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Abstract
Introduction:  Malignant  hyperthermia  is  an  autosomal  dominant  pharmacogenetic  disorder,
characterized  by  hypermetabolic  crisis  triggered  by  halogenated  anesthetics  and/or  succinyl-
choline. The  standard  method  for  diagnosing  malignant  hyperthermia  susceptibility  is  the
in vitro  muscle  contracture  test  in  response  to  halothane-caffeine,  which  requires  muscle  biopsy
under anesthesia.  We  describe  a  series  of  anesthetic  procedures  without  triggering  agents  in
malignant hyperthermia,  comparing  peripheral  nerve  block  and  subarachnoid  anesthesia.
Method:  We  assessed  the  anesthetic  record  charts  of  69  patients  suspected  of  malignant  hyper-
thermia susceptibility  who  underwent  muscle  biopsy  for  in  vitro  muscle  contracture  in  the  period
of 7  years.  Demographic  data,  indication  for  malignant  hyperthermia  investigation,  in  vitro
muscle contracture  test  results,  and  surgery/anesthesia/recovery  data  were  analyzed.
Results: Sample  with  34  ±  13.7  years,  60.9%  women,  65.2%  of  in  vitro  muscle  contracture  test
positive. Techniques  used:  peripheral  nerve  blocks  ----  lateral  femoral  and  femoral  cutaneous,
latency 65  ±  41  min  ----  (47.8%);  subarachnoid  anesthesia  (49.3%),  and  total  venous  anesthesia
(1.4%). There  was  39.4%  failure  of  peripheral  nerve  block  and  11.8%  of  subarachnoid  anesthesia.
Adverse events  (8.7%)  occurred  only  with  subarachnoid  blockade  (bradycardia,  nausea,  and
transient  neurological  syndrome).  All  patients  remained  in  the  post-anesthesia  care  unit  until
discharge.  Age  and  weight  were  significantly  higher  in  patients  with  blockade  failure  (ROC  cut-
off point  of  23.5  years  and  59.5  kg)  and  blockade  failure  was  more  frequent  in  the  presence  of
increased  idiopathic  creatine  kinase.
Conclusion:  Anesthesia  with  non-triggering  agents  has  been  shown  to  be  safe  in  patients  with
malignant  hyperthermia  susceptibility.  Variables  such  as  age,  weight,  and  history  of  increased
idiopathic  creatine  kinase  may  be  useful  in  selecting  the  anesthetic  technique  for  this  group  of
patients.
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PALAVRAS-CHAVE
Hipertermia  maligna;
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Bloqueio  nervoso

Anestesia  durante  biópsia  muscular  para  teste  de  suscetibilidade  à
hipertermia  maligna

Resumo
Introdução: Hipertermia  maligna  é  uma  doença  farmacogenética  autossômica  dominante,
caracterizada  por  crise  hipermetabólica  desencadeada  por  anestésicos  halogenados  e/ou  suc-
cinilcolina.  O  padrão  para  diagnóstico  da  suscetibilidade  à  hipertermia  maligna  é  o  teste  de
contratura  muscular  in  vitro  em  resposta  ao  halotano-cafeína,  para  o  qual  é  necessária  biopsia
muscular sob  anestesia.  Descrevemos  uma  série  de  anestesias  sem  agentes  desencadeantes  na
hipertermia  maligna  e  comparamos  bloqueios  de  nervo  periférico  e  anestesias  subaracnóideas.
Método:  Foram  analisados  os  prontuários/fichas  anestésicas  de  69  pacientes  suspeitos  de
susceptibilidade  à  hipertermia  maligna,  submetidos  à  biópsia  muscular  para  teste  de  con-
tratura muscular  in  vitro  durante  sete  anos.  Analisamos  dados  demográficos,  indicação  para
investigação de  hipertermia  maligna,  resultado  do  teste  de  contratura  muscular  in  vitro  e  dados
da cirurgia/anestesia/recuperação.
Resultados:  Amostra  com  34  ±  13,7  anos,  60,9%  mulheres,  65,2%  de  teste  de  contratura  mus-
cular in  vitro  positivos.  Técnicas  empregadas:  47,8%  bloqueios  de  nervo  periférico  (femoral
e cutâneo  femoral  lateral,  latência  65  ±  41  minutos),  49,3%  anestesias  subaracnóideas  e  1,4%
anestesia venosa  total.  Falha  em  39,4%  dos  bloqueios  de  nervo  periférico  e  11,8%  das  aneste-
sias subaracnóideas.  Eventos  adversos  (8,7%)  como  bradicardia,  náuseas  e  síndrome  neurológica
transitória  só  ocorreram  com  bloqueio  subaracnóideo.  Todos  os  pacientes  permaneceram  na  sala
de recuperação  pós-anestésica  até  liberação.  Idade  e  peso  foram  significativamente  maiores
nos pacientes  com  falha  no  bloqueio  (ponto  de  corte  da  curva  ROC  de  23,5  anos  e  59,5  Kg)  e
esta foi  mais  frequente  na  presença  de  aumento  idiopático  de  creatinoquinase.
Conclusão:  Anestesia  com  agentes  não  desencadeantes  mostrou-se  segura  em  pacientes
suscetíveis  à  hipertermia  maligna.  Variáveis  como  idade,  peso  e  antecedente  de  aumento
idiopático  de  creatinoquinase  podem  ser  úteis  para  selecionar  a  técnica  anestésica  nesse  grupo.
© 2019  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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alignant  hyperthermia  (MH),  first  described  by  Denbor-
ugh  and  Lovell  in  1960,  is  a  hypermetabolic  syndrome
haracterized  by  tachycardia,  tachypnea,  hypercarbia,
yperthermia,  muscle  rigidity,  rhabdomyolysis,  and  acido-
is.  It  is  triggered  by  halogenated  anesthetics  (isoflurane,
evoflurane,  desflurane,  enflurane  and  halothane)  and/or
epolarizing  muscle  relaxant  (succinylcholine)  in  genetically
usceptible  patients  (50---70%  have  a  mutation  in  the  ryan-
dine  receptor  type  1  gene).1,2

The  estimated  incidence  of  anesthesia-related  MH  is
:10,000  in  children  and  1:50,000  in  adults,  which  may
ffect  individuals  from  all  ethnic  groups.3 In  1970,  MH
ortality  was  over  80%  and  currently  decreased  to  less

han  10%  due  to  the  widespread  use  of  dantrolene  (the
nly  specific  drug  for  MH  management)  and  increased
nowledge  of  physicians  regarding  early  diagnosis  and
reatment.4,5

The  in  vitro  muscle  contracture  test  (IVCT)  in  response

o  halothane-caffeine  is  the  international  gold  standard
or  diagnosing  MH-susceptibility.  There  are  two  protocols
or  the  susceptibility  test,  from  the  European  Malig-
ant  Hyperthermia  Group  (EMHG)  and  the  North  American
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alignant  Hyperthermia  Group  (NAMHG).6---8 In  order  to
ndergo  skeletal  muscle  biopsy  for  the  test,  general  anes-
hesia,  subarachnoid  anesthesia  or  peripheral  nerve  block
femoral  nerve  and  lateral  femoral  cutaneous  nerve)  is
erformed.2

It  is  considered  safe  to  use  non-triggering  anesthetic
rugs  in  MH-susceptible  patients.9,10 Barbiturates,  benzodi-
zepines,  etomidate,  propofol,  ketamine,  opioids,  nitrous
xide,  and  non-depolarizing  muscle  relaxants  are  among  the
on-triggering  anesthetic  drugs  that  may  be  used  for  anes-
hetic  induction.9 However,  even  in  the  absence  of  triggering
nesthetic  drugs,  0.46%  of  MH-susceptible  patients  could
heoretically  present  with  some  clinical  signs  suggestive  of
H;  therefore,  even  in  the  absence  of  triggering  agents,  the
nesthesiologist  must  have  adequate  means  for  diagnosis
nd  treatment.4,11

ackground and objectives

he  aim  of  this  study  was  to  investigate  the  characteris-
ics  and  safety  of  anesthesia  with  non-triggering  agents  in
uscle  biopsy  for  IVCT  in  a  sample  of  patients  suspected  of

H-susceptibility  and  compare  peripheral  nerve  block  and

ubarachnoid  anesthesia.
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Anesthesia  for  muscle  biopsy  to  test  for  susceptibility  to  ma

Method

This  was  a  longitudinal  and  uncontrolled,  documentary  and
retrospective,  historical  and  observational  study  approved
by  the  institutional  Research  Ethics  Committee  (No.
0970/08).  Anesthetic  records  of  MH-suspected  patients
undergoing  muscle  biopsy  for  IVCT  from  2004  to  2010  were
analyzed.  This  period  was  chosen  because  it  allows  the  com-
parison  of  two  phases  in  which  subarachnoid  anesthesia
(spinal  anesthesia)  and  peripheral  nerve  block  were  pref-
erentially  used.  Of  the  69  records,  68  had  sufficient  data  for
analysis.

The  study  center  provides  the  outpatient  care  of  MH-
suspected  patients  and  MH  investigation  through  IVCT,
according  to  the  European  protocol.6 The  assessment  begins
with  a  medical  history,  with  emphasis  on  the  MH  crisis
description  and  obtaining  a  report  from  the  original  ser-
vice.  The  following  physical/neurological  examination  is
performed  and  laboratory  tests  (blood  count,  blood  glu-
cose,  renal  function,  electrolytes,  creatine  kinase,  blood
clotting,  chest  X-ray,  ECG)  are  ordered.  When  IVCT  is  indi-
cated,  the  patient  is  initially  referred  to  a  preanesthetic
evaluation.  Special  care  is  taken  to  temporarily  change  or
suspend,  when  possible,  the  medications  that  may  theoreti-
cally  interfere  with  the  test  result,  such  as  calcium  channel
blockers,12 beta  blockers,13 serotonin  reuptake  inhibitors,14

phosphodiesterase  III  inhibitors  (anrinone/enoximone).15

IVCT  is  performed  in  patients  above  20  kg  and  at  least
3  months  after  the  HM  crisis,  after  obtaining  written
informed  consent.2 For  IVCT,  it  is  recommended  that  the
time  between  collecting  the  material  (muscle  biopsy)  and
the  end  of  the  test  does  not  exceed  5  h.  Therefore,  the
patient  should  be  in  the  investigation  center.

The  room  and  anesthesia  machine  are  prepared  in
advance.  Anesthesia  is  scheduled  for  the  first  hour  of  the
morning,  and  the  room  is  not  used  for  previous  halogenated
procedures.  Preparation  of  the  anesthesia  machine  was  per-
formed  previously  for  all  procedures  consisting  of:

•  Removal  of  all  halogenated  vaporizers;
• Replacement  of  soda  lime  canister,  corrugated  tubes,  and

reservoir  balloon;
•  Continuous  cleaning  of  the  anesthesia  machine  with  a

high  flow  of  100%  oxygen  (10  L.min−1),  during  time  depen-
dent  on  the  anesthesia  machine  (usually  2  h).  While  older
machines  required  at  least  10  min,  the  new  ones  may
require  up  to  120  min.16,17

Central  and  peripheral  catheterization  equipment,  naso-
gastric  and  vesical  probes,  soda  lime,  blood  sample  tubes,
syringes  and  needles  of  different  sizes,  ice,  and  ther-
mal  blanket  were  available.  All  medications  required
for  any  eventuality  (arrhythmias,  acidosis,  and  cardiopul-
monary  resuscitation),  such  as  dantrolene,  antiarrhythmic
drugs  (procainamide,  amiodarone,  lidocaine,  beta  block-
ers),  sodium  bicarbonate,  furosemide,  mannitol,  and  insulin
were  also  available.  Prophylaxis  with  dantrolene  was  not

used  in  susceptible  patients.9

All  patients  were  fasted  before  the  procedure;  patients
with  an  additional  history  of  rhabdomyolysis  associated
with  fasting  or  physical  exertion  received  intravenous
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lucose.  Midazolam  (0.15  mg.kg−1) was  given  as  preanes-
hetic  medication.  Monitoring  consisted  of  cardioscopy,
ximetry,  noninvasive  blood  pressure,  tympanic  thermome-
er;  if  general  anesthesia  was  performed,  the  end-expired
raction  of  CO2 was  measured  by  capnography.2

The  choice  of  the  anesthetic  technique  used  had  two
hases,  that  is,  until  2007,  all  patients  underwent  spinal
nesthesia,  and  from  2008  the  first  choice  technique  was  the
eripheral  nerve  block  (femoral  nerve  and  lateral  femoral
utaneous  branch).  In  femoral  nerve  block  guided  by  Doppler
ltrasound  and/or  peripheral  nerve  stimulator,  the  nerve
as  identified  and  15  mL  of  1.5%  lidocaine  with  1:200,000
drenaline  were  injected  around  the  nerve.  For  the  lateral
emoral  cutaneous  nerve,  as  it  was  purely  sensitive,  land-
arks  and  Doppler  ultrasound  were  used,  with  an  injection

f  20  mL  of  1.5%  lidocaine  with  1:200,000  adrenaline.  Block
uccess  was  tested  with  cotton  soaked  in  alcohol  (thermal
ensation)  and  painful  sensation.  If,  after  30  min,  there  was
o  adequate  blockage,  that  is  failure,  the  spinal  anesthesia
r  total  venous  anesthesia  was  the  last  choice.

The  material  was  collected  by  quadriceps  muscle  biopsy
portion  of  the  vastus  lateralis)  to  remove  four  fragments  of

 ×  0.5  cm.  In  order  to  avoid  interference  with  the  results
he  use  of  local  anesthetics  should  be  avoided  at  the  mus-
le  biopsy  site.6 Patients  were  monitored  for  at  least  6  h  in
he  post-anesthesia  care  unit  (PACU),  with  pulse  oximetry,
emperature,  heart  rate,  respiratory  rate,  blood  pressure,
nd  pain  monitoring.  Subsequently,  they  were  discharged
ith  guidance  to  seek  out  the  emergency  room  and  call

f  there  was  any  intercurrence.  Sutures  were  removed  at
he  health  service  near  the  patient’s  home  after  7  days.
fter  30  days,  the  patient  returned  to  the  outpatient
linic  to  get  the  results,  the  surgical  wound  healing  was
ssessed.

In  this  review,  data  from  the  records/anesthetic  charts
ere  collected  according  to  a  standardized  form,  including
emographic  data,  indication  for  MH  investigation  and  IVCT
esult,  data  from  surgery,  anesthesia  and  recovery.  The  col-
ected  data  were  entered  in  a  spreadsheet  and  presented  as
easures  of  central  tendency  and  dispersion  or  percent-

ges.  Variables  were  tested  for  normality  (K-S  distance).
ubsequently,  comparisons  were  made  between  groups  for
ontinuous  variables  (unpaired  t-test)  and  categorical  (chi-
quare  test),  with  cut-off  point  calculation  for  the  ROC
urve.  To  obtain  a  sample  size  that  allowed  the  analysis
f  the  variables  possibly  associated  with  block  failure,  we
rouped  the  patients  according  to  the  regional  anesthe-
ia  used  (spinal  or  peripheral  block)  in  order  to  have  one
roup  without  block  failure  and  another  group  with  block
ailure.

esults

n  the  studied  period,  69  patients  underwent  muscle  biopsy
or  IVCT,  60.9%  were  female,  with  a  mean  age  of  34  ±  13.7
ears.  The  mean  weight  (available  in  46  patients)  was
1.19  ±  21.7  kg;  the  mean  height  (available  in  41  patients)

as  163  ±  9.9  cm,  with  BMI  (available  in  41  patients)  of
5.9  ±  5.9  kg.m−2.

The  indication  for  IVCT  was  based  on  the  presence  of  one
f  the  following  factors:
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Block
(n = 33)

Spinal
(n = 20)

Failure (n = 13)

Spinal (n = 10)

General (n = 3)

Spinal (n = 34)

Success
(n = 30)

Failure
(n = 4)

Spinal (n = 1)

General (n = 3)General (n = 1)

Missing
data (n = 1)

Figure  1  Sample  distribution  according  to  the  type  of  anes-
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(5.6%)  undergoing  spinal  anesthesia.  In  the  nine  patients
hetic technique  performed  (block:  peripheral  nerve  block;
pinal: spinal  anesthesia;  n:  number).

 Personal  or  family  history  of  malignant  hyperthermia,
masseter  trismus  or  rhabdomyolysis  (55  patients);

 Idiopathic  increase  of  creatine  kinase  (5  patients);
 Central  core  disease  (CCD)----a pathogenic  mutation  not

yet  identified  (9  patients).

There  was  a  previous  complaint  of  muscle  weakness  or
yalgia  in  17  patients  and  CK  was  increased  in  17.  IVCT  was
ositive  in  65.2%  of  patients,  indicating  susceptibility  to  MH,
ith  74%  of  men  and  59.5%  of  women  susceptible.

The  anesthesia  mean  time  was  95  ±  29  min,  while  the
uration  of  surgery  was  49  ±  15  min.  Sedation  was  used  in
4  patients,  with  midazolam  in  53  (isolated  in  34,  associ-
ted  with  propofol  in  two,  and  associated  with  fentanyl  in
7)  and  diazepam  in  one  patient.  The  analgesic  medication
rescribed  for  postoperative  pain  was  intravenous  dipyrone
2  g),  which  was  used  in  12  patients.

Thirty-four  (49.3%)  patients  initially  underwent  spinal
nesthesia,  with  block  failure  in  four  (11.8%),  of  which  three
nderwent  general  anesthesia  and  one  spinal  anesthesia
gain.  One  patient  (1.4%)  underwent  general  anesthesia,
nd,  in  one  patient  (1.4%)  data  regarding  the  anesthetic
echnique  used  was  missing.  The  remaining  33  patients
47.8%)  initially  underwent  femoral  and  lateral  femoral
utaneous  nerve  block,  with  block  failure  in  13  (39.4%);
0  patients  underwent  spinal  anesthesia  and  three  patients
nderwent  general  anesthesia  (Fig.  1).  There  were  signifi-
antly  more  failures  in  nerve  block  than  in  spinal  anesthesia
p  < 0.01,  chi-square  test).

Spinal  anesthesia  was  given  by  median  approach  in
ll  cases.  The  peripheral  nerve  identification  method  was
eported  in  24  of  33  patients  undergoing  peripheral  nerve
lock:  isolated  peripheral  nerve  stimulator  was  used  in  nine
ases,  isolated  Doppler  ultrasound  was  used  in  four  cases,
nd  peripheral  nerve  stimulator  and  Doppler  ultrasound  was
sed  in  11  cases.

All  patients  remained  in  the  PACU  for  at  least  6  h  postop-

ratively,  none  of  which  required  ICU  admission.  None  of  the
atients  in  the  present  study  had  symptoms  or  signs  sugges-
ive  of  malignant  hyperthermia  during  or  after  anesthesia
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or  muscle  biopsy.  However,  six  patients  (8.7%)  had  other
nesthesia-related  adverse  effects  for  muscle  biopsy,  such
s  nausea  (n  =  4;  5.8%),  transient  neurologic  syndrome  (n  =  1;
.4%),  and  bradycardia  (n  = 1;  1.4%),  all  of  which  occurred  in
atients  undergoing  spinal  anesthesia.  One  patient  who  pre-
ented  with  nausea  and  those  who  presented  with  transient
eurological  syndrome  (equine  tail  syndrome)  and  bradycar-
ia  initially  underwent  peripheral  nerve  block  and,  due  to
lock  failure,  they  underwent  spinal  anesthesia.  These  six
atients  were  referred  for  MH  investigation  due  to  personal
r  family  history  of  malignant  hyperthermia  (4),  idiopathic
ncrease  of  creatinine  kinase  (1),  and  myopathy  (1).  There
ere  significantly  more  adverse  effects  after  spinal  anes-

hesia  than  after  peripheral  nerve  block  alone  (p  <  0.05;
hi-square  test).  Note  that  three  patients  who  received
pinal  anesthesia  had  unsuccessfully  received  peripheral
erve  block.

Blockade  latency  time  was  65  ±  41  min  for  all  anesthetic
echniques.  If  we  considered  the  effective  block  in  the
rst  attempt,  it  was  45  min  for  general  anesthesia  (n  =  1
atient),  25  ±  13  min  for  spinal  anesthesia  (n  =  30  patients),
nd  36  ±  20  min  for  peripheral  nerve  block  (n  =  20  patients).
lockade  duration  was  significantly  lower  in  the  group
ndergoing  spinal  anesthesia  (p  <  0.05,  unpaired  t-test).

edications  used  for  the  three  anesthesia
echniques

n  peripheral  nerve  block,  1.5%  lidocaine  associated  with
:200,000  adrenaline  (n  =  6)  patients)  and  0.375%  bupiva-
aine  associated  with  1:200,000  adrenaline  (n  =  27)  were
sed.  In  spinal  anesthesia,  0.5%  hyperbaric  bupivacaine  was
sed  (n  =  44).  In  general  anesthesia,  propofol  and  fentanyl
n  = 4)  or  etomidate  and  fentanyl  (n  =  3)  were  used.

ubgroup  analysis  of  subjects  without  vs.  with
lock failure  (spinal  or  peripheral  block)

ge  was  significantly  higher  in  patients  with  block  failure
Table  1).  In  addition,  weight  was  significantly  greater  in
atients  with  block  failure  (83.91  ±  7.58  kg  in  11  patients
ith  block  failure  vs.  66.82  ±  3.33  kg  in  34  patients  with
lock  success)  (p  <  0.05,  unpaired  t-test).  There  was  no  dif-
erence  in  height  between  40  patients  with  and  without
lock  failure  (165.2  ±  2.98  cm  vs.  162.6  ±  1.91  cm)  (p  =  ns,
npaired  t-test).

Moreover,  there  was  an  association  between  block  failure
nd  the  reason  indicated  for  MH-susceptibility  investiga-
ion;  thus,  block  failure  was  significantly  more  frequent  in
atients  with  idiopathic  creatine  kinase  increase  (failure  in

 of  5  [60%]  patients)  than  in  patients  with  a  family  history  of
alignant  hyperthermia  (failure  in  10  of  53  [19%]  patients);

here  was  no  difference  regarding  central  core  myopathy
failure  in  4  of  9  [44%]  patients)  (Table  1).

In  the  53  patients  with  a  personal  or  family  history  of
alignant  hyperthermia,  there  was  failure  in  seven  (13%)
atients  undergoing  peripheral  nerve  block  and  in  three
ith  myopathy,  there  was  failure  in  three  (33%)  patients
ndergoing  femoral  block  and  in  one  (11%)  undergoing  spinal
nesthesia.  In  the  five  patients  with  idiopathic  creatine
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Table  1  Comparison  of  block  failure/success  between  groups.

Variable  Failure  (n  =  17)  Success  (n  =  50)  p

Age  (years) 39.53  ±  12.89 31.68  ±  13.45  p  <  0.05a

Up  to  23.5  1  (1  PNB)  15
>23.5 16  (12  PNB)  35

Female 8  (47%)  33  (65%)  nsb

Weakness  or  myalgia  6  (35%)  11  (22%)  nsb

Indication  for  IVCT  p  <  0.05b,c

Malignant  hyperthermia  10  (59%)  43  (86%)
Increased  idiopathic  CK  3  (18%)  2  (4%)
Myopathy  4  (23%) 5  (10%)

Increased  CK 4  (23%) 12  (24%) nsb

Positive  IVCT 12  (71%) 32  (64%) nsb

Preanesthetic  midazolam  12  (71%)  39  (78%)  nsb

PNB, peripheral nerve block; CK, creatinine kinase; n, number; ns, not significant; IVCT, in vitro contracture test.
a Unpaired t-test.
b Chi-square test.
c Significantly more block failure in increased idiopathic CK than in malignant hyperthermia.

s
i
i
t
i
5
u
t
t
m
a
p
w
v

f
h
a
m
h
i

i
m
k
r
h
p
d
e
s
i
m

kinase  increase,  there  was  failed  in  three  (60%)  patients
undergoing  femoral  block.

There  was  no  association  between  block  failure  and  the
following  variables:  gender,  previous  complaint  of  weakness
or  myalgia,  increased  CK,  positive  result  for  IVCT  or  use  of
midazolam  as  preanesthetic  medication  (Table  1).

The  cut-off  point  for  age  and  weight  regarding  block
failure  was  established  by  the  ROC  curve  for  sensitivity  val-
ues  ≥90%,  23.5  years  and  59.5  kg,  respectively  (Table  1).  In
patients  weighing  more  than  59.5  kg  (n  =  30),  there  was  fail-
ure  of  femoral  block  in  7  of  14  (50%)  patients  and  failure
of  spinal  anesthesia  in  3  of  16  (18.7%);  in  patients  weigh-
ing  up  to  59.5  kg,  there  was  failure  of  femoral  block  in
1  of  7  (14%);  none  of  the  8  patients  showed  spinal  block
failure.

Over  the  24  months  (from  April  2008  to  March  2010)  in
which  the  33  peripheral  blocks  were  analyzed,  the  percent-
age  of  block  failure  was  28.5%  (6  failures  in  21  blocks)  in  the
first  12  months  and  58.3%  (7  failures  in  12  blocks)  in  the  last
12  months.

Discussion

In  this  study,  the  anesthesia  using  non-triggering  agents,
specifically  benzodiazepines,  opioids,  propofol,  etomidate,
and  local  anesthetics  with  vasoconstrictor  (in  spinal  anes-
thesia  and  peripheral  nerve  block),  showed  to  be  safe  in
MH-susceptible  patients  in  the  appropriate  monitoring  sce-
nario  and  previous  setting  of  the  anesthesia  room/machine
for  MH.  Despite  the  higher  number  of  women  in  the
present  sample,  this  study  shows  a  higher  incidence  of  MH-
susceptibility  in  men  by  the  positive  IVCT  results,  similar  to
that  found  in  the  international  literature.2 Children  were

not  included  in  this  study  due  to  the  minimum  age  limit  (10
years)  for  IVCT  in  our  protocol;  however,  another  group  has
already  demonstrated  that  regional  block  is  safe  in  children
with  suspected  MH.18

b
t
h
m

While  spinal  anesthesia  had  a  lower  failure  rate  and
horter  latency  time  compared  to  peripheral  nerve  block,
t  also  had  more  complications.  The  adverse  events  found
n  this  study  are  in  agreement  with  the  previously  men-
ioned:  Scala  et  al.10 reported  8%  of  nausea  and  vomiting
n  patients  tested  for  MH  susceptibility,  while  in  this  study
.8%  presented  such  complaints.  Some  of  the  patients
ndergoing  IVCT  in  the  present  study  had  CCD  myopa-
hy  as  a  test  indication.  There  are  controversies  regarding
he  safety  of  regional  anesthesia  in  patients  with  neuro-
uscular  diseases;  the  following  precautions  in  regional

nesthesia  are  suggested  for  these  patients:  avoid  the
araesthesia  technique,  use  less  potent  local  anesthetics
ith  lower  doses  and  concentrations,  and  avoid  the  use  of
asoconstrictors.19,20

The  patients  remained  in  the  post-anesthesia  care  unit
or  6  h  under  continuous  monitoring  and  were  discharge  from
ospital  on  the  same  day.  Studies  suggest  that  ambulatory
nesthesia  is  safe  for  MH-susceptible  patients;  the  recom-
ended  time  required  for  monitoring  serious  adverse  events

as  declined  over  the  years,  from  four  to  up  to  1  h,  depend-
ng  on  the  procedure  and  monitoring  site.9,21---23

To  our  knowledge,  the  lower  frequency  of  block  failure
n  patients  with  a  family  history  of  malignant  hyperther-
ia,  compared  to  those  with  increased  idiopathic  creatine

inase,  has  not  been  previously  described.  As  it  has  been
eported  that  patients  with  a family  history  of  malignant
yperthermia  may  have  muscular  hypertrophy,  it  would  be
ossible  that  in  these  patients  the  procedure  would  be  easier
ue  to  the  better  definition  of  the  landmarks.  This  hypoth-
sis  is  in  agreement  with  the  association,  in  the  present
tudy,  between  block  failure  and  presence  of  increased
diopathic  creatine  kinase,  probably  due  to  changes  in  the
uscle  structures  of  these  patients,  which  would  hinder

oth  femoral  and  spinal  blockades.  In  lumbar  puncture,
he  association  between  block  failure  and  older  age  and/or
igher  body  weight  should  probably  be  due  to  spinal  abnor-
alities,  such  as  kyphosis,  scoliosis,  ligament  calcification,
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nd  consequences  of  osteoporosis;  while  in  peripheral  nerve
lock,  it  would  be  due  to  obesity.24

Currently,  with  the  required  care  mentioned  in  this  arti-
le,  the  anesthesia  with  non-triggering  agents  is  safe  in
H-risk  patients.25,26 Recently,  activated  charcoal  filters
ave  started  to  be  used  as  an  option  to  rapidly  clean  the
nesthesia  machine  from  halogenated  waste.  However,  this
esource  is  not  yet  available  in  Brazil.27 In  future  anesthe-
ia  procedures  these  MH-susceptible  patients  (with  positive
VCT)  should  be  anesthetized  without  triggering  agents,  with
dequate  monitoring  and  previous  setting  of  the  anesthe-
ia  room/machine.  On  the  other  hand,  patients  without  MH
usceptibility  (with  negative  IVCT)  may  be  safely  exposed  to
riggering  agents.28 However,  it  is  imperative  to  bear  in  mind
hat  the  isolated  genetic  test  does  not  rule  out  the  diagnosis
f  MH  susceptibility  due  to  the  genetic  heterogeneity  of  this
yndrome  and  the  presence  of  more  than  one  mutation  in
ome  families.2,8

onclusion

nesthesia  with  non-triggering  agents  has  shown  to  be  safe
n  MH-susceptible  patients.  There  was  a  higher  frequency  of
ailure  in  femoral  nerve  block  than  in  spinal  block,  although
here  were  complications  only  in  spinal  block,  with  the
xception  that  three  patients  undergoing  spinal  anesthesia
ad  unsuccessfully  received  peripheral  nerve  block.

Block  failure  was  correlated  with  older  patients,  with
igher  body  weight  and  presence  of  increased  idiopathic  cre-
tine  kinase.  These  variables  may  be  useful  in  selecting  the
nesthetic  technique  for  this  sample.
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