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This study was designed to evaluate how vital organ 
and skin-surface temperatures correlate with other clin- 
ical signs of a malignant hyperthermia (MH) episode. 
Six susceptible swine were anesthetized with thiopen- 
tal and nitrous oxide and kept normothermic (-38°C). 
After a 30-min control period, halothane (1 minimum 
alveolar anesthetic concentration) was administered, 
followed in 5 min by a bolus of succinylcholine (2 
mg/kg intravenously). Monitoring included: 1) ETco,; 
2) Pao,, Pace,, pH,; 3) cardiovascular function; 4) core 
temperatures (esophagus, pulmonary artery, and rec- 
tum); 5) organ temperatures (brain, kidney, liver, and 
four skeletal muscles); and 6) skin temperatures (fore- 
head, neck, and axilla). Within 10 min after exposure to 
halothane and succinylcholine, all animals developed 
fulminant MH. Kidney, liver, and brain temperatures 
increased more rapidly than pulmonary artery temper- 
ature with the onset of MH. Temperatures significantly 

increased in the visceral organs prior to the detection of 
contractures within skeletal muscles. The masseter, lon- 
gissimus dorsi, quadriceps, deltoid, and extensor digiti 
II intramuscular temperatures were l-2°C less than 
pulmonary artery and esophageal temperatures during 
the episodes, whereas those of the kidney, liver, and 
brain were the same or slightly greater. When it occurs, 
core hyperthermia during acute MH results largely 
from heat produced in central organs, not in skeletal 
muscle per se. In these swine, changes in axilla skin sur- 
face temperatures correlated well with core tempera- 
ture trends, whereas those of the neck and forehead did 
not. Unless a skin-surface probe can be placed in close 
proximity to a major vessel, cutaneous temperatures 
should not be substituted for measurements at an ap- 
propriate core site. 

(Anesth Analg 1996;82:782-9) 

K nowledge of the cellular and molecular pathobi- 
ology of malignant hyperthermia (MH) has ex- 
panded rapidly in recent years (l-11). In con- 

trast, a clear understanding of the mechanisms 
involved in the proliferation of a triggered episode has 
not made the same progress. It is known that episodes 
of MH are characterized by tachycardia, generalized 
skeletal muscle rigidity, arrhythmias, increased core 
temperature, myoglobinuria, increased serum creatine 
kinase and, finally, cardiac arrest (1,2,12-15). In addi- 
tion to myoglobinuria and increased serum creatine 
kinase levels, the metabolic derangement includes hy- 
percapnea, hypoxemia, metabolic and respiratory ac- 
idosis, and hyperkalemia. Early detection of a malig- 
nant hyperthermic reaction and its timely treatment 
will result in the best outcome. Unfortunately, the 
clinical presentation of MH in individual patients is 
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variable. For example, masseter muscle spasm may 
not always precede generalized skeletal muscle rigid- 
ity. In some patients, the increase in core temperature 
may be slow, with features of a fulminant episode 
taking several hours to develop (1,2). In the initial 
stages of porcine MH, heat production is largely aer- 
obic in origin, but during the terminal stages, aerobic 
metabolism in muscle accounts only for about half the 
observed temperature increase (16). Also liver and 
skeletal temperatures appear to have a similar tempo- 
ral increase (17). 

Temperature monitoring is routine during general 
anesthesia. Knowledge of the temperature within the 
core allows an anesthesiologist to anticipate and treat 
complications due to an abnormal state, e.g., those 
attributed to hypothermia include prolonged drug ef- 
fects, impaired coagulation, and/or postanesthetic 
shivering (18,19). In some cases, monitoring changes 
in core temperature may facilitate the early diagnosis 
of acute MH. Although increased core temperature is 
not the first sign of an episode (20), hyperthermia 
frequently helps confirm that the syndrome is re- 
sponsible for an observed increase in PETCO~ and 
heart rate (12-15). It is commonly accepted that core 
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temperature usually cannot be determined from cuta- 
neous measurements. However, manufacturers of liq- 
uid crystal thermometers claim that skin surface tem- 
peratures “trend” core temperature and promote their 
use as an alternative to core temperature monitoring 
during anesthesia. However, skin temperatures corre- 
late poorly with core temperature (21-251, and there 
has been no evidence that skin and core temperatures 
even change in the same direction during MH crises. 
Furthermore, mottled skin appearance is a common 
observation during a MH episode, which may indicate 
that cutaneous temperatures are also nonuniform (26). 
In fact, circulating catecholamine concentrations can 
increase lo-30 times normal during crises (27) which 
would be expected to decrease skin blood flow 
and thus skin temperature in the absence of local 
muscle contractures. 

The aims of the present study were to reevaluate the 
thermal response during an acute episode of fulmi- 
nant MH triggered in susceptible swine and to deter- 
mine the relative association between changes in var- 
ious central and peripheral temperatures. 

Methods 
After approval from the Institutional Animal Care and 
Use Committee of the University of Minnesota, the 
following experiments were performed on mixed- 
breed swine, genotypically homozygous for suscepti- 
bility to MH. The animals were obtained from a breed- 
ing program at the University of Minnesota, and all 
animals were offspring of purebred Pietrain sows and 
“near’‘-Pietrain (90%-95% genetically similar to the 
purebred animals) heterozygous boars. Susceptibility 
to MH was verified by a barnyard halothane chal- 
lenge, in vitro contractme testing (according to the 
protocol recommended by the North American Malig- 
nant Hyperthermia Registry), and linkage studies that 
confirmed the known substitution of cysteine for ar- 
ginine 615 in the ryanodine receptor (5). Six suscepti- 
ble animals with average weights of 22 + 2 kg were 
used in these studies. 

Anesthesia was induced with intravenous (IV) thio- 
pental (via an ear vein) and the trachea intubated 
without administration of a muscle relaxant. While 
probes were positioned for invasive monitoring, the 
animals were anesthetized with 70% N,O and thio- 
pental as needed, and were paralyzed with vecuro- 
nium (an initial 6 t 2 mg [mean + SD] bolus followed 
by an additional infusion of 30 + 12 mg over a 1.5- to 
2-h period). Mechanical ventilation was adjusted to 
maintain Pace, at 40 2 2 mm Hg. 

During all surgical procedures; the animals were 
maintained normothermic at 37.9 5 0.3”C using both 
radiant heat applied to the head and convective air 
warming via a full body, forced-air cover positioned 

over the torso and lower limbs set to deliver air at 
approximately 41°C. After the surgical procedures 
were completed, the vecuronium infusion was 
stopped, and no additional thiopental was adminis- 
tered. During the subsequent 30-min control period, 
ventilation was adjusted to maintain blood gases near 
normal values and ETco, at 40 mm Hg. The rate and 
volumes of the inspired gases, which were not 
warmed, remained constant for the rest of the study. 
The arterial blood Pao,, Pace,, and pH, were deter- 
mined from fresh arterial samples using a blood gas 
analyzer with temperature compensation. Control 
samples were collected prior to the administration of 
the triggering drugs. 

A cannula was inserted into the femoral artery for 
pressure monitoring and blood sampling. A balloon- 
tipped pulmonary artery catheter was inserted in the 
right external jugular vein and advanced into the pul- 
monary artery. This catheter was used for meas- 
urement of pulmonary artery pressure and core tem- 
perature and for determination of thermodilution 
cardiac output. The ear vein catheter served as the 
primary route for IV fluid administration (780 ? 160 
mL of 0.9% saline per study). 

Cardiac outputs were measured by thermodilution 
using 5 mL of cold (<2”C) 5% dextrose-in-water solu- 
tion, injected at end-expiration. Four measurements 
were averaged at each time point. The heart rate was 
determined from a three-lead electrocardiogram re- 
corded throughout the experimental period. The rela- 
tive force output of the muscles of mastication (pri- 
marily the masseter) was monitored using a pressure 
transducer system calibrated before each experiment. 
This device (a pressure bulb) was positioned between 
the upper and lower molars. The signal from this unit 
was amplified. All data were collected using a Lab- 
VIEW@ program (National Instruments, Austin, TX) 
on a Macintosh IICi computer. 

Temperatures were recorded in the distal esopha- 

gus and rectum using Mon-a-Therm@ probes 
(Mallinckrodt Anesthesia Products, Inc., St. Louis, 
MO). The scalp and temporalis muscles were re- 
flected, exposing the calvarium, and 21-g needle ther- 
mocouples (Mon-a-Therm@) were placed intracere- 
brally (frontal cortex) at depths of 38 mm through 
small burr holes. Small incisions (l-2 mm) were made 
in the skin above the left masseter, quadriceps, del- 
toid, longissimus dorsi (lower thoracic), and extensor 
digiti muscles to allow for placement of l&mm-long 
thermocouples (Mon-a-Therm@) into the bellies of 
each muscle for the recording of intramuscular tem- 
peratures. A midline surgical incision was made into 
the abdomen, and la-mm thermocouples were se- 
cured into the right medial lobe of the liver and upper 
segment of the right kidney (into the cortex and me- 
dulla) of each animal. 
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Cutaneous temperatures were recorded by position- 
ing (within a 20-25 cm2 region) one thermocouple 
(Mon-a-Therm@) and two liquid-crystal probes (Crys- 
tallineTM, Sharn Inc., Tampa, EL; and cORTM, Steridyne 
Corporation, Riviera Beach, FL) at each of the follow- 
ing sites: 1) the center of the forehead, 1-2 cm proxi- 
mal to the eyes; 2) the right side of the neck, superficial 
to the external jugular vein and sternohyoid muscle; 
and 3) the right axillary region above where the axil- 
lary artery was palpated. The skin was shaved and 
cleaned prior to application of the self-adhesive 
probes. All probes were fully exposed to the ambient 
environment. 

The electronic thermocouples were connected to a 
calibrated Iso-Thermex thermometer (Columbus In- 
struments, Columbus, OH), accurate to O.l”C and pre- 
cise to O.Ol”C. The output of this unit was automati- 
cally recorded on a Macintosh IICi computer. The 
temperatures indicated on the liquid crystal probes 
were evaluated visually (temperatures were estimated 
to O.l’C) and recorded by the same investigator at 
2-min intervals. 

After the collection of the last set of control values, 
1 minimum alveolar anesthetic concentration (0.87%) 
halothane was administered followed in 5 min by an 
IV bolus of succinylcholine (2 mg/kg). Hemodynamic 
measurements, blood temperatures, and blood sam- 
ples were obtained 1 min after halothane administra- 
tion, and subsequently at 5-min intervals, until the 
animals died. 

The beginning of halothane administration was con- 
sidered time zero. Data were analyzed using either 
repeated-measures analysis of variance or two-tailed 
unpaired or paired Student’s t-tests with Bonferroni’s 
correction as appropriate. Data are presented as 
means S SD; P < 0.05 was considered statistically 
significant. 

Results 
MH episodes were triggered in all animals within 10 
min of halothane and succinylcholine administration 
(Figure 1 and Table 1). However, some variability was 
noted between the individual animal responses. 

Administration of halothane induced core-to- 
peripheral redistribution of blood and heat: peripheral 
vascular resistance decreased significantly (Table 1). 
Vital organ temperatures initially decreased, whereas 
slight increases in muscle temperatures were observed 
(Figure 2). In general, core temperature increased sig- 
nificantly during the MH episodes, but this increase 
was preceded by dramatic alterations in other physi- 
ological variables including ETco2, Pao2, Paco2, and 
pH,, arterial blood pressure, and cardiac output (Ta- 
ble 1, Figure 1). Furthermore, one animal died from 
MH prior to detected temperature changes. Tempera- 
tures within the liver and kidney were significantly 
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Figure 1. Correlation between changes in Pace,, intraoral pres- 
sure, and various temperature measurements in six animals. *Sig- 
nificantly different from controls, P < 0.05. 

higher than those in the pulmonary artery prior to the 
administration of halothane and succinylcholine and 
during the initial stage of the MH episodes (Figure 2 
and Table 2). The esophageal, rectal, and brain tem- 
peratures were nearly identical to the pulmonary ar- 
tery during the initial stages of MH; i.e., prior to 
significant increases in intraoral force (see Figure 1). 
During the latter stages of the MH episodes, temper- 
atures in the vital organs (liver, kidney, and brain) 
were less than that in the pulmonary artery (Table 2, 
time = 40 min). In these animals, the rectal tempera- 
tures decreased below the other measures of core tem- 
perature (Figure 1). 

In general, intramuscular temperatures increased 
along with the pulmonary artery temperature (Figure 
2). However, all muscle temperatures except for the 
longissimus dorsi were significantly less than the core 
temperatures throughout the study (Table 2). The 
masseter muscle temperature was l-2°C less than the 
pulmonary artery temperature even though a signifi- 
cant and sustained increase in intraoral force was re- 
corded which was indicative of muscle contra&me 
(Figure 1 and Table 2). Interestingly, at the late stages 
of the MH crises, despite continued increases in the 
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Table 1. Changes in Systemic Variables After the Administration of Halothane (t = 0, 1 MAC) and an Intravenous Bolus 
of Succinylcholine (t = 5, 2.0 mg/kg) in MH-Susceptible Swine (n = 6) 

Mean Peripheral vascular 
arterial Heart resistance Cardiac 

Time ETco, Pao, pressure rate (lo3 mm Hg . 
mL-l . min-‘) 

output 
(min) (mm Hg) (mm Hg) PH, (mm Hg) @pm) (L/min) 

Control 37 -c 3 114 + 17 7.44 t 0.04 104 + 14 150 t 22 2.8 2 0.4 2.9 2 0.3 
t=5 36 t 6 98 + 41 7.37 2 0.10 59 -c 14” 154 + 39 1.6 -c O.S* 4.0 -c 3.9 
t = 10 72 -+ 8* 61 t 10” 7.05 f  0.04% 78 -I 30 180 f  46 1.1 t 0.4* 5.8 4 2.9 
t = 15 93 +- 12” 61 + 9* 6.88 t 0.07” 70 2 25* 188 t 53 1.1 2 o.s* 5.4 2 2.6 
t = 20 91 t 19” 70 + 19* 6.81 k 0.08* 66 -c 22” 196 f  58 1.0 ? 0.4* 5.0 ” 3.0 
t = 30 88 2 2* 73 c 10” 6.74 + 0.07% 57 t 21” 210 2 65 1.4 t 0.4” 3.7 t: 1.3 
t = 40 93 + 8” 78 +- 22 6.73 k 0.03” 63 + 6% 218 t 75 1.5 + 0.2” 3.0 2 0.6 

d t SD. 
MAC = minimum alveolar anesthetic concentration; MH = malignant hyperthermia; t = time. 
*Significant difference from control (P < 0.05). 
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pulmonary temperature, the intramuscular tempera- correlate with the observed increases in pulmonary 
tures decreased (Figure 2). All but the animal that died artery temperature. In contrast, there was a good cor- 
before a central temperature increase was detected relation between the axillary and pulmonary artery 
exhibited severe rigor (i.e., contractures of the skeletal temperatures. Skin mottling was noted during the 
muscles). acute MH episodes in these animals. 

The mean pulmonary artery, esophageal, and axil- 
lary temperatures decreased transiently in the first 
5 min after halothane administration, but then steadily 
increased in those animals that lived beyond 25 min 
(Figure 1, Table 2). In contrast, forehead and neck 
temperatures remained nearly constant for 20-30 min 
after MH was triggered (Figure 1). 

Discussion 

There were no statistically significant differences in 
the changes in temperatures determined among each 
of the three probes for any skin site, i.e., each type of 
probe provided similar results (Figure 3). However, 
the neck and forehead temperature changes did not 

The increase in core temperature associated with the 
MH episodes in these animals resulted from: 1) in: 
creased organ metabolism; 2) muscle contractures; 
and 3) decreased ability to dissipate heat via periph- 
eral tissues. However, it appears that the rapid initial 
increased organ metabolism (during which the cardiac 
output was significantly increased) may contribute 
more to overall heat production than was previously 

Time (min) 
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Table 2. Organ and Muscle Temperatures (“C) After the Administration of Halothane (t = 0, 1 MAC) and an Intravenous 
Bolus of Succinylcholine (t = 5, 2.0 mg/kg) in MH-Susceptible Swine (n = 6) 

Time 
bin) 

Control 
t=5 
t = 10 
t = 15 
t = 20 
t = 30 
t = 40 

Pulmonary 
artery 

38.1 k 0.4 
37.5 2 0.5 
37.8 2 0.7 
38.2 2 0.6 
38.8 2 0.7 
39.6 -c 0.5* 
40.3 2 0.1x 

Esophagus 

38.3 -t 0.4t 
37.8 k 0.4 
37.8 t 0.5 
38.5 -t 0.5t 
38.9 2 0.6 
39.9 t 0.4* 
40.5 t 0.4* 

Rectal 

38.0 2 0.8 
37.8 i- 0.8 
37.9 + 0.7 
38.0 i 0.6 
38.1 t- 0.6 
38.4 2 0.7 
37.9 -t 0.8t 

Liver 

38.3 i 0.4t 
37.9 2 0.3 
38.1 i- 0.4 
38.5 i 0.3 
38.7 k 0.4 
39.3 -t 0.6* 
40.0 k 0.6* 

Kidney 

38.5 2 0.5t 
38.0 2 0.4*t 
38.4 2 0.4 
39.0 + 0.39 
39.2 2 0.2* 
39.8 2 0.3* 
40.1 -c 0.4s 

Brain 

38.0 k 0.5 
37.4 -t 0.4s 
37.8 2 0.3 
38.5 2 0.4 
38.8 i- 0.4* 
39.6 2 0.4* 
40.0 I? 0.5s 

Mass&r 

35.5 -c 0.6t 
35.6 k 0.7t 
35.8 2 0.6t 
36.5 i 0.6t 
37.0 + 0.8t 
38.2 2 0.5 
38.6 k 0.2* 

Lon%iss~nus 

37.6 t- 0.6 
37.5 2 0.6 
37.9 i 0.8 
38.0 i 0.7 
38.0 2 0.7 
38.3 t- 0.5t 
38.7 -c 0.5t 

Deltoid 

36.8 2 l.Ot 
36.4 C 0.7t 
37.2 2 0.8t 
37.7 2 0.5’ 
37.9 2 0.4*t 
38.0 2 0.4*t 
38.4 -c 0.6*t 

Extensor 
digiti 

35.9 + 1.1t 
35.1 i 1.4t 
36.3 2 l.Ot 
37.1 k 1.0* 
37.3 -t 1.0*t 
37.6 2 l.O‘t 
37.6 t 0.5*t 

Quadriceps 

35.9 + 1.4t 
35.5 + 1.1t 
35.8 -c l.lt 
36.2 k 1.4t 
36.1 2 1.4t 
36.1 2 1.4t 
36.0 2 1.2t 

MAC = minimum alveolar anesthetic concentration; MH = malignant hyperthermia; t = time. 
* Significant difference from control (P < 0.05). 
t Significant difference from the pulmonary artery temperature (P < 0.05). 

assumed. During the initial stages of the episodes of 
MH, compared to the average blood temperature (pul- 
monary artery), the temperatures within the liver and 
kidney were significantly greater, the temperatures 
within the brain were similar or slightly less and those 
in several different skeletal muscles were significantly 
less. This result is in contrast to the earlier study by 
Lucke et al. (28) who reported nearly identical tem- 
perature changes in the rectum and 10 cm deep into 
the lateral aspects of the thigh muscles. 

The exact mechanisms by which various triggering 
drugs increase the release of Cazt in skeletal muscle 
has not been fully established, although it is reported 
that they may abnormally alter the function of either 
the Ca2+ release channel of the sarcoplasmic reticulum 
(3-8,29) or the phospholipid matrix (30). In humans, 
the current weight of evidence is in favor of various 
defects residing in the Ca*+ release mechanism within 
the calcium release channel of the sarcoplasmic retic- 
ulum or the associated dihydropyridine receptor 
channel on the transverse tubules (3,4,6-S). In swine, 
where a mutation of the ryanodine receptor underlies 
the pathophysiology, halothane and caffeine abnor- 
mally gate these isolated defective proteins (3). The 
thermal response described here, which occurred 
prior to observable muscle contracture, could in part 
be due to a subcontractile increase in myoplasmic 
[Ca2+l as was recently suggested (31). However, in 
vitro, a strong correlation between an increase in myo- 
plasmic [Ca’+l and contractile force occurs which thus 
may not support this prediction (7,291. On the other 
hand, abnormalities in Ca2+ regulation have been re- 
ported within nonskeletal muscle organs or tissues of 
MH susceptible humans and swine, e.g., in red blood 
cells, platelets, lymphocytes, and hepatocytes (1,2,32). 
Unfortunately, these findings as they relate to our 
understanding of the pathophysiology of MH have 
been deemphasized because identified abnormalities 
were not reliable in determining susceptibility to MH. 
In addition, Iaizzo and Palahniuk (2) have described 
abnormal cellular functions not directly related to the 

regulation of intracellular [Ca’+l in a variety of cell 
types. For example, in a recent study of liver cells, 
Duthie et al. (33) reported that microsomes from MH 
susceptible swine have enhanced free radical- 
mediated lipid peroxidation. A 

5 
eneralized alteration 

in regulation of intracellular [Ca ‘I and other specific 
cellular functions in multiple organ systems is an ap- 
pealing hypothesis to partially explain our tempera- 
ture observations and the reported lower tolerance to 
physical or chemical manipulation of humans or 
swine susceptible to MH (34,35). 

One may conclude from the present study that the 
vital organs needed for energy supply (e.g., liver) or 
the metabolism of breakdown products (e.g., kidney 
and lung) become hyperactive during an episode, 
whereas the brain adds little heat. Consistent with this 
hypothesis, Gronert (1) reported that cerebral meta- 
bolic rate for oxygen in swine is unchanged during 
MH episodes. Additionally, an increase in cerebral 
blood flow occurs in susceptible swine after halothane 
administration. However, increases in brain lactate 
and the lactate/pyruvate ratio and a decrease in phos- 
phocreatine are consistent with changes in systemic 
variables such as temperature and acid-base status 
and do not appear to reflect a primary process in brain 
tissue. 

Ideally, in addition to recording organ tempera- 
tures, we would like analysis of arterial blood gases 
and temperatures as the blood entered and left each 
organ. The major mode heat transfer in a highly per- 
fused organ is by convection via the blood; assuming 
that the blood itself is not generating a large amount of 
heat internally. Hence, if blood enters an organ at a 
given temperature and leaves at a higher one, then the 
tissue perfused by this blood has to be at a higher 
temperature, i.e., heat flows down a temperature gra- 
dient. It is important to note that invasively placing a 
thermocouple in an organ may have altered blood 
flow near the thermocouple (i.e., a significant change 
in blood flow would lead to a significant temperature 
shift), but organ temperatures in these animals did not 
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Figure 3. Changes in central body and cutaneous temperatures CT): 
A, changes in pulmonary artery and neck skin temperatures (Iso = 
Mon-a-Therma probe; SH = CrystallineTM probe; cOR = cORTM 
probe); B, changes in pulmonary artery and forehead skin temper- 
atures; and C, changes in pulmonary artery and axillary skin tem- 
peratures. Halothane (1 minimum alveolar anesthetic concentra- 
tion) was administered at t = 0, and succinylcholine (2 mg/kg) at 
t = 5 min. 

rise immediately after thermocouple placement (i.e., 
during the 30-min control period) and were well 
correlated with increases in pulmonary artery tem- 
peratures. It is more likely that the temperature 
recorded within these organs was actually slightly 
lower than that which actually existed due to a fin 
effect (i.e., heat conducted away from the tissue via 
the thermocouple lead wires). Therefore, in the 
study described here it is questionable whether any- 
thing would be gained by measuring the inlet and 
outlet temperatures of the blood across the organ 
compared to directly measuring the tissue temper- 
ature. Furthermore, we would have risked a greater 

danger of altering organ perfusion and temperature 
by placing temperature probes in or drawing blood 
samples from the arteries and veins supplying these 
organs. This placement would have required a pro- 
longed surgical procedure, greater risk of vascular 
trauma and an increased risk of stress-induced MH. 

During the initial stages of MH triggered in these 
animals, the passage of blood through the liver and 
kidney caused the blood temperature to increase; con- 
versely, the passage of blood through the skeletal 
muscles caused the temperature to decrease. We mon- 
itored temperature changes in these animals until car- 
diac output went to zero. During the later stages of the 
MH episodes, as the organ systems failed, their tem- 
peratures were the same or less than those in the 
pulmonary artery. 

Our data indicate that the ability of skin-surface 
measurements to estimate core temperature trends 
varies significantly from site to site and from animal to 
animal. In some cases, skin temperatures remained 
essentially constant or decreased for a considerable 
period after core temperature was increasing. Imme- 
diately after halothane administration, core tempera- 
ture decreased and slight increases in skin tempera- 
ture, due to the central-to-peripheral redistribution of 
body heat, were observed. Yet, in the present studies, 
as soon as the succinylcholine was administered (5 
min after halothane was started), ETco, increased dra- 
matically, and was followed by a steady and signifi- 
cant increase in core temperature. Among the skin 
sites monitored in these animals, only those over the 
axillary artery correlated with the core temperature 
changes. Skin temperatures over the forehead and 
neck did not correlate with core temperature. 

We studied swine because they are the standard 
model of MH and because the physiological responses 
to triggering drugs are comparable in pigs and hu- 
mans. Similarly, pigs are used in thermoregulatory 
research because their behavioral and autonomic re- 
sponses reflect those in humans. However, porcine 
skin differs from human skin in being thicker and not 
possessing sweat glands. Among the three skin sites, 
the porcine axilla perhaps most resembles a (shaved) 
human axilla; the skin in that location is thin and the 
axillary artery runs near the surface. Core temperature 
trending at the other surface sites remains unknown in 
humans, yet mottled skin appearance is a common 
observation during a MH episode in both humans and 
swine (1). Thus, the skin directly under a cutaneous 
temperature probe may be either vasoconstricted or 
vasodilated, and it is not known how this may change 
skin temperatures during a MH event. The best posi- 
tioning of a cutaneous temperature probe during a 
MH episode would be in close proximity to a major 
vessel. Thus, it remains possible that forehead and 
neck temperature measurements are useful during 
acute MH in humans, although they clearly are not in 
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swine. Until such data become available, we do not 
believe it prudent to assume that temperatures meas- 
ured at these sites will accurately reflect acute MH in 
humans. 

We conclude that MH signs of hypermetabolism, 
tachycardia, hypoxemia, hypercapnea, and metabolic 
acidosis become evident and generalized skeletal 
muscle rigidity may occur prior to a detectable in- 
crease in core temperature, even when the onset of 
MH is robust. Core hyperthermia during acute MH 
results largely from heat produced in central organs in 
this breed of swine. Furthermore, in the porcine model 
of MH, temperature measured over the axillary artery 
parallels changes in core temperature during acute 
MH, whereas cutaneous temperatures measured at 
the neck and forehead do not. Until cutaneous tem- 
peratures are proven reliable for indicating core 
temperature changes during MH in humans, we 
recommend that skin surface temperatures not be 
substituted for valid core temperature monitoring 
sites. 
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