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LHC-Forms- how it works and what it can do?

d A fast, web based and MU standards based, open source
JavaScript program (300kB) generates live forms from JSON
form descriptions on the fly

d Accommodates nested groups and repeating groups of
guestions

[ Has all of the usual form functions: Skip logic, rich validation
checks, auto complete menus, score calculation, etc.

d Many different layout styles and a responsive design that fits
any screen size
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Associated Tools Services

Form builder for creating new forms and editing old ones

Clinical table linker provides auto complete look-up for questions whose
answers come from external tables

All LOINC panels are LHC forms (most LHC forms are LOINC panels)
Implements FHIR questionnaire plus a bit more

Can store captured data as:

< FHIR Questionnaire responses

< FHIR Diagnostic reports

< HL7 Messages

Docker for delivering packages

Units validation and converter package

See last slide for access to code and demo pages
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Secret Sauce in Clinical table linker

Via the URL, users can specify what fields in the external table are
searched, and which answers are returned as part of selection grid, and
which are stored in the index value field as hidden variables

Other fields in the form can use these hidden variables as answer lists,
default values, or help messages.

Explore the tables we have created so far at:
https://clin-table-search.lhc.nIm.nih.gov/

Tables include IDC9, ICD10, genetic tables (ClinVar, dbSNP, etc.),
RxTerms, NPI (coming soon), etc.
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https://clin-table-search.lhc.nlm.nih.gov/

A\
.S. National Library of Medicine »

LHC forms are standards based

Q All 2000+ LOINC panels including hundreds of validated surveys. Are LHC
forms

A NIH’s Common Data elements can be presented as LHC forms:
https://cde.nim.nih.gov/home

LHC on FHIR
Form is also a FHIR questionnaire (plus)

Can generate FHIR questionnaire responses FHIR Diagnostic reports
(mostly but not limited to SMART on FHIR) or HL7 V2 messages,

UCUM for units of measure

Tied to many external, MU Standard and genetic standard coding system
NPI coming

U O O

U O
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https://cde.nlm.nih.gov/home

Lots of rich survey instruments and assessments available as
LOINC forms

1 Most CMS clinical forms (OASIS, MDS 3.0 nursing home assessments,
dialysis reports) are represented as LOINC panels/forms.

< CMS is unifying all of its assessments as LOINC forms with LOINC codes-
some which will use the LOINC codes for existing CMS data items where
possible and obtain new ones when needed

1 CDC standard forms for birth and death certificates are LOINC forms

] Lots and lots of psychosocial surveys
% PHQ, PROMIS,

< Lots of clinical test panels and nursing assessment forms
< Ventilator variables, 12 lead EKG, Pulmonary function tests (Mayo), cardiac

echoes (DICOM), Lab panels, Ophthalmology measures (NEI), etc., etc.
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Examples

A https://lIhc-forms.lhc.nlm.nih.gov/

1 Will show live examples of
< PHQ-4 form — Demo — Score calculation

Surgeon General’s family health history (Demo - repeats of many
questions and skip logic)

< Form for reporting genetic results (represents early draft of HL7 genetic
message proposal demo):

< Using LHC form to implement an application
o PHR lite

L)

J
0’0

L)

4
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https://lhc-forms.lhc.nlm.nih.gov/

US Surgeon General family health portrait  [54127-6]

Date Dons Time Done Where Done Comment
MMDDYYY Y = || Type a value Salect ortype a vae = || Typs a valus
Hame Walue Units

| My heakth history [54128-3)

Surgeon Generals family s e
health history as an LHC- | Gander 24121 §

FO rm |—Birth Date [21112-8] 1215M 344 = || immiddéryyy)

L Twin [54132-3] Ho v

- Adopted [54128-4] Yos -

| Parents related [54135-9) Ho -

| — Bady height [8302-2] ]

| iight [22483-7] 70 multiple repeats

per person
recording

| Race [54134-2] 2106-3. White

Multiple levels of nesting- med
Proband can have many 1 [ e T R

—History of diseases [S4140-8] Diabstas - fyps 2 (adult. non-insuln-indspandsnt) =
dlagnoses Wlth dates AND many L—&ge range 31 onset of disease [54130-0) 30-39 -
. L_[EE) Diseases history panel [54137-5 .

relatives who also have many | istory of dnesses 541400 ——————

diagnoses and dates L— Age range at -}'15'. of d 'SEEE [541 3'2-2] OVERED -

L_[E)) Family member health history [54114-4]

Unknown/No anewar

| Relationship to patient [54138-7] a GRNDDAU. Granddaughter -
L Mame [34133-3 mary
| Gender [54123-5] Famaks il
|1 ving? [54139-1] Yau -

}_Z.‘la'.e of Birth [54124-3] 12420H1 190 = || {mmiddéryyy)

L cument age [54141-7] 3
L Twin [54121-8] Ho -

on

oIl - — MHo - d




m LS Nationat Uibrary of Mediciue % PHQ-9 quick depression assessment panel [44249-1] © l

- Date Done Time Done Where Done Comment
PHQ-9 Depression survey :
i} MMDON Y Y B Trpe a vams Salact ortype a vale || Typ= a valus
with score computed on the - e e
fly L Over the 135t 2 weeks, how oftan have you been
bothered by any of the following problems?
As an LHC-Form [44257-4] @
| Litthe interest or pleasure in doing things 7 [44250-4]

- 1. Bavaral days -
| Fesling down, depressed, or hopelessT [44235-3] © 2_Mora than half tha days -
| Troubde faling or staying asleep, or sleeping too

much 1. Several days -

[44258-0] &
| Feeling tired or having Etle energy [44254-1] © 1. Saveral days -
| Poor appetite or overeating [44231-7] @ 1. Bavaral days -
| Fesiing bad about yourself-or that you are 3 faillure or

hawe ket yourself or your familly down 1. Bavearal days -

[44258-2] &

| Troubde concentrating on things, such as reading the
newspaper of watching television 0.Hotat am -
[44252-5] &

| Mowing or speaking 5o slowly that other peogple could
hawve noticed. Or the cpposite-being so fidgety or
restless that you have been mowing arcund a ot 0_Hot at am
more than usua

[44253-3] ©

form adds up
the score for
the answers

given

| Thoughts that you would be better off dead, or of
hurting yourself in some way
[44280-3] &

—

- Saveraldays

| Patient health guestionnaire 9 ifem total score
[44281-8] ﬂ L)

L_ How difficult have these problems made it for you to
do your work, take care of things at heme, or gt .
falact one -

https://lhc-forms.Ihc.nim.nih.gov/ = e ess= v

] {scare)



https://lhc-forms.lhc.nlm.nih.gov/

m U.S. National Library of Medicine

Secret sauce : Code stored in one field can generate code answer
lists for succeeding fields- to be illustrated on the PHR form
Enter Lasix oral and get selection menu of available pill sizes

)

. -PAK (Pack) Q. Stopped + mixed Pack tal
. Beclomethasone (Nasal) 0, Active w 40 mcg/puff Metered dose spw 1 |
. LASEC (Oral Pill) a, Active --I |Se|ect one or type a value -r‘ Ty
— Allergies and Other Dangerous Reactions 27 40 mg Tab E
Mame 3 80mg Tab 4-ion
- - P
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Choices of combo
boxes, radio
buttons, check
boxes and grids
when appropriate

Braden scale skin assessment panel & 4

Cia= Dons Time Done
MBADDNYY : Typs & valua
Mame
— Sensory percepion Sraden Scale Qe B

— Moisture exposure Braden Scale @ ©) 43

— Physical Actwity Braden Scale @ ©) £

— Physical mobility Braden Scale @ © £

— Mutrifion Intake Pasiern Braden Scale @) (©) 43

— Fricion+Shear Braden Scale @ ©)

— Braden Scale Total Score ()

— Pressure ulosr nisk Braden Scale ﬂ E'

Ciomibe box ® Radio busions
{Display format: | In 8 columns .|

gear gives choice of
combo box or
buttons and the

i Constanmy Wery O OecasioCalgarsly
mioEst micdst miodst micist

i3 Bedfastw Charfasy Walks o Walks

occasionalifrequently

i CompleChtery @ Shghfyo Mo

mmchile  Emited mited mitason

i ery @ Probably Adequal: Excellani

PeCa nadequake

i Problen® Powenizh Mo

pcDesim  jppairsnt

problem

Typa a valus {score]

O ery O Hgh O Mederal Mid O No
high risk

gear clicked j
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Can enter multiple fields in one field (or as separate fields
illustrated with PHR)

— Medications assessed [51963-7]

| % Ampicillin| [ * coumarin

make multiple
setions in one
field. Remove them
by clicking on x

Search for or type values

— (Gene(s) assessed [48015-6]
| x CFTR|[ x AAGAB || x FDXACB1|

[Search for values
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Secret sauce: record for Id in one field generates defaults for others

Before

After

AT TS WGl al i '..'L"LIIIIH ﬂ}'ﬂl‘:lll |_L|.|"_ I.(_.(__-\_IJ H LEUUEE LN RN R ) b

— Discrete genetic variant [81252-9] £# |Search for or type a value a

— Transcript specification L

Gene studied Transcript RefSeq 1D DMA change ¢ HGYS Amino acid change DMA change type Amino acid change type
p.HGVS

Search for or type a va/ Q| Search for or type a val Q| Search for or type a va Q| Search for or type a va Q| Select one or type a valw| Select one or type a val w

— Genomic specification ¥

Genomic reference sequence Genomic DNA change Genomic ref allele Genomic allele start-end Genomic alt allele
(gHGVS)
Search for or type a value q|Type a value Type a value Type a value Type a value

— Discrete genetic variant [81252-9] ¥

— Transcript specification o2
Gene studied Transcript RefSeq ID DONA change ¢ HGVS Amino acid change OMNA change type Amino acid change type

p.HGA
p.Gly458Val aQ @ w| Select one or type a val»
— Genomic specification ¥

Genomic reference sequence Genomic DNA change Genomic ref allele Genomic allele start-end Genomic alt allele
(gHGVS)

NC_000007.13 Q| Type a value @ 1171888584117188858 T
= f“"“'-ﬁ' -
(& Torom

& NM_000492.3




m U.S. National Library of Medicine '

Responsive design-example from HL7 V2 genetics reporting form

Wide screen

— Full narrative report [51969-4]
— Variant ISCN [81291-7]
— Versions of Coding Systems [divider04t]

— Human reference sequence assembly [62374-4] -ﬂ'

L HGVS version [ID] [81303-0]

ALCRITY cimemime Thlhioms] TOT44 0 77

ST L WIS W LY T O Y Orue

Type a value

Type a value

1 NCBI35 1 NCBI36
) GRCh37 ) GRCh38
) OTHER:

Type a value

-

Skinny screen

— Variant ISCN [81291-7]
Type a value

L Versions of Coding Systems [divider(4t]

— Human reference sequence assembly [62374-4] £¥

. NCBI35 ) NCBI36
) GRCh37 . GRCh38
. OTHER:

— HGVS version [ID] [81303-0]

Type a value

MDY (& Tsroo
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Lots of options at the top of the LHC demo page to show different
features -won’t dwell on them

Load From File  Save To Fie Show FHIR SDC Questionnaire  Show FHIR SDC QuestionnaireResponze Show FHIR Diagnostic Report

Show HLT Message

# Display Question Code [ Show Help/Description [ Keyboard Navigation On Input Fields  Total # of Questions: 104

Master HL7 genetic variant reporting panel (2016-11-21, table version) [X2000-0] £

l-? Display question code IShow help/description IHide form controls
l-_' Display form’s option button # Display form's option panel IDisplay item’s option button
EL'JHide units JAllow multiple empty repeating JAllow HTML content in instructions
questions/sections
l-" Display form header questions # Display column headers ¥ Tree line style
Date Done MM/DDIYYYY =



was in previous Ruby on Rails applications (will demo)

Save To File Use "Label Above” Style Use "Label on Left” Style Show HLT Message

L Display Questicn Code

¥ Show Help/Description

() Keyboard Navigation On Input Fields Total # of Questions: 44

Personal Health Record £}

— Medical Conditions
Medical condition
. Chest pain
. Pneumonia - bronchial
. Hay fever (allergic rhinitis)

B |

Add another ‘Medical Conditions’

— Medications
Medication name Status
B zrak(pack Q| Stopped
- Beclomethasone (Masal) Q, Active

Add another 'Medications”

— Allergies and Other Dangerous Reactions

Mame

. Pollen

. Select one or type a value

Status Started Stopped Description/Comment
Q. Active - 04202016 E MM/DDYYYY E Sounds anginal. Worrse with exertion, but young and no family history
4 Inactive w 0372017 E 04/22/2016 E Treated wish Zpack on ambulatorybais
a4, Active w 03/20/2012 = | MM/DD/YYYY [ Every spring
Q| Select one or i+ MM/DD/YYYY E MM/DDYYYY E Type a value
Strength Instructions Started Stopped Why stopped Resupply
w mixed Pack take until gone 0372016 E 04/22/2016 E Finished the prescription | MM/DDYYYY
w» 40 mcg/puff Metered dose spw 1 puff twice day in season 032002012 E MM/DDYYYY E Select one or type a value | MM/DD/YYYY
Reaction Started Comment
w» Sneezing or stuffy nose » 0352017 E Worse when maple trees bloom
w| Select one or type a value | MM/DDYYYY E Type a value

Add another "Allergies and Other Dangerous Reactions’

[ [
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| alljr'h T[XRTEASFHLY =2netc 188t Fans] 1or vanants - JUTSUEL LN
OBX|1|CNE XX X1 2*Choose kind of mutations targeted*LN|1|C01*Simple vanants"LN~C02"Complex

HL7 message vatants L

OBX|2|CHE| X333 X-10"Choose region of interest specification®LN|1|C01*Specific targeted mutations"LN|

g enera te d fro m OBX|3|CWE|51967-8Genetic disease assessed"LN|1|C0010674*Cystic fibrosis™LN|
OBX|4|CMNE|48002-0"Genomic source class*LM|1|LABSE3-2"Gemiine*LN|
- OB¥|5|CMNE|48018-5"Gene(s) examined*LN|1|1884*CFTR LN|
com p I et| on Of OBX|6|CMNE|51968-5"Genetic analysis overall interpretation”LN|1|LABSTE-8"PositiveLN|

OBR|2|X00¢-8"Simple variants"LN|

gGHEtiCS fOl‘m =- ONn Iy OBX|1|CME[XX KX -5 ariant ID*LM|1.1] 44487435823 M|

OBX|2|STXO0-13% aniant name*LN|1.1|NM_000452 3{CFTR)c.1400T=C (p.LeudSTPm)|

tOp 2/3ds Showing OBR|3[XX00K1-1"ariant specifics™LN|

OBX|1|CNE[XCX-19"TypeLN|1.1.1|SNP*SNP*LN|

(H a nd Out) OBX|2|CME|48018-5"Gene LN|1.1.1|44487*CFTR LN|
OBX|3|CNE|48013-T"NM_RefSeq*LN|1.1.1|44487NM_000482.3°LN|
OBX|4|CME|41103-3*"DNA changeLM|1.1.1|44487"¢ 1400T=C LN|
OBX|5|CNE|48005-3"AA changeLN|1.1.1|44487"p LeudSTPro"LN|
OBX|B|STIXCOMK-1T*NC/NG_RefSeg*LN|1.1.1|NC_000007.13|
OBX|7|ST|5G547-8"Ref alleleLN|1.1.1|T]
OBX|8|ST]X0025" Allede loc*LN|1.1.1|117188525|
OBX|9|ST|59551-0"Ak allele™LN|1.1.1|C]|
OBX|3|CWE] X 1001-0"Cytogenetic location®LN|1.1|44487%7g31 2*LN|
OBX|4|CWE]X 1002-0"Possible associated phenotype*LN|1.1|C0010674*Cystic fibrosis™LN|
OBR| 4] XX X-3" Simple variants*LN|
OBX|1|CNE| XX X-5" aniant IDALN|2.1|44484*35830 LN|
OBX|2|ST]XX3004-13"anant name*LN|2.1|NM_000452 3{CFTR . 1684G=4, (p.\al552lle)|
OBR|5[33XX1-1"anant specifics"LN|
OBX|1|CNE[ X0 X-19"TypeLN|2.1.1|SNP*SNP*LN|
OBX|2|CMNE|48018-5"Gene LN|2.1.1|44484 CFTR LN|
OBX|3|CNE|48013-T"NM_RefSeq*LN|2.1.1|44454*NM_000482.3°LN|
OBX|4|CME|41103-3*"DMA change”LM|2.1.1|44484%c 1684G=A_N|
OBX|5|CNE|48005-3"AA change”LN|2.1.1|44484%p \alsE2 e LN|

PRSI I T IS ATTAR L™ IR L Pl & e e A1 R oA AR FFLErELETT A .l
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LHC form producing Diagnostic report JSON and or questionnaire
response For delivery to FHIR server (Handout)
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Form Builder
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Detailed attributes about the current question.
Inthis case, the first one in the heirarchy. Can
edit cardinality, skip logic, validation checks
etc

list af all of the form
guestions at the start and
their hierarchy

Full live form for what has been created so far
Will look just like it would look in real use. This space
can also show the JSON output that underlie the
form

User can add questions
or remove levels and re-
order questions within a
level

Text @ Vital signs, weight, height, h Name Value Units
¥ 1 Vital signs, weig_.. | . i :
Aot Coding System @ LOINC Vital signs, weight, height,

1.1 Sa02 % BIdC Oximetry [ - head circumference,

1.2 Weight Measured -] Code @ 147287 oximetry, BMI, & BSA panel

1.3 Head Circumf OFG .. [ = | Local code @) Type a value ©

i S5a02 % BIdC Oximet Type a number %5
e BL =L 2 Question instructions 9 This panel was created to co ) Y .
1.5 Bdy height lying e » Weight Measured Type a value
= Repeat this item? @) Select one
1.6 Body temperature — . y Head Circumf OFC by - .
1.7 BP dias -] .lf-\dd ionmtmnal show/hide \ . Tape measure Yi
ogic” o

HUEREE n 9 Bdy height Type a value

1.9 Heart rate [ - | o -
Bdy height lying Type a number Select c

1.10 Resp rate [ -

111 BSA Derived B2 Body temperature Type a value

1.12 BMI [ - BP dias Type a number mm[Ha]
BP sys Type a number mm[Hg]
Heart rate Type a number {beats}mi
Resp rate Type a number {breaths}h

M) (& Tsagor
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Repeat this item? @

H| C||Cked on one Editable @) Editable |
Clicked on ¢ e e
: : B3 1 Vital signs, weig. . [+ - IS Type Decimal
diastolic 1.1 Sa02 % BIAC Oximetry [ =] . F: ? _ R
D ShOWS 1.2 Weight Measured [ - | efaut answer @ —
ContrOIS for 1.3 Head Qircumf OFC ... = Units @ . ——
. 1.4 Bdy height = >elect one or more or ty
managlng 1.5 Bdy height lying = Faormula o
Ca rd|nal|ty 1.6 Body temperature = Add Restrictions @) No
O Input required ppve - et
D Data type 1.9 Heart rate - | ©
Sl e n Criteria to show this item
1 Default value 1.11 BSA Derived = ©
1.12 BMI = Show this item when B
D FOrm U Iae 9 Any condition is true
d ShOW/Hlde €ED condition @
rUIeS (Sklp iiﬁ;t Source
logic) ©

: :
i — i — i f:”_:t_% Ir*
{ ‘{( “USA.gov
D) (£ Usag




The FHIR connection
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What is working

1 Using Smart on FHIR
Can pull up form service,

\/
0’0

®)

®)

®)

Pick a patient from the sample patient registry file
Pick a form
Enter data

Store it in the Diagnostic report resource - using related observations as
needed to implement that hierarchical — and repeating group structure

Retrieve if and view it - back in the form
Provides an ecosystem for LHC forms and LOINC panels

Questionnaire response is other option — But most panel/survey kind of data
will have to be converted to a diagnostic study to be usefully absorbed in an
EMR

MY (& Tssoo
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- App Gallery "

You are here: Home ' LHC-Forms on FHIR

LHC-Forms on FHIR

[ -Forms

e Author Lister Hill National Center for Biomedical Communications (LHNCBC)

SMART on FHIR Demo with LOINC Panels/Forms

e === Website https://iforms-demo.nim.nih.gov
[ = = Last Update Monday, October 17, 2016
Try It

App Description Related Apps
LHC-Forms (a.k.a. LFormﬁ) isa Iig.h1-v.veight, fea.ture-rich,.open-sourctle widget that creates input Other apps by Lister Hill National
forms for Web-based medical applications or to integrate into electronic health records (EHRS), Center for Biomedical
personal health records (PHRs), and mobile health apps.

Communications (LHNCBC)

No other items found
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2 Select Sample Patient

Q Search Patients

1 patient selected

Name

Brittany Ackerman
Daniel X. Adams
Deborah Adams
Emilie Adams
Aaron Alexis

Carol G. Allen
Beryl Bachmann
Paulene Bachmann

Magda Bachmann

Trudy Belson

Family Name [=
Ackerman

Adams

Adams

Adams

Alexis

Allen

Bachmann
Bachmann
Bachmann

Belson

Patients 1 to 10 of 176

Born

1942-11-09

1925-12-23

1948-01-09

1935-09-22

1989-10-26

1963-12-26

1974-02-13

1985-02-02

1937-02-15

1945-08-30

Cancel

;f:f}_ “USA.gov

)
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S,

peses | LHC-Forms

WU

SMART on FHIR Demo with LOINC Panels/Forms

Name: Deborah Adams Gender: female DoB: 1948-01-09 ID: hca-pat-18

Featured LOINC Panels/Forms
v Please select a LOINC Panel/Form from left

side.

US Surgeon General family
health portrait

Vital signs panel
Short blood count panel

HL7 Genetic Varnant
Reporting Panel

HL7 Genetic Variant

Reporting Panel (table
version)

Saved Diagnostic Reports  »

Search LOINC Panels/Forms
>

)
Copyright | Privacy | Accessibility | Freedom of Information Act | USA.gov

Faan’ -
U.S. National Library of Medicine | U.S. National Institutes of Health | U.S. Department of Health and Human Services i\:?_?_ ﬂSA.gm



URLS for exploring
(Ye Wang, Paul Lynch, Ajay Kanduru, Lee Mericle, Clem McDonald)

LHC-Forms

< Project page: https://Ihncbc.nlm.nih.gov/project/Iforms
< Software download and documentation: https://aithub.com/lhncbc/Iforms
% Demo site: https://Ihc-forms.lhc.nlm.nih.gov/

Lister Hill Table Connector (aka Autocompleter)

< https://clin-table-search.lhc.nlm.nih.gov/

< http://lhncbc.github.io/autocomplete-Ihc

< https://qgithub.com/Ihncbc/autocomplete-lhc

Form Builder

< https://Ihc-formbuilder.lhc.nlm.nih.gov/Iforms/demo
Units of measure (UCUM) validator and converter
< http://lhncbc.github.io/ucum-Ihc/

MDY (& Tsroo


https://lhncbc.nlm.nih.gov/project/lforms
https://github.com/lhncbc/lforms
https://lhc-forms.lhc.nlm.nih.gov/
https://clin-table-search.lhc.nlm.nih.gov/
http://lhncbc.github.io/autocomplete-lhc
https://github.com/lhncbc/autocomplete-lhc
https://lhc-formbuilder.lhc.nlm.nih.gov/lforms/demo
http://lhncbc.github.io/ucum-lhc/

URLS for exploring - cont.
(Ye Wang, Paul Lynch, Ajay Kanduru, Lee Mericle, Clem McDonald)

JSON & Screenshot of genetic form (use Chrome)

% Screenshot: http://lhncbc.github.io/lforms/samples/genetic-
panel/screenshot.png

» - Form as FHIR Questionnaire:
http://Ihncbc.github.io/lforms/samples/genetic-panel/fhir-questionnaire.json

» - Form response as FHIR QuestionnaireResponse:
http://Ihncbc.github.io/lforms/samples/genetic-panel/fhir-questionnaire-
response.json

< - Form response as FHIR DiagnosticReport:
http://Ihncbc.github.io/lforms/samples/genetic-panel/fhir-diagnostic-
report.json

< - LHC-Forms format (with user data):
http://Ihncbc.github.io/lforms/samples/genetic-panel/lforms-data.json

MDY (& Tsroo


http://lhncbc.github.io/lforms/samples/genetic-panel/screenshot.png
http://lhncbc.github.io/lforms/samples/genetic-panel/fhir-questionnaire.json
http://lhncbc.github.io/lforms/samples/genetic-panel/fhir-questionnaire-response.json
http://lhncbc.github.io/lforms/samples/genetic-panel/fhir-diagnostic-report.json
http://lhncbc.github.io/lforms/samples/genetic-panel/lforms-data.json

