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ABSTRACT

Patients with Lyme disease may experience neuropsychi-
atrie problems that persist even after standard courses of
anttbiotic therapy. Objective detection of neuroimaging
brain abnormalities can be helpful to the clinician by
demonstrating either focal or diffuse deficits, thereby sup-
porting a CNS origin to the neuropsychiatric problems. To
examine the potential utility of SPECT brain imaging in the
evaluation of chronic Lyme disease (CLD), two questions
were addressed: 1) Are SPECT brain scans abnormal in
CLD patients with neuropsychiatric findings? and 2) If
2bnormal, are the perfusion abnormalities specific for CLD?

SPECT brain scans of 19 patients with CLD and 14 non-
CLD patients with other neurological diagneses resulting in
perfusion abnormalities were evaluated in 2 biinded read
without reference to clinical status. Scans were randomly
ordered for interpretation by three experienced SPECT
readers. Final interpretation was arrived at by consensus.

Scans were interpreted as normal, abnormal-focal hypoper-

fusion, or a2bnormal-diffuse hypoperfusion, Hypoperfusion
was described as homogenous or heterogenous. Results were
analyzed as percent normal or abnormal and pattern of
abnormality.

CLD SPECT scans were interpreted as abnormal in 14 of
19 (74 %) scans, each characterized as heterogeneons with or
without globally decreased perfusion. One CNSLD scan
showed 2 focal fesion. CLD patterns ecould be distinguished
from nen-LD patients with 2 diagnosis of Alzheimer’s or
Moya-Moya disease but not from non-LD patients with a
dizgnosis of Creutzfeldt-Jacob disease, Lupus, cerebral vas-
culitis, or chronic fatigne syndrome. Of the 14 patients who
had brain VMRI scans, only 2 (14.3%) were abnormal, reveal-
ing white matter hyperintensities.

These findings suggest that brain SPECT may be a more
sensitive tool than MRI for identifying brain abnormalities
in CLD, but that the heterogenenous pattern is
to CLD.

is not specific
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INTRODUCTION
Patients with chronic Lyme disease (CLD) may have
persistent neuropsychiatric signs and symptoms.’> The
idemification of objective markers of brain fnvolvement
in this patient populaticn is critical: 1) 10 support the
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hypothesis that the neuropsychiatric problems are refated
10 a diffuse brain disease: and b) to provide evidence of
physiclogic change that may correlate with reduced
symptoms following treatment. A variety of imaging
modalities including CT aud MR have had limited value
in the evaluation of CLD patients. SPECT brain imaging
is a potential tool for establishing the presence of brain
changes in these patients. In particular, if SPECT brain
scans reveal perfusion abnormalities, then such findings
wouid be helpful in establishing the physiological basis
for the clinical presentation. Preliminary reports suggest
that brain SPECT studies of patients with CLD who pre-
sent with neurological and/or psychiatric complaints™ are
often abnormal.

To examine the potential utility of SPECT brain imag-
ing in the evaluation of the patienl with CLD, we per-
formed a retruspective sudy to address two guestions.
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First, do CLD patients with neurological and/or psychi
atric tindings have abnormal SPECT brain scans? Second.
i SPECT scans are interpreted as abnormal. wre the perfu-
sion abnormalities specific for CLD?

MATERIALS AND METHODS

Subjects

Lyme disease parienrs. SPECT brain scans of 19
patients (mean 35.6 years, SE 2.8, 9M/10F) with a diag-
nosis of CLD who were referred 10 the Nuclear Medicine
Division, Department of Radiology. New York
Presbyterian Medical Center prior to 11/19/96 were eval-
vated in a blind read. The clinical work-up and diagnosis
of CLD was made by the referring physicians.

Baged on clinical records and examinaticn the diagno-
sis of CLD was confirmed by ensuring that il patients
mel the following criteria: 2) a multisystem iliness affect-
mg the neurologic. articular. cardiac, andfor dermatologi-
cal systems; b} u positive Western blot (IgG or lgM) for
Lyme disease: and c) exposure to a Lyme endemic arsa.
Patients in this sample had Western blot assays performed
al vne or both of the following two laboratories: BBI
Clinical Laborateries (New Britain, CT) and/or University
Medical Center Health Sciences Center. State University
of New York at Stony Brook (Stony Brock. New York).
The standard for Westem blot interpretation varied
depending upon the individual laboratory.

Chart review showed that each patient had constit-
tonal. musculoskeletal. and neuropsychiatric sympioms.
The most prominent complaints among the 19 patients
WEre:

Constitutional—fatigue (100%),
night sweats (26.3%).

Musculoskeletal—migrating large joint pains (84.2%),
neck pain (32.6%), arthritis (15.8%).

Neuropsychiatrie—cognitive complaints (eg. memory.
atiention) {94.7%), headache (89.5%). paresthesiag
(57.9%). tinnitus {57.9%), depression {52.6%). blurry
vision (52.6%), photophobia (26.3%).

[t was documented in the physician’s chart that 31.6%
of the patiznts had an erythema migrans rash. Qnly 26.3%
of the patients recalled a tick bite. Al CLD patients in this
study had undergone prior antibiotic treatment for Lyme
disease. The majority of patients had been ill for more
than o year before Lyme disease was diagnosed and ireat-
ed {median 88 weeks).

MRI. EEG, CSF. and neuropsychological test data
were uvailable on some of the patients: 2 of 14 patients
{14.3%) had abnormal brain MRIs (white matter hyperin-
tensities); | of 8 patients had an abnormal EEG: 6 of 11
patients (34.5%) had abnormal spinaf fluid (efevated pro-
tein. lymphocytosis. Borrelia burgdorferi PCR. and/or

insomnia {52.6%),
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elevated Lyme titer). Noae of these 6 patients met criteria
for intrathecal untibody production; 10 of the 19 pajents
had o bagiery of neuropsychoiogical tests with each of the
10 individuals demonstrating clinically sigpificant cogni-
tive deficits.

Non-Lyme disease patienss. SPECT brain images of 14
non-LD patients were selected from among the recent
scans performed in the Nuclear Medicine Laboratory of
the Nuclear Medicine Division of the Radiology
Department at the New York-Presbyteriar Hospital.
These scans were interspersed among the scans obtained
on the CLD patients as deseribed below. Non-LD patignis
ged inage from 297 years (mean 46 yrs}. Clinical
diagnoses in these patienis were: presumed Alzheimer's
disease-2: cerebral vasculitis-4: chronic fatigue
syndrome-3: Creutzieldt-Jacobs disease {pathologically
confirmed)-I; Lupus-2: and vascular insufficiency-2. The
3 patients with chronic fazigue syvndrome were seronega-
tive for Lyme disease acrording to the referring physi-
cian. Because this was a clinical series of scans. the med-
ical work-up of these other 1 patients with other neuro-
logic illnesses was unknown t¢ us. In other words, we do
not know whether or not these patients had been tested for
Lyme disease.

SPECT Imaging Studies

Pror 1o their SPECT examinaticn. LD patients were
teld not tc use caffeine and nicotine for at least 2 hours
prier to the study. Patients were administered an 1V injec-
tion of Tc-99m-hexamethiypropyleneamine (T¢-99m-
HMPAQ) in doses ranging from 555 to 814 megabecquer-
€1 (15-22 millicuries) while in a supine pesition with eyes
open in a low-stimulation environment. Imaging was
begun 40 minutes post injection.

Images were acquired on a triple-headed SPECT cam-
era (Picker Prism 3000, Cleveland. OH) foilowing a pre-
viously validated rapid acquisition sequence (RAS) imag-
ing protecol.® The details of image acquisition and pro-
cessing are described in the Appendix. Axial. coronal. and
sagittal Picker iight box images were reviewed using the
Picker step-10 color scale. Studies were normalized 10
mean cerebellar counts. Background counts were set (o
the scalp activity (approximmely 0% background sub-
traction). If cerebellar disease was evident then the study
scale was normalized to the deepr grey matter. The color
scale was consisten! across all patients,

image Interpretation

The 33 SPECT brumn scans (19 CLD and 14 non-1.D
patients) were randemly ordered For a blinded interpreta-
tion by 3 experienced SPECT readers (RVH, RST. JIPL.
Final interpretation was arrived at by consensus. No clini-
cal information was available 1o the readers when the
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Qur findings suggest that brain SPECT scans may be
an objective and useful too! for visualizing the cortical
changes that may be correluted with the central nervous
system manifestations of Lyme disease. [t must, however,
be emphasized that the finding of a “normal™ brain
SPECT scan is not sufficient to “rule out” the presence of
CNS Lyme disease. Likewise, an abnormal SPECT scan
by itself does not suffice to establish u diagnosis of Lyme
disease, but with other clinical and luboratory data may
point to CNS involvement when the diagnosis of Lyme
disease cannot be established by other means.
Abnormalities revealed in the SPECT scans are not typi-
caily seen with standard anatomic imaging procedures
such as MRI or CT.

Although a significant number of scans of the CLD
patients revealed abnormalities, these abnormalities could
not be distinguished from other disease entities that show
diffuse heterogenous hypoperfusion. Our findings. there-
fore. demonstrate that SPECT brain imaging can be help-
ful in identifying the presence of a disease process that
affects the brain diffuseiy, but the lack of specificity in
the heterogeneous pattern limits its usefulness in distin-
guishing one diffuse brain disorder from another. Qur
study does not answer the question of whether brain
SPECT scans can be used to differemtiate patients with
primary psychiatric disorders from patients with Lyme
disease accompanied by secondary psychiatric disorders
because nome of our control patients had a primary psy-
chiatric disorder as the main diagnosis,

This study by nature of its retrospective design has
limitations that preclude definitive ¢onclusions. For
example, although we presumed that the non-Lyme dis-
ease patients did not have Lyme disease based on the
referring physician’s clinical infermation, this is not cer
tain givep that we did not conduct Lyme tests on these
patients. This issue is particularly problematic regarding
patients with chronic fatigue syndrome whose symptom
constellation is quite like that of patienis with CLD.
Although the referring physician assured us that patieats
with chronic fatigue syndrome had negative Lyme
seroiogies. we still could not be certain that they did not
have Lyme disease as the trigger to their chronic fatigue
given the problems with serologic sensitivity in Lyme
disease,

Further research, combining systematic neurclogic/ney-
topsychologic testing with serial SPECT scanning is need-
ed o further elucidate the role of SPECT scanning in Lyme
disease and to assess the effects of various therapeutic
interventions for CLD.
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APPENDIX

SPECT images were obtained by acquisition of four RAS
data sets with a Leubr-Fan beam collimators (Picker),
Each data set was a 360° contiruous mode. Acquisition
was comprised of 120 total projection images (40 projec-
tion images per detector). The radius of rotation was
equai to or less than 14 cm, with 2 hardware zoom-mag-
nification factor of 1.0. Each projection image was 7.5
seconds with a total acquisition time of approximately 20
minutes. Axial images were aligned parallel with the can-
thomeatal iine and the corona/sagittal planes were
aligned perpendicular to the axial rotation of the camera,
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Images were acquired into & 128 X 128 digital computer
matrix. The four rapid acquisitions sequences were sub-
sequently summed together and reconstructed with Fil-
tered backprojection and attenuation correction of 0.1}
(Picker). A low-pass (Butterworth. Picker) filter was
used with a fifth order slope and the cut-off frequency of
.35-.45 cycles per pixel. Single pixel width transaxini
images were used to reconstruct the coronal and sagittal
planes. Al imnge planes were dispiayed as 3 pixel width
{6.6 mm) thick slices. The SPECT system spatial resolu-
tion was 0.78 cm (FWHM).
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