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trial. Some patients reported that they got a younger relative to call, or that they used a relative’s touch-tone telephone. Some patients who were unsuccessful in accessing
their messages called one of the nurses to do so; even that
technique saved physician time. We learned that patients
needed more warning that dictations might be delayed at
times because of laboratory or physician delay. For the
small number of patients who will not be happy without a
written report or a personal conversation, physicians can
provide that service and might be justified in charging for
these personal conferences.
Most of the patients who used the message line found it
easy to use and were satisfied with it. We encountered no
confidentiality problems, and expect none, because patients have control of their access numbers and we use
only first names in our messages. We believe our system is
more confidential than sending letters or e-mail messages, or calling patients at their place of employment.
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S

trenuous physical activity leads to anaerobic glycolysis, with a resultant rise in blood lactic acid levels and
the development of metabolic acidosis (1). Rhabdomyolysis results from skeletal muscle injury with release of

Figure 1. A large cutaneous hemangioma of the left arm, part of
the left neck, and the upper left chest.

muscle cell contents (2), and may occur following exertion
when energy supplies to muscle are insufficient to meet demands (2). A large cutaneous hemangioma, which can function as an arteriovenous shunt (3), may cause tissue ischemia and cellular damage through a “steal phenomenon”
(4). We report a patient with a local giant cutaneous hemangioma who developed rhabdomyolysis of his left upper
arm— diagnosed by a swollen extremity, elevated serum
creatine kinase and aldolase levels, and magnetic resonance
imaging—after intensive weight lifting. We performed serial
measurements of the degree of ischemia and muscle damage
during a supervised weight-lifting session, and discuss the
possible pathophysiologic relation between the hemangioma and rhabdomyolysis.

CASE REPORT
A 19-year-old right-handed man experienced left upper
limb pain and swelling after he began weight lifting. In
five 45-minute sessions during a 10-day period, he increased the load from 15 to 30 kg in each arm. Two days
after his fifth session, he was seen in the emergency department. He was afebrile, normotensive, and appeared
well hydrated. The diameter of his left upper arm was 36
cm, the diameter of his left forearm was 27 cm, the diameter of his right upper arm was 29 cm, and the diameter of
his right forearm was 22 cm. He had a large cutaneous
hemangioma that extended from the outer third of his
left hand to his neck and upper chest (Figure 1), which
was in the same location as his symptoms. He denied
alcohol or drug abuse. Serum creatine kinase, aldolase,
alanine aminotransferase, aspartate aminotransferase,
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Table 1. Serum Biochemical Values*
Days after
Symptoms
Began

Alanine
Aminotransferase
(0–40 U/L)

Aspartate
Aminotransferase
(0–37 U/L)

Creatine Kinase
(0–190 U/L)

Aldolase
(0–7.6 U/L)

Uric Acid
(3–7 mg/dL)

2
4
6
10

349
216
84
42

246
206
67
51

7723
4958
654
128

18
14
5
3

8.1
7
5.2
4.8

* Values in parentheses indicate the normal range and units.

and uric acid levels were increased (Table 1). Red and
white blood cell and platelet counts, and serum creatinine, myoglobin, glucose, and electrolyte levels were normal. A Doppler ultrasound of the left arm did not show
deep vein thrombosis. The patient was told to refrain
from physical exertion and to drink fluids. Two days later
the pain and swelling persisted, although decreased in
intensity; laboratory values remained abnormal (Table
1). A magnetic resonance imaging scan of his extremities
was consistent with rhabdomyolysis in several muscles of
the left arm and hemithorax (Figures 2 and 3). The patient’s symptoms improved, and his laboratory values
were normal at 10 days (Table 1), at which time his left
upper arm diameter was 27 cm and his left forearm diameter was 19 cm. One month later, he was invited by the
medical staff to reproduce a weight-lifting session at a
lower load (3 kg in each arm) and for a shorter period of
time (15 minutes), which were thought to be safe. Serum
aldolase, creatine kinase, lactic acid pH, and venous
blood gas values were measured before and after exercise
in each arm (Table 2). When the session finished, the
patient was asymptomatic. He was advised to avoid
weight lifting in the future.

DISCUSSION
Severe exercise, which leads to anaerobic glycolysis due to
tissue hypoxia, is characterized by lactic acid overproduction and may even cause rhabdomyolysis (1, 2, 5–9).

However, the physical findings in our patient, coupled
with the magnetic resonance results (Figure 2) and the
serum measurements (Table 2), suggest that only the left
upper arm, an area dominated by a giant cutaneous hemangioma (Figure 1), was affected by rhabdomyolysis. We
believe that this shunt could have stolen blood-flow under a
situation of increased demand, worsening the hypoxic state
and precipitating focal rhabdomyolysis. Consistent with this
hypothesis, serum lactate levels were similar in both arms
before physical activity, but higher in the left arm after exertion (Table 2). Metabolic acidosis and increases in arterial
lactate levels do not occur until the energy requirement is
about four times basal requirements (10). Oxygen levels,
however, were lower in the left arm during the basal period
but higher immediately after exercise. Venous oxyhemoglobin saturation was measured in the limb as a whole, and we
were unable to distinguish oxygen levels in the hemangioma
and in the muscle separately.
Lactate can accumulate when there is increased lactate
production, diminished lactate utilization, or both. The
former can occur by enhanced pyruvate production, reduced pyruvate utilization, or, as in our patient, an altered redox state in which pyruvate is converted into lactate (11, 12). Under anaerobic conditions, adenosine
triphosphate (ATP) depletion may lead to the opening of
potassium channels, resulting in the outflow of potassium from cells, depolarization of vascular smooth muscle cells, and decreased entry of calcium into cells, causing
vasodilatation (13). Most cases of lactic acidosis are due

Table 2. Laboratory Measurements in Both Arms at Baseline, during, and after Physical Activity*

Minutes

Lactate
(6–22 mg/dl)

Aldolase
(0–3 U/L)

Creatine Kinase
(0–190 U/L)

Venous pH
(7.35–7.45)

Venous Partial
Pressure of Oxygen
(mm Hg)

Venous
Bicarbonate
(mEq/L)

Venous
Oxyhemoglobin
Saturation (%)

Basal
2
3
15
30
80

15, 16
77, 122
51, 92
50, 56
44, 46
37, 44

3, 3
3, 5
3, 6
3, 5
3, 5
3, 3

51, 51
50, 53
54, 60
55, 76
54, 62
59, 55

7.32, 7.32
7.28, 7.22
7.30, 7.20
7.31, 7.23
7.32, 7.26
7.32, 7.32

24, 20
37, 47
36, 42
32, 37
30, 30
26, 21

25, 25
22, 17
23, 16
24, 19
26, 22
26, 25

43, 32
63, 76
56, 73
51, 66
48, 57
44, 32

* Pairs represent values in right arm, left (affected) arm.
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Figure 3. Magnetic resonance image in T1 SE axial sequence of
left forearm showing multiple tubular structures (hemangioma) in soft tissue (head arrows).

Figure 2. Magnetic resonance image of the left upper arm in T1
SE sequence with fat saturation showing abnormal hyperintensities of rhabdomyolyzed muscles: Major and minor pectoralis
(small black head arrows), long head of triceps (large black
head arrow), and short head of biceps (white head arrow).

to tissue hypoperfusion (11, 12, 14). We believe that the
hemangioma led to local hypoperfusion of muscles and
subsequent hypoxia which, under sustained physical activity, caused an increase in lactate production and precipitated rhabdomyolysis.
Normal subjects can develop rhabdomyolysis after seizures or intense exercise such as weight lifting (2, 5, 9, 15).
Sarcolemmal damage due to exertion can interfere with

sarcolemmal integrity and cause a leak of intracellular
components (myoglobin, creatine kinase) into the
plasma (16 –19). Exhaustive exercise also depletes energy
stores and disrupts cellular transport, raising intracellular
calcium, which activates proteolytic enzymes resulting in
mitochondrial damage and diminishing ATP generation.
The end result is cellular anoxia and cell death (20).
Creatine kinase is a sensitive marker of muscle injury
(21), whereas an increased serum myoglobin concentration and myoglobinuria are less sensitive tests (9, 22).
Serum myoglobin levels may fall to normal by the time a
patient is hospitalized owing to its rapid clearance from
the plasma within 1 to 6 hours (2). Thus, it is not unusual
for the levels of serum creatine kinase, which is cleared
more slowly, to remain elevated in the absence of increased myoglobin levels (23, 24), as occurred in this patient.
The prognosis of patients with adequately treated
rhabdomyolysis is generally excellent, because muscle repair mechanisms are efficient (25). Acute renal failure,
one of the most serious complications, can be managed
with hyperhydration, alkalinization of urine, avoidance
of nephrotoxins, and if required, transient hemodialysis
until renal failure resolves (2, 26 –28).
Magnetic resonance imaging has a higher sensitivity
for the detection of abnormal muscles (100%) than computed tomography (62%) or ultrasound (42%) (29). In
magnetic resonance studies, affected muscles have an increased intensity in T2-weighted images (edema), due to
inflammation and muscle necrosis (30).
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Physicians should maintain a high index of suspicion for
acute exertional rhabdomyolysis in patients who present
with symptoms of an overexertion injury, such as pain and
swelling (5). We believe vascular malformations should be
considered as triggering or predisposing factors for focal
rhabdomyolysis when there is muscular hyperactivity.
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T

he evidence that there is a genetic susceptibility to
systemic lupus erythematosus (SLE) in humans is
based on its high concordance rate (29% to 57%)
in identical twins and on the relatively high incidence
(10% to 12%) of familial cases (1). Since the production

