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| NDI CATI ON FOR TESTI NG
Suspected nal i gnant hypertherm a event

RESULT
One pat hogeni ¢ variant was detected in the RYRL gene.

PATHOGENI C VARI ANT

Gene: RYR1 (NM 00540. 2)

Nucl ei ¢ Aci d Change: c.742G>C; Heterozygous
Amino Acid Alteration: p.d y248Arg

I nheritance: Autosonal Doni nant

| NTERPRETATI ON

One pat hogenic variant, c.742GC, p.d y248Arg, was detected in the RYRL gene by massively parallel
sequenci ng and confirned by Sanger sequencing. Pathogenic gain-of-function variants are inherited in an
aut osomal dom nant manner and are associated with malignant hypertherm a susceptibility (MS).

I ndi vi dual s who are susceptible to MH should avoid triggering volatile anesthetics and succinyl choli ne.
Gui del i nes for genotype-based dosing are published by the Cinical Pharnmacogenetic |nplenentation
Consortium (CPIC, see |ink below).

No additional pathogenic variants were identified in the targeted genes by nassively parallel sequencing.
Pl ease refer to the background infornation included in this report for a list of the genes analyzed and
limtations of this test.

Evi dence for variant classification: The RYRL c.742GC, p.d y248Arg variant (rs1801086) is published in

the literature in several individuals affected with nalignant hyperthermia (M), confirnmed by

caf f ei ne/ hal ot hane contracture test (Brandom 2013, G| lies 2008, Sanbuughin 2001, Sei 2004) and is

consi dered di agnostic for MH by the European Malignant Hypertherm a group. The variant is described as
pat hogeni ¢ by several sources in the dinVar database (Variation ID: 133203) and is only found on 4
alleles in the Genonme Aggregation Database, indicating it is not a conmon pol ynor phi sm The gl yci ne at
codon 248 is highly conserved and conputational analyses predict that this variant is del eterious (REVEL:
0.883). In support of this prediction, functional studies show variants in this region cause hyperactive
RYRL channel s (Tong 1997). Based on available infornation, this variant is classified as pathogenic.

RECOMVENDATI ONS

Genetic consultation is indicated, including a discussion of nmedical nmanagenent. At-risk fanmly nenbers
shoul d be offered testing for the identified pathogenic RYRL variant (Famlial Mitation, Targeted
Sequenci ng, ARUP test code 2001961).

COWMENTS
Li kel y benign and benign variants are not included in this report.

REFERENCES
CPIC Guideline for Potent Volatile Anesthetic Agents and Succinyl choline and RYRL and CACNALS
https://cpi cpgx. org/ gui del i nes/ cpi c-gui del i ne-for-ryr1-and-cacnals/; Accessed Mar 2021.
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Test Information
il: Mal i gnant Hyperthermia Interp
BACKGROUND | NFORMATI ON: Mal i gnant Hypert herm a Panel, Sequenci ng

CHARACTERI STI CS: Mal i gnant hyperthermia (MH) is a pharnacogenetic disorder of

skel etal nuscle calciumregulation, which is commonly triggered by volatile
anesthetics, either with or without the depol arizi ng nmuscl e rel axant
succi nyl chol i ne. Excessive calciumrel ease fromthe sarcoplasnic reticulumleads to
di sturbance of the intracellular calciumion honmeostasis causing skel etal muscle
contraction and hypernetabolism The hypernetabolic state generates heat and excess
lactate and can result in hypercarbia, tachycardia, hyperkal emia, hypertherm a
acidosis, muscle rigidity, conmpartnent syndrome, rhabdomyolysis, myogl obinuria, and
potentially death. Episodes of IH require pronpt diagnosis and treatnent to reduce
nortality.

EPI DEM OLOGY: Approximately 1 in 2,000 individuals has a pathogenic variant in an M
susceptibility gene. As not all M+ susceptible individuals are exposed to
triggering agents, the estinated preval ence of anesthesia-related MHis 1-2 per

100, 000.

CAUSE: Pat hogeni c germine gain-of-function variants in the RYRL or CACNALS genes.

| NHERI TANCE: Aut osonmal dom nant.

PENETRANCE: | nconpl ete; overall penetrance of 40 percent for RYRl-associated MH
susceptibility.

CLINICAL SENSI TIVITY: Up to 60 percent for IMH susceptibility.
GENES TESTED: RYR1*, CACNAl1S

*One or nore exons are not covered by sequencing for the indicated gene; see
limtations section bel ow
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Mal i gnant Hyperthermia Interp

METHODOLOGY: Capture of all coding exons and exon-intron junctions of the targeted

genes, followed by massively parallel sequencing. Sanger sequencing was perforned as
necessary to fill in regions of |ow coverage and confirmreported variants.

ANALYTI CAL SENSI TIVITY/ SPECI FICITY: The anal ytical sensitivity of sequencing is
approxi mately 99 percent for single nucleotide variants (SNVs) and greater than 93
percent for insertions/duplications/deletions from1-10 base pairs in size. Variants

greater than 10 base pairs may be detected, but the analytical sensitivity may be
reduced.

LI M TATI ONS: A negative result does not exclude a heritable form of malignant

hypert herm a susceptibility. This test only detects variants within the coding

regi ons and i ntron-exon boundaries of the targeted genes. Regul atory region variants
and deep intronic variants will not be identified.

Del eti ons/duplications/insertions of any size may not be detected by massively
paral | el sequencing. Diagnostic errors can occur due to rare sequence variations. In
sone cases, variants may not be identified due to technical linmtations in the
presence of pseudogenes, repetitive, or honpol ogous regions. This assay nmay not
detect lowlevel npsaic or somatic variants associated with disease. Interpretation
of this test result nay be inpacted if this patient has had an all ogeneic stem cel

transpl antati on. Noncodi ng transcripts were not anal yzed.

The foll owi ng regions are not sequenced due to technical linmtations of the assay:
RYR1 (NM_000540) exon 91

This test was devel oped and its performance characteristics determ ned by ARUP
Laboratories. It has not been cleared or approved by the US Food and Drug

Admi nistration. This test was performed in a CLIA certified |aboratory and is

i ntended for clinical purposes.

Counsel ing and i nforned consent are recomended for genetic testing. Consent forns
are avail abl e onli ne.
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