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EFFECTIVE AND EFFICIENT USE OF NCBI/PUBMED

- TOOLS TO HELP YOU DO WHAT YOU NEED TO DO -

Virginia Association of
Nurse Ancsthetists

With over 176,000 published peer-reviewed articles related to anesthesia of the 27 million in total,
the U.S. National Library of Medicine’s PubMed Database is one of the most heavily used resources in
clinical settings. The NCBI Account system was designed with various tools to work with PubMed and
other NCBI Databases to support each user’s specific needs. This presentation will provide specific tips
and tricks for use of tools designed to help you use this resource at the point-of-care to enhance your
clinical practice and in education/training of future healthcare practitioners.

At the completion of this activity, you should be able to:

* Quickly and efficiently access relevant published information to support optimal anesthesia care
and aid in education/training of future healthcare practitioners.

* Create search strategies and set up automated Emails to learn of the availability of new PubMed

records, set custom filter and display settings, and create folders for quick and easy access to
collected information.

Sunday, October 14, 2018
WHAT DOES GENETICS/GENOMICS HAVE TO DO WITH THE PRACTICE OF ANESTHESIA?

Using information gleaned from a person’s genome can assist clinicians in customizing their patient’s
case management which may increase the likelihood of a positive outcome. This talk will provide
background and examples of how genomic medicine is being implemented in the clinic and will
demonstrate how you can use free, online resources to assist your own clinical practice.

At the completion of this activity, you should be able to:
* Discuss the utilization of genomic medicine in clinical practice;
* Utilize genomic information in anesthetic management with the goal of improved patient outcome.

MATERIALS FOR YOU! http://bit.ly/NCBI_VANA2018

https://ftp.ncbi.nlm.nih.gov/pub/morris/VANA2018/
PubMed Tools presentation (.pdf) | NCBI Account Guidebook (.pdf)
Genetics & Anesthesia Practice presentation (.pdf)

Presenter: Rana Morris, PhD - an NCBI Customer Experience team member and Team Lead for Educational
Programs (Courses/Workshops, Webinars, Educational Materials). Since 2002, she has provided
user support and training, as well as working with supervisors and development teams to improve
NCBI resources based on user-centered design principles. Her doctoral, post-doctoral and research
fellowship work integrated disciplines of computational and experimental biochemistry, molecular
and cellular biology and genetics, and has included diagnostic development, drug design and
coordination of genetics/genomics components of clinical trials.




What does Genetics/Genomics
have to do with the Practice of Anesthesia?

Rana C. Morris, Ph.D. http://bit.ly/NCBI_VANA2018
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ABSTRACT AND GOALS

Using information gleaned from a person’s genome can assist clinicians in
customizing their patient’s case management which may increase the

likelihood of a positive outcome. This talk will provide background and examples
of how genomic medicine is and may soon be implemented in the clinic and

will demonstrate how you can use free, online resources to assist your own
clinical practice.

At the completion of this activity, the participant will be able to:
* Discuss the utilization of genomic medicine in clinical practice

* Understand the relevance of genomic information for anesthetic management
with the goal of improved patient outcomes
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Wait! What?

Personal Genetics/Genomics fever has taken over....

d

GENOGRAPHIC

Geno 2.0 Next Generation Genographic Helix DNA Ancestry Kit,
US. Delivery

A AAARREARL
,« KAARAAAAAA

Wide-spread application of genetic/genomic information
started out with human migration & ancestry,

SUBSCRIBE  SIGNIN >

FAMILY TREES  SEARCH ‘ DLULY ‘ HELP  EXTRAS

<PHlancestry
Discover the family story _m

your DNA can tell.

Uncover your ethnic mix, discover distant relatives, and find new details
about your unique family history with a simple DNA test.

ONLY $99




and from there, family history & phenotypes,

ANIMAL DA TESTING

ndMe

OURSERVICES ¥ HOW IT WORKS v

Gru ordered his kit.

Discover his results

Everyone has a DNA story.

What is your story?

SIGN IN REGISTERKIT  HELP

DD
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STORIES sSHOP Qg

for Purebred Dogs

Search for DNA tests by your
dog's breed. In 3 simple steps you
can find & order all of the tests
avaiiable for your purebrad dog,

o

cheid OH 43014 USA 1800

Contact

About

This tes
of pedigre
definitve

in your dog's
Dog DNA

Details

dags that are These tes

d diseases 1o carrier

enhance breed improve

programs

| Avallable Test

what type of diet
you should eat,

eseoHelix

Lactose tolerance

Throwghout much of hurnan history, humans anly needed
milk as babies, when they were breastfeading from their
migthers. Therefore, the gene responsible for digesting the
lactese in the milk turhed off in late childhaea. Learn if you
hawa the wariant 3ssociated with being uhable to digest
lactese in adultheod.

Gluten tolerance

our gluten tolerance is wour ability to digest gluten, which
is actually a protein. Pacple sehsitive to gluten may
axfatiance hagative effects aftet consuming food that
cohtaing gluten, Find out about how your genetics may
influence your gluten talerance.

Blood glucase

Blocd glucsse is mone than just the kevel of glucose in yiour
blocd—it is affected by the foods you eat, when you eat
therm, and how your body responds. Learn about the role of
genetics it your body's response o glucese.

Vitamin B12

B vitamins are an important part of a balanced diet. Learn
rrare about the role witamin B12 plays in brain and blocd
health and haw genetics nay affect these rales

DMA insights

WWith embodyDIbA by Lose I8 vou'll learn about the genes that play a rale in your
diet and exercise habits.

Shop How it works Register kit Account

Low fat diets

Sofre individuals on a low fat diet lost more weight than
those on 3 high fatdiet. Learn if cutting out fat might help
vob lose more weight.

Saturated fat

A healthy diet includes moderation in everything. BEut, for
sofre people with a specific genetic variant, paying
attentich to the amaunt of saturated fat in their diet can
make 3 big difference in vezight loss, Learn if you'd banefit
fram restricting the amaunt of saturated fatin your diet,

Sugary beverages

Sormeche’s DA can indicate they have a predis position to
gain mere veeight if they drink sugar-swaetaned beverages
like sweetened coffee, juices. and scdas. Learn from your
genetics it sugary beverages may have more of an effecton
wabk wezight thak athers

Witamin Bo

Witarnin BB is involued in your digestive and immune
systems. Learn more about the role genetics plays in
affecting the level of vitamin BE your bedy is metabalizing.




what sport/position you should play,

000 =
Let's talk about you. Mm@

Our groundbreaking DNA test will change the way you think about fitness and nutrition forever

ﬁ DNAFit

DNA extraction

Our home-based buccalswab kit s the Sequencing
right way for you to send your DNA to
o Ouv;atbsdam C:\A-camﬂcdmm‘!‘ chP- ! Soccer Genes -
accredited in order to process all buccal
samples. SNP

The analyzed genes are those that have
direct relation with the skills required of
a soccer player needs,

Welcome to your specific
player DNA

Unique Genetic Soccer Report

seeeo ENDURANCE STRENGTH
TR K OF INURY NuTRITON

TRAINING GUIDE

No payments +no i
fullin & months

Wh at Wi n e 'E‘ wowe | stome v wbs eokieris o
you should buy.... — -
g

VINOME

)

Take the guesswork out of buying wine. We analyze your DNA and taste preferences,

then match you with hard-to-find wines selected for your unique palate. Shop for your
bottles in our online store, or join our wine club. Either way, we deliver to your

doorstep.

Vino + Genome = Vinome

SIGN UP




But seriously, foIks....

Using Genetic/Genomics to assist in

High-Definition Diagnosis &

Precision Treatment Selection

The NIH Genetic Testing
Registry (GTR)
www.ncbi.nlm.nih.gov/qgtr

Clinician-orderable
genetic tests.....

Disease/condition-related &
some pharmacogenomic tests
* single-gene tests

* multi-gene panels

Methods:

* Targeted variants

* Exome sequencing
* Gene sequencing

does not include
direct-to-consumer products.
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2 NCBI Resources ™ How To &)

GTR: GENETIC TESTING REGISTRY

AIGTR | Textz | ConditionsiPhenctypes | Genes

Labs || GeneReviews

Search Al GTR

Search all 55281 tests, 11259 conditions, 16448 ganes, and 506 (abs

IMPGRIANT NOTE: Nit does not

oo GIR Tutorals.

R it

misieading. NIH makes

GTR s ationts

questions about a genetic test shouid contact a health care provider of a genelics professional

Coneise reviews bout genetic variation 3nd
drug responses. accessible at the point of care:

Peer reviewed
Updaced regularly
Freely available

—\) Medical Standardized format ’ y
—7 GenetiCS  Thorapoutic Recommendutions excerpiad ¥
;‘ Summaries from FDA, CPIC, & other authoritative sources

Varine transhtion - str alelss, HOVS, ste.

About GTR®

The Ganatic Testing Registy (GTR®) provides a centrallocation for voluntary

PUTpOSE, MEthOGIogy. VEidity, £W0eNce of e 1esl's uselulness, and laboratory
contacts and credentials. The overarching goal of the GTR s 1o advance the pubic
ealth and 18sea1ch inio e genetc basis of healh and dsease

- Howlouss GIR » Erequo

Worldwide Lab Participation in GTR

Find GTR Content

BRCAVBRCA2 pancls

Genome testing s
Cancerisomate tests

| CGHitests

Phamacogeneics

ALGIR dala
GTR Data
, n
- . T




THE EVOLUTION OF CLINICAL PRACTICE
The Art of Medicine

The Science of Medicine

Evidence-based Clinical Practice
“‘Evidence-based medicine is the integration of best research
evidence with clinical expertise and patient values.”
“Personalized” Medicine
[AMA — all patient-care should be ‘personalized’]

Precision (including Genomic) Medicine
“An emerging approach for disease diagnosis treatment and
prevention that takes into account individual variability in P
genes, environment, and lifestyle for each person.” 3 ?’/
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AND NOW....HIGH-DEFINITION MEDICINE?

Establish an Individual’s Baseline of Health
Create a Personalized “Prevention” Strategy

Perform High-Definition Diagnosis & Select High-Precision Treatment

Personal Baseline
baseline deviations

High definition _®_'
pravention ———
technologies Prevention

. g ﬁg _- IIJ‘L _b ﬁ::ﬁm?ﬁks ._b TI""'I" e / : 'I' @ é %ﬁ: __, Precisien
’ Al B o
k| (o] ||

E § "!!* therapy
b
W o

Deep disease
characterization

A

“High-Definition Medicine.” Torkamani A, Andersen KG, Steinhubl SR, and EJ Topol.
Cell. 24 August 2017 170(5), 828-843.
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ADDING GENETICS/GENOMICS TO THE CLINICAL TooL KiT
Clinical Research & Case Management Protocols

Undlagnosed Solving medical mysteries through team science THE PREC|SIUN MED|C|NE lNITlATIVE

Diseases Network

®ocooo

All--Us -

THE FUTURE OF HEALTH BEGINS WITH YOU nitiative

7N\
CANCER MOONSHOT
L
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GENETIC TESTING FOR DIAGNOSIS & TARGETED THERAPY

Acute Myeloid Leukemia (AML) Chronic Myelogenous Leukemia (CML)
M2 subtype (a.k.a. “with maturation”) t(9;22)(q34;q11.2)
t(6;9)(p23;934) 6 9 22

222
“XTrn

DEK )
DEK-NUP214 Philadelphia
chromosome
¥ .2 BCR * }
BCR-ABL1
%
| .
" , -
| - ABL1 i u
{ ! NUP214 ’
y ) v
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PHARMACOGENETICS TESTING - DOSAGE PREDICTION:
MAXIMIZING EFFECTIVENESS & MINIMIZING ADVERSE EVENTS

Dosing for warfarin/Coumadin lndusi'noan Bf,s',’,',‘,grmgg?%ﬁ?n"m'cs

can be complicated.... WARFARINDOSING

Required Patient Information
Sex: [-Select- ¥|  Ethnicity: |-Select-

Example: 9
Young, african american,
thin, smoking male s T
>high dose....120 mg B s e

_
Older, caucasian, frme—— ]
slightly heavy female o Eces C
»>low dose....2 mg e
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HoT ToPICS FOR ANESTHESIA PROVIDERS
ANESTHESIA CASE MANAGEMENT

Knowing about potential drug sensitivities and the potential for adverse events
- ahead of time - can prompt the use of alternate protocols ....
-> enabling better patient experience & outcomes!
For example:
* Now: Malignant Hyperthermia Susceptibility (MHS) — “disorder” /”trait”

various blood clotting disorders (ex: Hemophilia, F5 Leiden) — “disorders”
and impact of therapies (ex: warfarin/Coumadin & clopidogrel/Plavix) — “PGx”

+ Now-ish & Upcoming: Post-Operative Nausea & Vomiting (PONV/CINV) £
— “trait” & drug impact “PGx” (ex: ondansetron/Zofran)

* Soon: Congenital pain sensitivity — “disorder” X
Effectiveness of Pain medication — “PGx” %1
Propofol dose-response variability/Propofol Infusion Syndrome (PRIS) — “trait” & “PGx

* Not really soon: Addiction — “trait”

m U.S. National Library of Medicine
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RECOMMENDATIONS FOR DISORDER GENETIC TESTING
GENETIC VARIANT ASSERTION, EVIDENCE & ACTIONABILITY

CinGen & ACMG

B i divea =3

ClinGen e

] T— L
- -

sthors & Refersss | About the joumal

-4 Home | Cunent fssus | = | Podcasts | For
Clinical Actionability

Clinical Actionability  The Process  Educational and Tralning Materials  Interface  Results

Table 1: ACMG SF v2.0 genes and associated phenotypes recommended for
return of secondary findings in clinical sequencing

Disorder cus sted Pbc\if C‘rm Outcome! Intervention Pair Severity Likelihood  [ffectivencss  Nature of Total Total

Symbol pro . . .

e Table 1: ACMG SF v2.0 genes and P VP for return of gs in clinical
PMID Gene
SusceptbiiayTo, 1 i tiggening anestetcs ! * * ? e e e Revews. Typkelags My . Ve
o 10820 Phenotype disorder entry ofonset  Gene gene  Inheritance’ to report”
Report Malignant hyperthermia susceptibilty 145600 20301325 Chilvadult  RYRT 180801 AD kP
CACNAIS 114208

CACHALS 2 0 el 3 1008 008

SusceptbiltyTo, 5 tiggering anestetics

B Regort

https://www.clinicalgenome.org/ http://www.acmg.net

U.S. National Library of Medicine

National Center for Biotechnology Information

Disease name and MIM number Gene via GTR

ACMG RECOMMENDATIONS e

Disease name and Mib number Gene via GTR . Loeys-Dietz syndrome type 28 (1
MM 613795)

. Loeys-Dietz syndrome type 3

100)

G (MIM 611731)

clinVar ClinVar v [[5e Adenomatous polyposis cob {
Aqy Aortic aneurysm, familial thoracic

Long O syndrome 1 (MIM 18

(MM 152427)
A (MIM 600163)

Aortic aneurysm, famiiat thoracic 6
Home | About ¥ | Access ¥ | Help ¥ TMEMA3 (MIM 612048)
DSP (MIM 125647)
PKPZ (MIM 602861) Lynch syndrome (Milk
(MIM 12567 1)
:2 (MIM 125645)
1 (MIM 113705}
Breast-ovarian cancer, familial 2 ( 5 GAZ (MIM 600185)
:r::vrgna\ published recommendation (EUbMEd 237 g iy o o 1 (1 N 00UTE) L —
22 (MIM 180902) Marfan's syndrome ()

night ventricular

right ventricular

ACMG Recommendations for Reporting ¢ right ventricutar
ight

right ventricular

The American College of Medical Genetics and Geno

The most recent version recommendation is ACMG S

Broast-ovarian cancer, famial 1 (
‘was removed.

Malignant hyperthermia (i

S (MIM 114208)
MIM 134797)
(MIM 190181)

ventricutar

Dilated cardiomyopathy 1A (MIM 115200) A (MIM 150330) Muitiple endocrine neoplasia, type 1 (i
Ditated cardiomyopathy 1A () C

C3 (MIM 600958) Maultiple endocrine necplasia, type 2a (,
A1 (MIM 120180)
GLA (MIM 300844)
APOB (MIM 107730)

RET (MIM 164761)

Enlers-Danlos syndrome, type 4

Multiple endocrine neopiasia, type 20 (i
Fabry's disease -

MYH-associated polyposis 56) MUTYH (MIM 604933)
2 (MIM 607379)

QTG (MIM 300461)
MIM 602690)

2 (MIM 613019)

Familal hypercholesterolemia (MM Neurofibromalosis, type 2 (

Omithine

Familial hypertrophic cardiomyopathy 1 (

Paragangiiomas 1
Familal hypertrophic cardiomyopathy 3
Paragangiiomas 2
Familal hypertrophic cardiamyopathy 4 (MIM 1
Paragangliomas 3 (MM
Familial hypertrophic cardiomyopathy 6 (1
Paragangliomas 4 (,

Famial hypertrophic cardiomyopathy 7
Famikal hypertrophic cardiomyopathy 8 Peutz-Jeghers syndrome (

Familal hypertrophic cardiomyopathy 10 (MIM

Pilomatrixoma (A1l
PTEN hamartoma tumor syndrome (X

Familial hypertrophic cardiomyopathy 11 (MIM

BET (MIM 164761) Retinoblastoma
BCSKS (MIM 607786) Tuberous scierosis 1

Familial medullary thyroid carcinoma (
1 (MIM 605284)

2 (MIM 191092)
IM 608537)
T1(MIM 607102)
(MIM 608882)

Hypercholesteroiemia, autosomal dominant. 3 (A
1A (MIM 601299) Tuberous scierosis 2 (k

Juvenile polyposis syndrome. (b

4 (MIM 600953) Von Hippel-Lindau syndrome (MiM 1933

Juvenile polyposis syndrome.
Lef ventricular noncompaction 6

T2 (MIM 191045) Wilms' tumor (MM 1

TIPS (MIM 191170) Wison disease (Al

U-Fraumeni syndrome 1 (1

m U.S. National Library of Medicine
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WHAT TO TAKE INTO CONSIDERATION FOR ALL GENETIC TESTS...

Pros

* Genetic tests are decreasing in cost & not particularly invasive.
* A well-known genetic lesion can sometimes help in diagnosis

and/or drnia /tharanv calactinn

PERHAPS MOST IMPORTANTLY FOR YOU....
* What is the standard-of-care in your Hospital or Healthcare system?
* |s there a Clinical Geneticist or Genetic Counselor available to assist?
* We are early in our understanding of genes, gene variants and disease.
* Failure to detect a pathogenic variant does not rule out the diagnosis.
* Prediction isn’t guaranteed just yet - not all pathogenic variants cause

the same symptoms in every patient (penetrance, severity, multi-genic &
environmental influences).

* Lack of coverage by some insurance companies...

m U.S. National Library of Medicine

National Center for Biotechnology Information

EXAMPLE OF A “RELATIVELY SIMPLE” SYSTEM:
MALIGNANT HYPERTHERMIA SUSCEPTIBTILITY

tubule
“LARGELY MONOGENIC”
but exhibits “INCOMPLETE PENETRANCE”

Longitudinal SR

. .
-
.
.

TELEIEIEIEIRERtNNt

RYR1 - Ryanodine Receptor type 1 gene

CACNAL1S - Dihydropyridine Receptor gene a.k.a.

L-type Calcium voltage-gated channel subunit alphalS
(blue blobs)

WOORNBEEIONOROIIEDS 1eie

Figure 2A. Membrane contact sites within the ER/SR.
“Calcium Dynamics Mediated by the Endoplasmic/Sarcoplasmic Reticulum and Related Diseases”
Reddish FN, Miller CL, Gorkhali R, Yang JJ. Int J Mol Sci. 2017 May; 18(5): 1024.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454937/

m U.S. National Library of Medicine
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MALIGNANT HYPERTHERMIA SUSCEPTIBILITY VARIATIONS

KNOWN & UNKNOWN Repository of
e Clinical Assertions for
ClinVar |CIinVar he I :i("malignant hyperthermia"[Disease/Phenotype]) AND ryri[gene name] Human Genetic Variants:
Create alert  Advanced °
Home About ¥ | Access ¥ | Help ¥ | Submit ™ | Statistics ¥ | FIP = CI l nva r
Gene Tahuilar 400 ner nane — St b L oeatinn —
Customize this list,
T — Assertions in ClinVar RYR1 (type 1) | CACNA1S (type 5)
Conﬂmmq interpretations (59}
s s Pathogenic/Risk Factor
Uncertain significance (243}
bty Likely Pathogenic 20 20 0
Risk factor (17}
Revew status Benign/Likely Benign 530 314 216
Practice guideline (0)
Expert panel (0) ) ) L
Hultple submiters (131) Uncertain Significance 377 256 121

Single submitter (221
Atleast one star (411}

ConticagIsmIetaon (50) https://www.ncbi. nIm n|h gov/clmvar/

m U.S. National Library of Medicine
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WHEN TO CONSIDER & WHAT TYPE OF GENETIC TESTING FOR MHS?

* Symptomatic Patients — Diagnostic validation
Patient has a confirmed/highly suspicious MH event/positive CHCT
(ACMG: OR exercise-related rhabdomyolysis without a known myopathy)

»MHAUS & ACMG: Full gene sequencing to identify any (esp. pathogenic) variant(s)

« Asymptomatic patients with a family history of a genetic disorder/trait — Risk prediction
Family member with a confirmed/highly suspicious MH event/positive CHCT (MHAUS)

» MHAUS: Full gene sequencing to identify variant(s) (esp. pathogenic ones)
or Partial gene sequencing to detect a known pathogenic variant

Family member with a known familial pathogenic variant (ACMG)
> ACMG: Partial gene sequencing only for a known familial pathogenic variant

* Asymptomatic Patients with no family history — Risk prediction

» MHAUS & ACMG — genetic testing not recommended yet
» EMHG says if there is any suspicion, consider genetic testing before muscle biopsy & IVCT

m U.S. National Library of Medicine
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NOW THAT YOU’RE A-GROUND...ONCE YOU KNOW..

* Clinically, what do you do with this information?
(vou hopefully knew before the test was ordered)

* A patient may ask: “What is wrong with me and how can we fix it?"

* Understanding the potential impact of a genetic variant on the
patient’s physiology and phenotype and how this relates to your
choice of case management.

* Outside of the planned clinical impact: “What do | do now?”

A great reason to consult with a Genetic Counselor!

* Implications for the patient beyond this surgery:
Consider discussing this with their primary care physician,
dentist, other clinical professionals who may need to know
for their care.

* Implications for family members: Should they tell others?

m U.S. National Library of Medicine
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PHARMACOGENETICS: A PATIENT’S MAKEUP IMPACTS THE
EFFECTIVENESS OF YOUR CASE MANAGEMENT.

Absorption L &—BRAIN
* Anesthesia is applied pharmacology, How doesitgetin?
. LARYNX———*
but at a heightened level. Distribution Ly s
H ' i . Where does it go?
e Itis CrItI-Ca|t0 deliver: e T o B e
> the right drug ex: ABCS & SLCS  yance . o018
. . . =) SMALL
» at the right concentration Metabolism ¢ INTESTINE |
. is i Target!
> at the right place How s it changed? -
-g p Modifying Enzymes Where is it
> at the right time! ex: CYP45Ds & UGTs supposed to act?
Enzymes +
Excretion Receptors
How does it leave?
Transporters

m U.S. National Library of Medicine
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AN EXAMPLE OF
PHARMACOGENOMIC

COMPLEXITY o
“A ‘SIMPLE’ POLYGENIC F | —
PROCESS” | N omid
A-D-M-E-T | oo

Activation of Clopidogrel is 2-stage S | [ acove meciiii
largely done by CYP2C19, but also others. ' [ inactive metaboliel

Inactivation and elimination are also factors.

“Clopidogrel pathway.” Katrin Sangkuhl, Teri E. Klein, and Russ B. Altman, PharmGKB
Pharmacogenetics and Genomics. 2010 Jul; 20(7): 463-465. { |
http://www.pharmgkb.org/do/serve?objld=PA1544246748&0bjCls=Pathway

m U.S. National Library of Medicine
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Pharmacogenomics (2018)
The pharmacogenetlcs of medications used in general anesthesia

Shangchen Xie'', Wenjuan Mat?, Qulian Guo?, Jie Liu', Wei Li', Howard L McLeod*? & Yijing He**') R e e e D T T T T T T

General anesthesia is a state of unconsciousness, amnesia, analgesia and akinesia induced by drugs includ- Substrate Gene Important allelic variants  Clinical annotations. Ref.
ing opioids, hypnotic-sedative agents, muscle relaxants and antiemetics. Clinical and genetic factors are Morphine veT287 7420266 Decreasad morphine requirement with C allsle PK &l
reported to influence the efficacy and side effects of these agents. Based on the evidence, clinical action ABCBT 151128502 and rs1045642 %]
s needed to improve clinical outcomes. This review summarizes the latest knowledge with regards to the e ey R o R R T = )
of and general anesthesia related morphine
opm 1799971 Increased dose requirement with G allsle P PD o2
Table 1. Genes pertinent to perioperative medications in recent years (cont. Eore e e Gk
i Cane e v = ocri “2and 45 Lover morphin dearance with 3 vl
Sevofiurane GsTP1 rs16950nd 51138272 Highar serum a.GST concantration with P 8]
St Codaine cves CPIC guidelines @ &)
sofiurane Ty Increased desflarana requirements with = 5l Fentany! orpaas B Lower plasma concentrations with *3allele  PK 2324
wariant allele Lame3 2076222 Lower sensitivity to opioids with C allele ) sl
succinylcholing BCHE $FS126, *1364-14C, *326D, 83,84] Remifentanil opRM1 1799971 Increased remifentanil requirement with G PK ]
1373, Ga675, WS8R, allele
L1845, V21, Ma62l andl
Eraa, Apca1 51048642 Incraased incidence of opioid side sffects with  PD 2]
minor allsla
Rocuronium sLcoraz -185_-188InsA Reduced rocuronium clearance with variant  PK s51 =
allele caquazz rsss0err Higher 0Dl SanSVTY With minor aifete o
Propofol cvees “4and *6 , o1l e il )
eT143 AV\/BStM 8‘t[/c E; 1§ L V\/a @ 6SLOS D LD S ot
HTR2A 6313 31 o
Gagral 152279020 3 Oxyeodone cveas KNMP guidelines a 7]
scnoa 156746030 731 FAAH 151571138, 15324420, £
Dexmedetomidine ADRAZA 151800524 Higher sedation scores with G allele 0 7 E3186046 4 158141068
Mathadone cvezes “4and 6 Higher oral daranca and metabolism with %4 PK 1]
Midazolam cveaaa 22 Reduced midazolam oral claarance with T PK. 651 while lower oral clearance and metabolism
allele with <6
cvpaas ] Lower midazolam deerance with *3allele Pk 1641 spowi 143]
ror 28 Lower matabolic ratios of midazolam with *28 PK. 661 GserL ]
allele
rs17180299 [43]
GABRAT rs4263535 (671
oPRMI 1573568641 Higher opicid requirement with C allele P 2]
Diszepam cveacis 5,681

Ondansetron CYP206 CPIC guidelines cA Bl AcnyEaiicag geite L S ( 48]
ancar 141045642 and 152022582 Higher incdenc of nausea and vomiting with  PD =] crecs V\/ a @ 6S L OS N DS =
CangG oflele . 510206114 e oponsd 2 scuRaN e ]

Y Awnti-emeties s e

Tropisetron cveape cPIC guidelines = Bl Ibuprofen creacs 3 iz R ST e L PO 521

Fewer adverse events with *32llel
ocrt Higher plasma concentration with 3 1931
loss-of-function leles creacs 2and 3 Decreased ibuprofen dearance with *Zand *3 PK 152531

Celecoxib cvezcs *2and 3 FDA-approved drug label annotations A [55-57]

m U.S. National Library of Medicine
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RECOMMENDATIONS FOR PHARMACOGENETIC TESTING

linical Pharmacogenetics
plementation Consortium

Genes-Drugs Q CPIC

Seareh:
PHARMGKE
B GEnE oRUG cpic PG ON FOA
GUIDEUNE LeveL aF PUBLICATIONS
355 (UNIQUE-127)  (UNIQUE - 225
(N-355)  (UNIGUE=127)  (UNIQUE - 225, Ve e LABEL i
2 CYp206 coeine Guigeline A 1a Actionable
13 CACNATS A 3 Actionable
Pox
14 RYRT desfiurane A 3 Actionable
PGx
15 oMo fiuorouracil guideling A 1A Actionable
PGx
16 c¥pane flugaxamine A 1A Ationable
PGx
7 UGTIAY Irinotecan A 2 Actionable
pGx
18 CACNATS soflurane A 3 Actionable
PG
19 RYRY A 3 Actionable

https://cpicpgx.org/

m U.S. National Library of Medicine

National Center for Biotechnology Information

PG
Dosing Guidelines &B PHARMGKB

Drug Labels

A M
. o reoar 4 i esairmamsajmmasia icuc
— B onw FOA Biomarker arugs - -
mwientic
desipramine abiraterone
acetaminephen e
SIS Labels nformative PGx
frrety
b e
has dosing info o EmaeicR tiea
escitalopram anacavic [ =]
amemacicus =
smiraterene

https://www.pharméli'b“.f)rg/

Pharmacogenomics (2018) |

The pharmacogenetlcs of medications used in general anesthesia

. Qulian Guo?®, Jie Liu", Wei Li', Howard L McLeod* "7 & Yijing He**?
General anesthesia is a state of unconsciousness, amnesia, analgesia and akinesia induced by drugs includ-
ing opioids, hypnotic-sedative agents, muscle relaxants and antiemetics. Clinical and genetic factors are
reported to influence the efficacy and side effects of these agents. Based on the evidence, clinical action
is needed to improve clinical outcomes. This review summarizes the latest knowledge with regards to the

of and general anesthesia related

Shangchen Xie'', Wenjuan M

recent years (cont.

Substrate Gene Important allelic variants  Clinical annatations
lsoflurane McTR Increased desflurane requirements with PK 161
variant allele
Succinylcholine BCHE *FS126, */3E4-14C, *328D, [82,84]
13737, GA6TS, WS18R,
RYR1
L1845, Va21A, Ma62I and
. CACNA1S el
Racurenium sLcorsz -189.-188insA. Reduced rocuronium clearance with variant PK [8s]
allele
Propofol cvezes *4and *6 , 7071
Awnesthetics .
HTR2A 56313 73]
GABRAT 152279020 73]
scNea 156746030 73
bomadamidne ADvazs s e &
Midazolam CYP3A4 22 Reduced midazolam oral clearance with T PK (65]
allele
CYP3AS ‘3 Lower midazolam clearance with *3 allele PK 164]
POR 28 Lower metabolic ratios of midazolam with *28 PK [66]
GABRAT rs4263535 (671
oreran e
Ondansetron . Cyp206 CPIC quidelines =) Bl
ABca! 151045642 and 12032582 Higher incidence of nausea and vomiting with  PD [s3]
CangG aflele /’
s mdsss ANnti-enmeties s
ropren @) crane = o
ocrt Higher plasma concentration with K 193]

loss-of-function alleles

U.S. National Library of Medicine

National Center for Biotechnology Information

Table 1. Genes pertinent to perioperative medications in recent years.

Substrate Gene important alelc variants  Clinical annotations [
Morphine usr2er 439366 Decressad morphine raquirement with C allele PK El
881 51128502 and 151045642 ]
cour 680 Precictor for the isk of requiring rescue w 18l
morphine
oA 1799971 Incressed dose requirement with Gallele  PK 7D 2
Lower ncidence of nausea with G alele
ocrt 2and s Lowsr morphina dlearanca with " 11s]
ocT«25/ 7245
Codine @ oo CPIC guidelines [ Bl
Fentanyl creaas 3 Lower plasma concentrations with 3allele P 2224
Lamss 2076222 Lower sensitivity to opioids with C slele w 2ol
Remifantanil opRu 1799971 Incressed remifentanil requirement with G P E]
allle
881 woss6a2 Increased incidence of opleid side offects with  PD Bl
minor alele
cacazoz rsso0nrr saher opton senseay wrth minor afsle 2]

9 Analgesies - o]swds .

Oxycodone cveDs KNMP guidelines 23 B34

FAAH 151571138, 15324420, 38
153766246 and rs4141964

Mathadone cvezes *aand 5 Higher oral diearance and metabolism with 4 PK 1]
‘while lower oral clearance and metabolism
with 6

GSGIL [a3]

rs17180299 [43]

OPRM1 1573568641 Higher opioid requirement with C allele PK. 144

v Analoesics - NSAIDS &

ox-1 1510206114 Dxrgised response to acetylsalicylic acid with [as]

Ibuprofen CYP2C8 *3 Increased R-ibuprofen clearance with *3 allele  PK PD (521

Fewer advarse events with *3 allsle
CYPAC9 *2and *3 Decreased ibuprofen clearance with *2and *3 PK 15253]
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FDA DRUGS WITH PHARMACOGENOMIC INFORMATION
- SOME RELATED TO ANESTHESIA PRACTICE

Codeine

Clopidogrel

Desflurane

Diazepam

Enflurane

Isoflurane

Lidocane & Prilocaine

Lidocane & Prilocaine
Lofexidine
Sevoflurane
Suecinylcholine

Tramadol

Warfarin

Anesthesiology CYP2D6

Cardiology CYP2C19

Anesthesiology Non-specific (genetic susceptibility
to Malignant Hyperthermia)
CYP2C19

Anesthesiology Non-specific (genetic susceptibility

Anesthesiology

Anesthesiology

Anesthesiology
Anesthesiology
Anesthesiology
Anesthesiology

Anesthesiology

Hematology

U.S. National Library of Medicine

National Center for Biotechnology Information

to Malignant Hyperthermia)

Non-specific (genetic susceptibility
to Malignant Hyperthermia)

Nonspecific (Congenital
Methemoglobinemia)

G6PD
CYP2D6
Nonspecific
BCHE
CYP2DE

VKORC1, CYP2CS, CYP4F2

Boxed warning, Warnings and Precautions, Use in Specific
Populations, Patient Counseling Information

Boxed warning, Warnings and Precautions

Contraindications

Clinical Pharmacology

Contraindications

Contraindications

Warnings and Precautions

Warnings and Precautions, Clinical Pharmacology
Use in Specific Populations

Warnings

Warning, Precautions

Boxed warning, Warnings and Precautions, Use in Specific
Populations, Clinical Pharmacology

Boxed warning, Warnings and Precautions, Clinical
Pharmacology, Patient Counseling Information

HoT ToPICS FOR ANESTHESIA PROVIDERS

(well...really everyone now-a-days)

PAIN MANAGEMENT

Understanding differences in pain perception and effectiveness of and sensitivity
to medications can aid in drug selection, dosage and treatment course
management -> enabling better short-term outcomes!

Knowing about a physiological predisposition to addiction for opioids may factor
in decision-making for treatment course design
-> enabling better long-term outcomes!

CURRENTLY a focus of current national & federal attention!
BUT they are complicated....
PAIN PERCEPTION & MANAGEMENT
BOTH INVOLVE COMPLEX “POLYGENIC” PROCESSES

U.S. National Library of Medicine

National Center for Biotechnology Information
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i Transduction

i 4, P2XR3? Cold: TRPMS, TRPAI

. Damage: P. 2RX3, P2F DKRBI/2, Hir3A, ACCNs
____Mechanical: TRPVS, lRf( .' l(( N1/2?7

EXAMPLE OF A COMPLEX
SYSTEM WITH MANY GENES
INVOLVED IN THE PROCESSING
OF PAIN SIGNALS.

ARE
~ 99 Modulation

! :
! H
¥ '
ss‘J ! Central: BDNF, OPRDIKIMI, o & NN
i CNRI,GABRs, TNF, PLA2 1 4 it Srde o s g e
* B ae? Conduction i

\s\l
“‘,m“,\n ‘ T

| Microglia: TLR2'4, P2ZRX47, |
CCL2, CX3CRI, BDNF

H
Na+ channels: SCN10A, SCN1iA E
(nociceptor-specific) H

Neurotransmitter recepts
GRIAI-4, GRICI-3, M H

|
| Ca® channelst CACNAIAS, |
CACNA2DI

Figure 1. Genes Involved in Pain Perception and Modulation.
Foulkes T, Wood JN (2008)

“Pain Genes.” PLOS Genetics 4(7): e1000086.
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen. 1000086 SPINATCORD

m U.S. National Library of Medicine

National Center for Biotechnology Information

NOW...TO THE PROCESSING OF PAIN SIGNALS,
ADD THE BIOPROCESSING OF PAIN MEDICATIONS.

AND LONG-TERM POTENTIAL Absorption P
CONSEQUENCES OF DRUG EXPOSURE, Howdoesitgetin?
INCLUDING & ESPECIALLY Deribution "GN
ADDICTION..... Where does it go? LIVER

Transporters STomacH

SMS e

N ) \\\A Cu! \‘S‘:‘:” Metabolism g

xmﬂ““{ NIC PROCES* How s it changed? Target!
YU

4

SMALL
INTESTINE

P 1\}::]\’“ «pOL G other ?lnpetabolizers ‘s'ﬁ';,ﬁi,esgsd'tto act?
\{ A
INN Excretion %%Zc\én;;t?g s
How does it leave?
Transporters

TREATING PAIN IS EXTREMELY COMPLICATED.

U.S. National Library of Medicine

National Center for Biotechnology Information
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GENETIC/GENOMIC preove e v s
TESTING TO ASSESS
THE POTENTIAL FOR .........
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K, how the
praCtiCal StUfF....

Use of free, online U.S. Government resources to help you
with your clinical practice:
both in keeping up with medical & scientific issues, in general,
and with genetic and genomics, in specific.
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CARDIOLOGY “PGXx” CASE STUDY EXAMPLE, BUT ALSO.....

0: What if
my patient - e
is on Plavix? NCBI Pharmacogenetics Resources for Clinical Care

Current not-uncommon practice in Cardiology:

A patient is diagnosed with Acute Coronary Syndrome, scheduled for an
angioplasty, and informed that she will need to take clopidogrel (a.k.a. Plavix)
for at least 3-6 months to prevent a heart attack.

She mentions that her father died of a stroke while taking the drug.

Consider pharmacogenetic influences on clopidogrel response in this patient
to see if a change in the prescription is indicated.

» Anesthesia-related implications: Can you assume the patient’s response
is “typical”?  (i.e what is her platelet function while “on” clopidogrel
and/or what is her clotting like after she stops taking the medication)

U.S. National Library of Medicine

National Center for Biotechnology Information

2 NCBI  Resources @ How To @
= Mational Center for Biotechn... % MedGen MedGen ||  search |
Limits  Advanced Help
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WHAT DO TEST RESULTS .
FOR DISORDERS LOOK LIKE? | = [

g | [Crome | e

Speciten Type: Dergtera B
b Ewopes oo
i posas Family History.

(a sample genetic test result report ‘ ,

for a disorder/trait) et e |

Clinical test results for Malignant Hyperthermia Susceptibility

GENE TEST RESULTS EXPLANATION : : ; | i External Opttisbmoplegia
——— - . J opathy
C. AC iy .-\15 Ne gam e No ]mo\\'n pathagemc \'ana.nt rlelec:ed
RYR1 L4824P | L4824P This result confirms the susceptibility for Malignant H\'penhermu typel.
: This result should be interpreted in the context of cl.uucal presentauon and

results of other laboratory tests. T Malignant Hyperthermia type 1.

text of clinical presentation and

A FCRJsequencmg study has detected two copies of the .
NM_000540.2(RYR1):c.14471T>C (p.Leud824Pro) variation. The L4824P ,i;‘;f;ff)'\"’:mhm The L4824P
- mutation is encoded by a Tto C change at nucleotide position 14471 inthe: - | nucleatide position 14471 m the
RYR1 mRNA and results in a change from leucine to proline at amino acnd gyt i polne b antim:ackd.
posmon 4824 inthe pm!em.

ortant implications for ofher family
In-addition, this individual's result has mponant lmpl.lcahons for other famx]y et mipracieomslog 5
members. Clinical evaluations should be considered and genetic ¢ ling is
recommended for at-risk individuals. : E
isLLALMER:
‘Test results should be mterpreted m context of clinical findings, family h.\stm, and other labm‘m data.

Misinterpretation of results may eceur if the mformation provided is xist
that could lead to false nezative or positive results. If results obtained do not et o sl ﬁnd.\ugs Sions] titing
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WHAT DO PGX TEST RESULTS ,

LOOK LIKE? ¥ s (gl |

hioprine CQLz %

= Diszepam [ues n &

i “» | Genetic laboratories may report |

wan o mesiseen | alleles or genetic variations in:
Your Result Interpretation Your Genetic Resulf ”partial HGVS format’ eX:

Clopidogrel
otbsodcitsatersuntpiacementand  CYP2C12 p. Trp212Ter | p. Trp212Ter
U ”
Ilnetvpxem(mno orin Star a“ele format’ ex: raction .
Clopidogrel Ultra-R| Endocmology Infocsous disosso
“Ultra-Rapid metabolizers have increa CYP2C12%3/*3
ey oruse a “SNP 1D” format, ex: 8 vt besiesma s il gy

increased benefit of the drug. Other st gn  Professional guidelines exist for the use of clopidogrel in patients with this

increase the risk of bleeding. 4 genotype and/or phenotype
rs4986893 - il

“Tak to your doctor about treatment of T s

= Trmpramine [] ERLL36%

+ Chiorropamide [ 5 tre

+ This result may also affect your response to other medications. For Gestosntersogy

e

more on other that are variants in the
CYP2C19 gene, click here
Share this information with your healthcare providers. Melaican [

Do not make any changes to any medication without talking
to your healthcare provider.
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CIL2e1os eratre oty Proguen, poor gomine Soveoaseesn 2
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LEARNING MORE ABOUT ACTIONABLE PGX INFORMATION

& NCBI
MedGen MedGen M { Scarch |
Limits  Advanced Help
Full Report » Send to: +
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PubMed Professional guidelines.
Clinical Consortium guidelines for CYP2C19 genotype and clopidogrel therapy: 2013
update. Suggested Reading
Scott SA, Sangkuhl K, Stein CM, Hulot JS, Mega JL, Roden DM, Klein TE, Sabatine MS, Johnson JA, Shuldiner AR; Clinical Pharmacogenetics Recent clinical studies

Implementation Consortum.
Clin Pharmacol Ther 2013 Sep;94(3):317-23. Epub 2013 May 22 doi: 10.1038/c/pt.2013.105. PMID: 23698643 Free PNC Article

Clinical Consortium guidelines for cytochrome P450-2C19 (CYP2C19) genotype and 12 ADP receptors.

Recent systematic reviews
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CARDIOLOGY “PGX” CASE STUDY EXAMPLE, BUT ALSO....

0: What if
my patient
is on Plavix?

NCBI Pharmacogenetics Resources for Clinical Care

Current not-uncommon practice in Cardiology:

After genetic testing, the patient’s genotype (CYP2C19*3/*3) indicates that
she is a poor metabolizer for clopidogrel. Based on the available evidence
and therapeutic recommendations, an alternative antiplatelet drug,
prasugrel which is not metabolized by CYP2C19, is prescribed.

> Anesthesia-related implications: What if the genetic test wasn’t done?
If it has, you may not need to worry about clopidogrel for this patient,
but what about pharmacogenomics impact on prasugrel?

U.S. National Library of Medicine

National Center for Biotechnology Information:

MORE YOU CAN DO THAN JUST CLOPIDOGREL!
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WOW.....THAT WAS FAST....HOW DO I?

0: What if
my patient
is on Plavix?

http://bit.ly/NCBI_VANA2018

NCBI Pharmacogenetics Resources for Clinical Care

U.S. National Library of Medicine

National Center for Biotechnology Information

WHAT IS THE FUTURE OF GENETIC TESTING & WHEN?

NOW: Direct-to-Consumer Tests (Ancestry, Physical Traits & Some Health-related Indicators)
NOW: Baby’s First Test

NOW: Clinical Genetic Testing — cancer grading & therapy selection, well-known mendelian
metabolic disorders, cardiovascular disorders, infectious agent identification &
antibiotic sensitivity assessment, some pharmacogenetics for therapeutic selection

NEW: Clinical Genetic Testing — lots of clinical WOMM’V)"[‘ l‘f' 196 p " tieadin nrimary care!
(676}

lif. |

NOW-ish: Malignant Hyperthermia Susceptil (#BSOTWU

’P - .
! re-operative gevetic screen for
R&D In Progress: Pharmacogenomics algo = 4Mesthetic ¢, analoesic drug seysi+i
nsitivity

Prediction of sensitivity * Predisposition to bleeding i
R ° 1 s !

susceptibility fc Predisposition +4 PONV 2 :VT{J:‘@S' ; /)

rug sensitivity -emetic

Predisposition to addict . others?

In 5-10 years? Your full genome will be sequenced at birth jor svur , ... ~d in your EHR.

m U.S. National Library of Medicine

National Center for Biotechnology Information
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WHAT TO KEEP AN EYE ON....

Practice Guidelines: AANA & ASA and other clinical professional organizations
Genetic Testing Recommendations:

* ACMG, ClinGen & CDC/NIH/FDA’s EGAPP — Genetic disorders & traits

* MHAUS & EMHG — Malignant hyperthermia

* CPIC & PharmGKB — Pharmacogenomics

* FDA & CMS — Genetic tests approvals & Insurance coverage

Upcoming Developments:
* Clinical Studies including Genetics/Genomics & Clinical Trials — dbGaP, ClinicalTrials.gov
* Collection of Variant Assertions & Identification of Pathogenic Variants — ClinVar

How to keep up with what’s going on? - NCBI Account: PubMed, MedGed/ClinVar & GTR

(previous talk!)

m U.S. National Library of Medicine

National Center for Biotechnology Information

DOWNLOAD THIS PRESENTATION WITH REFERENCES

http://bit.ly/NCBI_VANA2018
https://ftp.ncbi.nlm.nih.gov/pub/morris/VANA2018/

For help with any of NCBI’s databases, send an Email to the HelpDesk:
info@ncbi.nIm.nih.gov

STAY TUNED!
WE ARE ONLY AT THE BEGINNING!

m U.S. National Library of Medicine

National Center for Biotechnology Information
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NCBI Presentation References & Resources

THE NATIONAL CENTER FOR BIOTECHNOLOGY INFORMATION,;, a.k.a. THE “NCBI”
https:///www.ncbi.nlm.nih.gov

ABOUT THE NCBI

“About the NCBI” FactSheet: ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet AboutNCBI.pdf
NCBI Handbook Chapter: https://www.ncbi.nlm.nih.gov/books/NBK148949 /

List of many of NCBI’s Databases: https://www.ncbi.nlm.nih.gov/gquery/

“NCBI Resources” Factsheet: ftp://ftp.ncbi.nih.gov/pub/factsheets/Factsheet NCBI Overview.pdf
NCBI’s Outreach & Education Site: httpss://www.ncbi.nlm.nih.gov/home/learn/

NCBI NEWS & SOCIAL MEDIA:

NCBI Insights Blog: https://ncbiinsights.ncbi.nlm.nih.gov

Facebook: https://www.facebook.com/ncbi.nlm
Twitter: https://twitter.com/NCBI  (@NCBI)

YouTube Channel: https://www.youtube.com/user/NCBINLM
LinkedIn: https://www.linkedin.com/company/3595640

HELP EMail Address: info@ncbi.nlm.nih.gov

GLOBAL QUERY (“ALL DATABASES” PAGE)

Gquery — Listing of most of the databases at NCBI
Homepage: https://www.ncbi.nlm.nih.gov/gquery

LITERATURE RESOURCES

PubMed — Catalog of research projects with links to publications and datasets

Homepage: https://www.ncbi.nlm.nih.gov/pubmed
PubMed Central (PMC) — Research studies with high-throughput sequence data

Homepage: https://www.ncbi.nlm.nih.gov/pmc

Bookshelf/Books — Research studies with functional genomics data

Homepage: https://www.ncbi.nlm.nih.gov/books
Other featured NCBI & NLM Resources: GeneReviews (authored by U.Washington), Genetics Home

Reference, Medline Plus

CLINICAL RESOURCES

MedGen — Aggregated information about medical genetic conditions and phenotypes

Homepage: https://www.ncbi.nlm.nih.gov/medgen
Genetic Testing Registry (GTR) — NIH'’s registty of genetic tests and laboratories

Homepage: https://www.ncbi.nlm.nih.gov/gtr

ClinVar — Assertions about the relationships of genomic vatiations with human health

Homepage: https://www.ncbi.nlm.nih.gov/clinvar

MOLECULAR ETIOLOGY RESEARCH

Gene — Aggregated information with links to genomic, expression, homolog, structure and function data

Homepage: https://www.ncbi.nlm.nih.gov/gene

Conserved Domains Database (CDD) — A dzatabase of protein domains with sequence fingerprints

Homepage: https://www.ncbi.nlm.nih.gov/cdd

Structure — A database of 3D macromolecular structures and complexes ftom the protein database

Homepage: https://www.ncbi.nlm.nih.gov/structure
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