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Cerebral Hyperemia in MELAS

T.I. Gropen, MD; I. Prohovnik, PhD; T.K. Tatemichi, MD; M. Hirano, MD

Background The pathophysiology of strokelike episodes in
MELAS (mitochondrial encephalomyopathy, lactic acidosis,
and strokelike episodes) is uncertain.

Case Description We studied a 24-year-old man with
MELAS who had fluent aphasia and right hemianopia. Mag-
netic resonance imaging and computed tomography showed a
large infarction in the parietal, temporal, and occipital lobes.
We performed serial planar 133Xe regional cerebral blood flow
studies and single-photon emission computed tomography.
Fifteen and 26 days after the strokelike episode, there was
generalized hyperperfusion, highest in infarcted areas. Four
and 8 months after the strokelike episode, the brain was still

Since 1984, when Pavlakis et al1 introduced the
acronym MELAS for mitochondrial encephalo-
myopathy with lactic acidosis and strokelike ep-

isodes, much progress has been made in understanding
its underlying genetic and biochemical basis. In most
reported cases, MELAS has been associated with a
point mutation of mitochondrial DNA and complex I
deficiency.2 However, the relation between laboratory
abnormalities and clinical manifestations is not clear.
Some characteristic symptoms such as nausea, vomiting,
and exercise intolerance may be related directly to the
lactic acidosis that results from impaired oxidative me-
tabolism. The pathophysiology of strokelike episodes in
MELAS is less certain. Some investigators have empha-
sized the importance of pathological changes in cerebral
vessels,3-4 but abnormal brain metabolism has also been
implicated.-

We carried out a serial quantitative study of cerebral
perfusion and hypercapnic reactivity after a strokelike
episode in MELAS. Our observations support the pos-
sibility that local production of lactic acid may be the
basis for strokelike events and other cerebral manifes-
tations of MELAS, and they underscore the limitations
of nonquantitative functional imaging in investigation of
diseases with diffuse alterations of cerebral blood flow.

Case Report
In our patient, early development was normal except

for short stature. Family history was notable for mental
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hyperemic, with highest flow in noninfarcted tissue. Reactivity
to CO2 was less than normal within the infarct at 26 days but
improved thereafter. In the noninfarcted region, vasomotor
reactivity was impaired at 4 months, when resting flows were at
their peak.

Conclusions We observed generalized cerebral hyperemia
and fluctuating CO2 reactivity in MELAS, possibly a conse-
quence of local lactic acid production. In addition, this case
suggests that nonquantitative functional imaging may be mis-
leading in MELAS. (Stroke. 1994^5:1873-1876.)

Key Words • cerebral blood flow • diagnostic imaging •
MELAS syndrome • mitochondrial encephalomyopathy

retardation in the brother of his maternal grandmother
and short stature in his mother and one of his two
brothers. He was well until age 24, when he was
admitted to a local hospital after a generalized seizure
at home. Cerebrospinal fluid protein was 56 mg/dL but
was otherwise normal. Computed tomography (CT)
demonstrated extensive calcification of the basal ganglia
but was otherwise normal. The electroencephalogram
(EEG) was normal. Five days after admission, another
seizure occurred, and postictally the patient was found
to have a right hemianopia and aphasia. CT and mag-
netic resonance imaging (MRI) performed after the
event revealed infarction in the left parietal, temporal,
and occipital lobes. Seven days after the strokelike
episode, the EEG showed left-sided delta activity and
sharp waves.

Examination at Columbia-Presbyterian Medical Cen-
ter 13 days after the strokelike episode revealed fluent
aphasia with prosodic but empty speech; semantic para-
phasic errors; severely impaired auditory comprehen-
sion, naming, reading, and writing; and less impaired
repetition. In addition, we found poor memory, right
hemianopia, pigmentary retinopathy, and right-sided
hemisensory loss. Cerebral angiogram 14 days after the
strokelike episode showed normal major vessels, includ-
ing the carotid and vertebral arteries, but mild irregu-
larity and slow filling of the calcarine branch of the left
posterior cerebral artery. An EEG 26 days after the
strokelike episode showed left-sided delta activity, left
occipital sharp waves, and an isolated instance of a
frontal maximal but diffusely reflecting spike and wave.
No electrographic seizures were recorded. Other labo-
ratory findings included a resting arterial lactate of 6.8
mmol/L (reference, 0.5 to 1.6 mmol/L), electromyo-
graphic evidence of myopathy, sensorineural hearing
loss, and a point mutation in mitochondrial DNA-
encoded transfer RNA1^<UUR) (at 3243 base pairs) in the
patient and his mother (analysis by M. Hirano in
laboratory of E. Schon).

CT performed 13 days after and MRI performed 19
days after the strokelike episode were consistent with
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Fra 1. Magnetic resonance im-
aging performed 19 days (A) and
computed tomography (CT) per-
formed 13 days (B) after the
strokelike episode show infarction
involving the left parietal, poste-
rior temporal, and occipital lobes
in a multiterrttorial distribution. CT
performed 10 weeks after the
strokelike episode (C) shows fo-
cal atrophy of the left parietal,
temporal, and occipital lobes and
enlargement of the left lateral ven-
tricle. CT scans show extensive
calcification of the basal ganglia.

infarction involving the left parietal, posterior temporal,
and occipital lobes in a multiterritorial distribution (Fig
1A and IB). Ten weeks after the strokelike episode, the
patient exhibited mild dysnomia, dyslexia, memory im-
pairment, and partial right hemianopia. CT then
showed a chronic infarct, with focal atrophy of the left
parietal, temporal, and occipital lobes and enlargement
of the left lateral ventricle (Fig 1C). Eight months after
the strokelike episode, the patient had only rare para-
phasias while reading, and visual fields were full to
confrontation.

Quantitative planar 133Xe regional cerebral blood flow
(rCBF) examinations (Novo Diagnostic Systems, Cere-
brograph 32c) were performed at 15 and 26 days and at
4 and 8 months after the strokelike episode. This
patient's 133Xe rCBF values were interpreted in relation
to a control group of 37 men aged 20 to 30 years (I.P.,
T.I.G., unpublished data) studied in our laboratory.
Based on control group data, this patient's expected
flow level (±SD) was 54 ±9.0 mlVlOO g per minute. We

considered hyperemia to be present only when normo-
capnic perfusion was at least 73 mL/100 g per minute, 2
SD above that expected for age and sex. We adjusted for
end-tidal Paco2 at the time of examination because
rCBF is influenced by end-tidal Paco2,7 and generally
our patient was hypocapnic. Hypocapnia may have been
a consequence of respiratory compensation for lactic
acidosis. The initial resting study showed a well-demar-
cated area of high flow in the posterior left hemisphere
(involving nine detectors in the left parietal and occip-
ital lobes, posterior temporal lobe, and posterior frontal
lobe) corresponding to the lesion on CT and MRJ. This
was defined as the infarct region, and all other regions
of both hemispheres were considered noninfarcted. The
Table provides flow values for both regions and esti-
mates of cortical flow for end-tidal PacO2=40 mm Hg
(adjusted initial slope index), based on reactivity to CO2
within the infarct and in noninfarcted regions. On day
26 and 4 months after the strokelike episode, there was
generalized hyperemia. At 8 months, perfusion in the

Results

Region

Infarct

Other

of 133Xe Regional

15 Days

Rest
ISI

75

59

Rest
CO,

25

25

Cerebral Blood Flow Studies

Rest
ISI

69

44

26 Days

Rest Reac
CO, %

17 1.0+

17 5.3

Time

AdJ
ISI

86*

96*

After Strokelike Episode

Rest
ISI

74

88

4 Months

Rest Reac
COj %

40 1.5

40 0.9t

Ad|
ISI

74*

88*

Rest
ISI

52

62

8 Months

Rest
CO,

31

31

Reac

1.9

1.8

Ad)
ISI

61

72*

ISI Indicates mean initial slope index (milliliters per 100 g per minute); Rest ISI, ISI during resting study; Rest CO2, end-tidal
during resting study (millimeters of mercury); Reac, hypercapnic reactivity (percent per millimeters of mercury); and Adj ISI, estimates
of cortical flow adjusted for end-tidal Paco,=40.

'Hyperemic adj ISI values, defined as perfusion at least 2 SD above that expected for age and sex after adjusting for end-tidal P
at the time of examination. In the present case, flow 272 mU/100 g per minute is considered hyperemic.

tinadequate hypercapnic reactivity, defined as reactivity <1.5%/mm Hg.
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FIG 2. Single-photon emission computed tomography images at 15 days (A), 4 months (B), and 8 months (C) after infarction. At each
date, axial and corresponding coronal images are shown at two levels. In all images, red represents highest tracer uptake; deep blue,
lowest; and blue, green, and yellow, intermediate levels in ascending order. All images are normalized to their own maximum. On the
initial study there is greater uptake in the left posterior hemisphere, corresponding to the infarct on computed tomography and magnetic
resonance imaging. On later studies there is much lower tracer uptake in this region.

infarct region declined to a level approximately 1 SD
above that expected for noninfarcted normal control
subjects, but there was still hyperemia in noninfarcted
areas.

Vasomotor response to hypercapnia was measured by
133Xe rCBF after inhalation of 4% CO2. Reactivity was
defined as percent change of flow per millimeter of
mercury change of end-tidal Paco2. Reactivity below
1.5%/mm Hg was considered impaired based on 133Xe
rCBF in normal subjects7 and a study correlating
positron emission tomography measures of hemody-
namic reserve and hypercapnic reactivity measured by
133Xe rCBF.8 Reactivity to 4% hypercapnic challenge
was below normal within the infarct region when first
tested at 26 days but normal thereafter, improving on
each subsequent examination. In the noninfarcted re-
gions hypercapnic reactivity was initially normal when
resting flows were at their nadir, but it was impaired at
4 months when resting flows were at their peak. At 8
months, when resting flows had declined somewhat,
hypercapnic reactivity had improved (Table). Thus, in
noninfarcted regions there appeared to be an inverse
relation between flow and reactivity.

The first single-photon emission computed tomogra-
phy (SPECT) scan used dual-isotope imaging to obtain
cerebral blood flow and cerebral blood volume images,
using AMsopropyl-/?[123I]iodoamphetamine ([I23I]IMP)
and "Tc-labeled red blood cells, respectively. All sub-
sequent scans used ""Tc-hexamethylpropyleneamine
oxime (HMPAO). [I23I]IMP SPECT, 15 days after the
strokelike episode, showed 20% to 30% greater uptake
within the infarct than in noninfarcted regions (Fig 2A),
accompanied by greater volume in the posterior left
hemisphere. Four months after the strokelike episode,
"Tc-HMPAO SPECT showed 50% to 60% less uptake
in the infarct, and 8 months after the strokelike episode,
there was still much less uptake in the infarct region
(Fig 2B and 2C, respectively).

Discussion
We found generalized cerebral hyperemia in a patient

with MELAS. Watahiki et al9 previously found gener-
alized cerebral hyperperfusion in one patient studied 2
months after a strokelike episode. We extended that
finding by showing that generalized hyperemia persisted
4 months after a strokelike episode and was present in
the noninfarcted regions 8 months after the strokelike
episode. It is not clear whether this hyperemia repre-
sents an active adaptive attempt to compensate for
metabolic imbalance or a passive response to tissue
acidosis. Watahiki et al also found that the hyperemia
was accompanied by low values of cerebral metabolic
rate (CMR) for oxygen and oxygen extraction fraction
with preservation of CMR for glucose, indicating a
reduction in use of oxygen relative to glucose, a pattern
consistent with glycolysis to lactate or other intermedi-
ate metabolites. These studies provide evidence that the
metabolic defect (and associated hyperemia) in
MELAS can be expressed in cerebral tissue and suggest
that hyperemia might be the result of limited oxidative
glucose metabolism or increased lactic acid production.
Alternatively, hyperemia in our patient may have been
the result of ongoing epileptic activity, since ictal rCBF
and CMR are increased severalfold. We believe that it
is unlikely that frequent or continuous seizures are a
basis for hyperemia because seizures were not observed
after the strokelike episode, and two EEGs after the
event did not show electrographic seizures. However,
the metabolic demands imposed by seizures may be
important precipitants of strokelike episodes in
MELAS because seizures are almost always a part of
the clinical syndrome and are the most frequent pre-
senting symptom.

We found infarction in a multiterritorial distribution.
The finding by us and others2 of infarction in the
distribution of multiple large vessels despite generally
normal angiography argues against large-vessel occlu-
sion. The possibility of stenosis or occlusion of small
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arteries, arterioles, and capillaries was suggested by the
finding of abnormal mitochondria in the vascular
smooth muscle and endothelium of cerebral vessels.3"5

However, if MELAS-associated strokelike episodes re-
sulted primarily from small-vessel pathology, there
should be small infarcts rather than the typically large
confluent region of infarction observed in this and other
MELAS cases! Nevertheless, compromise of the micro-
circulation as a result of edema may contribute to the
ultimate degree of tissue injury.

The variability of the vasomotor response to CO2
deserves comment. The transient focal loss of hypercap-
nic reactivity in both infarcted and noninfarcted regions
was unlikely to have resulted from diminished perfusion
pressure because flow was increased and there was no
severe stenosis or occlusion on the angiogram. Poor
hypercapnic reactivity at times of high flow may be due
to limited capacity of resistance vessels to dilate further,
secondary to structural limitations. Another possibility
is that both increased flow and decreased reactivity are
the result of local lactic acidosis. There have been no
other studies of hypercapnic reactivity in MELAS, but
loss of vasomotor response to CO2 and acute focal
hyperemia have been documented in ischemic stroke,
being attributed to lactic acidosis.11'12 Brain lactic aci-
dosis has been documented in MELAS after strokelike
episodes- and in disorders of pyruvate metabolism
by examination of cerebrospinal fluid. Local production
of lactic acid may also explain the disappearance of CT
lucencies in MELAS after intervals of 2 weeks to 2
months; lactic acid can induce intracellular edema
without obligatory progression to cell death in tissue
culture experiments.' Finally, local spread of lactic
acid might explain the multivascular topography of
lesions in MELAS. MELAS might be a model for lactic
acid-related cell injury in more typical stroke. .

The results of our study suggest that nonquantitative
functional imaging by itself may be misleading in con-
ditions with diffuse alterations in flow, such as MELAS.
For example, SPECT performed 4 months after the
strokelike episode showed the relative flow difference
between the infarcted and noninfarcted regions but
failed to detect the generalized hyperemia. Others also
noted preservation of quantitative cerebral blood flow
in regions of poor tracer uptake.16 Additionally, inter-
pretation of asymmetries in tracer uptake may be com-
plicated, as in subacute ischemic stroke, by diaschisis or
hyperfixation of HMPAO.17 Quantitative functional im-
aging is therefore needed in future investigations of
MELAS.

Strokelike episodes in MELAS may be a metabolic
event, similar to the "metabolic stroke" attributed to
toxic organic acid metabolites in patients with methyl-
malonic acidemia.18 First, structural and functional im-
aging findings are not typical of ischemic infarction.
Second, a known and fundamental aspect of MELAS,
lactic acidosis, may be the basis for its cerebral mani-
festations. Although our findings support a metabolic
basis for strokelike episodes in MELAS, we recognize
that several non-mutually exclusive pathogenic mecha-
nisms may produce cerebral injury in this disorder. The
relative significance of lactic acidosis, impaired micro-
circulation, and increased substrate demands might be

explored by examination of patients with the MELAS
point mutation over the full course of the disease.
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