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ABSTRACT

Purpose

To assess whether magnetization transfer imaging (MTI) parameters change during
clinical changes in NPSLE patients.

Methods

Nineteen female patients (mean age = 37.5 years, range = 19-64) underwent MTT on at
least two separate occasions (mean time between scans = 25.4 months, range = 5.4-52.3
months). Twenty-four pairs of scans of 19 patients were available. Each patient’s clinical
course was classified as improved, stable, or deteriorated. Whole-brain magnetization
transfer ratio (MTR) histograms were generated. The peak height of these histograms
was used as an estimate of parenchymal integrity. Based on the change in clinical status,
paired examinations were grouped and tested for significant differences between the first
and second examinations using paired-samples t-tests.

Results

Four patients clinically deteriorated, all patients showed a significant peak height decrease
(mean decrease = 8.6%, P = 0.02), and in 14 patients with stable disease the peak height
did not change significantly (mean increase = 0.4%). Six patients clinically improved, and
all showed a significant relative peak height increase (mean increase = 12.0%, P = 0.02).

Conclusion

The peak height of whole-brain MTR histograms corresponds to changes in the clinical
status of individual NPSLE patients. This suggests that MTI can be a valuable tool in the
clinical assessment of such patients.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease with a relapsing-remitting
course and symptoms based on multi-organ involvement. (1) Up to 8o percent of SLE
patients develop neurological or psychiatric symptoms. (2) In 40% of the cases, neurologi-
cal or psychiatric symptoms are the consequence of secondary causes such as infections,
metabolic derangement based on SLE damage to organs other than the brain or due to
side effects of drug treatment. (3) In the remaining 60% the symptoms are ascribed to
primary SLE involvement of the brain, which is referred to as primary neuropsychiatric
SLE (NPSLE).

Primary NPSLE is divided into focal and diffuse disease. Focal NPSLE is strongly
associated with the occurrence of thrombo-embolic events. (4) Diffuse primary NPSLE
is a group of neurologic, psychiatric and cognitive syndromes comprising aseptic
meningitis, demyelination syndrome, seizures, cognitive dysfunction, headache, cho-
rea, mood disturbances, myelopathy, cranial neuropathy, anxiety disorders, psychosis
and disorientation. (5) Like most autoimmune diseases, the disease activity of NPSLE
fluctuates. In most NPSLE patients with diffuse symptoms, such as headache, cognitive
impairment, and coma, conventional diagnostic imaging and other clinical tests fail to
provide an explanation for the clinical picture. Research has benefited from a detailed
case-definition system, grouping patients with the same neuropsychiatric syndromes, but
in clinical practice the diagnosis is generally still made per exclusionem. (6;7)

Magnetization transfer imaging (MTI) is an MRI technique that provides quantita-
tive information. It can be used to detect the severity of cerebral involvement in several
diseases. (8-11) Besides providing quantitative information on lesions that are visible on
conventional MR images, MTT has proven to be more sensitive to the presence of disease
than conventional MRI techniques in normal appearing brain tissue. (8-12) Still, MTT has
not yet been applied to follow the clinical course of individual patients.

The aim of this study was to detect changes in cerebral involvement in NPSLE using
MTTI during changes in clinical status of the NPLSE patients. Clinical changes were
defined as changes in disease activity of the 1999 ACR criteria for neuro-psychiatric
syndromes in SLE as determined by an expert panel. (6)

METHODS

Subjects

The scientific and ethics review board of our institution approved this study and all
patients gave informed consent after the nature of the procedure had been fully explained.
Patients were selected from the patient files of the Department of Rheumatology of our
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institution. Selection was based on the 1982 revised ACR criteria for the classification of
SLE, and the availability of MTI studies on at least two separate occasions. (13) Based on
clinical data from the patient files, a history of CNS involvement according to the 1999
American College of Rheumatology NPSLE case definitions was determined by an expert
rheumatologist blinded to the MTI results. (6)

Nineteen patients were included in this study. At the time of the first MRI session they
ranged in age from 19 to 64 years (mean age = 37.9 years). The mean disease duration of
SLE in these 19 patients at the time of their first MRI examination was 8.2 years (o months
to 29 years), and neuropsychiatric symptoms had been diagnosed on average 3.2 years
(o months to 18 years) prior to the first MRI. Three patients underwent more than two
MTT scans. These patients had a fluctuating clinical course over time. For these patients
subsequent MRI scans were paired (two pairs for the patients with three subsequent
measurements, and three pairs for the patient with four subsequent measurements). This
yielded 24 pairs of observations in total. In the 24 pairs of observations the second MRI
was performed on average after 24.9 months (range = 5.4-52.3 months).

The patients were classified as having active or inactive NPSLE at the time of MRI, and
their neuropsychiatric status between the first and the second MRI sessions was classified
as deteriorated, stable, or improved by the same observer (Table 1). None of the three
classification groups included more than one paired analysis for the same patient. Two
experienced raters performed classification independently, and in case of doubt or dis-
agreement an experienced rheumatologist in NPSLE classified the patient independently
as well, after which consensus was reached during a discussion between all raters to
obtain a final classification. In addition, the experienced rheumatologist classified every
fifth case as a quality control. There was disagreement between the two raters about two
of the 24 scores. All three raters were blinded to the MTT results. Subsequently the paired

measurements were divided into three groups: deteriorated, stable, and improved.

MR Imaging protocol

All MRI scans were carried out on a Philips Gyroscan Intera ACS-NT 1.5T MR scan-
ner (Philips Medical Systems, Best, The Netherlands). Transaxial proton-density (TR/
TE: 2500/30 ms), T2-weighted (TR/TE: 2500/120ms) and FLAIR (TR/TI/TE: 8oooms/
2000ms/120ms) were acquired with the following parameters: field of view 220mm,
matrix 256x256, 22 6mm slices with 0.6mm slice gap. MTI was performed using a 3D
gradient-echo pulse sequence with a TE/TR of 6/106 ms and a flip angle of 12°(14), result-
ing in proton density contrast in the absence of MT saturation pulses. An MTI study
comprised two consecutive sets of axial images, the first with and the second without
a radio frequency saturation pulse (sinc-shaped, 1100 Hz upfield of H O resonance).
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Table 1. Patient characteristics and MTR peak height change.

Pt Age NP syndrome* 1% Peak height 21d Peak Peak height change  Clinical Change
height

1 38 CVD, seizures, CD 97.04 91.35 -5.87% deteriorated

2 29 CVD 116.19 121.51 4.58% stable

3 33 chorea 99.81 127.37 27.61% improved

4 64 CD 101.07 114.53 13.31% improved

5 41 headache, CD, chorea 94.64 101.16 6.90% improved

6 27 seizures 133.05 123.28 -7.34% stable

7 19 psychosis 100.70 105.91 5.18% improved

8 34  cranial neuropathy, myelitis 122.48 111.30 -9.12% deteriorated

8 35  transversa, demyelinating 111.30 127.17 14.25% improved

8 35 syndrome 127.17 120.40 -5.32% stable

9 25 seizures 91.60 82.62 -9.80% stable

10 27 mononeuropathy 116.74 120.55 3.27% stable

11 41 mononeuropathy 110.46 111.22 0.69% stable

12 36 CVD, CD 108.99 110.80 1.66% stable

13 59 headache, CD plexopathy 109.37 111.92 2.33% stable

14 26 myelitis transversa 110.81 116.55 5.18% stable

15 32 CVD, cogn dysf 94.23 91.90 -2.47% stable

16 41 CD 104.56 115.13 10.11% stable

17 26 seizures 122.42 122.06 -0.29% stable

18 54 CD, mood disorder 120.60 121.14 0.44% stable

18 55 121.14 105.34 -13.04% deteriorated

18 57 105.34 110.50 4.90% improved

19 36 CVD, headache, seizures 126.14 118.17 -6.31% deteriorated

19 39 118.17 121.18 2.55% stable

*  According to the ACR nomenclature and case definitions for neuropsychiatric lupus syndromes (6). Age
was defined as age at the first MRI scan.

§ CVD = cerebrovascular disease
CD = cognitive dysfunction

Twenty-eight contiguous smm slices were acquired with a field of view of 220mm and a
matrix of 256x256 (acquisition percentage 50%). Scanning time for MTI was 11 minutes

and 27 seconds; total scanning time for the entire MRI examination was + 21 minutes.

Image processing

An experienced neuro-radiologist analyzed conventional MRI sequences for the presence
of abnormalities. MTI data were transferred to an offline workstation and segmented
using SNIPER as described previously. (15) [figure 1] MTR histograms, normalized for
tissue volume, were generated for the whole brain and for the normal appearing brain
tissue. From these MTR histograms the peak height was calculated. (12;16;17) The peak
height of these histograms was used as measure of cerebral lesion load. (17)
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Figure 1. Original axial T2 weighted image (left) and SNIPER segmentation (right), showing segmentation of

the intracranial compartment (mask), brain parenchyma (yellow), CSF (blue) and lesions (red).

Statistics

Statistical analysis was performed with commercially available software (SPSS version 11.5
for windows; SPSS, Chicago, Ill). Within the deteriorated, the stable and the improved
group a paired samples ¢-test was performed to test for significant differences between the
first and the second MTR peak height measurement.

RESULTS

None of the NPSLE patients had major abnormalities on conventional MRI.

Four of the 24 pairs of observations that were made in our 19 patients were classified
as deteriorated. In all clinically deteriorated patients the MTR peak height decreased
between the first and second scans. On average this decrease was 8.6% (P = 0.02, range =
-13.0% t0 -5.9%) in this group. [figure 2]

Fourteen patients were classified as stable disease. In this group an average increase
in peak height of 0.4% (p=0.79) was observed between the first and second scan (range
-9.8% t0 10.1%). [figure 2]

Six patients were classified as improved. In all clinically improved patients the MTR peak
height increased between the first and second scan. On average this group showed a rela-
tive increase in peak height of 12.0% (p=0.02) on average (range 4.9% to 27.6%). [figure 2]
A typical improved case is shown in figure 3.
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Figure 2 Mean MTR peak height and standard error of the first and the second scan per clinically classified
patient group (deteriorated, stable and improved).
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Figure 3. Reversible peak height lowering in patient 3. [Table 1.]
Two histograms of patient 3: during the 1st histogram patient 3 suffers from chorea and is classified as acute
active; at the time of the 2nd histogram, almost 6 months later, the chorea is not active.
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DISCUSSION

This study shows that changes in clinical status of individual NPSLE patients correspond
with changes in MTR peak height. In addition, our results demonstrate that brain involve-
ment in NPSLE patients, as detected by MTT, is at least partly reversible.

MTT was recently applied in NPSLE patients in several studies with a cross sectional
design. (12;16) In these studies, NPSLE patients without visible abnormalities on
conventional MR sequences had a lower MTR peak height compared to SLE patients
without neuropsychiatric symptoms and healthy controls. (12;16;17) Furthermore, these
cross-sectional studies found correlations between MTR peak height and psychiatric,
neurologic, and cognitive functioning, suggesting that the MTR peak height is clinically
relevant. (17) The present study is the first study to evaluate whether MTI can also be used
to substantiate the clinical course in individual NPSLE patients. The findings that MTR
peak height decreases in patients who deteriorate and that MTR peak height increases
in patients who improve, suggests that MTT is indeed a valuable objective measure to
follow the clinical course in NPSLE. Other techniques, such as diffusion-weighted and
tensor imaging may be able to provide such information, and similar studies with these
techniques could be of interest.

In relapsing-remitting MS, another fluctuating autoimmune disease of the CNS,
progressive lowering of the MTR peak height occurs over time despite short term oscil-
lation of MTI parameters during flares and remittances. (18) This gradual decrease of
MTR peak height could represent an accumulation of cerebral damage. The question
whether this accumulation is also present in NPSLE cannot be answered in this study due
to the limited observation period in our patients. However, a cross sectional correlation
between NPSLE duration and MTR peak height has not been found. (17)

The nature of the pathophysiological substrate of the reversible MTR change in NPSLE
patients is unclear. Reversible changes of integrity of parenchyma probably consist of
edema. Neuronal loss would not show such a degree of reversibility and neuronal apop-
tosis is not a common finding in postmortem studies of NPSLE. Conversely, general
vasculopathy, is often found diffusely throughout the brain. (19-23) Although our patients
did not show major abnormalities on the conventional images, vascular damage to larger
vessels cannot be excluded. (24;25) Inflammation influences the vessel walls and permits
extravasation of fluid and inflammatory mediators into the brain tissue. This leads to
inflammatory brain edema, in which inflammatory mediators cause cellular swelling.
Therefore, the reversible damage measured by MTI possibly represents general inflam-
matory brain edema, (both cytotoxic and vasogenic). (26)

A limitation of this study is that changes in activity of the neuropsychiatric syndromes
are hard to quantify without the availability of validated clinical assessment scores.
Patients with pronounced clinical improvement or deterioration are likely to be correctly
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classified as such. However, patients with more subtle changes in clinical status are more
prone to incorrect classification as “clinically stable”. In addition the number of patients
in this study is small and larger studies are needed to confirm our findings. A further
source of potential misclassification is the inclusion in the ACR case definition system of
peripheral neuropathies such as patients 10 and 11. Still, the clinical course in both NPSLE
patients did not change, and consequently neither did the MTI peak height.

In conclusion, the increase in MTR peak height during clinical improvement in
NPSLE patients suggests that the MTR peak height reflects, at least in part, reversible
damage. Although these findings are non-specific (possibly reflecting different patho-
logical mechanisms) and do not show an increased specificity, the sensitivity for CNS
involvement is improved. This study suggests that in addition to neuropsychological and
neurological evaluations, MTI can be a valuable tool for assesing cerebral involvement in
NPSLE patients.



& ‘ Chapter 2

References

11.

12.

13.

14.

15.

16.

17.

Arbuckle, M. R., McClain, M. T., Rubertone, M. V. et al. Development of Autoantibodies Before the
Clinical Onset of Systemic Lupus Erythematosus. N.Engl.].Med. 2003;349:1526-1533.

Brey, R. L., Holliday, S. L., Saklad, A. R. et al. Neuropsychiatric Syndromes in Lupus: Prevalence Using
Standardized Definitions. Neurology 2002;58:1214-1220.

Rood, M. J., Breedveld, E C., and Huizinga, T. W. The Accuracy of Diagnosing Neuropsychiatric Systemic
Lupus Erythematosus in a Series of 49 Hospitalized Patients. Clin.Exp.Rheumatol. 1999;17:55-61.

Kitagawa, Y., Gotoh, E, Koto, A., and Okayasu, H. Stroke in Systemic Lupus-Erythematosus. Stroke
1990321:1533-1539.

Huizinga, T. W,, Steens, S. C., and van Buchem, M. A. Imaging Modalities in Central Nervous System
Systemic Lupus Erythematosus. Curr.Opin.Rheumatol. 2001;13:383-388.

The American College of Rheumatology Nomenclature and Case Definitions for Neuropsychiatric Lupus
Syndromes. Arthritis Rheum 1999;42:599-608.

Ainiala, H., Hietaharju, A., Loukkola, J. et al. Validity of the New American College of Rheumatology
Criteria for Neuropsychiatric Lupus Syndromes: a Population-Based Evaluation. Arthrit Care Res
2001;45:419-423.

Tofts, P. S.; Steens, S. C. A; van Buchem, M. A. MT: Magnetisation Transfer. Tofts, P. S. Quantitative MRI
of the Brain: Measuring Changes Caused by Disease. 1st ed. Chichester: John Wiley & Sons Ltd; 2003.
pp-257-98.

van der Flier, W. M., van den Heuvel, D. M. J., Weverling-Rijnsburger, A. W. E. et al. Magnetization
Transfer Imaging in Normal Aging, Mild Cognitive Impairment, and Alzheimer’s Disease. Ann Neurol
2002;52:62-67.

Sinson, G., Bagley, L. J., Cecil, K. M. et al. Magnetization Transfer Imaging and Proton MR Spectroscopy
in the Evaluation of Axonal Injury: Correlation With Clinical Outcome After Traumatic Brain Injury.
ANJR Am | Neuroradiol 2001;22:143-151.

van Buchem, M. A., Udupa, J. K., McGowan, J. C. et al. Global Volumetric Estimation of Disease Burden
in Multiple Sclerosis Based on Magnetization Transfer Imaging. ANJR Am ] Neuroradiol 1997;18:1287-
1290.

Bosma, G. P, Rood, M. ], Zwinderman, A. H., Huizinga, T. W,, and van Buchem, M. A. Evidence of
Central Nervous System Damage in Patients With Neuropsychiatric Systemic Lupus Erythematosus,

Demonstrated by Magnetization Transfer Imaging. Arthritis Rheum 2000;43:48-54.

Tan, E. M., Cohen, A. S., Fries, J. E et al. The 1982 Revised Criteria for the Classification of Systemic Lupus
Erythematosus. Arthritis Rheum 1982;25:1271-1277.

Dousset, V., Grossman, R. I, Ramer, K. N. et al. Experimental Allergic Encephalomyelitis and Multiple
Sclerosis: Lesion Characterization With Magnetization Transfer Imaging. Radiology 1992;182:483-491.

Admiraal-Behloul, E, van den Heuvel, D. M., Olofsen, H. et al. Fully Automatic Segmentation of White
Matter Hyperintensities in MR Images of the Elderly. Neuroimage 200s.

Bosma, G. P, Rood, M. J., Huizinga, T. W, de Jong, B. A., Bollen, E. L., and van Buchem, M. A. Detection
of Cerebral Involvement in Patients With Active Neuropsychiatric Systemic Lupus Erythematosus by the
Use of Volumetric Magnetization Transfer Imaging. Arthritis Rheum 2000;43:2428-2436.

Bosma, G. P, Middelkoop, H. A., Rood, M. J., Bollen, E. L., Huizinga, T. W,, and van Buchem, M. A.
Association of Global Brain Damage and Clinical Functioning in Neuropsychiatric Systemic Lupus
Erythematosus. Arthritis Rheum 2002;46:2665-2672.



18.

19.

20.

21.

22.

23.

24.

25.

26.

Detection of Change in NPSLE | 27

Richert, N. D., Ostuni, J. L., Bash, C. N., Duyn, J. H., McFarland, H. E, and Frank, J. A. Serial Whole-Brain
Magnetization Transfer Imaging in Patients With Relapsing-Remitting Multiple Sclerosis at Baseline and
During Treatment With Interferon Beta-1b. AJNR Am.].Neuroradiol. 1998;19:1705-1713.

Johnson, R. T. and Richardson, E. P. The Neurological Manifestations of Systemic Lupus Erythematosus.
Medicine (Baltimore) 1968;47:337-369.

Ellis, S. G. and Verity, M. A. Central Nervous System Involvement in Systemic Lupus Erythematosus: a
Review of Neuropathologic Findings in 57 Cases, 1955--1977. Semin.Arthritis Rheum. 1979;8:212-221.
Hess, D. C. Cerebral Lupus Vasculopathy. Mechanisms and Clinical Relevance. Ann.N.Y.Acad.Sci.
1997;823:154-168.

West, S. G. Neuropsychiatric Lupus. Rheum.Dis.Clin.North Am. 1994;20:129-158.

Zvaifler, N. J. and Bluestein, H. G. The Pathogenesis of Central Nervous System Manifestations of Sys-
temic Lupus Erythematosus. Arthritis Rheum 1982;25:862-866.

Pomper, M. G., Miller, T. ], Stone, J. H., Tidmore, W. C., and Hellmann, D. B. CNS Vasculitis in Auto-
immune Disease: MR Imaging Findings and Correlation With Angiography. ANJR Am J Neuroradiol
1999;20:75-85.

Weiner, D. K. and Allen, N. B. Large Vessel Vasculitis of the Central Nervous System in Systemic Lupus
Erythematosus: Report and Review of the Literature. ] Rheumatol 1991;18:748-751.

Klatzo, I. Neuropathological Aspects of Brain Edema. Journal of Neuropathology and Experimental
Neurology 1967;26:1-14.






