The role of muscle biopsy In the diagnostic process of rnabdomyolysis: large
retrospective study and proposal of arevised diaghostic workflow

Claudio Semplicini?, Constantinos Papadopoulos?, Luca Bello!, Tanya Stojkovic?, Anthony Behin?,

Bruno Eymard?, Pascal Laforet? and Elena Pegoraro?

1. Dep.t of Neuroscience, University of Padova; 2. Centre de reference Pathologie Neuromusculaire Paris EstAPHP, Paris,3. Centre de réeféerence des maladies
neuromusculaires Nord/Est/lle de France Service de Neurologie, Hopital Raymond-Poincaré, AP-HP, Garches

[ ] . . . P
Fig. 1. Mechanisms of rhabdomyolysis M h I d M h d
Introduction atherial and Methods
Intense muscular exercise
'I'her.mf)-dependent syndromes Lo . . .
Rhabdomyolysis is an acute, and frequently gdb;mgﬁm o We analysed the clinical features and diagnostic process in a large
severe, pathological event characterized by rapid necrosis of H“““‘"‘”“[”“ I — retrospective study including all patients that were referred for
striated muscle tissue. Both acquired (crush mvam rhabdomyolysis between 2000 and 2016, in which an external cause
syndrome, numerous toxic, disendocrine diseases, intense ‘ Né;éf;?g:g;yﬁmm N of rhabdomyolysis was excluded.
exercLseI). and g.enetr:c (:I'S.O'I“il?rs of glucose Olr lipid | LA e All clinical data concerning the episode and the intercritical period
metabolism, mitochondrial diseases, muscular (| § e > were collected, as well as the results of all diagnostic tools performed.
dystrophies, calcium-related disorders) causes can lead to this | | S .
. . o fo . . . o ». M [Ca¥]c
dramatic event. The identification of the etiological cause can L l »08 Table I. Patient cohort
be extremely complex, long, and costly, and frequently no /;Ros N ey DA s o st oo
definitive diagnoses Can be vaUired. E D.;NA liiids Mitocltondrion/ Hyper-contractibility ’ |
pae‘iﬁﬁ'ﬁa‘é‘;f * T /@m cell Age at first visit 34,2+12,9
Aim of the study was to evaluate the role of muscle biopsy in T 1 """"""" *‘I“’ — Pts w/ single episode 109 (52,2%)
the diagnostic process of rhabdomyolysis. e —— pts w/several episodes 99 (47,8%)
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5 BMD n=2 disease. Patients with CPT2, BMD and VLCAD invariably presented firs
6. PGM1 n=2 episode <20 years of age; RYR1 and CPT2 can reach higher CK leves
7. Other (DMZ, DM1, FKRP, LIPIN1, DNAZ) n=>5 during episodeS.
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CPT2 GSDY RYR1 BMD PGM1 VLCAD Fx. Rhabdo. CPT2 G5V RYR1 BMD PGM1 VLCAD Ex. Rhabdo.
The clinical features of the episodes, the inter-critical clinical characteristics and laboratory results Description of Episode(s): type of trigaer; type of exercise, relationship w/exercise (during first minutes/last minutes/hours after]
. . (e . . Past Medical History: Inter-critical symptoms, diabetes, etc.
could guide toward specific molecular diagnoses only in few cases. Family History: other family members w/ rhabdomyolysis, myalgias, hyper-CK, etc.
Clinical Examination: signs of myopathy, myotonia, ptosis, deafness, skin abnormalities, etc.

1. GSDV is the easiest diagnosis, because of the typical clinical features and the unique results of

If an evident external cause is excluded:

diagnostic work up (handgrip test, muscle biopsy).
) ) . L. Proceed to first line exams:
2. CPT2 need to be suspected when the trigger is a long effort, or fasting, or fever. Acylcarnitines A) Blood exams: Rest CK, Lactate, blood cells, TS, T3, T4 , Profile of plasmatic proteins, Na, K, Mg, Inflanmatory screening,
. . . B) Diagnostictools: - Grip test and/or EMG Long Exercise Test;

can be evocative. It is one of the most frequent cause of rhabdomyolysis + Aoitines reerental during episode o st}
3. VLCAD can be suspected when the profile of acylcarnitines is supportive of the diagnosis (if : mcéixgé;((i;:im?wi;e:;suspeaed},

normal it should be repeated during episodes or after 8h fasting).

. . . . . Consider McArdle disease
Other diagnostic tools were less useful, or more expensive and time consuming:
* EMG: 19 aspecific myopathic changes/109 tests . > | consider cPT2 deficiency | > I e sone anoiysl
* CPT2 dosage on white blood cells: 8 reduction/87 tests I e D cacte:
. . . . . . . o . - VLCAD / LCHAD (acyicarnitines)
* Dosage of mitochondrial respiratory chain activity : 8 aspecific reduction /20 tests v > e '
e Study of glyco(geno)lysis enzyme on muscle biopsy or blood cells: 2 specific reductions, a
2 global reductions, 14 normal tests
. . . Consider non-genetic disease:

* Halothane and caffeine in vitro muscle contracture tests: 1 /4 abnormal tests | .. | = Endocrine disease; myeloma; If peculiar features:

. . . . ] - Infectious/inflammatory disease; Proceed to candidate gene analysis
* Single gene analysis: 37 genetic diagnoses / 102 genes studied " e (i.e. PYGM, DMD, CASQ1, etc.

- Standard histopathological staining
- Myophosphorylase
- IHC / WB of sarcolemmal proteins

CO n c I u S i O n S - RYR1 molecular analysis on cDNA

Perform muscle biopsy

. . . . iy . . . . . Consider Pure Exertional Rhabdomyolysis (ER) if all the above are present:
The dlagnOStIC prOtOCO| for rhabdomy0|yS|S IS Stl” |neff|C|ent. MUSCIG blOpsy haS an |mp0rta nt ; ipisodleés) related to effort, preferentially with high intensity, deconditioning, warm temperatures, fasting, etc
. . . . . . : ge > 12 years
r0|e' bUt hIStOpathOIOglcaI pICture can be Varlable and mIS|eadlng. We SuggESt d New g :z:g;c:ra;t::::?;aliﬁes on: muscle biopsy (if performed >2 months after ep.), EMG and acylcarnitines (two tests)
diagnostic algorithm for rhabdomyolysis, in which clinical features and few first-line tests o candlidals Gehes confimad

and ER excluded:

exclude the most frequent causes or the treatable ones. The subsequent muscle biopsy
identifies certain myopathies and guide toward the use of specific genetic panels (Next
Generation Sequencing) for metabolic myopathies, muscular dystrophies or mitochondrial

diseases. This diagnostic algorithm will allow cost reduction and time optimization, and Proceed to NGS (gene panels) ——> | Mitochondrial panel B
hopefully will increase the rate of etiological diagnosis of rhabdomyolysis.

Rhabdomyolysis panel

| LGMD panel
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