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Intraobserver and Interobserver Variability in
Measuring Changes in Lesion Volume on Serial

Brain MR Images in Multiple Sclerosis

M. Filippi, M. Rovaris, M. P. Sormani, M. A. Horsfield, M. A. Rocca, R. Capra,
F. Prandini, and G. Comi
PURPOSE: We evaluated the intraobserver and interobserver variability in measuring long-
term changes in the volume of brain lesions on 5- and 3-mm-thick MR sections in patients with
multiple sclerosis.

METHODS: Eighteen 18 patients were scanned on two separate occasions with a mean
interval of 16.4 months between the two examinations. In each session, a scan with 24
contiguous 5-mm-thick axial sections and another with 40 contiguous 3-mm-thick axial sections
was acquired consecutively without moving the patient. We assessed MR lesion load by using a
semiautomated local thresholding technique.

RESULTS: Lesion volume was significantly higher on images with 3-mm-thick sections than
on those with 5-mm-thick sections both at baseline and at follow up. Significant increases in
total lesion volume were observed during the follow-up period on images obtained with both 5-
and 3-mm-thick sections. The intra- and interobserver variability in measurements of changes
in lesion volume was significantly higher on images with 5-mm-thick sections than on those with
3-mm-thick sections.

CONCLUSION: Our data indicate that the acquisition of thinner sections increases the
reliability of the assessment of changes in brain lesion load on MR images in patients with
multiple sclerosis.
Changes in lesion load on conventional T2-
weighted MR images of the brain are used in virtually
all long-term natural history studies and treatment
trials as a measure of disease evolution in patients
with multiple sclerosis (MS) (1, 2). Investigators have
demonstrated that by decreasing the MR section
thickness, the number and volume of brain abnormal-
ities that can be detected increase significantly (3–5).
Specifically, Filippi et al (3) showed in a cross-sec-
tional study that the lesion volume detected on T2-
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weighted images obtained with 3-mm-thick sections is
on average about 9% greater than that on images
obtained with 5-mm-thick sections, with a similar in-
traobserver reproducibility for repeated measure-
ments (6). It has also been demonstrated that the use
of 3-mm sections markedly reduces the variability of
lesion load measurements as a result of small section
repositioning errors (7) and the use of different scan-
ners (8). For these reasons, there is a general consen-
sus that brain MR images with 3-mm-thick sections
should replace those with 5-mm-thick sections for
monitoring patients with MS during clinical trials (2).

Traditionally, reproducibility of lesion load mea-
surements has been evaluated by computing the ab-
normalities present on the same images two or more
times (1). The variability in assessing the change in
lesion load throughout a trial has not yet been inves-
tigated, although an understanding of this is impor-
tant for power calculations when ascertaining the
number of patients to enter into a trial (8). In our
study, we evaluated and compared the intra- and
interobserver variability in measuring changes in MS
lesion load on serial brain MR images with two dif-
ferent section thicknesses (ie, 5 mm and 3 mm).
5
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Methods

Patients
Eighteen consecutive patients (13 women, five men) with

clinically definite MS (9) participated in the study. Thirteen
had a relapsing-remitting course of the disease and five had a
secondary-progressive course (10). The mean age was 33 years
(SD, 7.9 years), the median duration of disease was 6 years
(range, 2 to 15 years), and the median Expanded Disability
Status Scale score (11) was 2.0 (range, 1.0 to 7.5). To be
included, patients could not have had a clinical relapse (defined
as the occurrence of a symptom or symptoms of neurologic
dysfunction, with or without objective confirmation, lasting
more than 24 hours) or a steroid treatment during the 3 months
preceding the study. In addition, they could not have been
treated with immunosuppressive or immunomodulating drugs
for a period beginning 6 months prior to the study and lasting
until the end of the study. For patients in whom a relapse
occurred during the follow-up period, only steroid treatment
was allowed (usually intravenous methylprednisolone 1 g/day
for 5 days). The final MR studies were always obtained at least
3 months after the last relapse or steroid treatment. Written
informed consent was obtained from all patients before inclu-
sion in the study.

MR Imaging
Brain MR images were obtained on a 1.5-T unit. The pulse

sequence used (spin-echo 2000/50/1 [TR/TE/excitation]) pro-
vided a moderate T2 weighting and gave good definition of the
MS lesions, with some suppression of the CSF signal. During
the same session, and without moving the patient from the
scanner, two images were obtained: one with 24 contiguous
interleaved 5-mm-thick axial sections and the other with 40
contiguous interleaved 3-mm-thick axial sections. For both
sequences, the field of view was 22 cm, with a 256 3 256 matrix.
For both 5- and 3-mm images, the blocks of sections covered
the same brain region (ie, from the foramen magnum to the
cerebral cortex). For all patients, MR examinations were per-
formed both at entry into the study and at follow-up, with a
mean interval of 16.4 months (range, 13 to 20 months) between
the two studies. For both the entry and the follow-up studies,
the MR sections were carefully positioned according to pub-
lished guidelines (12). The patients were always placed in a
comfortable position at the center of the head coil by using a
standardized landmark and the indicator light. Planning images
(T1-weighted spin-echo) were acquired in the following order:
1) a single axial section was obtained; 2) from this, a coronal
section was planned using an oblique projection if necessary to
compensate for patient misalignment; 3) a sagittal section was
prescribed from the coronal image, again compensating for any
misalignment of patient position using the falx cerebri as a
reference; and 4) the main series of sections was prescribed
from the sagittal image. These sections ran parallel to a line
that joins the most inferoanterior and inferoposterior parts of
the corpus callosum.

MR Quantification
A single observer (T), unaware of when the MR study was

performed, identified and marked the lesions on hard copies.
Then, lesion volumes were measured on two different oc-
casions (separated by 1 month), using the hard copies
as a reference, by three independent technicians using a semi-
automated local thresholding technique for lesion segmenta-
tion (1, 13).

Statistical Analysis
All the data were first logarithmically transformed in order

to stabilize the variances (ie, to render the variance indepen-
dent from the mean lesion volume). The changes in lesion
volume were then assessed as ratios between follow-up lesion
volume and baseline lesion volume. The variability was ex-
pressed as a proportional variation (ie, as a percentage of dV).
Proportional variation is equal to s21, where s is the antilog-
arithm of the standard deviation of the transformed volumes.
All the variances were evaluated by ANOVA testing. Differ-
ences between average volumes measured with the two differ-
ent acquisitions (ie, 5- and 3-mm-thick sections) at the two time
points (ie, baseline and follow up) were tested using a four-
factors ANOVA model.

Results
Table reports the mean lesion volumes obtained

from the two measurements performed by the three
technicians for first and final images with 5- and
3-mm-thick sections. Lesion volumes were signifi-
cantly higher on images with 3-mm-thick sections
than on those with 5-mm-thick sections both at base-
line (median difference, 15.6%; range, 26.5 to
146.5%; P , .001) and at follow up (median differ-
ence, 15.6%; range, 27.7 to 144.2%; P , .001). A
median difference of 13.1% (range, 253.7% to
149.2%; P .003) in total lesion volume was observed
over the follow-up period on images with 5-mm-thick
sections, and a median difference of 14.5% (range,
246.2% to 141.9%; P .003) was found on those with
3-mm-thick sections.

The intraobserver proportional variation for mea-
suring changes in lesion volume over time was 8.2%
for images with 5-mm-thick sections and 3.9% for
images with 3-mm-thick sections (F57,57 5 4.16; P ,
.001). The interobserver proportional variation for
measuring changes in lesion volume over time was
8.4% for images with 5-mm-thick sections and 5.2%
for images with 3-mm-thick sections (F38,38 5 2.47;
P , .05).

Discussion
This study indicates that intra- and interobserver

variability in measuring changes in lesion load on MR
images of patients with MS is significantly reduced
when 3-mm-thick sections are used rather than the
conventional 5-mm thick sections. It also confirms
previous studies in which it was found that a reduced
section thickness led to detection of larger MS lesion
volumes (3, 5). Because the percentage of increase in
lesion volume was similar with both 3- and 5-mm
section thicknesses, and because it is thought that
images with 3-mm sections better depict changes in

Lesion volumes on entry and exit MR images (mean follow up pe-
riod, 16.4 months) with 5- and 3-mm-thick sections in 18 patients
with MS

Section
Thickness

Mean 6 SE, mL

Lesion Volume on
Entry Study

Lesion Volume on
Exit Study

5mm 15.8 6 1.0 18.2 6 1.3
3mm 16.8 6 1.0 19.4 6 1.4
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small lesions, it follows that if new lesions developed
during the follow-up period, they were not small, and
that the rate of growth of existing lesions was inde-
pendent of the size of the initial lesion(s).

A previous study (6) showed that the reproducibil-
ity of repeated measurements of the same images was
similar for 3- and 5-mm-thick sections. In that study it
was argued that the better lesion definition on 3-mm-
thick sections was counterbalanced by increased op-
erator fatigue when processing the larger lesion vol-
umes and increased number of sections (3, 6). The
present study, however, deals with the reproducibility
of measuring MR lesion load changes over time,
which is clearly more relevant in the context of MS
clinical trials (2, 14). In this situation, the variability of
the measures is not just a function of the observer but
includes other factors, such as scanner differences (8)
and scan repositioning accuracy (7).

The intra- and interobserver variability in the
present study is similar and low, which might reflect
the fact that the technicians who made the measure-
ments were all trained at the same institution over a
long period and had previously dealt with large num-
bers of images from clinical trials in MS. Neverthe-
less, the intra- and interobserver proportional varia-
tion for images with 3-mm-thick sections were about
half those for images with 5-mm-thick sections. This is
clearly important for clinical trials, in which measure-
ment inaccuracies may mask treatment effects, since
the median yearly increase of lesion load in MS, as
suggested by the present study, is small. Since recent
studies (6, 15–17) have suggested that measuring MS
lesion load on rapid-acquisition relaxation-enhanced
or fast fluid-attenuated inversion recovery images is
reproducible, it is now timely to also evaluate the
reproducibility of such sequences for measuring
changes of lesion load over time. Definitive clinical
trials are powered according to clinical end points
and, for this reason, are usually overpowered for
MR-derived measures (1, 18, 19). Thus, it is conceiv-
able that in future clinical trials not all patients will
undergo MR imaging, thereby reducing the cost of
the trial and the inconvenience to the patients. In this
case, although intrapatient variability remains the
largest source of variation for lesion load measure-
ments in MS (20), any errors in the evaluation of
lesion load must also be minimized.
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