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Abstract
Introduction: Malignant Hyperthermia (MH) is a pharmacogenetic, hereditary and autosomal
dominant syndrome triggered by halogenates/succinylcholine. The In Vitro Contracture Test
(IVCT) is the gold standard diagnostic test for MH, and it evaluates abnormal skeletal muscle
reactions of susceptible individuals (earlier/greater contracture) when exposed to caffeine/hal-
othane. MH susceptibility episodes and IVCTseem to be related to individual features.
Objective: To assess variables that correlate with IVCT in Brazilian patients referred for MH
investigation due to a history of personal/family MH.
Methods: We examined IVCTs of 80 patients investigated for MH between 2004‒2019. We
recorded clinical data (age, sex, presence of muscle weakness or myopathy with muscle biopsy
showing cores, genetic evaluation, IVCTresult) and IVCT features (initial and final maximum con-
traction, caffeine/halothane concentration triggering contracture of 0.2g, contracture at caf-
feine concentration of 2 and 32 mmoL and at 2% halothane, and contraction after 100 Hz
stimulation).
KEYWORDS
Anesthesia;
Caffeine;
Halothane;
Malignant
hyperthermia;
Skeletal muscle
yridine receptor voltage-gated calcium channel L subunit alpha 1S; Caf32, Contracture after 32 mM of
HCT, Caffeine Halothane Contracture Test; FMC, Final Maximum Contraction; EMHC, European malig-
lial Malignant Hyperthermia; IMC, Initial Maximum Contraction; IVCT, In Vitro Contracture Test; MH,
ant Hyperthermia Negative; MHS, Malignant Hyperthermia Susceptible; MHSc, Malignant Hyperthermia
MHSH, Malignant Hyperthermia Susceptible positive for halothane only; MHShc, Malignant Hyperther-
and caffeine; MMD, Multiminicore Disease; PMH, Personal Malignant Hyperthermia; RYR1, Type 1 Rya-
cysteine/SH3-rich domain; mM, Millimolar per liter; T100, Contraction after stimulation at 100 Hz.
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Results: Mean age of the sample was 35§13.3 years, and most of the subjects were female (n=43
or 54%) and MH susceptible (60%). Of the 20 subjects undergoing genetic investigation, 65%
showed variants in RYR1/CACNA1S genes. We found no difference between the positive and neg-
ative IVCT groups regarding age, sex, number of probands, presence of muscle weakness or
myopathy with muscle biopsy showing cores. Regression analysis revealed that the best predic-
tors of positive IVCTwere male sex (+12%), absence of muscle weakness (+20%), and personal MH
background (+17%).
Conclusions: Positive IVCT results have been correlated to male probands, in accordance with
early publications. Furthermore, normal muscle strength has been confirmed as a significant pre-
dictor of positive IVCTwhile investigating suspected MH cases.
© 2022 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Introduction

Malignant Hyperthermia (MH) is a hypermetabolic hereditary
syndrome (autosomal dominant), triggered by halogenated
anesthetics and/or succinylcholine, and occurs in 1:10,000
to 1:250,000 anesthetized subjects.1 MH susceptibility is
also associated with idiopathic increase in creatine kinase,
exertional/heat hyperthermia, Central Core Disease (CCD),
Multiminicore Disease (MMD), and King-Denborough Syn-
drome.1 Specific treatment and prompt diagnosis have
reduced MH crisis mortality from 70% to less than 5%.2 MH is
caused by mutations in the genes that control intracellular
calcium homeostasis and the skeletal muscle excitation-con-
traction system, such as RYR1 (type 1 Ryanodine Receptor),
CACNA1S (voltage-gated Calcium Channel), and STAC3.3

There are two standard tests for diagnosing MH: the In
Vitro Contracture Test (IVCT) used by the European Malig-
nant Hyperthermia Group (EMHG), and the Caffeine Halo-
thane Contracture Test (CHCT) used in North America.4-6

Both are based on abnormal skeletal muscle response, repre-
sented by earlier and greater contractures in susceptible
individuals after exposure to caffeine/halothane. Addition-
ally, the genetic test is helpful given it detects variants
shown to be MH-related.5 Nevertheless, a negative genetic
test does not rule out MH susceptibility.5 IVCT has 99% sensi-
tivity and 94% specificity,7 and is associated not only with
the intrinsic characteristics of the muscle specimen, but
also with individual patient characteristics.8

This study aimed to examine which variables were associ-
ated with IVCT results in patients referred for malignant
hyperthermia diagnosis investigation.
Methods

This descriptive, retrospective, observational study was
approved by the ethics committee of the host institution
(CAAE: 73681017.9.0000.5505. Proposing Organization:
Escola Paulista de Medicina. Number:
4.098.648. Project CEP/UNIFESP: 0979/2017). All partici-
pants signed an informed consent form before being submit-
ted to muscle biopsy. Initially, we randomly selected the
IVCT graphs of 128 patients among 190 patients who under-
went MH investigation from 2004 to 2019.

We only included tests conducted due to a history of per-
sonal or family MH and complying with the following feasibility
2

criteria: Initial Maximum Contraction (IMC) ≥1 g or contracture
after 32 mMoL.L�1 (mM) of Caffeine (Caf32) ≥ 5 g in at least
one muscle specimen exposed to caffeine,5 and IMC ≥ 1 g in at
least one specimen exposed to halothane.5 Tests were kept for
80 of the 128 patients based on these criteria (Supplementary
Material Fig. 1). Additionally, we collected data regarding age
of participants at the time of muscle biopsy, sex, presence of
muscle weakness in a standardized neurological examination
(failure to overcome the resistance posed by the examiner dur-
ing movements assessed), presence of myopathy showing cores
(areas with no oxidative activity detected in the muscle histo-
pathologic study), genetic study (RYR1 and CACNA1S gene
sequencing), and IVCT description and result (IMC, caffeine
and halothane concentration at 0.2 g contracture, contracture
at 2 mM caffeine and 2% halothane, Final Maximal Contraction
(FMC), contraction after 100 Hz stimulation (T100) and after
Caf32 (Fig. 1).

A vastus lateralis muscle biopsy was performed under
peripheral nerve block, spinal anesthesia, or general venous
anesthesia for IVCT.4 Two specimens (15-25 £ 5 mm) were
harvested, subsequently split into four specimens, and kept
in carboxygenated Krebs-Ringer solution. The time from
specimen harvesting to IVCT completion did not exceed five
hours. Each specimen was attached to a silver electrode at
one end and to a force transducer on the other, so that the
degree of muscle contraction (supramaximal electrical stim-
ulus, 1 ms, 0.2 Hz) and contracture (caffeine/halothane
effect) were monitored in real time throughout the test and
recorded on a computer for subsequent printing. Contrac-
tion was defined as the activation of muscle fibers with
shortening under normal conditions.9 Muscle fiber contrac-
ture was defined as a pathological muscle contraction with
no recovery to the normal state of muscle fiber relaxation,
because of lack of normal redistribution of calcium in the
sarcoplasmic reticulum, that occurs in situations such as
neuromuscular diseases, tetanus, and MH.10

Each patient underwent four static tests: two with caf-
feine and two with halothane. Every specimen was exposed
to halothane or caffeine, separately. The concentration of
the substances in the vat containing the test solution was
gradually increased (0.5/1.0/1.5/2.0/3.0/4.0/32.0 mM for
caffeine and 0.5/1.0/2.0/3.0% for halothane test). Each
concentration was administered once the maximum contrac-
ture threshold was attained or after three-minute exposure.
Test result was defined as the caffeine or halothane thresh-
old, i.e., the lowest concentration that promoted a
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Figure 1 IVCT variables. (A) Positive contracture test for caffeine exposure, (B) Negative contracture test for caffeine exposure, (C)
Positive contracture test for halothane exposure, (D) Negative contracture test for halothane exposure. Caf32, Contracture after 32 mM of
caffeine; IMC, Initial Maximum Contraction; FMC, Final Maximum Contraction; T100, contraction after stimulation at 100 Hertz.
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minimum increase of 0.2 g in baseline muscle tension. We
considered as susceptible, patients presenting a contracture
of 0.2 g to at least one of the two substances, up to concen-
trations of 2 mM caffeine or 2% halothane. Consequently,
IVCT results were negative ‒ Malignant Hyperthermia Nega-
tive (MHN), or positive ‒ Malignant Hyperthermia Suscepti-
ble (MHS). Positive tests were subdivided into three
categories, according to the substances associated with con-
tractures: MHShc (positive for halothane and caffeine),
MHSh (positive only for halothane), and MHSc (positive only
for caffeine).5 At the end of both tests, the specimen was
submitted to 100 Hz tetanic stimulation to confirm residual
viability of the specimen.

There was no significant difference in contractile param-
eters between the first and second specimens submitted to
halothane tests, and their findings were analyzed together
(Supplementary Material Table 1). There was a significant
difference for Caf32 between two specimens submitted to
caffeine tests, but findings for both specimens were above
the 5 g threshold, and all contractile parameters were ana-
lyzed together (Supplementary Material Table 2).

Statistical analysis

Comprehensive data available on variables correlated to
IVCT results are scarce. Male participants were more often
susceptible in a Swedish study, while mutations linked to
CCD were associated with more severe contractures in a
British study.8 To examine the relationship between demo-
graphic/clinical/laboratory variables and IVCT results, we
would require previous studies assessing these variables to
3

perform precise sample calculation. As such data are scarce,
in the present study sample size calculation considered an
early report referring that 40% of female and 70% of male
subjects undergoing IVCT tests presented positive results.11

To replicate this 30% difference between genders, with a
detection power of 80% and a confidence level of 90%, at
least 35 patients of each sex would be required.

Data were examined for normal distribution by the Kol-
mogorov-Smirnov test for distance and expressed as central
and scatter values. Groups were compared using unpaired
Student's t, Mann-Whitney, and Chi-square tests, and differ-
ences between groups were depicted in Tables 1 and 2.
Tables 1 to 4 in the Supplementary Material describe the
analysis by paired Student's t, Wilcoxon, Pearson and Spear-
man tests. We performed regression analysis using the cumu-
lative standard normal distribution function (Probit
regression). The model included variables showing probabil-
ity of significance of up to 0.2 in previous analyses (sex, nor-
mal strength, referral reason, presence of cores, and
laboratory parameters for the caffeine and halothane tests)
and excluded diagnostic variables (concentration of caffeine
and halothane in which there was contracture at 0.2 g and
contracture at 2 mM caffeine and 2% halothane). Except for
the calculations related to Probit regression, p < 0.05 was
considered significant. Regression used the two specimens
exposed to each substance (caffeine/halothane). We used
the Prism 3.0 statistical analysis program (GraphPad soft-
ware, San Diego, CA, USA). Criteria used for classifying cor-
relations/percentages were the following: 0‒0.09 (null);
0.10‒0.29 (very low); 0.30‒0.49 (low); 0.50‒0.69 (moder-
ate); 0.70‒0.89 (high); 0.90‒1.00 (very high).12



Table 1 Analysis of clinical and laboratory variables according to the result of the in vitro muscle contracture test.

Variables MHN (n = 32) MHS (n = 48) p

Age 33.22 § 11.36 37.06 § 14.52 0.21b

Gender (male/female) 11/21 26/22 0.08a

Referral due to PMH/FMH 6/26 16/32 0.1524a

Muscle weakness (yes/no) 7/25 5/43 0.16a

Presence of cores in biopsy (yes/no) 2/30 4/44 0.73a

Gene variant RYR1/CACNA1S (yes/no) nr 13/7 (65%)
Variables according to halothane test
IMC 3.7 (1.82‒5.56) 4.6 (2.44‒8.59) 0.02c

FMC 6.47 § 3.24 7.08 § 4.06 0.318b

T100 27.02 § 12.64 23.54 § 13.80 0.109b

Concentration at contracture 0.2g (%) 3.00 § 0.0 1.53 § 0.65 ‒d
Contracture at 2% 0 (0‒0) 0.34 (0.2‒1.16) <0.0001c

Variables according to caffeine test
IMC 3.88 (2.46‒6.75) 4.16 (2.59‒8.3) 0.418c

FMC 10.86§5.10 6.68§4.70 <0.0001b

T100 21.94§12.72 14.11§11.97 0.0001b

Concentration at contracture 0.2g (%) 18 (4‒32) 3 (1.5‒4) <0.0001c

Contracture at 2 mM ‒ 0.41§0.73 ‒d
Contracture at 32 mM 8.83 (7.07‒11.6) 10 (7.6‒13.95) 0.059c

MHN, Not susceptible to Malignant Hyperthermia (MH); MHS, Susceptible to MH; PMH, Personal MH; FMH, Familial MH; nr, Not performed;
IMC, Initial Maximum Contraction; FMC, Final Maximum Contraction; T100, Tetanus at 100 Hz.
p-values in bold are below 0.05 (5%).
a Chi-Square test, absolute values.
b Unpaired t-test, mean values and standard deviation expressed in g.cm�2.
c Mann Whitney test, median values (25th percentile−75th percentile) expressed in g.cm�2.
d Number of muscle specimens with contracture of 0.2g in the MHN group was insufficient for statistics.
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Results

Mean age § standard deviation of the 80 patients assessed
was 35§13.3 years (range 8‒71). Thirty-seven (46%) patients
were male and 43 (54%) were female. Forty-eight (60%)
Table 2 Analysis of variables according to the reason for referral.

Variable PMH (n = 2

Age 26.55 § 9.
Presence of cores in the biopsy (yes/no) 3/19 (16%)
Gene variant RYR1/CACNA1S (yes/no) 8/4 (40%)
MHS/MHN 16/6 (73%)
Variable according to test with halothane
IMC 6.36 (2.46‒
FMC 6.98 § 4.4
T100 20.90 § 13
Contracture at 2% 1.2 (0.4‒2.
Concentration at contracture 0.2g (%) 1 (1‒2)

Variable according to test with caffeine
IMC 4.16 (2.7‒6
FMC 7.87 § 5.7
T100 18.05 § 13
Contracture at 2 mM 0 (0‒0.38)
Concentration at contracture 0.2g (%) 3 (1.5‒4)
Contracture at 32 mM 9.07 (6.9‒1

PMH, Personal MH; FMH, Familial MH; MHN, Not Susceptible to Maligna
mum Contraction; FMC, Final Maximum Contraction; T100, Tetanus at 1
p-values in bold are below 0.05 (5%).
a The Chi-Test square, absolute values.
b Unpaired t-test, mean values and standard deviation expressed in g
c Mann- Whitney test, median values (25th percentile−75th percentile

4

patients presented positive IVCT and were diagnosed as
MHS, and 32 (40%) as MHN because their IVCTwas negative.
Positive-IVCT patients comprised four MHSc, 22 MHSh, and
22 MHShc.
2) FMH (n = 58) p

69 38.64 § 13.19 0.0002b

3/55 (5%) 0.2a

5/3 (25%) 0.84a

32/26 (55%) 0.152a

8.59) 3.68 (1.98‒6.55) 0.044c

7 6.78 § 3.48 0.766b

.93 26.58 § 12.85 0.0161b

24) 0 (0‒0.2) <0.0001c

2 (2‒2) <0.0001c

.83) 4.12 (2.4‒7.43) 0.975c

0 8.55 § 5.10 0.47b

.81 17.03 § 12.50 0.659b

0 (0‒0) 0.237c

4 (3‒32) 0.014c

2.9) 9.6 (7.29‒13.2) 0.402c

nt Hyperthermia (MH); MHS, Susceptible to MH; IMC, Initial Maxi-
00 Hz.

.cm�2.
) expressed in g.cm�2.



Table 3 Probit regression: model with two specimens.

Dimension Variable Two Specimens

Mean Marginal Effect (SD) [95% Confidence Interval]

Personal Features Gender (Male = 1) +0.12a (0.069) [-0.012, 0.256,]
Normal strength (Yes = 1) +0.20b (0.092) [0.016, 0.376,]
Reason (Personal = 1) +0.17b (0.081) [0.016, 0.335]
Cores (Yes = 1) 0.01 (0.126)

Test with caffeine IMC 0.031b (0.013) [-0.006, 0.057]
FMC -0.06c (0.010) [-0.079, -0.039]
Caf32 0.001 (0.009)
T100 0.01b (0.004) [0.000, 0.017]

Test with halothane IMC 0.02 (0.016)
FMC 0.04b (0.019) [0.003, 0.078]
T100 -0.01c (0.004) [-0.022, -0.006]

Prediction agreement percentage 78.29%
Number of observations 152

IMC, Initial Maximum Contracture; FMC, Final Maximum Contracture; T100, Tetanus at 100 Hz; Caf32, Contracture after 32 mM of caffeine;
SD, Standard Deviation.
a Statistically significant at 10%.
b Statistically significant at 5%.
c Statistically significant at 1%.
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We registered 57 families among the total patients stud-
ied. Thirty-nine families (68.4%) had an index or solitary
case; 14 families had two cases (24.5%), three families had
three cases (5.3%), and in one family we registered four
cases (1.7%). We detected a total of 18 variants in 13
patients with positive IVCT (16 in RYR1 and two in CACNA1S),
as one patient had three variants and three other patients
presented two variants each. Variants were classified as
benign (two RYR1), intronic (one RYR1), likely pathogenic
(two CACNA1S, nine RYR1), and pathogenic (four RYR1).

When we compared positive with negative IVCT patients,
we observed no significant differences between the two
groups regarding age at the time of biopsy, sex, muscle
weakness, occurrence of cores in muscle biopsy, and number
of probands (Table 1). During halothane tests, muscle speci-
mens in the MHS group responded with greater IMC and
greater contracture at 2% halothane exposure (Table 1, Sup-
plementary Material Table 3). During caffeine tests, muscle
specimens in the MHS group showed smaller Final Maximum
Contraction (FMC), lower T100, and required caffeine con-
centrations three times lower than specimens of the MHN
group to achieve contractures ≥ 0.2 g (Table 1, Supplemen-
tary Material Table 4).

No differences were found between proband and family
subgroups regarding sex, presence of muscle weakness, mus-
cle biopsy cores and proportion of MHN/MHS results
(Table 2). The family group was significantly older than the
proband group. During the halothane test, muscle specimens
in the proband group developed greater IMC than the family
group, lower T100, greater contractures during 2% halo-
thane exposure, and required lower halothane concentra-
tion to achieve contracture ≥ 0.2 g (Table 2). During the
caffeine test, muscle specimens in the proband group
required lower concentrations than specimens in the family
group to achieve contracture ≥ 0.2 g.2

The regression model displayed high rate of correct
answers (above 70%) regarding the probability of forecasting
positive IVCT. The best model predictors of positive IVCT
5

were male sex (mean marginal effect +12%), absence of
muscle weakness (+20%), and history of personal MH (+17%)
(Table 3). Regarding the caffeine test, the muscle specimens
presenting the highest degree of IMC and T100, and the low-
est degree of FMC were predictors of positive IVCT (respec-
tively, mean marginal effect of +3.1%, -6% and +1%)
(Table 3). Regarding the halothane test, higher degree of
FMC and lower degree of contraction at T100 were predic-
tors of positive IVCT (respectively, mean marginal effect of
4% and -1%) (Table 3). The average marginal effect repre-
sented the probability of change in the dependent variable
(IVCT changing from negative to positive), defined when the
independent variable in question presented in the respec-
tive line (sex, muscle strength, reason for MH investigation,
biopsy showing cores and other parameters in caffeine and
halothane tests) was 1, or increased by one unit without var-
iations in the other variables assessed.
Discussion

IVCT results in patients referred due to personal or family
history of MH was mostly associated with clinical variables
(sex, muscle strength and reason for the investigation). The
intrinsic characteristics of tested muscle specimens contrib-
uted less.

Although MH episodes have been reported predominantly
in males in their second decade of life,1 our sample had a
mean age within the fourth decade, comprised mostly by
female subjects and who were diagnosed as MHS. As our cen-
ter usually did not perform IVCT in children, MH investiga-
tion started with their parents, explaining the older age
group of the sample. This would also explain the older age in
those investigated due to family MH than due to personal
MH. Female sex predominance can be explained because
mothers more commonly had the initiative of performing
IVCT. The percentage of positive IVCT has ranged from 39%
to 45%.13,14 Our higher incidence of positive IVCT could
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possibly result from the fact that only more severe cases
were being diagnosed and referred to perform IVCT, as well
as a possible higher frequency of mutations occurring in Bra-
zil, as previously indicated by the report of compound heter-
ozygotes.15 Another explanation could be false positive
results, which supposedly would occur in a low percentage
of IVCT.5

The presence of variants in the RYR1/CACNA1S genes was
similar to the description in other series (47‒70%).16 Patients
with positive IVCT and no variants in RYR1/CACNA1S genes
may show variants in the STAC3 gene or other genes related
to the excitation-contraction process that have not been dis-
covered yet. Muscle weakness and incidental cores on mus-
cle biopsy were detected in a minority of cases, similarly to
other series, where the frequency ranged respectively, from
2.1% to 10%.17,18 and from 19% to 22%.18,19

In this sample, age did not impact IVCT results, notwith-
standing the small positive correlation between age and the
0.2 g halothane concentration in which contracture
occurred, that is, muscle specimens harvested from older
individuals required exposure to higher halothane concen-
tration to achieve the diagnostic threshold. This finding
could indicate depletion of contractile/energy reserves or
changes in the RYR1 receptor associated with aging.20 A Brit-
ish study did not describe age affecting the IVCT
phenotype.21

Despite the comparable sex distribution in MHS and MHN
groups, this variable was able to predict the positive IVCT
outcome. This finding was previously attributed to the possi-
ble different expression of calcium handling proteins in
males.11 Some authors have suggested that male predomi-
nance could indicate a non-Mendelian inheritance pattern.8

Animal models with mutations in the RYR1 gene revealed dis-
tinct male involvement, with a higher probability of crisis
triggered by anesthetics and high temperature scenarios, as
well as muscle contractility changes and in vitro release of
calcium.22,23 In previous series, male predominance ranged
from 66% to 70%.10,11

The absence of muscle weakness as a predictor of posi-
tive IVCT outcome has not been previously described,
despite the report of muscle hypertrophy in susceptible
patients.24 Conversely, there were proportionately more
patients presenting muscle weakness in the MHN group.
These patients may have developed atypical reactions to
anesthesia other than MH, such as anesthesia-associated
rhabdomyolysis, which can develop in neuromuscular disor-
ders due to muscle membrane fragility and/or upregulation
of extra junctional acetylcholine receptors.25

The proband variable revealed a predictor effect on
positive IVCT outcome, indicating that MH diagnosis tends
to be confirmed in patients surviving an alleged MH crisis.
Alternatively, family members investigated tended to
show fewer positive results, because of the 50% likeli-
hood due to the autosomal dominant character. In this
sample, detecting cores in the muscle biopsy was not a
predictor of positive IVCT, agreeing with an early investi-
gation that did not reveal a relationship between the
presence of myopathy/histological abnormalities and
IVCT result.14

A minority of patients reacted only to the caffeine
test. Previous studies have reported this finding ranging
from 4.5% to 6%.26,27 An isolated positive caffeine test is
6

considered less specific for MH and has been associated
with the presence of underlying myopathy.28 This may be
because caffeine would activate several metabolic path-
ways, whereas halothane would specifically bind to the
RYR1 receptor.29 The present study revealed that the
groups presented a similar number of patients reacting
only to halothane or to caffeine/halothane. In other
series using IVCT, the frequency of MHSh results ranged
from 16% to 21.4%, while MHShc results occurred in 22.6%
to 45.5%.26,27

We expected the findings related to diagnostic variables
when comparing MHS versus MHN group, such as lower caf-
feine concentration for a 0.2 g contracture and greater con-
tracture at 2% halothane. Regarding the other diagnostic
variables, the number of participants in the MHN group was
not large enough for calculation, given 0.2g contractures
above the 2% halothane concentration threshold occurred in
less than five patients and none had contractures at 2 mM of
caffeine.

The IVCT protocol recommended actions to maintain
muscle integrity and assessment of muscle specimen viabil-
ity during testing.27 In the present study, viability was con-
firmed by the similarity between two specimens tested for
each drug. This was also demonstrated by the positive corre-
lations in both groups, between IMC and FMC/T100/Caf32,
and between FMC and T100. Moreover, we found a weak pos-
itive correlation of IMC with the diagnostic variable contrac-
ture level under halothane, but no impact of IMC on the
degree of contracture level under caffeine.

There was a greater IMC of MHS muscle specimens during
the halothane test, with IMC in the caffeine test as a predic-
tor of positive IVCT outcome, suggesting that the muscle
presented greater initial contractile capacity.21,24 Likewise,
the PMH group also revealed greater IMC than the FMH
group. However, the resultant average marginal effect of
IMC was low in the regression model, revealing little influ-
ence, the same being observed for all predictor intrinsic var-
iables of IVCT.

The variables at the end of the test reflected contractile
and energy reserves after stimulation with each drug. For
the halothane test, there was no difference between groups.
However, regarding the caffeine test, the MHS group devel-
oped lower FMC/T100 values, indicating larger depletion of
contractile and energy reserves, yet allowing the Caf32
value to be similar to the value observed in the MHN group.
In addition to caffeine acting non-selectively on the calcium
release channel and triggering several additional pathways,
patients reacting only to halothane may belong to a distinct
group.30 MHSh patients in the North American protocol prob-
ably differed from MHShc patients due to a high cytosolic
calcium at rest, indicating that abnormal voltage sensitivity
is the main functional defect in this group, leading to a sub-
sequent increase in calcium leakage at rest.30

In this sample, greater contractures occurred with lower
concentrations of both halothane and caffeine, suggesting
results proportional to the severity of mutations linked to
calcium release.21 Conversely, in a sample analyzed with the
contracture test complying with the North American proto-
col, this correlation was absent in the halothane test, indi-
cating an “all or nothing” response pattern and higher non-
specificity regarding mutations.29 Likewise, in the subgroup
analysis, the PMH group had higher contractures at 2%
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halothane, and lower concentrations of halothane/caffeine
at 0.2 g contracture.

This study has some limitations. The scarcity of data
from previous investigations focusing on all the variables
analyzed in the regression model rendered the estimate
of the ideal sample size impossible. The sample size for
our entire study was based on the data available for the
sex variable. Moreover, due to the exploratory nature of
the present study, we used p-values of up to 0.2 for
Probit regression calculations. However, the findings
obtained in the present investigation will be used in the
next phase study, enabling the use of multiple variables
for sample estimation. The unavailability of genetic stud-
ies for the entire sample is another limitation of the
present study, especially in relation to patients with the
MHN test. Due to economic restrictions, none of the MHN
patients and only a portion of positive IVCT patients
underwent genetic investigation.
Conclusion

Clinical variables were the major predictors of positive IVCT
outcome for the diagnosis of MH susceptibility in Brazilian
patients. According to previous studies, a positive IVCT
result was related to male probands. Furthermore, absence
of muscle weakness was revealed as a significant predictor
while investigating a suspected case of MH. Thus, a patient
with MH would probably present to the attending anesthesi-
ologist without clinical signs that could alert the practi-
tioner. The fact underlines the need for always having tools
for diagnosing and treating MH episodes.
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