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Blood lactate threshold and type II fibre
predominance in patients with exertional
heatstroke

Yaw-Don Hsu, Wei-Hwa Lee, Ming-Key Chang, Shang-Der Shieh, Wen-Long Tsao

Abstract
Objectives-Severe damage to skeletal
muscle is usually seen in patients with
exertional heatstroke. Thirty seven young
military recruits with exertional heat-
stroke in Taiwan from 1992 to 1995 were
studied to evaluate changes in muscle
pathology and blood lactate with exercise.
Methods-A biopsy sample of the vastus
lateralis was taken from recruits within 10
days of the initial presentation. Results
were compared with those from 15 con-
trols matched for age and sex. During the
recovery period, 90-150 days after exer-
tional heatstroke, 29 patients participated
in a constant work load test on the tread-
mill to assess their blood lactate thres-
hold, and a second biopsy sample was
taken. Each biopsy was examined histo-
logically for pathology, distribution of
fibre types, and fibre diameter.
Results-Twenty four of the 37 patients
with exertional heatstroke developed
rhabdomyolysis and 18 of these had type
II fibre predominance in their muscle
biopsy. The patients with type II fibre
predominance had a higher tendency to
develop rhabdomyolysis (X2 = 6-84,
P < 0.01). The time required to reach a
blood lactate threshold during a constant
treadmill work load after recovery was
significantly shorter in the patients with
exertional heatstroke who had type II
fibre predominance (P < 0.01). There was
a positive correlation between the highest
value of blood lactate and the percentage
of type II fibres in all tested subjects (r =
0*82, P < 0.01).
Conclusion-Patients with type II fibre
predominance are more susceptible to
exertional heatstroke and tend to have a
higher blood lactate concentration and a
shorter time to reach blood lactate
threshold under a treadmill load test.

(7 Neurol Neurosurg Psychiatry 1997;62:182-187)
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Rhabdomyolysis can be induced by many dif-
ferent factors,' among them, heatstroke and
exercise are the most common factors in mili-
tary recruits. An underlying disorder in skele-
tal muscle, such as mitochondrial disorder,'
glycolytic disorder,34 lipid metabolic disor-
der,56 inflammatory myopathy,7 and others'

should also be considered. Great individual
variability exists in the ability to sustain heat
stress and prolonged exercise. Epstein" men-
tioned that low tolerance to heat and exercise
may result from functional factors, or from
individual congenital or acquired myopathy
factors. Strydom'2 thought that a sedentary
lifestyle (low physical fitness) was one of the
main functional factors in heat intolerance.
Besides low physical fitness, the muscle itself is
another important factor provoking exertional
heatstroke. Previous findings on exercise
endurance suggested that a different percent-
age of fibre types in muscle had a different
exercise endurance.'3i' Glenmark et al"
reported that the morphological adaptation of
the fibres in humans is related to muscle
strength. Therefore, the study of fibre type in
patients with exertional heatstroke should help
to understand the relation between exercise
endurance and the pathogenesis of rhabdomy-
olysis in exertional heatstroke.
As well as muscle biopsy, measurement of

blood lactate threshold is a rapid method of
evaluating endurance capacity. In the past,
maximal oxygen uptake was considered to be
the best way to determine endurance capacity.
This method is, however, only valid in assessing
short term endurance work loads. A better
measure to ascertain medium term and long
term endurance has proved to be the determi-
nation of the aerobic-anaerobic threshold. '7 In
the present study, we used the blood lactate
threshold during exercise to predict the
endurance capacity, particularly in the recov-
ery period, and tried to correlate this with dif-
ferent changes in percentages of muscle fibre
types.

Subjects and methods
SUBJECTS
In the past three years, thirty seven military
recruits with exertional heat stroke were
admitted to Tri-Service General Hospital and
had muscle biopsies within 10 days of the
episode and another biopsy after recovery. All
were men, 19 to 23 (mean 20 4 (SD) 1-1)
years of age. Their physical condition was
reviewed in detail. None had a history of heat
exhaustion, heat stroke, childhood febrile
seizures, or malignant hyperthermia before
this episode. Information on physical activity
three months before the recruitment was
obtained. They were non-athletic (non-active)
students before being recruited into the army.
An intensive military training had been sched-
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uled for all of the recruits for at least five days
before the heatstroke.
The criteria used to verify exertional heat-

stroke were similar to those utilised in other
studies'8: rectal temperature > 40°C, disori-
entation or other significant alterations of
mental status, coma, presence of dehydration,
or raised serum creatinine phosphokinase
(CPK). Clinical features of rhabdomyolysis
were verified by limb muscle weakness, pain
and tenderness, pigmented urine, and high
serum CPK activity.19 We measured serum
CPK, urea nitrogen, potassium, and calcium
within the first 48 hours after admission to
hospital and every two to three days thereafter.
The peak CPK, urea nitrogen, and potassium
values, and lowest calcium values obtained
were used for comparison. Electrodiagnostic
tests in patients with exertional heat stroke
showed a definitive myopathic pattern without
neurogenic features.

Muscle biopsy
Muscle biopsy samples were obtained from
the vastus lateralis in 37 patients with exer-

tional heatstroke. The biopsy was taken in the
early stage of disease (within 10 days of the
heatstroke). Each muscle sample was immedi-
ately placed in isopentane which had been well
chilled in liquid nitrogen. Serial frozen sec-

tions 8 pm in thickness were prepared for
histopathological and histochemical staining,
including haematoxylin and eosin, Gomori
trichrome, nicotinamide adenine dinucleotide
dehydrogenase (NADH), myophosphorylase,
periodic acid Schiff for glycogen, and Sudan
black for lipid stains. The muscle fibres were

classified as type I, IIA, and IIB on the basis of
serial sections stained for myofibrillar ATPase
at pH 9 4 after preincubation at pH 10-3, 4-6,
and 4-3. The method was similar to that
employed in earlier studies.20 Percentage of
different fibre types was based on a mean of
637-4 (SD 97-3) classified fibres from each
biopsy specimen. The diameter of each fibre
type was calculated from 255-9 (SD 17-2)
classified fibres. Muscle biopsies from the vas-
tus lateralis were also carried out on the same
age group in 15 normal subjects who gave
informed consent to serve as controls in this
study.

AEROBIC-ANAEROBIC LACTATE THRESHOLD
MEASUREMENT
After giving informed consent for the study,
29 patients received a second biopsy with a

new skin incision close to that of the first
biopsy incision 90-150 (mean 108 (SD 56))
days after exertional heat stroke. These
patients also participated in a constant work
load test on the treadmill. The treadmill exer-
cise was performed at a speed of 4-0 m/s.
Prolonged exercise tests consisted of a three
minute warm up and a 25 minute exercise
phase or a test to exhaustion and were carried
out at a 4-0 m/s constant speed. The initial
warm up phase began at a speed of 2-6, 3 0, or

3-4 m/s, depending on the endurance capacity
of each subject. Lactate concentrations were

assessed at the initial warm up phase and at
five minute intervals after the treadmill test.
The lactate threshold was determined by
examining the blood lactate-power output
relation during constant exercise. This cut off
point for the lactate threshold was taken as
4 mmol/l as previously described by Weltman
et al.21

Values are presented as means (SD).
Student's t test was used to compare the
means of different groups. Descriptive data
were compared by x2 test. Correlation and lin-
ear regressions were performed using a pro-
grammed method of least squares. One way
analysis of variance (ANOVA) was used to
analyse differences between groups for a given
variable. P < 0 05 was considered significant.

Results
The study population consisted of 52 recruits.
They were divided into three groups for com-
parison; group A: exertional heatstroke with
rhabdomyolysis (n = 24); group B: exertional
heatstroke without rhabdomyolysis (n = 13);
and group C: normal control group (n = 15).
The criteria for rhabdomyolysis were based on

clinical features in addition to muscle biopsy.
Twenty four recruits showing positive histo-
logical changes of rhabdomyolysis also had
typical clinical features of rhabdomyolysis;
12/24 (50%) had rhabdomyolysis in the first
24 hours; and all 24 (100%) developed rhab-
domyolysis within three days. The range of
peak rectal temperatures was 40 0 to 41-5
(mean 40 4 (SD 0O4))°C in 37 patients with
exertional heat stroke. Table 1 shows these
data together with peak CPK, urea nitrogen,
and potassium concentrations, and lowest cal-
cium values in the three groups. There was a

significant difference at CPK, blood urea

nitrogen, potassium, and calcium concentra-
tions among the three groups. A significant
difference also existed between mean values

Table 1 Clinical and biochemical data for three groups ofpatients and normal subjects
A (n = 24) B (n = 13) C (n = 15) P (ANOVA) P (students t)

Age (y) 20-4 (1-1) 20-2 (1 0) 20-7 (1-5) NS NS
Body temperature 40 5 (0 4) 40-1 (0-1) 36-6 (0-3) < 0 01 < 0-01 A v B, B v C
Ca2+(mg/dl) 7-0 (0-7) 8-8 (0-4) 9-1 (0-2) < 0-01 < 0-001 A v B, A v C

< 0-05 B v C
K+ (mEq/l) 4-6(04) 4-1 (02) 4-1 (02) <001 <0001 AvB,AvC
BUN (mg/dl) 75-1 (22-1) 28-8 (8-5) 11-9 (2-5) < 0-01 < 0-001 A v B, A v C

B v C
CPK (U/1) 16710(21632) 1209 (1117) 186 (43) < 0 01 < 0-005 A v B, A v C

< 0-01 B v C

Values are means (SD); BUN = blood urea nitrogen; group A, patients with exertional heatstroke and rhabdomyolysis; group B,
patients with exertional heatstroke without rhabdomyolysis; group C, normal subjects.
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Figure 1 Muscle biopsy
from a patient with
exertional heat stroke in
the acute stage showing
(A) necroticfibres which
are partially devoid of
interfibrial structure in
some necroticfibres and
hypercontraturefibres; (B)
myophagocytosis. Gomori
trichrome stain x 200.

for each laboratory test (table 1). Peak serum
CPK was significantly higher in group A than
in groups B and C (P < 0 005). Blood urea
nitrogen concentration was significantly higher
in group A than in groups B and C, and in
group B it was higher than in group C
(P < 0-001). The mean serum calcium was
significantly lower in group A than in groups B
and C (P < 0-001), and that in group B was
lower than that in group C (P < 0 05). Serum
potassium was also significantly higher in
group A than in groups B and C (P < 0-001).
The correlation between peak serum CPK

and calcium concentrations in 37 patients with
exertional heatstroke demonstrated that as
peak serum CPK increased, there was a corre-
sponding decrease in serum calcium (t =
-4-79, r = -0t63, P < 0-01). A positive
correlation between peak serum CPK and
potassium concentrations was found in 37
patients with exertional heatstroke (t = 3-80,
r = 0 54, P < 0-01).

Figure 2 Muscle biopsy
of an exertional heat stroke
patient showed type IIfibre
predominance (91%). (A)
A TPasepH 10 3, (B)
ATPase pH
4-3. Originally x 80.
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Muscle biopsy from 37 patients with exer
tional heatstroke and 15 normal subjects
demonstrated that 24 patients with heatstroke
had rhabdomyolysis showing necrotic, hyper-
contracture fibres, and occasionally focal
inflammatory reactions (fig 1). A major find-
ing was type II fibre predominance (fig 2; the
criteria were those reported previoUSly22) in 22
patients with exertional heatstroke, 18 of
whom also had rhabdomyolysis. The percent-
age of type II fibres was much higher in the
exertional heatstroke group than in normal
young recruits (P < 0001; table 2). Two
patients with a history of possible metabolic
myopathy developed rhabdomyolysis, but not
type II fibre predominance. One of the two
patients was found to have ragged-red fibres.
He probably had mitochondrial myopathy
because of his experience of exercise intoler-
ance with cramping, which had occurred since
the age of 9, and he showed limb weakness,
lactic acidaemia (5-4 mmol/1), and myopathic

.
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Table 2 Mean diameter and percentage ofvaious musclefibre types in two groups of
patients with exertional heatstroke and normnal control subjects

A (n = 24) B (nt = 13) C (n = 15) P (ANO VA)

Fibre types (%):
TypeI 19-0 (0-1) 24-5 (5 3) 33-8 (4 2) < 001
Type IIA 26-9 (4-9) 29-2 (5 0) 35-5 (4 0) < 0 01
Type IIB 54-1 (7-7) 46-2 (9 1) 30-7 (3-8) < 0 01
Type I (IIA+IIB) 81-1 (5-1) 75-5 (5-3) 66-2 (4-2) < 0 01

Diameter of fibre types (um):
Type I 59-0 (2-1) 57-9 (1-8) 59-1 (1-8) NS
Type IIA 58-7 (2-7) 57-8 (2-0) 59-8 (2-0) NS
TypeIIB 55-8 (1-7) 53-8 (1-6) 56-2 (2-7) NS
TypeI (IIA+IIB) 55-9 (1-7) 54-1 (1-5) 56-0 (1-5) NS

Values are means (SD).
For description of groups A-C, see table 1.

Table 3 A comparison * ofpercentage of type IIfibres between patients with exertional
heatstroke with and without rhabdomyolysis (n = 37)

With rhabdomyolysis Without rhabdomyolysis

Type IIfibres > 80% 18 4
Type II fibres < 80% 6 9

*XI = 6-84, P < 0-01.

EMG findings during a stay in hospital,
although he denied having any history of
stroke, seizure, or myoclonic seizures. Brain
MRI and EEG were negative. The other
patient showed an increase in glycogen con-

tent in fibres without being myophosphorylase
deficient in the muscle biopsy. He also had
experienced exercise intolerance since the age
of 12. An ischaemic tolerance test was nega-
tive. Results from this study suggest that type
II fibre predominance found in exertional
heatstroke may only occur in non-active peo-
ple but not in those with myopathy.

Table 3 shows a comparison of rhabdomy-
olysis in muscle biopsies obtained from
patients with exertional heatstroke with and
without type II fibre predominance. Patients
with exertional heat stroke with type II fibre
predominance had a tendency to develop
rhabdomyolysis (x2 = 6-84, P < 0-01). In
addition, a positive correlation was found
between peak serum CPK concentration and
percentage of fibre type II in 37 patients with
exertional heatstroke (fig 3; t = - 2-9, r =

0-44, P < 0-01). Peak serum CPK concentra-
tion and percentage of fibre type I in 37
patients with exertional heatstroke showed a
negative correlation (t = 3-80, r = 0-54,
P < 0-01). The diameter of type I and type II
fibres was not significantly different in the
three groups of subjects (P < 0 1, table 2).

Figure 3 Correlation
between serum CPK
concentration and
percentage of type IIfibres
in 37 patients with
exertional heatstroke .

Dashed lines are 95%
confidence intervals. x
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A second muscle biopsy in 29 patients with
exertional heatstroke (excluding the two
patients possibly having mitochondrial and
glycogen disorders) did not show the non-
inflammatory necrosis and hypercontracture
fibres found in the first biopsy. The percentage
of fibre types was not significantly different
from the previous biopsy (type I, t = 1-69,
P > 0-1; type II, t = 0-48, P > 05). However,
predominance of type II fibres was still found
in the 17 subjects who showed this previously.
None of these findings occurred in normal
healthy subjects (fig 4). Routine mitochondrial
enzyme (succinate dehydrogenase, cyto-
chrome C oxidase) glycogen (periodic acid
Schiff), and lipid (oil red) reactive stains in
muscle biopsies had ruled out the possibility of
metabolic muscular disorders.

All subjects (29 previous exertional heat
stroke and 15 control subjects) studied com-
pleted the entire course of the treadmill work
load without problems or side effects. We
found a positive correlation between the highest
value of blood lactate and the percentage of
fibre type II in subjects tested (fig 5). The time
required to reach the blood lactate threshold
(4 mmol/l) after a constant treadmill work
load was significantly shorter in patients with
exertional heat stroke with type II fibre pre-
dominance (fig 6). The mean values of blood
lactate at each point of exercise time was sig-
nificantly different in the three groups of sub-
jects after the third minute (F = 28 05, 17 78,
27-29, 36-46, and 29-61 at the 8th, 13th, 18th,
23rd, and 28th minute respectively, P < 001).
Moreover, the mean lactate concentration in
exertional heat stroke with type II fibre pre-
dominance was significantly higher than that
in patients without type II fibre predominance
or the control subjects (P < 0 01).

Discussion
The normal percentage of type I to type II
fibres in the vastus lateralis is about 1:2. If the
type II fibres are further subdivided, the type I,
type IIA, and type IIB fibres each comprise
about one third.22 In our normal young adults,
the percentage of three fibre types was also
about one third in each fibre type (mean, 34:
35: 31%). But an increased percentage of type
II fibres was found in our patients with exer-
tional heatstroke, and nearly 60% (22/37) of
patients had type II fibre predominance in
their muscle biopsy. We do not know whether
type II fibre predominance in our recruits is
pathological or hereditary. It is known that
type I fibre predominance tends to be associ-
ated with the myopathic conditions and partic-
ularly with the genetically determined
dystrophies, and type II fibre predominance
may be associated with motor neuron dis-
ease.22 In our patients, the clinical features and
EMG did not show any evidence of motor
neuron disorder.

Previous studies have shown that patho-
geneses of exertional heatstroke might origi-
nate in two factors; one is the haemodynamic
displacement of blood to the periphery during
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Figure 4 Muscle biopsy
of the vastus lateralis
showing an increased
percentage offibre type II
in patients with exertional
heat stroke (A) compared
with normal subjects (B).
ATPase pH 10 3, (A and
B). Originally x 80.

heat stress; the second is mechanical muscle
injury with secondary excessively metabolic
heat generation.23 21 Based on this assumption,
skeletal muscle with a poor work efficiency
(ratio between external work, mechanical
work, to the total metabolic rate) might be an
important factor in heat intolerance." It is
important to know which type of muscle disor-
der tends to have poor work efficiency. In this
study, we found only two patients with meta-
bolic myopathies (one mitochondria disorder,
one glycolytic disorder) in the group with exer-
tional heatstroke. Therefore we could not
draw any conclusions, but other studies have
also reported that exercise intolerance is one of
the clinical features in metabolic myopathies.
Therefore, we think that recruits with meta-
bolic myopathy are susceptible to exertional
heatstroke during military training. In addi-
tion, we found that recruits with type II fibre
predominance tended to have a poor
endurance capacity under a treadmill load test
that might have contributed to the susceptibil-
ity to exertional heat stroke and rhabdomyoly-
sis. Further evidence could support this
speculation; firstly, the recruits with a higher
percentage of type II fibres had a higher serum
CPK concentration during the exertional heat-
stroke episode; secondly, the recruits with type
II fibre predominance had a greater tendency
towards rhabdomyolysis during the exertional
heatstroke episode; thirdly, the recruits with

Figure 5 Correlation
between blood lactate
concentration and
percentage of type IIfibres
in 29 patients with
exertional heat stroke and
15 control subjects. Dashed
lines are 95% confidence
intervals.
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type II fibre predominance rapidly reached the
blood lactate threshold during continuous
exercise.

Information from other studies about fibre
characteristics in different physical perfor-
mance concentrations could explain our
results. Glenmark et al 1 reported that the
more type I fibres and less type II fibres in
adult woman, the stronger the woman. Ball-
Burnett et al'4 noted that subjects with more
type I fibres and less type II fibres also had a
longer exercise time to exhaustion during
endurance exercise. The question we asked is
what different metabolic responses would
occur in humans with different percentages of
type I and II muscle fibres during exercise. At
the level of the muscle cell,'4 lactate concentra-
tion is higher in type II fibres compared with
type I fibres during prolonged submaximal
exercise (endurance exercise), but glycogen
degradation is most pronounced in type I
fibres. We know that the lactate product
comes from the anaerobic process of glycoly-
sis, and more lactate production means more
anaerobic processes, which results in low work
efficiency due to less ATP production than
during the aerobic process. In continuous
treadmill exercise, we also found that the
blood lactate concentrations in patients with
higher percentages of type II fibres were higher
than those in patients with a low percentage
These results suggest that the more type II
fibres in recruits would result in a lower
endurance capacity during exercise.

Blood lactate threshold was first described
by Mader et al25 in 1976 as the transition area
between the purely aerobic to partially anaero-
bic lactate coverage of the metabolic energy
needs of the muscles under given loading con-
ditions. In this study, we found that the time
required to reach blood lactate threshold in
patients with exertional heatstroke with type II
fibre predominance was significantly shorter
than that in patients with exertional heatstroke
but without type II fibre predominance, and
normal healthy subjects. Therefore, patients
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Figure 6 Comparison of blood lactate changes during a constant treadmill test in three
different groups of subjects: 0 mean of lactate change in 15 normal subjects; * mean of
lactate change in 17 patients with exertional heatstroke with type IIfibre predominance;
* mean of lactate change in 12 patients with exertional heatstroke without type IIfibre
predominance; dashed line indicates the time required to reach the lactate threshold
(4 mmolll) in three groups.

with predominantly type II fibres might have a

lower endurance capacity than others. Army
training is medium to long endurance work;
recruits with type II fibre predominance may
not tolerate hard work and this would lead to a

tendency to develop rhabdomyolysis or exer-
tional heatstroke.

In summary, the occurrence of rhabdomy-
olysis is a serious complication of exertional
heatstroke. Several biochemical markers had
been implicated as predictors for the develop-
ment of rhabdomyolysis. Our muscle biopsy
data showed that in type II fibre predomi-
nance or underlying myopathy the subject was
susceptible to exertional heatstroke and rhab-
domyolysis. Blood lactate threshold seems to
be a good indicator of the endurance capacity
of recruits before training or in patients under
recovery. The procedure of measuring blood
lactate threshold is a convenient and safe
method for predicting the risk of rhabdomyoly-
sis in exercise intolerance.
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Council, Republic of China (NSC 84-2331-B-16-122) and
National Defense Medical Research, Republic of China.
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