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O
verview

  
• 

E
m

ploym
ent of graph database technology for 

S
N

O
M

E
D

 C
T in context of clinical use 

 
• 

Initial experim
ents and results 

 
• 

C
urrent U

se 
 

• 
Future w

ork 



Initial U
se C

ase – circa 2015 
• 

Instantiate a data base w
ith num

erous, real-tim
e post-

coordinated expressions of surgical pathology findings. 
 

• 
R

elational database designs resulted in H
U

G
E

 join tables 
– 

S
uggested a use case for a triple-store database (R

D
F?) 

 
– 

Investigation of N
oS

Q
L options suggested graphD

B
’s 

 
• 

G
raph databases: 
– 

C
lass of N

oS
Q

L 
– 

E
m

phasize connectedness of data vs. row
s/colum

ns of data 
– 

O
pen w

orld vs. closed w
orld 

• 
Flexible 

• 
Transactionally A

C
ID

 properties 
– 

S
N

O
M

E
D

 C
T is a directed, acyclic graph 

 
• 

U
sed N

eo4j (S
an M

ateo, C
A

), open sourced, java based 



A
pproach 

• 
G

raphs consist of N
odes and R

elationships (edges) that connect 
N

odes 
– 

N
odes and E

dges can have properties (“P
roperty G

raph”) 
 

• 
U

sed S
napshot, R

F2 release of S
N

O
M

E
D

 C
T International release 

(classified version) 
 

• 
A

ll S
N

O
M

E
D

 C
T concepts represented as nodes 

– 
A

ll R
F2 m

etadata represented as properties of nodes 
– 

A
ctive, m

odule ID
, definition status ID

, effective tim
e 

 
• 

A
ll S

N
O

M
E

D
 C

T attributes represented as edges 
– 

R
F2 M

etadata as properties 
 

• 
A

ll nam
es set as nodes w

ith relationship to S
N

O
M

E
D

 C
T 

expression node 
 

• 
R

esult: A graph database w
ith 100%

 of S
N

O
M

E
D

 C
T content 

 
• 

Fast! – Transitive C
losure C

alculation tim
e < 60 sec on laptop 



Exam
ple: Pneum

onia 



A
dd Patient D

ata 
• 

Im
port patient records from

 de-identified clinical data w
arehouse 

 
• 

A
pproxim

ately 465,000 patients 
 

• 
Im

port patient problem
 lists (A

ll S
N

O
M

E
D

 C
T encoded) 

– 
U

p to 20 years of data 
– 

2,770,000 diagnoses in total 
– 

P
roperties:  
• 

D
ate of diagnosis (start and end dates) 

• 
A

ctive, inactive or deleted status 
 

• 
R

esult 
– 

P
atient identification by S

N
O

M
E

D
 C

T codes/subsum
ption 

sam
e as R

D
B

M
S

 based clinical data w
arehouse. 

– 
Q

ueries w
ere fast!  D

esktop on par w
ith enterprise class server. 

– 
U

nintended finding: Q
ueries of negation, disjunction, depth 

 



Exam
ple: Find all patients w

ith Pneum
onia due to 

som
e influenza virus or som

e parainfluenza virus 

3
2
	p
a
&
e
n
ts
,	2
.2
	s
e
c
	



Q
ueries of undefined depth 

• Find all patients w
ith positive B

R
C

A
1 or 

B
R

C
A

2 gene m
utation w

ho have an 
ovarian cancer diagnosis. 

• R
eturn all shared diagnoses. 



H
ow

 about H
istoricity? 

• G
raph database calculation of transitive closure 

table – FA
S

T 
 • 

C
an the database produce TC

 tables for 
m

ultiple years A
N

D
 a D

elta TC
 table betw

een 
and tw

o release dates? 
 

• 
B

eneficial for S
N

O
M

E
D

 C
T sites to assess of 

effects of term
inology updates on 

im
plem

entations 
 



R
esult 

• 
Follow

ing m
ethods used previously for a single release 

 
• 

A
dded property to m

aintain historical representations 
of S

N
O

M
E

D
 C

T concepts and relationships 
 

• 
Instantiated graph D

B
 w

ith classified, full R
F2 release  

– 6 G
B

, ~425K
 concepts and ~6.9M

 relationships 
 

• 
TC

 calculations created using the graph m
odel by year 

m
atch TC

 tables created for any single release year. 
 

• 
C

reation of delta TC
 table betw

een any tw
o years < 4 

m
in – TC

 table year 1 < 30 sec 
– TC

 table year 2 < 30 sec 
– D

elta TC
 table calculation and w

rite to file – 2.5 
m

in 
 



W
hat about patient data?  

• 
A

dded sam
e patient data used in S

napshot graph D
B

 
• 

465,000 patients 
• 

~2.77 m
illion associated problem

s/clinical findings 
(20140901 U

S
 extension) 

• 
G

raphD
B

 build on 20150901 U
S

 extension) 
 

• 
Q

ueried all S
N

O
M

E
D

 C
T expressions w

ith existing 
relationship to any patient A

N
D

 A
ctive status = ‘0’ (Inactive 

concept) 
• 

R
eturn – 79 inactive concepts 

• 
A

ffected – 6134 distinct patients 
• 

A
ll concept changes due to changes in 20150131 

International release 
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W
hat w

e learned 
• 

Inform
ation m

odel and design places sem
antic term

inology/
concept m

odel at core of database 
 

• 
P

atient data is built upon the sem
antics initially vs. term

inology 
as an afterthought 
 

• 
Q

ueries start w
ith the full sem

antic m
odel (S

N
O

M
E

D
 C

T) 
• 

R
eal-tim

e subsum
ption queries w

ithout logical abstraction 
(transitive closure) 

• 
S

em
antic queries using defining attribute edges vs. IS

A
-only 

at run tim
e 

 
• 

P
ersistent and query-able representation of data over tim

e in 
B

O
TH

 current and past S
N

O
M

E
D

 C
T representations 

 
 



C
urrent U

se C
ase 

(N
ebraska C

A
R

ES) 
Ø
 D

eploy graph m
odel w

ith S
N

O
M

E
D

 
sem

antic core  
– C

ancer registry integrated into 
operational ecosystem

 
– B

iorepository and inventory 
m

anagem
ent 

 
Ø
 E

xpose to general users for de-identified 
exploration of tissue availability by 
characteristics 



Inform
ation m

odeling 
Ø
 N

odes used for S
N

O
M

E
D

 C
T concepts 

Ø
 E

dges used for S
N

O
M

E
D

 C
T attributes 

and relationships 
Ø
 N

odes used for: 
– P

atients, C
ases, Tissue S

pecim
ens, 

synoptic cancer reporting values, 
sequence results 

– E
dges for all type of relationships 

Ø
 S

parseness of data (i.e. norm
al form

) 



ER
 D

iagram
 



D
ata flow
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Q
uery Sam

ple 
Ø
 A

ll patients w
ith C

olorectal C
ancer 

 
Ø
 H

istology type of M
ucinous carcinom

a 
 

Ø
 A

ll N
G

S
 results in 50 gene panel 

– Those that are in com
m

on 
– Those that are different 



Visual R
esult 



Long term
 objectives  

• 
G

oal: create entire clinical data w
arehouse using the graph 

m
odel 

 
• 

C
om

pare perform
ance to existing R

D
B

M
S

 m
odels 

 
• 

D
esired benefits 

• 
Q

ueries of undefined depth (tractable)? 
• 

P
attern identification 
• H

ealth and disease are patterns 
• N

ew
 relationship identification – correlation/causation 



C
hallenges and Learnings 

Ø
 Inform

ation m
odeling  

– This is not your parents’ R
D

B
M

S
 

– R
equires changes to m

odeling 
• S

parseness of data 
• E

dges are key 
Ø
 It’s in the Java 
– N

eo4J (i.e., N
eo for Java) 

– P
lug-ins access graph algorithm

s not 
directly available in C

ypher 
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