5. DATE OF BIRTH (Mo/Day/Yr)|6. BIRTHPLACE (City and State or Foreign Country)
Years;
( ) Months Days Hours Minutes
7a. RESIDENCE-STATE 7b. COUNTY 7c. CITY OR TOWN
7d. STREET AND NUMBER |7e. APT. NO. 7f. ZIP CODE 7g. INSIDE CITY LIMITS? [0 Yes 0 No
8. EVER IN US ARMED FORCES? |9. MARITAL STATUS AT TIME OF DEATH
0 vyes 0 No 0 Married [ Married, but separated [ Widowed
0 Divorced [ Never Married 0 Unknown o

°
% % 14. PLACE OF DEATH (Check only one: see instructions)
;Q 2‘ IF DEATH OCCURRED IN A HOSPITAL: IF DEATH OCCURRED SOMEWHERE OTHER THAN A HOSPITAL
8 5 0 Inpatient [1 Emergency Room/Outpatient [ Dead on Arrival 0 Hospice facility I Nursing home/Long term care facility [ Decedent's home [ Other (Specify):
Py % 15. FACILITY NAME (If not institution, give street & number) 16. CITY OR TOWN , STATE, AND ZIP CODE 17. COUNTY OF DEATH \ 1
o
82 Location
-
18. METHOD OF DISPOSITION: [ Burial [ Cremation 19. PLACE OF DISPOSITION (Name of cemetery, crematory, other place)
0 Donation O Entombment 0 Removal from State
[ Other (Specify):

Practitioner




Other Sections Do Not Map as
Elegantly

8. DA O NJU
(Mo/Day/Yr) (Spell Month)

42. LOCATION OF INJURY:  State: City or Town:

Street & Number: Apartment No.:
43. DESCRIBE HOW INJURY OCCURRED:

REV. 11/2003



Resource-Level Mapping

U.S. STANDARD CERTIFICATE OF DEATH

BUNDLE

Composition (Entry[0])

Type: doc
Total: Int[1]
Signatures

« Section - text: Summary (XHTML)
(human-readable)

Related Person

LOCALFILE NG STATE FILE NO.
1. DEGEDENT'S LEGAL NAME (includs ARA's it any) (First Midale, Lasth 2 sex 3 SOCIAL SECURITY NUMBER:
= AGELwet By [ UNDER T VERR 4 UNDERTDAY |5 DATEGFGRTH BIRTHPLACE (Ciy and State o Fe
= IMumm I e |
7 75, GOUNTY 7a GITY 6R TOWN
70 STREET AND NOMBER S e Enmaa T s
- EVER WS AHVED FORCES? [0, WARITAL STATUS AT TIVE OF DEATH
ves oo = Widowea
Sl G S
i
HH
HIEH
El3E 14. PLACE OF DEATH (Chack anly on: ses instructiona)
» 2 |23 [ oEATH OCCURRED I A HOSPITAC O SOMENTERE GTHER THAN AHOSPITAL
&5 | 58 | 2 inpatent o Emergency Room/Outpatient 3 Dead on Arivel facil rsin iem care fasiliy = Decedent’s heme & ther (Speeify):
B8 | 5D o R N o maion- v simet & muiney 78 CITY OR TOAN . STATE AND 21 CO0E T COUNT v oF BEATH
£x° -
5% 16 METHOD OF DISPOSITION: G Burial © Cremalon |18 PLAGE OF DISPOSITION (Nam of cemetery. crematory, oiner place)
gl © Donation © Entombmant ) Ramoval from Stata
R o other (5
ITEMS 24-28 MUST BE COMPLETED BY PERSON 24 DATE PRONGUNGED DEAD (MolDayiv )
WHO PRONOUNCES OR CERTIFIES DEATH
B3 GF PERSON GEATH (Orly whan appicablo) 27 LICENSE NUMBER 28 DATE SIGNED
[20. ACTUAL OR PRESUMED DATE OF DEATH 30. ACTUAL OR PRESUNED TIME GF DEATH 37, WAS WEDICAL EXAMINER OR
(orDayi¥r) (Speil Monin) CORONER CONTACTED? 0 Yes & No
CAUSE OF DEATH (Se instructions and oxamplos) e
32 PART I. Entarthe chain of injur NOT erter terminal evenis auch o e
st oo aion S o VA dohaos WRHou oA e SToio0s B NGT ABBREVIATE. EPtararty an saues on s Wne Ade scabonal nestioceat W
lines if ecessary. "
IMMEDIATE CAUSE (Final [
cissmse. or condition a
Fecuring n doat) s to {or a6 a cansequance ofF .
Saquantialy .
Dt oress u
[
s o (aras & conseausnse o U
PART II. Enter other signific gt death but not resulting in the underiying cause given in PART | 33, WAS AN AUTOPSY PERFORMED?
Dves one
34 WERE AUTOPEY FINDINGS AVAILABLE TG
COMPLETE THE CAUSE OF DEATH? 0 Yes & o
96 DID TOBACCO USE CONTRIBUTE [36 IF FEMALE: 57 WANNER OF DEATH
FE| Tobeat 1 Not pregnant within past yssr
H O Natural @ Homicide
EE| L v e P st
go O Accident O Pending Investgation
&2 P P 1 Not pragnant. but pregnan within 42 cays of deain
S| =Moo U EEMED  EEREEEOEET
o8 1 Not pregnant, but pregnant 43 days to 1 year before ceath
=¥
© Unknown f pragnant within the past yaar
6 GATE OF INIURY 38 TIVE OF INIURY 76. PLACE OF INJURY (e.q.. Decedent’s home: consiruciion a1e; restaurant; wooded roa) . INIURY AT WORK?
(Mo/Day/Yr) (Spell Month)
72 LOCATION OF INJURY: | State: iy o Toun
ot & Numbor Aparmant o zpc
73" DESCRIBE HOW WIURY T TRARSPORTATION INIURY, SPECTFY:
< Drveriopers
2 Passanger
5 Padestian
5 Other (Specty)
%5 CERTIFIER (Chack anly oney
) Certfying prysician-To the best of my knowledgs. deth ocourTed due 1o he CausS(s) &G manner staied
) Pronounaing & Cartitying physician.To tha bast of my knowleigs, Gaath ccLrTad at the tim, dats, Bnd piace, and dus to tha causa(s) and manner stated
1 Medical ExamineriCoroner-On tha basis of Sxaminaton, ndior nvestigation, in my Opinion, Ges: GcCured &t the te. date, and pIACS, nd due 10 the CaUSS(S) &1C manner stared.
signatur of certter:
76, NAWIE, ADDRESS, AND ZIP CODE OF PERGON COMPLETING CAUSE OF DEATH (item 321
(47, TITLE OF CERTIFIER [48 LICENSE NUMBER 49 DATE CERTIFIED (VorDayive) 50, FOR REGISTRAR ONLY- DATE FILED (MoiDayv)
51 52, DEEEDENT OF HISPANIC ORIGIN? Cha:k the box 'E (Check one or more races to indi the
that bast dsscribes the hidhest dearoa or level of est. dascrbes whathar the decedant oy e e
schoo completad st the tme of deain et emHipann e, Shack e, how
Gedent i not SpanisnHispaniclLtng. o Whis
o o grage or lass £ B or Atncan am
£ Kmoncan incian o Alsera Natva
= otn- 12in orace: no apioma o not SpanshiHspaniai et e 1 the s o princoa oe)
e |© High schoel graduate or GED completed. hinesa
5E 5 Vas, Mexican, Maxisan Amarican, Chicana Elore
£ |- Soma colega creat but o cagrea o
.é ; = Associate degree (e.9., AA, AS) & e R REET Vietnam
L A —
£5 |o sacnaiors cegres (a.0. 84, AB. 85 5 Yes, Cuban Naive Hawalan
LR it Slartanin of Ghamorro
U |8 Masters degres (s Y ‘ez, othar nish/Hispani ine.
351 Meidmlso 5|3 Yas oo spaniensispanician B tarder (Seecity)
22 < Ctmer (speciy)
= Doctorste (a.g.. D, £40) or
PiSieraiona Badraa (s . D, DS
GV LB J5)
E USUAL GCCUPAT e of work dona Guring most 56 NGT USE RETIRED).
55 KN GF B TR
1112003

Patient

* <Patient information>

Questionnaire Response?
Observations?

* <Question answers>

Practitioner

(for Pronouncing Death)
* <Certifier information>

Practitioner

(for Certifying Death event)
* <Certifier information>

= <Spouse, if
applicable>

Related Person

* <Mother>

Related Person

* <Father>

Related Person

+ <Informant>

Practitioner

* <Funeral agent information>

Location

* <Place of death>

Conditions

" Onset [period]
* <Cause of death>




Outline

Analytics System
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Sequential Pattern Mining

Data from the National Vital Statistics System’s 2012 multiple causes of
death data set

Over 2.5M death events

Data was mined for temporal patterns with a high degree of support
That is to say, relationships which were common in the data

Results

Discovered 65,915 rules meeting minimum support of 50 occurrences
Top 5 rules of length 2:

[ Rule ] Length I Percentage ]

Mental and behavioral disorders due to use of tobacco -> Other chronic obstructive 100920 3.96%
pulmonary disease

Chronic ischemic heart disease -> Cardiac arrest 85952 3.37%

Essential (primary) hypertension -> Chronic ischemic heart disease 77249 3.03%

Mental and behavioral disorders due to use of tobacco -> Malignant neoplasm of 73212 2.87%
bronchus and lung

Chronic ischemic heart disease -> Heart failure 63283 2.48%

Essential (primary) hypertension -> Cardiac arrest 59771 2.35%

Mental and behavioral disorders due to use of tobacco -> Chronic ischemic heart 58130 2.28%

disease

Table 4: Rules from 2012 NCHS Mortality Data

BIO-MIBLAB



Prof. May D. Wang
— maywang@bme.qgatech.edu

Ryan Hoffman

— rhoffmanl2@gatech.edu
Janani Venugopalan

— ]Jvenugopalan3@agatech.edu

Hang Wu
— hangwu@aqatech.edu
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