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Abstract
Malignant hyperthermia (MH) is an in-
herited skeletal muscle disorder and is one
ofthe major causes ofdeath resulting from
anaesthesia. MH is currently diagnosed by
the in vitro contracture test performed on
a muscle biopsy. Genetic linkage analysis
on an IrishMH pedigree showed that when
the thresholds for the standardised Euro-
pean protocol for MHS diagnosis was ap-
plied, linkage between theMHS phenotype
and the RYR1 locus was excluded. When
we raised the threshhold values for as-
signment of MHS status and assumed
MHN diagnosis in subjects where this
threshold was not attained, tight linkage
between MHS and RYRI markers was ob-
served, suggesting that AHS is linked to
the RYRI locus in this pedigree. Con-
firmation of these results was borne out
by the fact that all of the MHS patients in
the pedigree exceeding the raised thresh-
old carried the known MHS Gly341Arg
RYR1 mutation.
The results obtained could be explained

(1) by false positive diagnosis of MHS in
the recombinant subjects, (2) by the pres-
ence of a mutation in a predisposing gene
other than RYRI, or (3) by the presence
of mild subclinical myopathies. The im-
plications ofthese results for heterogeneity
studies is discussed.
(JMed Genet 1996;33:18-24)

Key words: malignant hyperthermia; in vitro contracture
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Malignant hyperthermia (MH) is an inherited
human skeletal muscle disorder and is one
of the major causes of death resulting from
anaesthesia.'2 It is categorised as a metabolic
disorder of skeletal muscle. 2 It can be triggered
in susceptible people by all commonly used
inhalational anaesthetics such as halothane and
by depolarising muscle relaxants such as
succinylcholine.'2 The classical presentation is
a progressive rise in body temperature at a

rate of 2°C or more per hour, a profoundly
accelerated muscle metabolism, contractures,
metabolic and respiratory acidosis, and
tachycardia.'2 Once initiated, a futile metabolic
cycle is established and a fulminant syndrome
evolves in which the body temperature may
exceed 43°C (109.40F). Many susceptible
patients present with some, but not all, of
the classical signs with variable intensity when
exposed to agents known to induce the con-
dition. Some known susceptible patients have
had previous triggering anaesthetics without
any complications.'2 Thus, the early clinical
diagnosis ofMH is often difficult. The reported
incidence ofMH ranges from approximately 1
per 10000 to 1 per 50000 anaesthetics with
an apparently higher incidence in children.3
A standardised in vitro muscle contracture

test (IVCT) has been established by the
European Malignant Hyperthermia Group
(EMHG) for investigation of MH sus-
ceptibility.4 This IVCT is based on the con-
tracture tensions induced in muscle in vitro by
caffeine and halothane and allows the following
diagnosis to be made: MH susceptible (MHS),
MH normal (MHN), and MH equivocal
(MHE). A person is diagnosed as MHS if a
threshold tension of0-2 g or greater is generated
at a caffeine concentration of 2 mmol/l and
independently at halothane concentration of
2%. The person is diagnosed as MHN if this
threshold tension is not reached at these
caffeine and halothane concentrations. MHE
denotes a person in whom the threshold tension
is generated with caffeine (MHE(c)) but not
with halothane or vice versa (MRE(h)). The
tensions generated in the IVCT in MH prob-
ands is highly variable. In a study of40 subjects
who have survived a clinical episode of MH,
35 (88%) tested as MHS (0-2 g to >2 5 g at
2 mmol/l caffeine and 2% halothane) and five
(12%) tested as MHE (12% ofprobands).5 For
MHN, the tensions can range from a negative
tension to 0 195 g. In one study, the range of
tensions recorded for MHN subjects was
-0-45 to 0-1 g at 2 mmol/l caffeine and -0 3
to 0-1 g at 2% halothane.6 Once a person is
diagnosed as being susceptible to MH, the
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anaesthetics which trigger this syndrome can
be avoided.
The European IVCT has been widely ac-

cepted by most European MH testing centres.
The North American testing protocol and cri-
teria for MHS diagnosis differ significantly
from the European test and both tests are not
directly comparable. For example, in contrast
to the European MH group, the North Am-
erican MH group propose a range of values
for abnormal responses and each laboratory
is responsible for deciding its cut off point.7
Furthermore, with the North American pro-
tocol, an abnormal response to either caffeine
or halothane is regarded as a positive result
and the person is diagnosed as MHS. There is
no MHE status defined by the North American
protocol.
Over a decade, the sensitivity of the IVCT

using either the European or the North Am-
erican protocol was considered to be high as it
was reported that patients who previously
tested negative for MH susceptibility did not
develop a MH reaction on exposure to trigger
agents.89 Therefore, the sensitivity of MHN
diagnosis by the IVCT was thought to be high.
Recently, however, Isaacs and Badenhorst'0
presented four patients with negative IVCT
results (as diagnosed by the European protocol)
despite clinical evidence ofMH susceptibility.
The diagnosis of MHS is considered to err on

the side of false positive diagnosis,"1 since the
failure to detect an MHS person has a po-
tentially fatal outcome. In agreement with this,
a low specificity rate was shown for non-MHS
control subjects diagnosed according to the
North American IVCT protocol.'2 By contrast
with the North American protocol, the diag-
nostic criteria of the European IVCT protocol
are standardised, and in an investigation of 65
non-MHS control subjects we have failed to
show a false positive diagnosis by the IVCT.
Furthermore, there are no published reports of
non-MHS control subjects registering an MHS
or MHE reaction in other European MH test-
ing centres. The accuracy of the European
IVCT protocol has been validated by genetic
linkage studies and the discovery of causative
MH mutations in the RYR1 gene.13-172'22 Of
the seven pedigrees which we investigated for
the segregation of the Gly341Arg mutation, a

total of 69 people were investigated by the
IVCT.15 Of these, 63 were diagnosed as either
MHS orMHN and the fact that the Gly34 lArg
mutation segregated precisely with MHS in
this large sample substantiates the validity of
MHS andMHN diagnosis by the IVCT. Within
these seven pedigrees, six subjects were diag-
nosed as MHE(c) or MHE(h) and none of
the MHEs except for one MHE(c) carried
the Gly34lArg mutation. In addition to this
mutation, which is the most common RYR1
mutation identified to date, accounting for 10%
of white MHS cases, a further seven RYRI
point mutations have been identified in MHS
and central core disease (an inherited myo-

pathy closely associated with MH'>20) ped-
igrees, namely, ArgI 63Cys,2' Gly248Arg,'4
Ile4O3Met,2' Tyr522Ser,22 Arg6 1 4Cys,'3 Gly-
2433Arg,'6 '" and Arg2434His.23 The identi-

fication of these mutations firmly establishes
the RYR1 gene as a susceptibility gene in MH
and indicates that mutations are likely to be
present in the RYRI gene in all RYRI linked
families.

Genetic heterogeneity is considered to ac-
count for up to 50% ofEuropeanMH pedigrees
investigated24 and to date a further three MHS
loci have been reported. AMHS locus has been
proposed to reside in the qI 1.2-24 region of
chromosome 17 in North American pedi-
grees.25 However, although European studies
have also shown heterogeneity,26 the possibility
ofa second MHS locus mapping to 1 7qI 1.2-24
has been excluded to date.2728 Linkage has
recently been established in a single large MH
pedigree between MHS and markers on the
q13.1 region of chromosome 329 and tentative
linkage to the ql1.23-q21.1 region of chro-
mosome 7 has been reported in another single
pedigree.30

Linkage studies in large Irish pedigrees
showed linkage between chromosome 19 and
MHS in six families.'5163' We describe here
linkage analysis in the seventh Irish MH pedi-
gree using markers linked to the chromosome
19 MHS locus and the investigation of the
pedigree for known RYR1 mutations.

Methods
SUBJECTS
Pedigree C 1 is Irish by descent and was referred
to the MH testing centre in Cork (fig 1A).
Subject 23 is the proband and was an-
aesthetised for tonsillectomy at 11 years of age.
Following anaesthesia using suxamethonium
and isoflurane, she developed pronounced and
prolonged masseter muscle spasm with as-
sociated metabolic acidosis developing after
eight minutes (blood gas analysis showed a
PCO2 level of 7-7, a base excess of -9, and a
pH of 7 2). CK levels of 10050IU/l were
recorded 24 hours after the episode. Family
members including the proband were in-
vestigated for MH susceptibility using the
standardised European IVCT.4 Tests were per-
formed on fresh muscle as follows: caffeine was
added at increasing concentrations of 0 5, 1-0,
and 2-0 mmol/l, with an additional test at
1-5 mmol/l in some cases; halothane was added
at increasing concentrations of 0 5, 1-0, and
2-0% v/v, with an additional test at 1-5% v/v
in some cases. The MH status of pedigree C1
is shown in fig 1A and the results of the IVCT
are presented in fig 2A and B.

GENOTYPE ANALYSIS
Blood samples were collected from 25 members
of the Irish MH pedigree C1 and stored at
- 70°C. DNA was extracted from ap-
proximately 10 ml of whole blood by the
method of Old and Higgs.32 Oligonucleotide
primer sequences for the markers D19S75,
RYRI, WIS1 (a microsatellite marker within
the RYR1 locus), and D19S178 have been
published. 14 33-35 Genotyping ofthe markers was
performed by PCR amplification in a 50 g1
reaction volume containing 500 ng of-genomic
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A
1) (2)

3) 142 D1 9S75 (5) Is) lN I)
2 1 RYR1
2 1 WIS1
2 7 D19S178

GLY341ARG

(9) (10) (11) (12) (13) (14) (15) (16) (17) (1s) (19) (20) (21) (22)
22 3 1 1 1 ??2 2 3 2 22 3 2 1 1 2 4 ? ? ? ? ? ? ? ?
12 2 2 1 2 ??1 2 2 1 ?? 2 1 1 2 1 1 ? ? ? ? ? ? ? ?
22 3 2 1 2 1 22 1 3 1 12 3 1 1 2 2 2 3 2 2 2 2 1 2 2
56 5 7 1 2 1 27 3 5 7 44 5 2 1 2 7 7 5 2 4 7 4 2 4 6

A23) (24) (25) (26) (27) (28) (29) (30) (31) (33)
32 3 2 12 32 2 2 2 2 2 2 ? ? 12 1 4
22 2 1 22 22 1 2 1 1 1 2 ? ? 21 11
32 3 2 22 31 1 1 1 2 1 1 1 1 22 1 2
55 55 76 53 7 3 7 7 2 4 2 4 27 2 7

B
(1 A(2)

(1) (43)(5) (2) (7) (8)1 2 D19S75
2 1 RYR1
2 1 w?s?
2 7 D19S178
-- GLY341ARG

(9) (2) (11) (2 (13) (14) (15) () () (1 (19) (20) (21) (22)
23 3 1 1 ? ?2 2 32 22 23 2 2 ? ? ? ? ? ? ? ?
12 2 2 1 2 ? ?1 2 2 1 ? ? 2 1 ? ? ? ? ? ? ? ?
22 3 2 1 2 1 22 1 3 1 12 3 1 1 2 2 2 3 2 2 2 2 1 2 2
565 7 1 2 1 27 3 6 7 44 6 2 1 2 7 75 2 4 7 4 2 4 6

(23) (24) (26) (2)) (27) (21) (16) (30) (31) (33)3 2 3 2 1 2 32 2 2 2 2 32 ? ? 12 2 1 4
2 2221 2 22 1 2 1 1 2 ? ? 21 1 1
3 2 3 2 2 231 1 1 1 2 1 1 1 1 22 1 2
5 6 5 71 6 1 3 7 7 2 4 2 4 27 2 7

13142 D19S75 (6) (6) 7 S
2 1 RYR 1
2 1 WIS1
2 7 D19S178

GLY341ARG@

(9) (1} (11) (12) (13) (14) (16) (6 (71) (19) (20) (21) (22)
2 2 3 1 1 1 ? ? 2 2 3 2 2 2 3 2 1 1 2 4 ? ? ? ? ? ? ? ?
1 2 2 2 1 2 ? ? 1 2 2 1 ? ? 2 1 1 2 1 1 ? ? ? ? ? ? ? ?
2 2 3 2 1 2 1 2 2 1 3 1 1 2 3 1 1 2 2 2 3 2 2 2 2 1 2 2
6 6 6 7 1 2 1 2 7 3 6 7 4 4 6 2 1 2 7 7 6 2 4 7 4 2 4 6

+ + _ F _ +_ _ _ . _ .

#A23) (24 (25) (26 (27) (2 ) (29) (30) (31) (S33
3 2 3 2 1 2 3 2 2 2 2 2 22 ? ? 1 2 1 4
2 2 2 1 2 2 2 2 1 2 1 1 1 2 ? ? 2 1 11
3 2 3 2 2 2 3 1 1 1 1 2 1 1 1 1 2 2 1 2
55 55 76 5 3 73 7 7 2 4 2 4 2 7 2 7

Figure 1 MH pedigree Cl using (A) standardised European thresholds for MH status assignment; (B) altered thresholds of 0-4 g and0-8g tension in
response to 2 mmolll caffeine and 2% halothane, respectively, for MHS diagnosis and the assignment of the MHN status to all subjects producing a
response below these thresholds; and (C) altered thresholds of0O4g and 0-8g tension in response to 2 mmolll caffeine and 2% halothane, respectively, for
MHS diagnosis and the standardised European thresholds for MHN diagnosis. Symbols: shaded, MHS; unshaded, MHN; half shaded, MHE(h);
unshaded with question mark, disease status unknown. The proband (subject 23) is indicated by an arrow. The results of typing for the polymorphic
markers D19S75, RYR1, WIS1, and D19S178 are shown in genetic map order Segregation of the Gly341Arg RYR1 mutation is also indicated: ±,
presence of the mutant allele; -, presence of the normal allele.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.33.1.18 on 1 January 1996. D
ow

nloaded from
 

http://jmg.bmj.com/


Diagnosis of malignant hyperthermia

overnight with intensifying screens. Screening
for the known RYR1 mutations were performed
as previously described.'3-1621-23

I I IIIIIII Y1111I1 Ii I i ~ 1 11
)2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4C

Subject identification number

B

o

o o

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Subject identification number

Figure 2 Contracture data for members ofpedigree Cl. The standardised European
threshold (0 2g) is indicated by the line and arrow. (A) Contracture results in respo?
2% halothane, (B) contracture results in response to 2 mmolll caffeine.

LINKAGE ANALYSIS
For linkage analysis, two point lod scores were
calculated with the LINKAGE program.36
MHS penetrance was taken to be 0-98. The
frequency of the MHS allele was assumed to
be 0 0001. Linkage analysis was performed
using three different criteria for MH diagnosis.
In the first instance, the criteria for diagnosis
were according to the standardised EMHG
protocol and an unknown disease status was
assigned to MHE subjects. In the second in-
stance, the threshold for diagnosis was raised
to 0G4 g tension at a caffeine concentration of
2 mmol/l and to 0-8 g tension at a halothane
concentration of 2% v/v. People registering a
tension greater than these thresholds were
scored asMHS while those registering a tension
below these thresholds were scored as MHN. In
the third instance, a threshold of 0G4 g tension
at 2 mmol/I caffeine and 0-8 g tension at 2%
halothane was used for assignment of MHS

4- status and a threshold of below 0-2 g tension
at 2 mmol/l caffeine and 2% halothane was used
for MHN diagnosis (the accepted European
criteria for MHN diagnosis). An unknown dis-

MH ease status was assigned to those who fell be-
use to tween these two thresholds.

DNA, lOO ng of each primer, 02 mmol/l of
each dNTP, 50mmol/l KCl, 10mmol/l Tris-
HCl, pH9-0 at 25°C, 0-1% Triton X-100,
1 5 mmol/l MgCl, 2 iCi of cx32P dCTP (3000
Ci/mmol), and 1 0 U of Taq polymerase. Re-
action mixtures were covered with an equal
volume of mineral oil and amplification was
carried out using the "hot start" technique in
a LEP thermal cycler. Annealing temperatures
were as published and samples were processed
through 30 temperature cycles consisting of
one minute denaturing, one minute annealing,
and one minute extension. Marker alleles were
resolved on 6% or 8% denaturing poly-
acrylamide gels as described32 and detected by
autoradiography following exposure at - 70°C

Table 1 Two point lod scores in MH pedigree Cl with four informative markers with
subjects 17 and 27 scored as MHS and subjects 20, 22, and 25 as status unknown

Recombination fraction (0)

0-00 0-01 0-05 0-10 0-20 0-30 0-40

D19S75 v MHS -5-29 -1-33 -0-09 0-32 0-52 0 44 0-25
RYRI v MHS -0-52 -0 37 -0-08 0-05 0 11 0-08 0-04
WISI v MHS -4-72 -1-94 -0 74 -0-31 0 03 0-12 0 09
D19S178 v MHS -5-98 -0-62 0 55 0-89 0-96 0-74 0 40

Table 2 Two point lod scores in MH pedigree Cl with four informative markers with
subjects 17 and 27 and 20, 22, and 25 scored as MHN

Recombination fraction (0)

0-00 0-01 0-05 0 10 0-20 0-30 0-40

D19S75 v MHS 2-96 2-92 2-72 2-47 1-91 1-29 0-61
RYR1 v MHS 0-59 0-58 0-51 0-43 0-28 0-15 0-05
WISI v MHS 3-29 3-23 2-99 2-69 2-05 1-36 0-63
D19S178 v MHS 3-29 3-23 2-99 2-69 2-05 1-36 0-63

Results
The large Irish MH pedigree C1 investigated
here is presented in fig 1 A. The markers
D19S75, RYRI, WIS1, and D19S178 were

genotyped in the members of the pedigree (fig
IA). Linkage analysis was initially performed
according to the criteria agreed by the Genetics
Section of the European Malignant Hy-
perthermia Group.26 Two point lod scores cal-
culated with the LINKAGE package are

presented in table 1. The lod scores generated
at 0=0 00 for the markers D19S75, RYRI,
WIS1, and D19S178 were -5-29, -0-52,
-4-72, and -5-98 respectively. The RYR1
marker is a PCR RFLP and as such is not as

informative as the other microsatellite
markers.'4 The WISI marker is a microsatellite
within the RYR1 locus.34 These results clearly
show that MHS is not linked to the RYR1
locus in this pedigree. This may indicate true
heterogeneity in this pedigree or, alternatively,
could be explained by false positive or false
negative diagnosis of MHS or MHN re-

spectively. To investigate the possibility of the
former, we again performed linkage analysis
and applied altered sets of parameters where
subjects generating a tension of equal to, or

greater than 0-4 g, 0-6 g, 0-8 g in response to
2 mmol/l caffeine and a tension of equal to, or

greater than 0 4 g, 0-6 g, 0-8 g in response to 2%
halothane, respectively, were scored as MHS
while all subjects producing a response below
these thresholds were scored as MHN. Using
a threshold value of0 4 g in response to 2 mmol/
1 caffeine and of 0-8 g in response to 2% hal-
othane for MHS diagnosis, the linkage analysis

A
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Table 3 Two point lod scores in MH pedigree Cl with four informative markers with
subjects 17 and 27, and 20, 22, and 25 scored as status unknown

Recombination fraction (0)

0-00 0 01 0 05 0 10 0-20 0 30 0 40

D19S75 v MHS 2-28 2-24 2-09 1-88 1-44 0-95 0-44
RYR1 v MHS 0-50 0-49 0-44 0-38 0-26 0-15 0-06
WISI v MHS 2-40 2-36 2-18 1-96 1-47 0-95 0-42
D19S178 v MHS 2-40 2-36 2-20 1-98 1-52 1-01 0-47

clearly showed that MHS in this pedigree is
linked to the RYR1 locus (table 2) with a

maximum lod score of 3 29 being recorded in
favour of linkage ofMHS to WIS I at 0 = 0 00.
These altered diagnostic parameters identified
subjects 17 and 27 as MHN. The MH status
of the pedigree using these altered thresholds is
shown in fig 1 B. A third analysis was performed
where the threshold of 0 4 g tension at 2 mmol/
caffeine and 0-8 g tension at 2% halothane

was used for the assignment ofMHS status and
a threshold of below 0-2 g tension at 2 mmol/l
caffeine and 2% halothane was used for MHN
diagnosis (the accepted European criteria for
MHN diagnosis). In this case the status of
subjects 20, 22, and 25 (diagnosed as MHE
by the European protocol) and subjects 17
and 27 (diagnosed as MHS by the European

0)
c

0)

0

C

G)

-

c

2

1r

4r

A

26

10

14

23

27

17

% halothane

B

10

26

2
14

27
17

mmol/I caffeine

Figure 3 Dose response curve of members ofMHS pedigree Cl during the IVCT (A)
Tension generated in response to increasing concentration of halothane, (B) tension
generated in response to increasing concentration of caffeine.

protocol) were scored as unknown. The MH
status ofthe pedigree using these altered thresh-
olds is shown in fig 1 C. In this case, a maximum
lod score of 2-4 was recorded in favour of
linkage of MHS to WIS1 at 0 = 0 00 (table 3).

In light of the findings of the linkage analysis,
we analysed the contracture data of the mem-
bers of this pedigree in two ways. Firstly, we
graphed the tensions recorded in the IVCT at
2 mmol/l caffeine and 2% halothane for each
person (fig 2A and B). As can be seen, subjects
17 and 27 produce the weakest response of the
MHS patients to the test agents. Secondly,
analysis of the tensions generated in each MHS
patient at different doses of caffeine and hal-
othane (fig 3A and B) show that subjects 17
and 27 produced the weakest response at all
concentrations of the test agents used in the
IVCT. Therefore these two people could reas-
onably be considered in a different category
from the other MHS patients in the family and
could represent false positives from a genetic
analysis viewpoint.
The pedigree was screened for the presence

of the eight RYR1 mutations identified to date.
The Gly341Arg mutation was identified in all
MHS subjects in the pedigree with the ex-
ception of subjects 17 and 27 (fig IA). Thus,
the Gly341Arg mutation segregated with the
MHS phenotype using the altered diagnostic
criteria. Furthermore, the MHN and MHE (as
defined by the standardised European MH
protocol) subjects in this pedigree were negative
for the presence of the Gly341Arg mutation.
Of the nine people who had not yet been
investigated by the IVCT, two (subjects 16
and 19) were positive for the presence of the
mutation while seven (subjects 4, 9, 13, 15,
18, 29, and 30) were negative for the presence
of the mutation.

Discussion
Genetic linkage studies on MH have shown
linkage to the RYR1 locus in six Irish pedigrees
investigated.'5 1631 The results of the linkage
analysis on a seventh pedigree are shown here
and clearly exclude linkage to the RYR1 locus
when the standardised European protocol for
MHS diagnosis is applied. In this pedigree,
there are two key MHS subjects (17 and 27)
who were recombinant for the RYR1 and RYR1
linked markers (fig 1A). Analysis of the con-
tracture data showed that the recombinant
MHS subjects displayed a significantly weaker
response than the other affected members (figs
2 and 3). To investigate the possibility ofgenetic
heterogeneity in this pedigree, we chose to
perform the linkage analysis using altered dia-
gnostic parameters. When the threshold for
MHS diagnosis was raised to 0-4 g tension
at 2 mmol/l caffeine and 0-8g tension at 2%
halothane and subjects exhibiting tensions
below these values were classified as MHN, a
maximum lod score (Z=3 29 at 0=0 00) in
favour of linkage of MHS to the markers WIS 1
and D19S178 (fig iB, table 2) was generated.
This clearly shows linkage ofMHS to the RYRl
locus in this pedigree. Using the same threshold
for MHS diagnosis while maintaining the
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standardised threshold for MHN diagnosis (fig
1C, table 3), a maximum lod score (Z=2 4 at
0=000 for the markers WIS1 and D19S178)
was generated. These results strongly suggest
that MHS is linked to the RYR1 locus in this
pedigree. Confirmation of these results was
borne out by the fact that all of the MHS
subjects in the pedigree, with the exception of
the recombinant subjects 17 and 27, carried
the Gly341Arg RYR1 mutation, which is the
most common MHS mutation known to date.15
The alteration of the diagnostic criteria applied
here is a valid and rational approach from a
linkage analysis point of view, since raising the
diagnostic threshold does not impose a bias on
the analysis.
MHS diagnosis, indicative of predisposition

to MH, in the standardised European protocol
has been considered to have a high specificity
and has been validated by the results of several
linkage and mutation analyses.""-7 21-23 31 Apart
from the report of Isaacs and Badenhorst,10 the
specificity ofMHN diagnosis, indicative of the
normal phenotype, is also considered high and
has also been validated by the molecular genetic
analyses. 13-1721-2331 The MHE category rep-
resents those subjects who cannot be assigned
to the MHN or MHS group and probably
represents predisposed and non-predisposed
people,15 although all MHE patients must be
considered susceptible to MH from a clinical
viewpoint. The existence of the MHE category
accounts for the high specificity of the MHS
and MHN diagnosis. By contrast, the North
American protocol does not have the equivalent
of the MHE category and, as such, diagnosis
ofsusceptibility is considered to err significantly
on the false positive side in order to achieve
high sensitivity at the expense ofreduced speci-
ficity."

In one study of a North American MH pedi-
gree, MacKenzie et aPl excluded linkage be-
tween MHS and the RYR1 locus using the
North American protocol. However, when they
altered the diagnostic parameters, linkage be-
tween RYR1 and MHS was demonstrated. The
altered parameters used cannot be applied to
pedigrees tested by the standardised European
protocol because of the differences in the
testing procedures and, unlike the pedigree
investigated in our work, a MH causative
mutation was not identified in the North Am-
erican pedigree.
The contracture response of the two MHS

recombinants in pedigree C 1 to the test agents
is significantly lower than those of the other
MHS patients in this pedigree. It is unclear
why these people registered an MHS reaction.
The abnormal contractures could be explained
(1) by false positive diagnosis of MHS in the
recombinant subjects, (2) by the presence of a
mutation in a predisposing gene other than
RYRI (examination of the haplotypes excludes
the presence of a second RYRI mutation se-
gregating in the pedigree), or (3) by the pres-
ence of subclinical myopathies which alters
their response. Histological examination of the
muscle biopsies of these people showed the
presence of occasional cores in some type II

fibres in subject 27 while subject 17 appeared
normal.

Unlike most other genetic disorders, theMH
clinical phenotype is usually only observed in
one or two patients per pedigree. The reason
for this is that once a person exhibits a MH
episode, all members of his/her pedigree are
considered to be MHS and avoid the use of
triggering anaesthetic agents unless diagnosed
as MHN by the IVCT. The current thresholds
for MHS assignment have been derived from
IVCT investigations of probands. Apart
from the four cases reported by Isaacs and
Badenhorst,'0 no proband has generated ten-
sions below these thresholds. As the clinical
phenotype is rarely seen inMHS patients (apart
from probands), it is difficult to calculate a
false positive rate for the IVCT. Molecular
genetic analysis offers an opportunity to deter-
mine the false positive rate. In the case reported
here, we have observed two patients diagnosed
as MHS in the European IVCT who are neg-
ative for the segregating Gly341Arg mutation.
Assuming that the frequency of MHS in the
population is low, the simplest and most likely
explanation is that these people are false pos-
itives. To date, the Gly341Arg mutation has
been reported in all 35 MHS subjects from
seven MH pedigrees diagnosed by the Euro-
pean IVCT.'5 In the pedigree presented here,
the mutation is present in five of the seven
MHS subjects. Taken together, this indicates
a false positive rate of 2/42=5%. Statistical
analysis of the IVCT tensions in subjects in a
significant number of MH pedigrees where
known MHS mutations are segregating may
allow the assignment of a probability score for
false positive diagnosis based on the tensions
recorded in the IVCT. We are currently in the
process of performing such an analysis. Such
a score would be very useful for linkage studies
but would have little use clinically.

Heterogeneity has been reported in MH and
some authors have estimated that about 50%
of cases are not RYRI linked.24 Interestingly,
in a systematic linkage study using a set of
polymorphic microsatellite markers covering
the entire genome performed on MH pedigrees
where exclusion of the RYR1 locus had been
established, a convincing second MHS locus
was only identified in a single family on the
q13.1 region of chromosome 3.29 This result,
taken together with the results presented here,
indicates that the incidence of genetic hetero-
geneity in the MH population may be lower
than predicted to date. Therefore, we suggest
that where MH families show non-linkage to
the RYR1 locus with the standardised thresh-
olds, linkage analysis should be performed with
altered diagnostic thresholds to improve the
specificity of the diagnosis.

Since misdiagnosis of MHS subjects as
MHN is potentially fatal, the alteration of the
IVCT diagnostic criteria should obviously only
be performed to assist genetic analysis. As the
recombinant subjects 17 and 27 may actually
be susceptible to MH for reasons other than
the Gly341Arg RYR1 mutation, we stress that
all MHS and MHE patients as diagnosed by
the standardised European protocol should al-
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ways be considered MHS clinically to avoid
the possibility of them reacting to triggering
agents during anaesthesia.

It is unclear why some people within a family
where a known MHS mutation is present ex-

hibit an MHE or MHS response in the stand-
ardised European IVCT in the absence of the
mutation. Further investigation of such sub-
jects is warranted to establish the factors
responsible for a MHE or MHS response in
apparently normal people.
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