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Safe duration of postoperative monitoring for malignant 
hyperthermia patients administered non-triggering 
anaesthesia: an update
C. Barnes*, K. M. Stowell†, T. Bulger‡, E. Langton§, N. Pollock** 

Summary
The postoperative care of malignant hyperthermia (MH) patients is subject to international variation, with a paucity of data in 
the literature to guide management. Over a series of three studies, our aim was to evaluate whether MH-susceptible patients 
(and relatives who had not yet been investigated), who had received a non-triggering anaesthetic, could be managed in 
the same way as the standard surgical population. Following a retrospective study, 206 anaesthetics were administered in a 
prospective second study to MH-susceptible/related individuals who were monitored for a minimum of one hour in the post 
anaesthesia care unit and a further 90 minutes in a step-down facility. No problems relating to MH were encountered. The 
postoperative monitoring time was subsequently changed and, in a third study, patients were managed no differently from 
standard surgical patients. One hundred and twenty-five anaesthetics were administered with no evidence of problems. This 
data shows that standard postoperative monitoring times are safe and appropriate in MH-susceptible patients.

Key Words: malignant hyperthermia, PACU, non-triggering anaesthetic, MH clinical grading scale, stress, ryanodine 
receptor, temperature monitoring 

The purpose of this study was to evaluate whether malig-
nant hyperthermia (MH) patients can be safely monitored 
in the post anaesthetic care unit (PACU) for the same dura-
tion as standard non-MH patients, when exposed to non-
triggering anaesthesia. This study updates data previously 
published from our institution1. How long these patients 
should be monitored is not well studied1,2 and international 
practices of postoperative monitoring are variable, ranging 
from conservative to treating these patients no differently 
from standard patients1,3–6. Wappler stated that “for how 
long patients should be monitored postoperatively is not 
well studied”6. The traditional postoperative monitoring 
of MH-susceptible (MHS) patients who had undergone a 
trigger-free anaesthetic was four hours in PACU7. This can 
be difficult with young children and increases costs1. There 
is no data published in the literature to support the safety 
of standard monitoring, so this unit has conducted a series 
of three studies to establish the safety of reducing the post-
operative monitoring period.

The first study retrospectively established that there were 
no problems relating to MH in 254 anaesthetics where 
the patients had been monitored in PACU for four hours1. 
Based on these findings, a second, prospective study from 
2000 to 2008 demonstrated that one hour of monitoring 
in PACU followed by 90 minutes in a step-down unit was 
safe1. Again, there was no evidence of MH in this group of 
patients. Complete data from this second study are included 
in this publication. 

In view of the normal findings in the second study, our 
study involved documentation of standard monitoring in 
PACU in a large group of MHS patients or relatives and 
standard monitoring in the step-down unit. This third study 
extended from November 2008 to September 2013 and 
results are reported below. 

Methods
Our institution serves a relatively large MHS population, as 

well as many potentially susceptible genetic/blood relatives 
(about 1 in 150 patients presenting for anaesthesia are MHS 
or related to MHS families [unpublished data, Mid-central 
District Health Board, Department of Anaesthesia]). A data-
base of MHS patients has been maintained since 1991 and 
includes all known susceptible individuals or potentially sus-
ceptible relatives. MHS patients presenting for surgery are 
identified by history, reviewing previous hospital records, 
contacting relatives and checking the locally-held database. 
For the extension of the second study, PACU and step-down 
unit data were entered into an already established dedicat-
ed database1 and, for this third study, a further additional 
dedicated database was established. 

*	 MBChB, FANZCA, Specialist Anaesthetist, Department of Anaesthesia, Hutt Hospital, 
Lower Hutt, New Zealand

†	 BSc(Hons), PhD, Associate Professor and Senior Lecturer in Biochemistry, Institute of 
Fundamental Sciences, Massey University, Palmerston North, New Zealand

‡	 MBChB, FANZCA, Specialist Anaesthetist, Department of Anaesthesia and Intensive 
Care, Palmerston North Hospital, Palmerston North, New Zealand

§	 MBChB, FANZCA, Specialist Anaesthetist, Department of Anaesthesia and Pain 
Medicine, Wellington Regional Hospital, Wellington, New Zealand

** MBChB, FCA, FANZCA, MD, Anaesthetist, Department of Anaesthesia and Intensive 
Care, Palmerston North Hospital, Palmerston North, New Zealand	

Address for correspondence: Dr Neil Pollock. Email: neilp@midcentraldhb.govt.nz
Accepted for publication on November 5, 2014

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Safe postoperative monitoring duration in MH patients

99

Anaesth Intensive Care 2015 | 43:1

All MH testing in New Zealand was undertaken in Palmerston 
North; in vitro contracture testing (IVCT) was performed 
at Palmerston North Hospital and DNA analysis at Massey 
University. The European Malignant Hyperthermia Group pro-
tocol is followed for IVCT8. Patients are categorised as ‘MHS’ 
or ‘MHN’ (MH normal)—categories that were established at 
the 32nd European Malignant Hyperthermia Group Annual 
Scientific Meeting4. Patients who have relatives susceptible to 
MH but have not been tested are designated ‘no biopsy done’ 
(NBD). In general, these patients are too young for testing or 
have declined testing for a variety of reasons. DNA-positive 
patients who do not require a biopsy are included in the MHS 
group. 

Methods of the first study have been published previously1. 
Methods and some early results for the second study have 
also been previously published1 and these early results are 
included. In brief, on transfer to the PACU, a set of recordings 
were immediately taken: pulse rate (PR), respiratory rate (RR), 
temperature, blood pressure, end-tidal carbon dioxide (ETCO2) 
(adult capnography mask, Fairmont Medical, Bayswater, 
Victoria, and nasal sampling line, GE Healthcare, Auckland, 
New Zealand) and oxygen saturation of haemoglobin. These 
were taken every 15 minutes for one hour and, if stable, the 
patient was discharged to a step-down unit, a holding area for 
day cases where a further set of three recordings were taken 
at 30-minute intervals (omitting ETCO2). The patient could 
be discharged at the end of this period or earlier if stable. 
Alternatively, the patient was discharged to the ward at the 
end of an hour and standard ward recordings taken—hourly 
for four hours and then four-hourly. MH patients in the ward 
were managed in the same way as non-MH patients. 

For this third study, upon admission to the PACU, a set of 
recordings were taken as above. These were taken every 15 
minutes for 30 to 45 minutes until the patient was ready for 
discharge. An initial temperature was taken and this may or 
may not have been repeated, depending on the initial result. 
From PACU, the patients were discharged to the step-down 
unit or the ward. In the step-down unit, one set of record-
ings was taken within 30 minutes of admission. These may or 
may not have been repeated depending on the initial result. 
The aim was to discharge the patient within one hour. Ward 
patients were managed as above, the same way as standard 
(non-MH) surgical patients. 

Further assessment was indicated if the temperature was 
recorded >38.8oC or if a tachycardia was sustained for no 
obvious reason (>120/minute for more than 20 minutes). 
Creatine kinase measurement was undertaken occasionally. 

For day cases, patients and caregivers were given verbal 
and written advice to contact the hospital duty anaesthe-
tist if any problems developed (muscle aches/stiffness, high 
temperature, dark urine) and the patient or caregivers were 
each followed up the next day with a phone call from a PACU 
nurse. Any actual problems were recorded in the database. 

All patients were given non-triggering anaesthesia, i.e. 
propofol infusion with opioids and a non-depolarising muscle 
relaxant if indicated. A dedicated vapour-free anaesthetic 
machine was used for all general anaesthetic cases.

Results
For the purposes of this study, patients 16 years of age and 

under are called children and those 17 years and over are adults.
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Figure 1: Range of surgical procedures in Study 2. O&G=obstetrics and 
gynaecology, ENT=ear, nose and throat. 

Figure 2: Range of surgical procedures in Study 3. O&G=obstetrics and gynaecology, 
ENT=ear, nose and throat. 
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Study 1
The first study has been published previously and included 

254 anaesthetics, where patients were monitored in PACU for 
four hours. There were no episodes of MH1.

Study 2
From November 2000 until October 2008, there were 206 

anaesthetics involving 190 MHS or NBD patients. Of these, 
129 were performed on MHS patients and 77 on the NBD 
patients. Ages ranged from one to 73 years (mean 35 years); 
the NBD group had a mean age of 18 years and the MHS 
group 37 years. Anaesthesia time varied from 2 minutes to 4 
hours 20 minutes (mean 67 minutes). There were 177 general 
anaesthetics (85.9%), 28 regional anaesthetics (13.6%) and one 
patient had a combined technique (0.5%). Surgical procedures 
are shown in Figure 1. Using the MH clinical grading scale 
(MHCGS), there were no perioperative MH reactions10.

The PACU data and post PACU data of Study 2 is shown in 
Tables 1 and 2, respectively. The maximum value for each 
parameter was recorded, except for saturations where the 
lowest value was entered. There were abnormal findings, e.g. 
tachycardia, but this was not accompanied by other signs of 
MH. Children, in general, had higher PRs and RRs, but these 
were also isolated findings. There were several raised ETCO2 
measurements, indicating hypoventilation, and low saturations 
were briefly recorded in several individuals but there were no 
other signs of MH. No patient developed a temperature >38oC 
in the PACU. One patient had a change in temperature of 1.9oC 
(35.7oC to 37.6oC); this was a child for a day-stay tonsillectomy 
who was subsequently admitted to the ward for observation. 
The child received paracetamol, the temperature subsequently 
settled down without further investigation and she was dis-
charged the following day.

The average time spent in the PACU in this group was 76 
minutes although, only forty-one patients (19.9%) stayed 
longer than one hour. Most reasons for delay were patient 
transfer problems but discharge was delayed in others due to 
pain or excessive sedation (two patients for each), confusion, 
hypotension, hypothermia, the requirement for prolonged 

recovery due to a prolonged surgical procedure, drug reaction 
to metoclopramide and the need for non-invasive respiratory 
support. Nausea (one patient), pain (two patients), tachycardia 
(five patients), minor pyrexia (six patients), oxygen saturation 
of haemoglobin <95% (one patient) and bleeding (one patient) 
were the only problems noted in the step-down unit. Overall, 
in this study, most patients ranked 1 or 2 on the MHCGS and 
no patient ranked higher than a 3 (a ‘somewhat less than likely’ 
likelihood of a reaction). Five patients had a normal serum 
creatine kinase measurement and there was no indication for 
arterial blood gas measurements.

Patients were monitored for up to 90 minutes in the step-
down unit and the range of recordings from this unit or the 
ward are shown in Table 2. There were no significant problems 
and those with shorter procedures were discharged earlier 
within this time period. Seventy-one percent of procedures 
were managed as day stay.

Study 3
Between November 2008 and September 2013, 125 anaes-

thetics were administered to 60 MHS and 55 NBD patients (67 
and 58 anaesthetics respectively, as some patients were anaes-
thetised on multiple occasions). Over the two groups, ages 
ranged from 15 months to 78 years (mean 33 years); the NBD 
had a mean age of 21 and the MHS group 33. Anaesthesia 
time varied from 15 minutes to 4 hours 55 minutes. All 
patients received general anaesthesia. Surgical procedures are 
shown in Figure 2. Muscle biopsies accounted for 37 (31%) of 
the procedures.  

The PACU data for Study 3 is shown in Table 3. As expected, 
children tended to have higher PRs and RRs. One patient devel-
oped a temperature of 38.4oC in PACU. This was a woman who 
had an emergency caesarean delivery under general anaesthe-
sia. She was started on antibiotics for a postoperative rise in 
temperature that settled down promptly and was not further 
investigated. No patient ranked higher than 3 (a ‘somewhat 
less than likely’ likelihood of a reaction) on the MHCGS10. The 
majority ranked 1 or 2. The average time spent in the PACU in 
this group was 49 minutes. Transfer problems and pain control 
were the main reasons for delays in discharge. 

Table 1
Study 2: PACU recordings

Recording MHS, n=129
range (mean)

NBD, n=77
range (mean)

PR (/min) 35–114 (63) 45–125 (80)

Systolic BP (mmHg) 58–170 (109) 75–165 (123)

Temperature (oC) 34.8–37.6 (36.1) 34.7–37.9 (36.5)

ETCO2 (mmHg) 16–62 (38) 10–64 (40)

SpO2 (%) 89–100 (98) 88–100 (98)

RR (/min) 8–30 (16) 10–32 (18)

PACU=post anaesthesia care unit, MHS=malignant hyperthermia susceptible, 
NBD=no biopsy done, PR=pulse rate, BP=blood pressure, ETCO2=end-tidal car-
bon dioxide, SpO2=oxygen saturation of haemoglobin, RR=respiratory rate.

Table 2
Study 2: post-PACU recordings (on ward or DOSA)

Recording MHS, n=129
range (mean)

NBD, n=77
range (mean)

PR (/min) 44–95 (67) 57–119 (83)

Systolic BP (mmHg) 82–165 (120) 89–150 (117)

Temperature (oC) 34.7–37.5 (36.2) 35.4–38.0 (36.6)

SpO2 (%) 95–100 (98) 94–100 (98)

RR (/min) 10–22 (15) 12–26 (18)

PACU=post anaesthesia care unit, DOSA=day-of-surgery admission, 
MHS=malignant hyperthermia susceptible, NBD=no biopsy done, PR=pulse 
rate, BP=blood pressure, SpO2=oxygen saturation of haemoglobin, 
RR=respiratory rate.
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The step-down unit/ward data are shown in Table 4. There 
were a number of isolated tachycardias, particularly in young 
children. One patient developed a temperature of 38.4oC on 
discharge to the ward. She had a strong family history of MH 
and had a positive muscle biopsy and DNA test. She had had a 
three and a half-hour bowel resection procedure and had been 
observed in PACU for two hours. The temperature was isolated 
with no other evidence of MH. She was reviewed on two occa-
sions and her temperature gradually settled over two to three 
hours without further treatment. Several other patients had 
low saturations of uncertain cause but with no other evidence 
of MH and one patient complained of an itch. No other signifi-
cant problems were encountered. Fifty-two percent of cases in 
this group were discharged the same day.

Intraoperative parameters were recorded for each study and 
were identical to the PACU parameters. Using the MHCGS, the 
majority of patients ranked 1 or 2, indicating an ‘unlikely’ likeli-
hood of an MH reaction. Temperature intraoperatively was 
measured, though not consistently, and 67 out of 125 meas-
urements were recorded ranging from 35.0oC to 37.5oC. 

Discussion
Previously, it was suggested that MHS patients should be 

monitored for at least four hours in PACU and receive a fur-
ther 24 hours of inpatient monitoring, even after minor sur-
gery7,11 but increasingly it is recognised that, with appropriate 
planning, MHS patients can have anaesthesia in ambulatory 
surgery centres12. Same-day discharge after uncomplicated 
ambulatory surgery is now considered safe1,11,13. Improved 
anaesthetic and surgical techniques14  have contributed to this 
policy, improving the cost-effectiveness of day-case surgery 
and limiting escalating healthcare costs.  

MH reactions in the postoperative period have been well 
described15–19. A review of the suspected cases of postop-
erative MH in the North American Malignant Hyperthermia 
Registry from 1987 to 2005 found that, of 528 possible cases, 
only ten were considered ‘likely’ MH reactions18. All of these 
patients received triggering agents and all showed signs of 

MH within 40 minutes of cessation of anaesthesia. A further 
report of postoperative MH had signs within 25 minutes of 
cessation of anaesthesia. This patient also received a trigger-
ing anaesthetic19.

Reports of non-triggering anaesthetics leading to suspected 
MH are well documented20–34 and are, in almost all cases, 
inconclusive (incomplete biochemical indices and a ranking 
of 3 or less on the MHCGS)10. In a review of potential MH 
reactions in North America from 1987 to 200635, there was 
one possible MH reaction in a patient who did not receive 
triggering agents, out of 284 MH events (0.4%). This reaction 
occurred 15 minutes after the induction of anaesthesia in an 
otherwise well two-year-old with a positive family history of 
MH undergoing dental extraction. The anaesthetic machine 
was appropriately flushed. She was graded as ‘almost certain’ 
on the MHCGS36. However, there is no documentation of 
muscle biopsy testing in this child. Another review of report-
ed cases from 1940 to 1992 showed that a significant num-
ber out of 503 cases occurred in the absence of known trig-
gering agents. Our critique of this review is that IVCT results 
are not reported, DNA analysis was not available and coding 
difficulties make the diagnosis of MH questionable37. Notably, 
this review predates the clinical grading scale to predict MH 
(MHCGS), which was developed as a standardised means of 
estimating the qualitative likelihood of MH in a given patient 
without the use of specialised diagnostic testing10. Fifteen of 
these events occurred in the absence of anaesthesia, though 
diagnosis of these cases as MH is doubtful. 

The proposed possible trigger for MH in patients who are 
not exposed to a known anaesthetic triggering agent is the 
stress of anaesthesia and surgery. Susceptible pigs can have 
MH reactions as a result of exposure to stressful situations, 
transport, exercise or heat. Similarly, genetically-engineered 
mice show signs of MH with excessive heat exposure38,39. 
The evidence for stress-induced MH in humans is increasing. 
Emotional40,41, heat-related42,43 and particularly exercise stress 
have been documented. Tobin reported the most convinc-
ing event associated with exercise stress44, but other reports 
have been published45–47. 

Table 3
Study 3: recordings in PACU

Recording MHS, n=65  
range (mean)

NBD, n=60  
range (mean)

PR (/min) 40–100 (75) 55–158 (91)

Systolic BP (mmHg) 75–150 (124) 105–172 (136)

Temperature (oC) 34.5–37.8 (36.1) 35.5–38.4 (36.4)

ETCO2 (mmHg) 29–49 (39) 37–54 (43.5)

SpO2 (%) 95–100 (98) 95–100 (97)

RR (/min) 10–20 (12) 12–24 (18)
PACU=post anaesthesia care unit, MHS=malignant hyperthermia susceptible, 
NBD=no biopsy done, PR=pulse rate, BP=blood pressure, ETCO2=end-tidal 
carbon dioxide, SpO2=oxygen saturation of haemoglobin, RR=respiratory rate.

Table 4
Study 3: post PACU recordings

Recording MHS, n=65  
range (mean)

NBD, n=60  
range (mean)

PR (/min) 45–100 (72) 44–140 (88)

Systolic BP (mmHg) 80–180 (116) 90–190 (128)

Temperature (oC) 35.5–38.4 (36.5) 35.6–37.2 (36.4)

SpO2 (%) 92–100 (98) 92–100 (97)

RR (/min) 12–20 (15) 12–26 (18)
PACU=post anaesthesia care unit, MHS=malignant hyperthermia susceptible, 
NBD=no biopsy done, PR=pulse rate, BP=blood pressure, SpO2=oxygen satu-
ration of haemoglobin, RR=respiratory rate.
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MH in the majority of cases is associated with mutations 
in the ryanodine receptor (RyR1) gene. Variants in the RyR1 
gene have been associated with MH in 50% to 70% of sus-
ceptible families48. There are reports of rhabdomyolysis and 
exertional myalgia associated with positive IVCT49 and RyR1 
gene mutations and dihydropyridine receptor mutations46,50–53 
and hence, the supposed association of MH with stress. Heat-
related events corresponding to recent findings in animal 
models of MH susceptibility and, in one family, intercurrent 
infection51, have been associated with RyR1 variants54.  

The RyR1 gene encodes the skeletal muscle calcium-release 
channel located in the sarcoplasmic reticulum of the mus-
cle cell. It is a large structure and releases calcium stored 
in the sarcoplasmic reticulum following stimulation of the 
dihydropyridine receptor. The gene is composed of >15,000 
coding-base pairs encoding a receptor of >5000 amino acids. 
Leakage of calcium from RyR1 has been described in MHS 
individuals with a mutation and in non-MH individuals39,55. It 
has been suggested that this is a result of increased genera-
tion of reactive oxygen species and reactive nitrogen spe-
cies, particularly the latter. This results in the formation of 
nitric oxide and hyper S-nitrosylation of the RyR1 protein. 
S-nitrosylation of the channel results from attachment of 
nitric oxide to the sulphur atom of cysteine residues in the 
RyR1 and increases the open probability of the channel 
allowing increased leakage of calcium. This particularly sen-
sitises the receptor to heat and exercise stress39,56–60. These 
mechanisms have been suggested to explain stress-related 
episodes. 

Apart from the questionable case reports quoted, there is 
no other evidence that the stress of anaesthesia and surgery 
alone can trigger an MH reaction. The findings in this paper 
from 585 anaesthetics suggest that the stress of anaesthesia 
and surgery does not itself trigger malignant hyperthermia.   

Kalow and Britt first described the muscle biopsy test in 
1970, modified by Ellis in 1971. A standardised method 
of testing was published by the European Malignant 
Hyperthermia Group in 19848. Three categories of diagnosis 
were recognised: 1) ‘susceptible’, indicating abnormal con-
tractures to both halothane and caffeine, 2) ‘normal’ and 3) 
‘equivocal’, indicating an abnormal contracture to either halo-
thane or caffeine, though these patients were regarded as 
susceptible to MH until proved otherwise. These categories 
differed from the North American Malignant Hyperthermia 
Group, where categories of positive and normal tests only are 
recognised. At the European Malignant Hyperthermia Group’s 
32nd Annual Scientific Meeting9, the ‘equivocal’ category 
was eliminated and equivocal patients are now regarded as 
‘MHS(h)’ or ‘MHS(c)’, referring to abnormal contracture to 
either halothane or caffeine, respectively. In this study, equiv-
ocal patients have been included in the MHS group. 

MHS patients can be managed with total intravenous 
anaesthesia. Contraindicated drugs are few and include 

potent inhalational agents and depolarising muscle relaxants. 
Caffeine concentrations in beverages are much less than the 
concentration required to cause contractures in MHS mus-
cle61. The preservative 4-chloro-m-cresol is a potent MH trig-
ger but preparations contain concentrations well below that 
needed to trigger an MH reaction62. Other drugs including 
opioids, nondepolarising muscle relaxants and non-steroidal 
anti-inflammatory drugs are safe to use. Dantrolene prophy-
laxis is not indicated. 

Intraoperative monitoring is standard, including PR, blood 
pressure, oxygen saturation of haemoglobin, ETCO2 and, 
usually, temperature and RR. ETCO2 was often recorded in 
PACU but this practice has now been discontinued. Sessler 
recommended temperature monitoring during most gen-
eral anaesthetics exceeding 30 minutes and all general 
and regional anaesthetics lasting more than one hour63. 
Laryngeal mask airways can be reused if an idle period of 
15 hours is observed following autoclaving64. However, most 
would use new disposable laryngeal mask airways. Flushing 
the anaesthetic machine is time-consuming65 and recently 
activated charcoal filters have been introduced66. Activated 
charcoal filters have been increasingly used in New Zealand 
and reduce the time for flushing the anaesthetic machine 
at ten litres per minute to three minutes and replacing the 
soda lime and circuit. It has been demonstrated that it is 
safe to recover patients in the same area as patients exhal-
ing triggering agents, as long as PACU ventilation is appro-
priate67. The patient can be discharged in the same way as a 
surgical patient.  

This study has several limitations. In this study, 585 anaes-
thetics were administered to MHS or related individuals. No 
MH reactions occurred. Statistically, using 95% confidence 
intervals, the risk of an MH reaction is 0% to 0.5% although 
we believe the actual risk is closer to zero. However, only 
54.7% were MHS or DNA-positive. The NBD category com-
prised 45.3% but, as MH has autosomal-dominant inherit-
ance, it could be assumed that about 50% of the latter group 
would be susceptible to MH. This would reduce the number 
of MHS anaesthetics to 453 or 77% of the group. Confidence 
intervals would still limit the risk to 0% to 0.66%. Not all 
parameters were recorded for all patients. Recording of intra-
operative temperature was variable. The patients’ tempera-
tures were almost always documented in PACU and in the 
ward. This is a reflection of what happens in clinical practice.

In summary, this study indicates that MHS and related 
patients can be managed in the same way as standard 
patients in PACU, provided they have had a non-triggering 
anaesthetic. There are few places in the world where MH 
patients can be studied in such high numbers, so while 
the statistics do not conclusively prove that non-triggering 
anaesthetics are safe in MH patients, this sort of study 
provides very useful information for clinicians dealing with 
MH patients.  

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Safe postoperative monitoring duration in MH patients

103

Anaesth Intensive Care 2015 | 43:1

References
1.	 Pollock N, Langton E, Stowell K, Simpson C, McDonnell N. Safe 

duration of postoperative monitoring for malignant hyperthermia 
susceptible patients. Anaesth Intensive Care 2004; 32:502-509.

2.	 Wappler FF. Malignant hyperthermia. Eur J Anaesthesiol 2001; 
18:632-652.

3.	 Malignant Hyperthermia Association of the United States. 
Frequently Asked Questions: Management of MH-Susceptible 
Patients. From http://www.mhaus.org/faqs/management-of-mh-
susceptible-patients. Accessed December 2013.

4.	 Girard Development GmbH. MHapp. From http://www.girard.li/
MHApp/MHApp_/MHApp.html. Accessed April 2014.

5.	 Toronto General Hospital Department of Anesthesia. 
Perioperative Interactive Education. From http://pie.med.uto-
ronto.ca. Accessed April 2014.

6.	 Wappler FF. Anaesthesia for patients with a history of malig-
nant hyperthermia. Current opinion in Anaesthesiology 2010; 
23:417-422.

7.	 Britt BA. Malignant hyperthermia. Can Anesth Soc J 1985; 
32:666-678.

8.	 The European Malignant Hyperpyrexia Group. A protocol for the 
investigation of malignant hyperpyrexia (MH) susceptibility. Br J 
Anaesth 1984; 56:1267-1269.

9.	 European Malignant Hyperthermia Group 32nd Annual Meeting, 
Basel, Switzerland, May 2013.

10.	Larach MG, Localio AR, Allen GC, Denborough MA, Ellis FR, 
Gronert GA et al. A clinical grading scale to predict malignant 
hyperthermia susceptibility. Anesthesiology 1994; 80:771-779.

11.	Yentis SM, Levine MF, Hartley EJ. Should all children with sus-
pected or confirmed malignant hyperthermia susceptibility be 
admitted after surgery? A 10-year review. Anesth Analg 1992; 
75:345-350.

12.	Brandom BW. Ambulatory surgery and malignant hyperthermia. 
Current Opinion in Anesthesiology 2009; 22:744-747.

13.	Pollock N, Langton E, McDonnell N, Tiemessen J, Stowell K. 
Malignant hyperthermia and day stay surgery. Anaesth Intensive 
Care 2006; 34:40-45.

14.	Rawal N. Analgesia for day-case surgery. Br J Anaesth 2001; 
87:73-87.

15.	Schulte-Sasse U, Hess W, Eberlein HJ.  Postoperative malignant 
hyperthermia and dantrolene therapy. Can Anesth Soc J 1983; 
30:635-640.

16.	Souliere CR, Weintraub SJ, Kirchner JC. Markedly delayed post-
operative malignant hyperthermia. Arch Otolaryngol Head Neck 
Surg 1986; 112:564-566.

17.	Kolb MEM, Horne MLM, Martz RR. Dantrolene in human malig-
nant hyperthermia. Anesthesiology 1982; 56:254-262.

18.	Litman RS, Flood CD, Kaplan RF, Kim YL, Tobin JR. Postoperative 
malignant hyperthermia: an analysis of cases from the North 
American Malignant Hyperthermia Registry. Anesthesiology  
2008; 109:825-829.

19.	Gupta D, Ramakant, Singh PK. Postoperative hyperpy-
rexia: Retracing malignant hyperthermia. J Anaesthesiol Clin 
Pharmacol  2012; 28:405-406.

20.	Grinberg R, Edelist G, Gordon A. Postoperative malignant hyper-
thermia episodes in patients who received "safe" anaesthetics. 
Can Anesth Soc J 1983; 30:273-276.

21.	Westlund UJ, Fridrich KL, Warner DS, Sokoll MD. An unusual 
anesthetic course in a patient susceptible to malignant hyper-
thermia. J Oral Maxillofac Surg 1989; 47:860-864.

22.	Sheu CC, Tsai JR, Hung JY. Possible malignant hyperthermia 
during spinal anaesthesia with tetracaine. Anaesthesia 2007; 
62:200-201.

23.	Klimanek J, Majewski W, Walencik K. A case of malignant hyper-
thermia during epidural analgesia. Anaesth Resusc Intensive 
Ther 1976; 4:143-145.

24.	Pollock N, Hodges M, Sendall J. Prolonged malignant hyperther-
mia in the absence of triggering agents. Anaesth Intensive Care 
1992; 20:520-523.

25.	Katz JD, Krich LB. Acute febrile reaction complicating spinal 
anaesthesia in a survivor of malignant hyperthermia. Can Anesth 
Soc J 1976; 23:285-289.

26.	Motegi Y, Shirai M, Arai M, Kato S, Kawana Y, Goto F. Malignant 
hyperthermia during epidural anesthesia. J Clin Anesth 1996; 
8:157-160.

27.	Yamashita M, Honda K, Iha H, Kondo S, Matsuki A, Oyama T. A 
case of acute hyperpyrexia with violent shivering immediately 
after operation under epidural anaesthesia supplemented by 
nitrous oxide. Can Anesth Soc J 1982; 29:632-635.

28.	Hunter SL, Rosenberg H, Tuttle GH, DeWalt JL, Smodic R, Martin 
J. Malignant Hyperthermia in a college football player. Phys 
Sportsmed 1987; 15:77-85.

29.	Carr AS, Lerman J, Cunliffe M, McLeod ME, Britt BA. Incidence of 
malignant hyperthermia reactions in 2,214 patients undergoing 
muscle biopsy. Can J Anesth 1995; 42:281-286.

30.	Fletcher R, Ranklev E., Olsson A, Leander S. Malignant hyper-
thermia syndrome in an anxious patient. Br J Anaesth 1981; 
53:993.

31.	Kemp DR, Choong LS. Malignant hyperthermia and the con-
scious patient. Aust N Z J Surg 1988; 58:423-437.

32.	Feuerman T, Gade GF, Reynolds R. Stress induced malignant 
hyperthermia in a head injured patient. J Neurosurg 1988; 
68:297-299.

33.	Rosenberg H, Gronert G. Postoperative malignant hyperthermia. 
Can Anesth Soc J 1984; 31:115.

34.	Shukry M, Guruli ZV, Ramadhyani U. Suspected malignant hyper-
thermia in a child with laminin alpha2 (merosin) deficiency 
in the absence of a triggering agent. Paediatr Anaesth 2006; 
16:462-465.

35.	Larach MG, Gronert GA, Allen GC, Brandom BW, Lehman EB. 
Clinical presentation, treatment, and complications of malignant 
hyperthermia in North America from 1987 to 2006. Anesth 
Analg 2010; 110:498-507.

36.	Larach MG, Gronert GA, Allen GC, Brandom BW, Lehman EB. In 
Response [Letter]. Anesth Analg 2010; 111:822-823.

37.	Strazis K, Fox A. Malignant hyperthermia: a review of published 
cases. Anesth Analg 1993; 77:297-304.

38.	Harrison GG. Porcine malignant hyperthermia. Int Anesth Clin 
1979; 17:25-61.

39.	Durham WJ, Aracena-Parks P, Long C, Rossi AE, Goonasekera 
SA, Boncompagni S et al. RyR1 S-Nitrosylation Underlies 
Environmental Heat Stroke and Sudden Death in Y522S RyR1 
Knockin Mice. Cell 2008; 133:53-65.

40.	Gronert GA, Thompson RL, Onofrio BM. Human malignant 
hyperthermia: awake episodes and correction by dantrolene. 
Anesth Analg 1980; 59:377-378.

41.	 Poels PJE, Joosten EMG, Sengers RCA, Stadhouders AM, Veerkamp 
JH, Benders AAGM. In vitro contraction test for malignant hyper-
thermia in patients with unexplained recurrent rhabdomyolysis. J 
Neuro Sci 1991; 105:67-72.



104

Anaesth Intensive Care 2015 | 43:1C. Barnes et al

42.	Lehmann-Horn F, Klinger W, Jurkat-Rott K. Nonanesthetic 
Malignant Hyperthermia. Anesthesiology 2011; 115:915-917.

43.	Brandom BW, Muldoon SM. Unexpected MH deaths without 
exposure to inhalational anesthetics in pediatric patients. Pediatr 
Anesth 2013; 23:851-854.

44.	Tobin JR, Jason D, Challa VR. Malignant Hyperthermia and 
Apparent Heat Stroke. JAMA 2001; 286:168-169.

45.	Capacchione JF, Sambuughhin N, Bina S, Mulligan LP, Lawson 
TD, Muldoon SM. Exertional rhabdomyolysis and malignant 
hyperthermia in a patient with ryanodine receptor Type 1 Gene, 
L-type calcium channel a-1 subunit gene, and calsequestrin -1 
gene polymorphisms. Anesthesiology 2010; 112:239-244.

46.	Ogletree JW, Antognini JF, Gronert GA. Postmuscle Cramping 
Associated with Positive Malignant Hyperthermia Contracture 
Testing. American Journal of Sports Medicine 1996; 24:49-51.

47.	Hopkins PM. Is there a link between malignant hyperthermia 
and exertional heat illness? Br J Sports Med 2007; 41:283-284.

48.	Rosenberg H, Sambuughin N, Riazi S, Dirksen R. Malignant 
Hyperthermia Susceptibility. GeneReviews 1993; n/a:n/a.

49.	Thomas J, Crowhurst T. Exertional heat stroke, rhabdomyolysis 
and susceptibility to malignant hyperthermia. Intern Med J 
2013; 43:1035-1038.

50.	Davis M, Brown R, Dickson A, Horton H, James D, Laing N et 
al. Malignant hyperthermia associated with exercise-induced 
rhabdomyolysis or congenital abnormalities and a novel RYR1 
mutation in New Zealand and Australian  pedigrees. Br J Anaesth 
2002; 88:508-515.

51.	Dlamini N, Voermans NC, Lillis S, Stewart K, Kamsteeg EJ, Drost G 
et al. Mutations in RYR1 are a common cause of exertional myal-
gia and rhabdomyolysis. Neuromuscul Disord 2013; 23:540-548.

52.	Wappler F, Fiege M, Steinfath M, Agarwal K, Scholz J, Sungh S 
et al. Evidence of susceptibility to malignant hyperthermia in 
patients with exercise-induced rhabdomyolysis. Anesthesiology 
2001; 94:95-100.

53.	Carsana A. Exercise-induced rhabdomyolysis and stress-induced 
malignant hyperthermia events, association with malignant 
hyperthermia susceptibility, and RYR1 gene sequence variations. 
ScientificWorldJournal 2013; 2013:531465.

54.	Groom L, Muldoon SM, Tang ZZ, Brandom BW, Bayarsaikhan M, 
Bina S et al. Identical de novo mutation in the type 1 ryanodine 
receptor gene associated with  fatal, stress-induced malignant 
hyperthermia in two unrelated families. Anesthesiology 2011; 
115:938-945.

55.	Bellringer AM, Reiken S, Dura M, Murphy P, Deng S, Landry DW 
et al. Remodelling of Ryanodine receptor complex causes "leaky" 
channels: A molecular mechanism for decreased exercise capac-
ity. PNAS 2008; 105:2198-2202.

56.	Bellinger AM, Reiken S, Carlson C, Mongillo M, Liu X, Rothman 
L et al. Hypernitrosylated ryanodine receptor calcium release 
channels are leaky in dystrophic muscle. Nat Med 2009; 
15:325-330.

57.	Dirksen RT, Avila G. Altered ryanodine receptor function in cen-
tral core disease: leaky or uncoupled Ca(2+) release channels? 
Trends Cardiovasc Med 2002; 12:189-197.

58.	Bellinger AM, Mongillo M, Marks AR. Stressed out: the skeletal 
muscle ryanodine receptor as a target of stress. J Clin Invest 
2008; 118:445-453.

59.	Dowling JJ, Arbogast S, Hur J, Nelson DD, McEvoy A, Waugh T et 
al. Oxidative stress and successful antioxidant treatment in mod-
els of RYR1-related myopathy. Brain 2012; 135:1115-1127.

60.	Bendahan D, Kozak-Ribbens G, Confort-Gouny S, Ghattas B, 
Figarella-Branger D, Aubert M et al. A Noninvasive Investigation 
of Muscle Energetics Supports Similarities Between Exertional 
Heat Stroke and Malignant Hyperthermia. Anesth Analg 2001; 
93:683-689.

61.	Tarnopolsky M. Effect of caffeine on the neuromuscular system 
- potential as an ergogenic aid. Appl Physiol Nutr Metab 2008; 
33:1284-1289.

62.	 Iaizzo PA, Johnson BA, Nagao K, Gallagher WJ. 4-chloro-m-
cresol triggers malignant hyperthermia in susceptible swine 
at doses greatly exceeding those found in drug preparations. 
Anesthesiology 1999; 90:1723-1732.

63.	Sessler DI. Temperature monitoring and perioperative ther-
moregulation. Anesthesiology 2008; 109:318-338.

64.	Gilly H, Wendlmayer-Goettel M, Koberl G, Steinbereithner K. 
Anaesthetic uptake and washout characteristics of patient circuit 
tubing with special regard to current decontamination tech-
niques. Acta Anaesthesiol Scand 1992; 36:621-627.

65.	Jones C, Bennett K, Kim TW, Bulger TF, Pollock N. Preparation of 
Datex-Ohmeda Aestiva and Aisys anaesthetic machines for use in 
malignant hyperthermia susceptible patients. Anaesth Intensive 
Care 2012; 40:490-497.

66.	Bilmen JG, Gillies RL. Clarifying the role of activated charcoal 
filters in preparing an anaesthetic workstation for malignant-
hyperthermia-susceptible patients. Anaesth Intensive Care 2014; 
42:51-58.

67.	 McKenzie A, Pollock N. Preparation of theatres for malignant 
hyperpyrexia patients.  Anaesth Intensive Care 1989; 17:510-511.


