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Abstract

Background and aim Optic neuritis (ON) is a frequent manifestation of multiple sclerosis (MS), traditionally diagnosed
clinically and by visually evoked potentials (VEP). However, ON can also be assessed by MRI. Here we compare the diag-
nostic performance of 3D-double inversion recovery-MRI (3D-DIR) and VEPs in patients with definite MS or clinically
isolated syndrome (CIS).

Methods 39 patients and 17 healthy controls were studied. Whole-brain-3D-DIR images (3T) were independently assessed
for DIR-hyperintense optic nerve lesions (DHLs) by two neuroradiologists, and results related to quantitative VEP-parameters.
Results Interrater concordance for DHLs was high (x=0.82). No DHLs were observed in controls. In patients, abnormal
VEPs, i.e. prolonged latencies, diminished amplitudes or abnormal latency or amplitude differences (re contralateral nerve)
of the P100-component, were observed in 22, and DHLs in 32 of 78 optic nerves, the latter including 11 nerves with normal
VEPs, 10 without clinical signs or history of ON, and 6 with both normal VEPs and no clinical evidence for ON. Using either
abnormal VEPs and/or presence of DHLs and/or clinical evidence for ON as a compound reference criterion of optic nerve
affection, sensitivity was significantly higher for 3D-DIR than for VEPs (91%, 95%-CI 77-98% vs. 63%, 95%-CI 45-79%,
respectively, p=0.006).

Conclusion DHLs are highly specific for optic nerve pathology. In the context of MS, 3D-DIR-MRI is a suitable tool to
reveal acute or chronic optic nerve lesions and more sensitive than VEPs. The significance of optic nerve involvement in the
diagnostic classification of CIS vs. definite MS requires further study.
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Introduction

Optic neuritis (ON) is a frequent and characteristic manifes-
tation of multiple sclerosis (MS). In the context of a clini-
cally isolated syndrome (CIS), ON is associated with a high
risk of conversion to definite MS [1]. Traditionally, ON is
diagnosed clinically and by means of visually evoked poten-
tials (VEP), commonly evoked by an alternating checker-
board pattern as visual stimulus. VEP were introduced into
clinical neurophysiology by Halliday et al. in 1972 [2], who
demonstrated that VEP latencies are increased in patients
with ON. In acute ON, demyelination and axonal involve-
ment lead to a reduction and dispersion of conduction speeds
in optic nerve fibers, resulting in increased VEP latencies
and decreased VEP amplitudes. VEPs are generally deemed
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suitable to also detect and diagnose chronic lesions after
preceding ON. However, VEP latencies and amplitudes


http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-018-9114-2&domain=pdf

Journal of Neurology (2019) 266:148-156

149

often recover considerably over a period of weeks to months
after the acute phase of ON and are quite variable across
healthy subjects. Moreover, VEPs depend significantly on
the respective laboratory environment and equipment so that
there are no generally valid reference values. Rather, it is
recommended by the pertinent guidelines of authoritative
societies that individual laboratories establish their respec-
tive own reference values [3, 4]. Consequently, published
data on VEP sensitivity and specificity are sparse and quite
heterogeneous [5, 6].

MR imaging of the optic nerves with standard spin-echo
techniques is challenging due to the high intrinsic signal
of intra-orbital fatty tissue. Spectral fat suppression tech-
niques or short tau inversion recovery (STIR) sequences are
thus often used for imaging ON [7]. The double inversion
recovery (DIR) sequence, first described by Redpath and
Smith,[8, 9], simultaneously suppresses signals from the fat-
containing healthy white matter and the cerebrospinal fluid
and has gained increasing popularity in recent years due to
its superior performance in revealing inflammatory lesions
of the cerebral white and grey matter [10, 11] and of the cer-
vical spinal cord [12] in patients with MS. Recently, it was
shown that DIR images may also be useful for the detection
of ON [13] and that, moreover, the extent of ON-associated
optic nerve lesions, hyperintense in DIR images, correlated
with retinal axonal loss, determined by optical coherence
tomography (OCT), and visual disability [14].

The recent MAGNIMS consensus guidelines [15] on
MS-MRI criteria emphasized the importance of ON as a
characteristic manifestation of MS and proposed to include
optic nerve lesions as an additional anatomical site to ful-
fil the criterion of dissemination in space. This proposal,
however, was not adopted in the latest (2017) update of the
McDonald-criteria [16], because the authoritative panel felt
that available data on MRI-, VEP, or OCT-derived ON diag-
noses, without corresponding clear cut history or clinical
evidence were yet insufficient to support such measure. Nev-
ertheless, in recognition of the highlighted significance of
ON in MS, the panel emphasized the preliminary nature of
their own decision and strongly encouraged further research
on this issue.

This paper seeks to contribute to the debate by studying
optic nerve lesions in 3D-DIR-MRI-images from subjects
with and without clinical evidence for ON and by relating
the findings to VEP measurements.

Materials and methods
Patients and healthy volunteers

Data were analysed retrospectively. The patient group con-
sisted of 39 consecutive patients: 27 women, mean age

38 + 12 years; range 18—66 years; 15 patients with CIS, 22
with relapsing-remitting MS (RRMS), and 2 with second-
ary-progressive MS (SPMS); median Expanded Disability
Status Score (EDSS) 1.75 (range 0-6.5, inter-quartile-range
0-3), who had undergone routine MRI between January
and May 2014 and for whom VEPs were available within
1 year (80+ 131 days). In 20 of these patients, VEPs had
been acquired within 4+/— 3 days of the MRI-acquisition.
Eleven of the 39 patients had symptoms of acute ON, and
11 patients had a history of prior ON, including 3 who had
previous ON in both nerves and one who also had symptoms
of acute ON in the same nerve so that, in total, 21 patients
had symptoms of acute ON and / or a history of prior ON.
Seven additional patients from the sample period who had
no measurable VEP-response in their clinical routine exami-
nation were not included, to ensure that no patients entered
the sample in which VEP measurements had failed for mere
technical reasons.

DIR scans from 17 subjects (healthy or with unrelated dis-
orders, 9 women, mean age 30 + 8 years; range 21-49 years),
served as controls; from this group VEPs were not available.

Patients were examined either because of a clinical
attack or for a routine follow-up. They were recruited by the
Department of Neurology of our institution, which runs a
dedicated high-volume centre for MS and related disorders.
Diagnoses were made by experienced neurologists and were
based on the 2010 McDonald criteria where applicable.

VEP acquisition

Patients were exposed to a checkerboard pattern as stimula-
tion. According to the 10-20 system, responses were col-
lected from the occipital scalp near to the calcarine fissure,
with one electrode placed 2.5 cm above the inion in the mid-
line and a second electrode placed at Fz as a reference. VEPs
were assessed because of a new clinical attack or to complete
diagnostic examinations to establish the diagnosis of CIS
or MS. The P100 component of the VEP was considered
exclusively. VEPs that fulfilled one or more of the follow-
ing absolute or relative threshold criteria were considered
abnormal: latency > 120 ms, latency increase re contralateral
nerve > 8 ms, amplitude < 1.44 uV, or amplitude <50% re
contralateral nerve. Cut-off values are based on own norma-
tive data obtained with own standardized stimulating and
recording equipment.

MR image acquisition

Scans were performed on a 3T scanner (Achieva, Philips
Healthcare, Best, the Netherlands) using a 16-channel
array head coil. Our standard MR protocol for patients
with suspected MS includes a 3D-DIR sequence covering
the whole brain with the following acquisition parameters:
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acquired voxel size: 1.2x 1.2 1.3 mm?; acquisition matrix:
208 x 208; field of view: 250 mm X 250 mm; repetition time
(TR): 5500 ms; echo time (TE): 328 ms; inversion time (TI):
2550 ms; TSE factor: 173; number of slices: 300; acquisi-
tion time: 6 min; and acquisition plane: sagittal. The same
DIR sequence was used for the participants from the control
group. Three-dimensional DIR source images were refor-
matted into 1.5 mm thick axial sections and into 1.0 mm
thick sections in sagittal and coronal orientations.

MR imaging analysis

All data were analysed retrospectively. First, the data of con-
trol subjects and patients were pooled and assessed in pseu-
dorandomised order by two experienced neuroradiologists
(with 5 and 11 years of experience) blinded to diagnosis
and clinical status on a standard PACS workstation (Sectra
Workstation IDS7, Version 17.1.18.3596, Sectra Health-
care). Segments with circumscribed hyperintense signal in
an optic nerve were categorized as lesions. Each optic nerve
was assessed separately at different time points to minimise
bias. A consensus read was done for cases with discrepant
assignments with both readers still blinded, to obtain a uni-
form data set for subsequent analyses. Two patients had to be
excluded due to severe motion artefacts and are not included
in the numbers above.

In addition, one neuroradiologist assessed data from
all patients with available VEP for quantitative analysis,
recording length [mm] and semiquantitative estimates of the
affected cross-sectional area (divided into quartiles) using
the standard tools of the PACS system. In patients with >2
unilateral lesions, lesion lengths were summed up, and the
maximum affected cross-sectional area used for this assess-
ment. If the course of the affected segment of the optic nerve
was off the standard axial plane, suitable oblique planes par-
allel to the relevant optic nerve segment were calculated
from the 3D-DIR dataset for accurate measurement.

Statistical analysis

Descriptive statistics and contingency tables were created
and statistical analyses performed using SPSS 25 (IBM).
Inter-observer concordance between image readers was
assessed with Cohen’s kappa. Nonparametric tests and cor-
relation analyses were used when appropriate. Standard
sensitivity and specificity measures including confidence
intervals were calculated using the online version of the
“medcalc”-calculator (https://www.medcalc.org/calc/diagn
ostic_test.php). Differences in sensitivities were assessed
with McNemar’s test. Statistical differences with p values
<0.05 were considered significant.

Results

The overall interrater concordance regarding presence or
absence of DIR-hyperintense lesions (DHLs) in 112 optic
nerves of 39 patients and 17 controls was high (x=0.82).
No DHLs were observed in the control group by either
reader, indicating good to perfect specificity (100%, 95%-
CI 80-100%).

Among patients, 23 of 39 exhibited DHLs according to
consensus read data. Nine of these had bilateral DHLs so
that 32 of overall 78 nerves exhibited > 1 DHL (DHL+-
nerves). The average (cumulative) lesion length was
15.4 £9.1 mm (mean + SD), and the full cross-sectional area
was affected in most cases (18/32, 56%). There were clinical
signs or a history of present or past ON (“clinical evidence
for ON”, CEgy) in 24 nerves from 21 patients (bilateral in 3
patients). 22 nerves from 20 patients showed abnormal VEPs
(bilateral in 2 patients).

There was no statistically significant association
between age, sex, EDSS-Score, or diagnosis (CIS vs.
MS-RR vs. MS-SP) and the presence of DHLs or abnormal
VEPs (Table 1). Nerves with DHLs exhibited significantly

Table 1 Baseline data, shown for all patients and separately for patients with or without DHLs, and patients with and without abnormal VEPs,

respectively
All (n=178) DHL+ (n=32) p (DHL +vs. VEP+ (n=22) p
DHL-) (VEP +vs.

VEP-)
Age (years), mean+SD 37.7+x11.7 37.0+10.7 0.68" 40.3+11.4 0.214"
Female sex (%) 69 59 0.14% 55 0.1%
EDSS, median (IQR) 1.75 (0-3) 1.5 (0-3) 0.84* 2(0.25-3) 0.24*
Diagnosis (n) CIS/MS-RR/MS-SP 30/44/4 9/21/2 0.29° 8/13/1 0.957

There were no significant associations
* 1 test

*Fisher’s

*Mann-Whitney

e
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longer VEP-latencies and smaller amplitudes than nerves
without (118.3+11.7 ms vs. 102.8 £ 6.7 ms, p <0.001;
Fig. 1a, left; and 8.6 +£4.7 uV vs. 10.6 3.8 uV, p=0.02,
respectively; Fig. 1b, left). When only nerves with overall
“normal” VEPs were considered (n =56), the P100-1aten-
cies of DHL+-nerves were still significantly longer than
those of DHL—-nerves (108.4 +4.6 ms vs. 102.4 +6.1 ms,
p=0.003, Fig. la, right). P100 amplitudes were also still
lower in DHL + than in DHL—-nerves (10.9 +£3.7 uV
vs. 9.4 +4.5 nV; Fig. 1b, right), although the differ-
ence was no longer significant in the smaller subsample.
For DHL +-nerves, there was no significant correlation
between lesion length or affected cross-sectional area and
VEP-parameters.

Eleven of the 32 DHL+ -nerves showed normal VEPs,
10 lacked CEy;, and 6 had both normal VEPs and no CE

Fig.1 Bar diagrams showing A
P100 latencies (a) and P100 all nerves (n=78)
amplitudes (b) for all optic

(Table 2). Conversely, 21 of the 22 nerves with abnormal
VEPs also had DHLs (Table 2).

Using abnormal VEPs, and/or CEy, and/or presence of
DHLs in 3D-DIR as a compound criterion of optic nerve
pathology (which held for 35 of 78 nerves), the calculated
sensitivity was significantly higher for 3D-DIR than for
VEPs (91%, 95%-C1 77-98% vs. 63%, 95%-CI 45-79%;
p=0.006, McNemar, see Table 2), and also higher for
3D-DIR than for CEgy (69%, 95%-CI 51-83%, p=0.039,
Table 2). Among the 40 optic nerves of the 20 patients, in
whom VEPs had been acquired within + 3 days of the MRI,
18 had optic nerve pathology according to the compound cri-
terion specified above. Of these, 17 were DHL+, 13 showed
abnormal VEPs, and 13 had CEy. Sensitivity was thus also
highest for 3D-DIR (3D DIR 94%, 95% CI 73—100%; VEPs/
CEgn each 72%, 95% CI 47-90%), although the differences

normal VEPs only (n=56)
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Table 2 Contingency tables to compare sensitivities of DHLs, abnor-
mal VEPs, and “clinical evidence for ON” (clinical signs of acute ON
or history of previous ON)

Optic nerves with pathology according to compound criterion
(n=35)

Abnormal VEP Clinical
evidence
of ON
- + - +
DHL - 2 1 2 1
+ 11 21 10 22
Abnormal VEP - 6 7
+ 5 17

Data are displayed for all 35 nerves that showed evidence of pathol-
ogy in any of the three diagnostic modalities (compound criterion,
see text). The resulting sensitivities were significantly higher for
DHLs than for VEPs (p=0.006, McNemar’s test), and for DHLs than
for “clinical evidence for ON” (p=0.039). There was no significant
difference between the sensitivities of “clinical evidence for ON” and
VEPs (p=0.77)

were statistically non-significant for this smaller subsample
(»=0.219 and p =0.125, respectively, McNemar).

In the 11 patients who presented with clinically acute ON,
3D-DIR showed DHLs in all 11 affected nerves. In 10 of
these 11 patients, VEPs had been acquired within +/- 3 days
(re MRI), in the 11th patient 27 days prior to the MRI, but
after ON symptom onset. 3D-DIR revealed DHLs in all 11
clinically affected nerves, whereas VEPs were abnormal in 9
of 11. By contrast, among the 54 nerves without CEqy (from
36 patients), 11 showed (subclinical) optic nerve lesions
according to the compound criterion, with DHLs observed
in 10, and pathologic VEPs in 5 cases, yielding sensitivities
of 91% (3D-DIR, 95% CI 59-100%) and 45% (VEPs, 95%
CI 17-77%), respectively.

Finally, we performed subgroup analyses with patients
stratified according to clinical diagnosis (CIS vs. RRMS
vs. SPMS). VEP sensitivity (re compound criterion) was
better in CIS (80%, 95%-CI 44-99%) than in definite MS
(RRMS 39%, 95%-CI 23-58%, n=22; SPMS 50%, n=2),
but 3D-DIR sensitivities were higher in all subgroups (CIS
90%, 95%-CI 55-100%; RRMS 91%, 95%-CI 72-99%,
SPMS 100%).

Figure 2 illustrates the case of a 28-year-old female with
right-sided retrobulbar pain, provoked by ocular move-
ments, and blurred vision, i.e. typical ON-related symptoms.
VEPs, acquired during the acute phase, showed formally
normal latencies and amplitudes in both optic nerves, but
an increased left-vs.- right latency difference of >8 ms
(117.4 vs. 103.7 ms). Whole-brain 3D-DIR-MRI concord-
antly revealed a sharply delineated hyperintense lesion in the
right optic nerve. Four months later, the patient converted
to definite MS.

@ Springer

The second sample case (Fig. 3) is a 35-year-old female
patient who presented with retrobulbar pain and an apical
visual field defect of the right eye. VEPs were normal with
P100-1atencies of 108.2 ms (right) and 102.1 ms (left), and
amplitudes of 10.1 uV and 12.9 pV, respectively. 3D-DIR-
MRI, acquired on the following day, revealed a clear-cut,
well delineated DHL in the right optic nerve.

Discussion

This study shows that (1) lesions in the optic nerves, as
revealed by nerve segments with hyperintense signal in
3D-DIR MRI (DHLs), occur relatively frequently in patients
with CIS or definite MS, sometimes even in cases without
abnormal VEP-alteration or clinical signs or history of ON
(CEgy), that (2) the interrater agreement for presence or
absence of DHLs is high, that (3) DHLs are specific for optic
nerve pathology (though not necessarily for MS-related
pathology), and that (4) the diagnostic performance of
3D-DIR regarding the detection of such optic nerve pathol-
ogy is probably superior to that of VEPs.

The interrater concordance of k=0.82 was somewhat
lower than k-values of 0.93 and 0.94 previously reported
for 3D-DIR in the assessment of optic nerve lesions [13, 17],
but still in the range of “excellent” concordance. Although
this aspect was not directly addressed in our study, we would
agree with Sartoretti et al. [17] who found a high interrater
concordance even for inexperienced readers and emphasized
the ease of optic nerve lesion detection in 3D-DIR, due to
the generally high contrast and sharp demarcation of these
lesions (cf. Figs. 2, 3).

No DHLs were observed in 17 control subjects. This
finding confirms and extends previous data from 50 control
subjects (patients with diseases unrelated to MS or the visual
system), all of whom also had no optic nerve DHLs [17].
Taken together, the estimated 95%-confidence interval for
the resulting 100% specificity, based on a total of 67 DHL-
negative and no false-positive controls, would be 95-100%,
indicating that any observable optic nerve DHL very prob-
ably reflects true optic nerve pathology. This does of course
not mean that DHLs are specific for CIS/MS-related optic
nerve pathology, as, e.g. inflammatory lesions due to neu-
romyelitis optica [13] may have a similar appearance in
3D-DIR.

For our patient sample, however, the near-perfect specific-
ity of DHLs implies that, in cases with recognizable DHLs
despite normal VEPs, these DHLs are likely to reflect true
pathological changes and are not due to some artefactual
signal alteration. The observation that among the 56 nerves
with overall normal VEPs there was clinical evidence for
ON in 5 of the 11 that were DHL+, in contrast to only 2
of 45 that were DHL negative (p =0.002, Fisher), further
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P100 [ms] right eye (upper row): 117.4; left eye (lower row): 103.7

Fig.2 28-Year-old female patient with symptoms of eye movement-
related pain, colour desaturation and blurred vision of the right eye,
finally diagnosed with ON and CIS. VEPs showed normal absolute

corroborates that 3D-DIR generally provides added sensitiv-
ity compared to VEPs, rather than false positive findings.
Evaluating sensitivities of diagnostic instruments to
detect optic nerve pathology is hampered by the fact that
there is no “gold-standard” to non-invasively determine such
pathology. In a previous study, Hodel et al. used clinical evi-
dence of ON, confirmed by abnormal VEPs, as a reference
for optic nerve disease, to compare the diagnostic perfor-
mance of 3D-DIR and 2D-STIR-FLAIR MRI, and reported
superior sensitivity and specificity for 3D-DIR of 95% and
94%, respectively. Their approach, however, though presum-
ably suitable for such comparison, will inevitably miss that
MR imaging may also reveal optic nerve lesions that are
both subclinical and VEP negative, as shown here. We used
a pragmatic approach, combining abnormal VEPs, clinical
evidence or history of ON, and DHLs detected by 3D-DIR-
MRI to a compound criterion of optic nerve affection. The
advantage of this approach is that it combines the sensitivi-
ties of the individual components to cover any pathological
changes as completely as possible. Conversely, its obvious
drawback is that it also combines any potential deficits in
specificity. This drawback, however, would attenuate rather

latencies, but an increased latency difference between the affected and
the unaffected eye of >8 ms (117.4 ms vs. 103.7 ms). In 3D-DIR,
there is an obvious hyperintense lesion in the right optic nerve

than enhance any advantage in sensitivity of 3D-DIR over
VEPs, given that its specificity for true optic nerve pathol-
ogy is close to 100%. Our approach thus allows a valid com-
parison of 3D-DIR- and VEP-sensitivity, demonstrating that
the former is very probably higher than the latter.

The matter is well illustrated in Fig. 1, which shows that
VEPs are actually altered also in DHL+-nerves with for-
mally “normal” VEPs”—albeit more subtly, so that these
alterations do not exceed the specified thresholds. Of course,
VEP thresholds could be modified to increase sensitivity.
However, this would inevitably come at a cost in specific-
ity, as shown by the substantial overlap in VEP parameter
distributions in DHL+- and DHL—-nerves, respectively (see
error bars in Fig. 1a, b).

In their recent study, Sartoretti et al. reported “subclini-
cal” optic nerve lesions detected by 3D-DIR in 72% of a
sample of 95 patients with definite MS [17]. In our study,
we observed subclinical DHLs in only 10 optic nerves from
7 of 39 patients (18%). In that study, however, lesions were
classified as “subclinical” if there was no clinically obvious
visual loss, and no history of previous ON in the preceding
3 years [17], although the mean disease duration of their
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Right eye (upper row): 108.2ms [P100], 10.1pV [amplitude];

left eye (lower row): 102.1ms [P100], 12.9uV [amplitude]

Fig.3 35-Year-old female patient with right-sided retrobulbar pain.
VEPs were normal with P100 latencies of 108.2 ms (right) versus
102.1 ms (left) a latency difference of 6.1 ms (still in the normal
range) and normal amplitudes of 10.1 pV (right) vs. 12.9 uV (left).

MS-patients had been much longer (8.9 years). The reported
high rate of “subclinical” DHLs may, therefore, at least in
part, be due to clinical episodes of ON that had occurred
prior to the 3-year time span. However, although the actual
rate is thus probably closer to the 18% of our data or the sim-
ilar 20% prevalence reported by Hadhoum et al. [14], there is
congruent evidence that 3D-DIR can frequently reveal sub-
clinical optic nerve lesions. Moreover, our study is the first
to show that 3D-DIR can also detect lesions that are both
subclinical and VEP-negative, which may be particularly
useful in the early diagnostic workup in radiologically or
clinically isolated syndromes. That the sensitivity difference
favoring 3D-DIR over VEPs was particularly pronounced
for the detection of lesions in the subgroup of patients/optic
nerves without CEqy (91%, DIR, vs. 45%, VEPs), i.e. for the
detection of subclinical optic nerve pathology, is a corollary
of this observation.

Obviously, the various diagnostic modalities to exam-
ine the anterior visual pathway are not mutually exclusive,
and clinical examination, VEPs, MRI, OCT (if available)
and other techniques can be combined to fully exploit their
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Whole brain 3D-DIR obtained the following day later revealed a
clear-cut, well-delineated DIR-hyperintense lesion in the right optic
nerve

diagnostic potential. However, in the context of standardized
diagnostic criteria it will be advantageous if the required
workup is not only powerful, but also methodologically
clear and succinct, easy to operationalize, easily applicable,
and widely available. In addition, it is a specific charm of
the 3D-DIR-MRI sequence used here that it is not a dedi-
cated technique for orbital or optic nerve imaging, but rather
a sequence originally designed to cover the whole brain,
proven to be very useful also in the detection of parenchy-
mal brain lesions, including cortical/ juxtacortical lesions
in the context of CIS/MS. 3D-DIR-MRI may, therefore, be
particularly cost effective for optic nerve imaging and can
be readily integrated into routine MRI procedures that are
part of the common diagnostic workup anyway.

In the decision not to follow the 2016 MAGNIMS pro-
posal [15] to incorporate optic nerve lesions [16] into the
2017 McDonald criteria as a further criterion for dissemina-
tion in space, the panel referred to a recent study by Filippi
et al. suggesting that such measure might actually diminish
specificity, but not improve sensitivity regarding the predic-
tion of CIS-to-MS-conversion [18]. This study, however, was
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not specifically designed to examine this topic, had accord-
ing limitations (e.g. pertinent data were available for about
half of the patients only, and either VEPs or MRI could be
used to reveal optic nerve pathology), and thus did not pro-
vide a conclusive evaluation of this issue. Our data indicate
clearly that VEPs and MRI as diagnostic tools are not neces-
sarily equivalent in this context, and strongly support the call
for further studies [16], which should be done with suitable,
well-defined diagnostic methodology. 3D-DIR-MRI, with its
close-to-perfect specificity, superior sensitivity, and specific
advantages as discussed above, is a key candidate for such
reevaluation.

Our study has limitations. In addition to those already
mentioned that are due to the lack of an ideal reference
standard for optic nerve affection, there are limitations
related to its retrospective design. Specifically, there was a
considerable time gap between VEP and MRI acquisition
in many patients. However, for the 20 patients, in whom
VEPs and MRI were acquired almost simultaneously (within
+ 3 days), the sensitivity of 3D-DIR was still substantially
higher than that of either VEPs or CEy;, so that the bet-
ter performance of 3D-DIR cannot be attributed solely to
pathologic changes that occurred in the time gap between
VEP- and 3D-DIR-MRI acquisitions. Still, and also because
of the relatively modest sample size that precluded meaning-
ful statistical evaluation of sensitivity differences in many
subgroup analyses, confirmatory evidence from a larger-
scale prospective study would be desirable. However, the
consistent finding that the calculated sensitivity of 3D-DIR
was always higher than that of VEPs in all subgroups pro-
vides confidence in the conclusions drawn from the present
data set.

Conclusion

3D-DIR-MRI is a suitable instrument for the detection of
acute or chronic optic nerve lesions in the clinical context
of MS. 3D-DIR-MRI may detect subclinical lesions and
appears to be more accurate than VEPs. For a reassessment
of optic nerve pathology as a diagnostic criterion of defini-
tive MS vs. CIS, it may be considered as a key candidate
modality.
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