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FDG-PET Findings in Patients With Suspected Encephalitis
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Purpose: Fluorine-18 fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) may be used to establish a diagnosis of enceph-
alitis, yet prior descriptions are mainly limited to small case reports.
We explore the role of FDG-PET in the diagnostic evaluation of
encephalitis.

Methods: Brain FDG-PET was acquired in a consecutive case series
of 10 cases of suspected encephalitis over a S5-year-period. Cases
with positive Lyme serology were excluded. Two expert reviewers
graded the FDG-PET studies in blinded fashion with respect to the
clinical history. Retrospective review of the clinical history and
examination, laboratory findings, electroencephalogram (EEG), and
magnetic resonance imaging (MRI) studies was performed. A diag-
nosis of encephalitis was based on a combination of the clinical and
diagnostic examination findings in each case.

Results: Encephalitis was diagnosed in 6 of 10 cases. FDG-PET
hypermetabolism was demonstrated in 5 cases of encephalitis, most
frequently involving the medial temporal lobes. Multifocal hypome-
tabolism was noted in at least 2 regions in all 6 cases of encephalitis,
with at least 4 regions of hypometabolism noted in 5 of 6 cases.
Nonencephalitis cases revealed hypermetabolism in only 1 of 4
cases, ascribed to status epilepticus. Hypometabolism was evident in
all nonencephalitis cases.

Conclusion: Encephalitis frequently manifests as FDG-PET hyper-
metabolism, but focal hypometabolism can also be observed. Sei-
zure activity must be excluded as a possible cause of hypermetab-
olism in patients suspected of having encephalitis. Because other
conditions that can cause hypometabolism may mimic encephalitis
clinically, FDG-PET is more likely to serve as an adjunct to lumbar
puncture, EEG, and clinical findings rather than a primary diagnostic
tool in the management of patients suspected of having encephalitis.
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he potential role of fluorine-18 fluorodeoxyglucose

positron emission tomography (FDG-PET) in the diagno-
sis of encephalitis, an acute inflammatory process of the brain
with infectious and noninfectious causes, has not yet been
fully established. Brain biopsy is the definitive test, but its
invasiveness makes it a last resort. Unless contraindicated,
suspected patients usually undergo lumbar puncture (LP)
initially. Standard cerebrospinal fluid (CSF) analysis along
with testing for specific infectious agents can provide impor-
tant clues. However, typical CSF findings for encephalitis (a
moderately elevated white blood cell count with mononuclear
cell predominance, normal or elevated protein levels, and nor-
mal glucose levels) may also be seen in aseptic meningitis.

Anatomic imaging, such as magnetic resonance imag-
ing (MRI) and computed tomography (CT), is relatively
nonspecific.' Although structural imaging studies may re-
veal lesions that either cause or are associated with enceph-
alitis, normal studies may also be noted. Similarly, the pres-
ence of abnormal electroencephalography (EEG) is an
important clue, but lack of abnormalities can be common.*®

The clinical signs and symptoms of encephalitis are
nonspecific, ranging from vague constitutional symptoms to
confusion or coma. The initial neurologic deficits may be
mild or severe, focal or generalized, stable or progressive, and
persistent or transient. Acute encephalitis may elicit almost any
neurologic deficit, seizures, increased intracranial pressure, re-
spiratory decompensation, or inappropriate antidiuretic hormone
secretion. Although full recovery is possible, a gamut of perma-
nent intellectual, motor, psychiatric, visual, and auditory defects
may result. Death can also occur.>’

When patients present with the types of symptoms
described here, the differential diagnosis includes meningitis,
brain abscess, subdural empyema, brain tumor, subarachnoid
hemorrhage, subdural hematoma, and traumatic intracranial
hemorrhage.*>"'* The difficulty of making a clear diagnosis,
along with the benefits of early detection and treatment, and
morbidity associated with brain biopsy (the current gold
standard test) all provide significant opportunity for exploring
minimally invasive tests that may facilitate the diagnosis. The
ability of FDG-PET to detect even mild inflammation has
been well established and makes FDG-PET a potential can-
didate to fill such a role.!""'> The literature on the use of
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FDG-PET in encephalitis has been largely limited to case
reports and very small case series. We retrospectively re-
viewed our experience with FDG-PET in the diagnosis of
encephalitis and its correlation to the other diagnostic tests
and the clinical presentation and course.

METHODS

As we previously reported on our experience with
Lyme encephalitis, all cases of Lyme disease were exclud-
ed."”® From August 1998 to January 2003, a total of 10
patients without positive Lyme serologies (5 men and 5
women) received brain FDG-PET to evaluate for the presence
of encephalitis. Ages ranged from 17 to 78 (mean age, 47
years). In all cases, FDG (average dose 7.16 mCi) was
administered intravenously approximately 40 minutes before
scanning. Scans were obtained over 40 minutes in a HEAD
PENN PET dedicated brain scanner. The scanner had a field
of view of 25.6 cm, data were reconstructed using a 3-dimen-
sional reconstruction algorithm into an image matrix of 128
X 128, and the maximal spatial resolution at full width at half
maximum (FWHM) was approximately 4 mm. The images
were acquired according to previously described methods and
reconstructed using a Weiner filter and Chang first-order
attenuation correction in axial, coronal, and sagittal planes.'*

Retrospective review of the clinical features, laboratory
results, EEG, and MRI was conducted independently of the
FDG-PET analyses. For review of the FDG-PET scans, the
brain was divided into 20 regions: right and left frontal lobes,
right and left parietal lobes, right and left occipital lobes, right
and left basal ganglia, right and left cerebella, right and left
sensorimotor regions, right and left medial temporal lobes,
and right and left lateral temporal lobes. For each region, 2
expert readers assessed the amount of metabolic activity
using the following graded scale.

7 = Significantly increased
6 = Moderately increased
5 = Mildly increased

4 = Normal

3 = Mildly decreased

= Moderately decreased
Severely decreased
No activity

S~ N
I

This subjective analysis was used for several reasons.
Encephalitis findings do not frequently conform to the normal
structural contours of the brain and therefore, it is more
difficult to apply templates or automated regions of interest.
Furthermore, the small sample size required a more qualita-
tive analysis to make comparisons across the group of pa-
tients. Finally, other approaches such as statistical parametric
mapping and region-of-interest analysis are not typically used
in routine clinical practice and require more consistent find-
ings than those observed in encephalitis.
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FDG-PET correlation with clinical features was subse-
quently performed. A clinical diagnosis of encephalitis was
based on a combination of patient history, symptoms, phys-
ical examination findings, CSF findings, EEG, and response
to therapy.

RESULTS
None of the patients had positive serologies for herpes
simplex virus (HSV) or varicella zoster virus (VZV). None of
the patients demonstrated overt seizure activity immediately
before, during, or after the FDG-PET scans.

Patients Diagnosed With Encephalitis

Overall, 6 of the 10 patients had a discharge diagnosis
of encephalitis. Their clinical findings are summarized in
Table 1 and their FDG-PET scores are listed in Table 2. Five
underwent LP and 4 had elevated WBC counts on CSF
analysis. One patient with advanced acquired immune defi-
ciency syndrome (AIDS) did not receive an LP because it was
decided that a more definitive diagnosis of encephalitis would
not have changed clinical management. None of the patients
diagnosed with encephalitis had normal FDG-PET scans.
Five of the 6 patients had increased radiopharmaceutical
uptake in at least 1 of the 19 regions analyzed (see Figs. 1 and
2). The most frequently affected regions were the medial
temporal lobes (5 of the patients). Two patients had increased
activity in the left lateral cerebellar lobes and 1 patient in the
vermis. All 6 patients had decreased activity in at least 2
regions. Five had decreased radiopharmaceutical uptake in at
least 4 regions. Hypometabolism was most common in the
frontal and parietal lobes.

Patients Not Diagnosed With Encephalitis

Table 3 shows the clinical findings for the 4 remaining
patients not clinically diagnosed with encephalitis. One was
discharged with a diagnosis of lupus encephalopathy, another
subacute cognitive decline, and a third diffuse degenerative
disease. Patient no. 4 was eventually diagnosed as having
status epilepticus and was subsequently treated for seizures
with complete neurologic recovery. Table 4 summarizes the
PET scores for this group. None of the cases had normal

TABLE 1. Clinical Findings of Encephalitis Cases

Patient Age

no. (yrs) Sex WBC Protein Glucose FDG
1 61 M 1 43 62 7.98
2 60 M 81 93 68 7.77
6 44 F 42 10.17
7 78 F 80 4
9 34 M 0 1.98
10 17 F 1 32 84 1.78
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TABLE 2. FDG-PET Scores for Cases of Encephalitis*

Medial Lateral
Frontal Parietal temporal temporal Occipital Sensorimotor Basal ganglia Cerebell Thal
Patient
no. R L R L R L R L R L R L R L R L R L Vermis
1 0 1 3 2 3 5 2 3 3 3 3 3 3 3
2 2 2 3 3 5 7 3 3 3 3 3 3 3 3 5
6 3 7 5 7
7 3 3 2 2 3 5 3 3
9 1 3 3
10 3 3 3 3 5 3 3 3 3 3 3 3 3 3 3 3

*Normal regions are blank.

FIGURE 1. Transaxial FDG-PET scan images of a 60-year-old man with encephalitis demonstrating areas of substantially increased
metabolism in the medial temporal lobes (small arrows) and the vermis (large arrow). Other cortical areas had mildly to

moderately decreased metabolism.

FDG-PET scans. Of the group of patients without encepha-
litis, only the fourth case (status epilepticus) demonstrated
FDG-PET hypermetabolism. All 4 cases without encephalitis
had decreased radiotracer activity in at least 2 regions (see
Fig. 3).
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DISCUSSION

There are approximately 11,000 annual reported cases
(or 5 cases per 100,000 people) of all forms of encephalitis.
Diagnosing encephalitis can be difficult, because the clinical
presentation is nonspecific and there is a wide differential
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FIGURE 2. FDG-PET scan of a 44-year-old woman with encephalitis demonstrating areas of substantially increased metabolism in
the left temporal lobe and left basal ganglia (arrow). The parietal lobes were mildly decreased and the remaining brain structures

had relatively normal metabolism.

TABLE 3. Clinical Findings of Nonencephalitis Cases

Patient

no. Age Sex WBC Protein Glucose FDG
3 45 F 3 37 60 8.1
4 37 M 9 47 63 10.76
5 44 F 9 14.2
8 62 M None 3.86

diagnosis associated with the presenting signs and symptoms.
The differential diagnoses encompass a diverse spectrum of
disorders, requiring various therapeutic interventions that
may require emergent application. If herpes simplex (HSV)
or varicella zoster encephalitis (VZV) is suspected, adminis-
tration of antiviral agents such as acyclovir or foscarnet
should not be delayed. Although most cases of encephalitis
caused by viruses other than HSV or VZV are not treatable,
timely supportive care is important.'”

An accurate diagnosis or exclusion of encephalitis is
therefore critical. Brain biopsy, although definitive, carries
significant risk. A 1991 retrospective study, which included a
fatal intracranial hemorrhage, suggests that brain biopsy
should not be routinely used to diagnose focal encephalitis.'>

Other diagnostic procedures are far from definitive. A
literature search revealed few recent reports on the accuracy
of LP, CT, MRI, or EEG in diagnosing encephalitis. CT is
relatively insensitive to early changes. Enhanced detection of
white matter lesions may be achieved with MRI.'®

Consequently, any test that can aid in the diagnosis of
encephalitis could be clinically useful. Additionally, there is
a need for a test that can serially monitor the course of
encephalitis so that supportive care can be adjusted accord-
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ingly. As a relatively noninvasive, low-risk procedure, FDG-
PET is a potential candidate to fill these roles.

A majority of the literature on the use of FDG-PET in
encephalitis consists of case reports. Kassubek et al. reported
2 cases (a 61-year-old man and a 51-year-old man) of limbic
encephalitis in which hypermetabolism was seen in bilateral
hippocampal areas on FDG-PET coregistered with 3-dimen-
sional MRI.'” Kaiboriboon et al. used serial MRIs and FDG-
PET scans to follow a 12-year-old patient with pathologically
confirmed Rasmussen’s encephalitis for 3 years. An FDG-
PET scan 6 months after the onset of symptoms was normal.
However, although an MRI performed 30 months after symp-
tom onset was normal, an FDG-PET scan at 36 months
showed areas of marked hypermetabolism.'®

Fakhoury et al. reported 2 women (ages 33 and 61
years) with paraneoplastic limbic encephalitis who had nor-
mal MRIs but FDG-PET scans that showed right hippocam-
pal hypermetabolism. In both cases, the patients presented
with seizure activity. Therefore, the authors felt that it could
not be determined if the focal hypermetabolism on FDG-PET
represented the inflammatory process or subclinical seizure
activity.'?

Hirayama et al. described the case of a 3-year girl with
respiratory syncytial virus (RSV) encephalitis. FDG-PET
demonstrated hypometabolism in the cerebellar cortex, the
same location where SPECT imaging showed hypoperfusion
and MRI exhibited hyperintensity on T2-weighted imaging.
The FDG-PET and SPECT findings remained 1 year after the
onset of symptoms, whereas the MRI showed mild cerebellar
atrophy.?°

Consistent with the prior literature, our series, which
represents the largest in the literature to date, suggests that
encephalitis generally manifests itself on FDG-PET as areas
of hypermetabolism. However, there can also be large areas
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TABLE 4. FDG-PET Scores for Cases of Nonencephalitis*
Basal
Frontal Parietal Medial temporal Lateral temporal Occipital Sensorimotor ganglia Cerebellum Thalamus

Patient
no. R L R L R L R L R L R L R L R L R L

3 3 3 3 3 2 3 3 3 3

4 5 3 3 7 6 3 3 5 6

5 3 3 3 3 3 3 3 3 3 3

8 3 3 3 3 1 1 3 3 3 3

*Normal regions are blank.

FIGURE 3. FDG-PET scan of a 62-year-old man who was not diagnosed with encephalitis demonstrating areas of mildly decreased
metabolism in the frontal and temporal lobes and thalamus with the medial temporal lobes the most affected (arrow).

of hypometabolism associated with encephalitis. Our findings
suggest that the hypermetabolism seen on the FDG-PET
scans can be the result of active inflammation, but it is
necessarily to exclude ictal seizure activity as a cause of
hypermetabolism. None of the patients had overt seizures
immediately associated with the scans. In 2 of the patients,
the hypermetabolic areas were so large that clinical signs
should have been readily apparent had these areas represented
seizure foci. Moreover, 4 of the patients did not demonstrate
any seizure activity on EEGs done at separate times from the
PET scans. Of course, checking EEGs during the PET scan
would be the only way of definitely ruling out subclinical
seizure activity as the cause of the hypermetabolism. This in
fact was the case for the 1 patient not diagnosed with
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encephalitis who did demonstrate significant hypermetabo-
lism on the FDG-PET scan. This patient was subsequently
found to be in status epilepticus. This suggests the importance
of obtaining EEGs on all patients with hypermetabolism on
the FDG-PET scan suspected of encephalitis because this
may be the most likely false-positive diagnosis.*' ** How-
ever, if the EEG is negative, then hypermetabolism is most
likely associated with the inflammatory process characteristic
of encephalitis regardless of the exact etiology.

It remains to be determined how early in the course of
encephalitis changes on FDG-PET are seen and how long
they persist after symptoms have resolved. In our series, 1
patient had a distant history (greater than 2 years before the
FDG-PET scans) of encephalitis and did not appear to have

© 2004 Lippincott Williams & Wilkins
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any residual findings. Future studies with serial FDG-PET
scans may help determine the time course of FDG-PET
findings.

Our series did not identify any clear FDG-PET charac-
teristics that distinguish encephalitis from conditions such as
lupus encephalopathy. There is no evidence that FDG-PET
can be used alone to diagnose encephalitis. Therefore, its role
is more likely as an adjunct to LP, EEG, and clinical findings.

Larger series will help elucidate how findings correlate
with disease activity, how often hypermetabolism represents
seizure (subclinical or clinical) activity versus significant
inflammation, and how long findings on FDG-PET persist
after clinical symptoms and inflammation have abated. A
larger cohort may also allow patients to be stratified by
causative organisms/agents and presenting symptoms. Per-
haps certain organisms and/or presenting symptoms may be
associated with greater degrees of inflammation and in turn
generate more dramatic FDG-PET findings.
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