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31Phosphorous and Single Voxel Proton MR
Spectroscopy and Diffusion-Weighted Imaging in a

Case of Star Fruit Poisoning
Y.L. Chan, H.K. Ng, C.B. Leung, and D.K.W. Yeung

Summary: We herein describe the case of a patient with
chronic renal failure complicated by star fruit poisoning.
T2-weighted and diffusion-weighted MR imaging showed
hyperintense lesions at the thalami and right temporo-
occipital cortex. Single voxel proton MR spectroscopy re-
vealed elevation of lactate and 31phosphorous MR spec-
troscopy revealed elevation of inorganic phosphate and
decrease of phosphocreatine and nucleoside triphosphates.
The imaging and metabolic changes indicated energy de-
privation, with subsequent cortical necrosis proved at au-
topsy.

Carambola, or star fruit, originated from Asia but
has spread to many tropical countries. Outbreaks of
star fruit poisoning have been reported to occur in
patients with chronic renal failure who are receiving
dialysis treatment after consumption of star fruit or
star fruit juice in Brazil (1) and Taiwan (2). Charac-
teristically, the patients develop hiccup, nausea, limb
numbness or weakness, and then confusion. Although
recovery might occur after emergent hemodialysis,
death is not an infrequent outcome (2). The toxicity
to these uremic patients was attributed to a neuro-
toxin, the nature of which has not been identified.

Case Report
The patient was a 61-year-old man with chronic renal failure

undergoing continuous ambulatory peritoneal dialysis. On one
occasion, he consumed six star fruits in 1 week. At the end of
the week, he suddenly developed headache with hiccup and
vomiting that occurred more than 10 times. He became con-
fused the next day and was admitted for medical treatment. At
admission, he had hiccup and was confused, disorientated, and
unable to recognize his family members. His speech was irrel-
evant, and his behavior was inappropriate. The Glasgow Coma
Scale score was 10/15. Pupils were sluggish. Blood pressure was
210/110 mm Hg. Lumbar puncture yielded clear CSF, with an
elevated protein level (1.25 g/L) and normal glucose and cell
count. Lumbar puncture was negative for herpes simplex virus,

measles, mumps, and varicella. The WBC count was slightly
elevated (16.5 � 109/L), and serum potassium (3.5 mmol/L),
calcium (2.3 mmol/L), and ammonia (�5 �mol/L) levels were
normal. EEG showed the presence of theta wave, suggestive of
nonspecific encephalopathy. The results of urgent CT of the
brain were normal. Acyclovir was administered, but the pa-
tient’s condition deteriorated and intubation and tracheostomy
were required. Hiccup and vomiting persisted, and the patient
also developed clonic seizures and facial twitching.

CT performed 2 days later showed no abnormal findings.
MR imaging showed hyperintense lesions in the thalami, the
right hippocampus, and the cortex in the superior right tem-
poro-occipital lobe junction (Fig 1A), together with a few small
cortical lesions scattered in the rest of the cerebral hemispheres
on T2-weighted images. On T1-weighted images, subtle and
slightly hypointense change was observed at the thalami and
right superior temporo-occipital junction (Fig 1B). On diffu-
sion-weighted images, both cortical and thalamic lesions were
conspicuously more hyperintense than on T2-weighted images
(Fig 1C) and lesion was also detected in the tegmentum. There
was no associated mass effect or enhancement after IV admin-
istered contrast material.

Single voxel proton MR spectroscopy of the right temporo-
occipital lobe lesion showed decreased N-acetylaspartate con-
centration and the presence of lactate (Fig 1D). 31Phosphorous
MR spectroscopic imaging showed decreased phosphocreatine
and �-nucleoside triphosphates and elevated inorganic phos-
phate in the 3 � 3 � 3 cm3 voxels encompassing each thalami
and right temporo-occipital junction (Fig 1E).

Hemodialysis was administered, and improvement in the
patient’s general condition was achieved. A second MR imag-
ing examination performed 3 weeks later showed the persis-
tence of hyperintense lesions on T2-weighted images. The
cortical and thalamic lesions became hyperintense on T1-
weighted images (Fig 2A). Although lactate persisted in the
right temporo-occipital lesion on single voxel proton MR spec-
troscopy, signs of energy deprivation were no longer evident on
31phosphorous MR spectroscopic imaging (Fig 2B). However,
no neurologic recovery was achieved. The Glasgow Coma Scale
score dropped to 3/15, and the patient remained confused and
then died during the 7th week after admission.

An autopsy examination showed laminar necrosis in the
right temporal lobe and occipital lobe. There was liquefactive
necrosis affecting the deeper layers of the cortical ribbon with
capillary proliferation. The adjacent areas showed cell loss and
florid gliosis. The thalami and tegmentum showed diffuse cell
loss and gliosis but no liquefaction. No encephalitis or infective
focus was identified. No vascular occlusion of the basilar artery
or arteries of the circle of Willis or their branches occurred as
far as anatomic dissection was feasible. Multiple tissue sam-
plings of the cerebrum did not show thrombus, embolus, or
vasculitis.

Discussion
Chang et al (2) reported star fruit poisoning in 20

patients undergoing dialysis, eight of whom died. CT
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FIG 1. MR images and MR spectroscopy obtained 3 days after admission.
A, Axial view fluid-attenuated inversion recovery T2-weighted MR image (8000/110/1 [TR/TE/NEX]; inversion time, 2400 ms) shows

symmetrical hyperintense lesions in both thalami. In the right temporo-occipital lobe junction, gyriform hyperintensity is observed.
B, Axial view T1-weighted MR image (500/15/2) shows a subtle decrease in signal intensity in the thalami and the right superior

temporo-occipital junction.
C, Axial view diffusion-weighted image (b � 800 s/mm2; 1600/22/2; diffusion TE, 80 ms) shows the hyperintense lesion in the thalami

and right superior temporo-occipital lobe junction in a more conspicuous manner than does the T2-weighted MR image (compare with
panel A).
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was performed for 10 of these 20 patients, and in
none was there evidence of organic lesions. The two
CT studies performed for our patient also revealed no
morphologic lesion. The MR imaging features asso-
ciated with star fruit poisoning have not been re-
ported in the literature. T2-weighted images of the
brain of our patient showed hyperintense lesions in
the gray matter of cerebral hemispheres and both
thalami. On T1-weighted images, the cortical lesions
changed from being mildly hypointense to hyperin-
tense in a time course of 3 weeks. The hyperintense
changes resemble the cortical laminar hyperintensity
on T1-weighted images reported in cerebral infarcts 2
weeks after ictus, which was shown not to be due to
hemorrhagic infarction (3).

The cerebral cortical and thalamic lesions were
more markedly hyperintense on the diffusion-
weighted images than on the T2-weighted images,
which suggests restricted diffusion. Acute ischemic
infarction is the most frequently encountered lesion
with restricted diffusion. Linked to a breakdown in
energy metabolism (4), shift of extracellular to intra-
cellular water, reduction of intracellular water motion
(5), and tortuosity of extracellular space (6) have
been suggested to contribute to the restriction in
diffusion. Other acute neurologic diseases manifest-
ing as hyperintense lesions on diffusion-weighted im-
ages include encephalitis due to herpes simplex and

influenza virus (7), global cerebral anoxia due to
prolonged cardiac arrest (8), diffuse axonal injury (9),
fluoroacetamide intoxication (10), and variant
Creutzfeldt-Jakob disease (11). Among these entities,
only variant Creutzfeldt-Jakob disease characteristi-
cally shows thalamic hyperintense change on diffu-
sion-weighted images (11).

The clinical presentation and course of our patient
were different from the aforementioned diseases.
There was also no histologic evidence of encephalitis,
vascular occlusion, or spongiform encephalopathy.
Hyperintense lesions may be found in white matter
and cortex on T2-weighted images in hypertensive
encephalopathy, but unlike lesions found in our pa-
tient, they are characteristically reversible and do not
show bright signal intensity on diffusion-weighted im-
ages.

An autopsy of our patient showed laminar necrosis
of the cortex in the involved brain tissue. Cortical
laminar necrosis has been observed in brains of rats
subjected to four-vessel occlusion and has been doc-
umented in patients with cardiac arrest (8). Diffuse
cerebral cortical laminar necrosis mediated by neuro-
toxin has also been shown in cattle with acute hydro-
gen sulfide (pit gas) poisoning (12).

MR spectroscopy of the current patient also sup-
ported a breakdown in energy metabolism as the
underlying pathophysiological process. The decrease

FIG. 1. Continued
D, Single voxel proton MR spectrum (2000/136) shows a decreased N-acetylaspartate (NAA) peak at 2.02 ppm in the right

temporo-occipital lobe lesion. Lactate (Lac) is shown with the inverted doublet centered around 1.33 ppm. Unprocessed and processed
spectra are shown, respectively, on the lower and upper parts of the figure.

E, 31Phosphorous MR spectrum shows decreased phosphocreatine (PCr) at 0 ppm, �-nucleotide triphosphate (�-NTP) at �16.3 ppm,
and elevated inorganic phosphate (Pi) at 4.9 ppm in the right temporo-occipital lobe lesion compared with the contralateral morpho-
logically intact left side. Unprocessed and processed spectra are shown, respectively, on the lower and upper parts of the figure.

FIG 2. MR images and 31phosphorous MR spectrum obtained 4 weeks after admission and after hemodialysis.
A, Axial view T1-weighted MR image shows hyperintense change at the thalami and right superior temporo-occipital lobe cortex.
B, 31Phosphorous MR spectrum shows phosphocreatine (PCr). �-nucleoside triphosphates (�-NTP), relative to inorganic phosphate

(Pi) in the right temporo-occipital lobe (same voxel as that shown in Fig 1, panel E), have increased to reach normal levels.
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in N-acetylaspartate on proton MR spectroscopy in-
dicates neuronal loss or dysfunction and the presence
of lactate indicates anaerobic glycolysis as a result of
interference of the normal cellular oxidative respira-
tion. 31Phosphorous MR spectroscopic imaging of the
lesion sites at the right temporo-occipital junction and
thalami showed decreased phosphocreatine and nu-
cleoside triphosphates (represented by �-nucleoside
triphosphates as resonances of nucleoside diphos-
phates overlapped with �- and �-nucleoside triphos-
phates) and elevation of inorganic phosphate. These
changes indicate energy deprivation at the cellular
level. A reduced phosphocreatine with elevated inor-
ganic phosphate andadenosine 5�-diphosphate has
been observed in both muscle and brain on 31phos-
phorous MR spectroscopy of a patient with MELAS
syndrome (mitochondrial myopathy, encephalopathy,
lactic acidosis, and recurrent stroke-like episodes)
with hypoattenuated lesions in bilateral parietooccipi-
tal lobes on CT scans (13). Mitochondrial disorders
may have features of hyperintense lesions involving
the thalami and cerebral white matter on T2-weighted
images (14) that may be diagnostically confused with
the imaging findings in our case except for the differ-
ent clinical presentations. The alleged star fruit neu-
rotoxin, accumulating to toxic levels because of fail-
ure of elimination in uremic patients, probably acts by
interfering with oxidative phosphorylation in the mi-
tochondrion with depletion of adenosine triphos-
phate, leading to cell dysfunction and death. The
preferential involvement of deep gray matter of the
thalami and the cortical ribbon might be explained by
the higher sensitivity to energy deprivation in neu-
rons. It has been shown that the rate of reduction in
diffusion is greater in the gray than it is in the white
matter during ischemia and after cardiac arrest in
animal models (6).

The toxic substance responsible for star fruit poi-
soning in uremic patients has not been identified but
is thought to be a water-soluble excitatory neurotoxin.
Neto et al (1) injected star fruit extract into the
peritoneal cavity and cerebral ventricles of mice and
rats and observed tonicoclonic convulsions in these
animals. Considering that five of six of their patients
recovered after hemodialysis, they suggested that the
toxic substance is a water-soluble excitatory neuro-
toxin, which can be removed by hemodialysis. The
improvement of energy deprivation shown by the sec-
ond 31phosphorous MR spectroscopy study of the
patient, performed after hemodialysis, seems to sup-
port the suggestion of a toxin removable by hemodi-
alysis. Excitotoxic injury has been shown to be asso-
ciated with restriction in diffusion at the time of
intrastriatal injection of N-methyl-D-aspartate, a glu-
tamate agonist, into rat brains (5). A significant
change of metabolite levels, as assessed by proton

MR spectroscopy, was not observed in these animals
during the first hours, but complete loss of brain
metabolites was observed at 72 hours, probably as a
result of delayed neuronal death.

Conclusion
The elevation of inorganic phosphate and reduced

phosphocreatine and nucleoside triphosphates and
elevation of lactate on 31phosphorous and proton MR
spectra and hyperintense change on diffusion-
weighted images in this case of star fruit poisoning
indicate a neurotoxin that interferes with oxidative
phosphorylation. Because the neurons are susceptible
to this process of energy depletion at the cellular
level, they exhibit intra- and extracellular changes
from which restriction in diffusion and finally cortical
necrosis ensue.
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