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Pupillary disturbances in multiple sclerosis: correlation
with MRI findings
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Abstract

Ž .Autonomic nervous system disturbances such as pupillary abnormalities have rarely been evaluated in multiple sclerosis MS .
However, pupillary impairment is not uncommon in MS and its origin is still unclear. The aim of this study was to investigate pupillary

Ž .disturbances in MS and to try to correlate pupillary defects with spinal cord and brainstem magnetic resonance imaging MRI findings.
We prospectively studied 45 MS patients and 30 normal subjects. Methods: The pupillary contraction latency and the amplitude of
contraction were recorded by pupillometry. We also determined afferent and efferent pathway defects by comparing the direct and
consensual pupillary reflexes. We evaluated brainstem and spinal cord demyelinating lesions and spinal cord cross-sectional area on MRI.
At least one pupillometric parameters were significantly impaired in 60% of patients and in none of the controls. We did not find any
correlation between pupillary defect and demyelinating lesions on MRI. The most frequent abnormality was efferent pathway shift and

Ž .this was correlated with spinal cord atrophy P-0.02 . These results confirm that the autonomic nervous system, and especially
pupillary function, is frequently impaired in MS. The parasympathetic system is most commonly affected and this is most likely linked to

Ž .axonal loss demonstrated by spinal cord atrophy rather than to demyelinating lesions. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .Autonomic nervous system ANS disturbances have
been studied in several neurodegenerative disorders such

w xas multiple system atrophy 1 , but have also been reported
Ž . w xin multiple sclerosis MS 2 . Many MS patients develop

disturbances of sexual functions or urinary bladder and
bowel functions. In addition, simple bedside tests have
demonstrated abnormalities of sweating and cardiovascular

w xtone 2 . Furthermore, pupillary impairment, irrespective of
Ž .the presence of optic neuritis ON , seems to be underesti-

w xmated in MS 3 . Both afferent and efferent pupillary
w xdefects have been reported in MS 4,5 . The latter distur-

bances are clearly less frequent than visual evoked poten-
Ž .tial VEP abnormalities, and appear to be due to a differ-

w xent mechanism, which still remains unclear 3,5 . In the
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w x w xstudies by Pozzessere et al. 3 and Van Diemen et al. 5 ,
no correlation was found between VEP abnormalities and
pupillary defects, suggesting that pupillary dysfunction
could be independent of demyelinating lesions. Moreover,
individual categories of MS such as primary progressive
were not studied. The few studies comparing pupillometric

Ž .disorders and magnetic resonance imaging MRI findings
w x3,6 failed to demonstrate a clear relationship between
demyelinating lesions and pupillometric disturbances.

A recent neuropathological study highlighted the high
w xlevel of axonal loss in MS 7 . MRI techniques are now

w xavailable to assess the degree of axonal loss 8 . Magnetic
resonance spectroscopy, diffusion MRI and brain or spinal
cord atrophy are the best markers of axonal loss in MS
w x8–11 . We recently confirmed the interest and the repro-

w xducibility of spinal cord area assessment 12 . A reduction
in spinal cord area is clearly correlated with the level of

w xdisability 9,12 .
The aim of this study was to investigate pupillary

disturbances in the different forms of MS, and to try to
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correlate these abnormalities with brainstem or spinal cord
MRI findings.

2. Methods

2.1. Patients and control subjects

We prospectively studied 45 patients with clinically and
laboratory definite MS according to Poser’s criteria for

w xrelapsing–remitting and secondary progressive MS 13 ,
w xand Thompson’s criteria for progressive forms 14 . We

included 27 women and 18 men with a mean age of 44.1
Ž .years ranges30–60 . Fifteen patients had relapsing–re-

mitting MS, 15 had secondary progressive MS and 15 had
primary progressive MS, according to the criteria of Lublin

w xand Reingold 15 for the various forms of the disease.
Disability as scored by the Expanded Disability Status

Ž . Ž . w xScale EDSS was 4.9 ranges2–7 16 . Best corrected
visual acuity in all MS patients was superior to 6r9.
Several patients had a history of ON defined as an acute or
subacute loss of vision lasting more than 24 hours with
partial or total recovery. The interval between ON and the
pupillometric study was greater than 6 months. We ex-
cluded patients with other diseases that might have influ-
enced the visual system or the ANS such as diabetes
mellitus. Any treatment involving drugs affecting the
pupillary function were withdrawn at least 1 week prior to
the test. All patients and controls were non-smokers. All
tests were performed at the same time of day to decrease
any pupillary diurnal variations.

A group of 30 healthy age-matched volunteers without
optic signs was used as a control group. Best-corrected
acuity was 9r9 in all controls. Their mean age was 42.6

Ž .years ranges25–60 . Results of the control group were
Ž .used as normal values mean"2 S.D. . Informed consent

was obtained from both patients and controls.

2.2. Visual examination

A complete routine ophthalmologic examination was
performed in all patients and controls. Visual acuity was
determined on the Early Treatment of Diabetic Retinopa-

Ž .thy Study ETDRS chart. Slit lamp anterior segment
biomicroscopy was performed. Tonometry was performed
after pupillometry and prior to diagnostic mydriasis for
retinal biomicroscopy by indirect ophthalmoscopic exami-
nation.

2.3. Pupillometry and VEPs

Pupillary parameters were recorded with a pupillometer
Ž .Vision Monitor system, Metrovision, France that induced´

Ž .a near infrared illumination 880 nm . Patients were placed
160 cm from a screen with an angular size of 408. After 20
min of dark adaptation, eight uniform flashes of white light

with a duration of 1 s and a mean luminance of 30
candelarm2 were produced at 8-s intervals. The first
response was excluded and the following seven responses
were averaged. The amplitude of pupillary constriction and

Ž .the pupillary light reflex latency PLRL were recorded.
The PLRL was defined as the time interval between the
onset of the stimulation and the beginning of the constric-
tion. The direct PLRL was recorded after stimulating the
ipsilateral eye, and the indirect PLRL was recorded on the
ipsilateral eye with the eye occluded with a near infrared
filter while stimulating the contralateral eye. Both eyes
were stimulated separately. To determine afferent and
efferent pupillary latency responses, we used the method

w xdescribed in a previous study 5,17 . Briefly, this method
allows an impairment of the afferent pupillary pathway to
be evaluated by determining the difference between the

Ždirect PLRL and the indirect PLRL in the same eye e.g.
wright eye: Direct PLRL right eyey Indirect PLRL right

x.eye . The efferent pupillary pathway is evaluated by the
difference between the direct PLRL in one eye and the

Žindirect PLRL in the other eye e.g. for the right eye:
w x.Direct PLRL right eyey Indirect PLRL left eye . When
averaging these responses for both eyes, the mean afferent

Žwlatency becomes: Direct PLRL right eyey Indirect PLRL
x wright eye q Direct PLRL left eyey Indirect PLRL left

x. Žweye r2 and the mean efferent latency becomes: Direct
x wPLRL right eyey Indirect PLRL left eye q Direct PLRL

x. w xleft eyey Indirect PLRL right eye r2 5 .
Pattern reversal VEPs were elicited by square wave

Ž .slow reversal 1.25 Hz high-contrast check stimulation.
ŽWe used two sizes of checks 15 and 60 min of arc,

.respectively . The VEPs were recorded by epicranial sur-
face electrodes. The positive electrodes were placed oppo-
site Brodman’s area 17.3 cm on either side from the
middle, 4 cm above the inion. The reference, negative

Ž .electrode, was placed on the vertex Cz , and the ground
Ž .electrode on the forehead Fz . The amplification was

12 500. A high pass filter at 1 Hz and a low pass filter at
35 Hz were used. A minimum average of 64 sweeps was
used. We considered the first positive response registered

Ž .more than 100 ms after stimulation onset P100 .

2.4. MRI

All imaging was carried out on a 1.5-T MRI unit
Ž .Vision, Siemens, Erlanger, Germany . A detailed descrip-
tion of the spinal cord MRI evaluation is given in a

w xprevious report 12 . MRI of the brainstem and the spinal
cord included sagittal T2-weighted turbo spin-echo se-
quences with the following parameters: TEs130 ms,
TRs4336 ms, flip angles1808, section thicknesss4
mm, intersection gaps4.4 mm, field of views300=300
and matrixs300=512. The acquisition time was 5.31
min. We also performed axial T2-weighted gradient-echo
sequences with the following parameters: TEs11 ms,
TRs75 ms, flip angles308, section thicknesss4 mm,
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intersection gaps4.4 mm, field of views236=270 and
matrixs224=512. The acquisition time was 5 min 38 s.
The number and location of demyelinating lesions were
evaluated blindly in both the brainstem and the spinal cord.

ŽThe axial plane was divided into four parts anterior,
.posterior, lateral and central .

A volume-acquired inversion-prepared fast-spoiled gra-
dient-echo acquisition was performed in an axial plane at
the level of the C2 vertebral body to assess the spinal
cross-sectional area. Sixty-four partitions in the sagittal
plane of 1-cm-thick equivalents were acquired in a three-
dimensional volume centered on the cervical spine with
the following parameters: TEs4.9 ms, TRs11.6 ms, flip
angles88, matrixs256=256. The imaging time was 10
min 49 s. From the data set, a series of five contiguous
3-mm pseudoaxial slices were reformatted using the center
of the C2rC3 intervertebral disc as a caudal landmark
with the slices perpendicular to the spinal cord. In view of
the cord position and the strong signal intensity, the gradi-

Ž .ent between the cord bright and the surrounding cere-
Ž .brospinal fluid dark was obtained. Measurement of the

cord area was performed blindly using a semi-automated
contouring technique. We established the reliability of this

w xmethod in a previous study 12 .

2.5. Statistical analysis

Pupillometric results in normal subjects and in MS
Ž .patients were presented as mean"2 S.D. Table 1 . A

statistical comparison of the results was performed using a
Mann–Witney U-test. Correlations between pupillometric

Žvalues and clinical parameters age, duration of the disease
.and EDSS score or MRI findings were calculated using

Ž .Spearmann’s Rank Correlation SRCC . Past history of

ON or VEP abnormalities was evaluated with regard to
pupillometric values using a Kruskall–Wallis test.

3. Results

Compared to controls, 60% of MS patients showed
Žpupillary abnormalities on average, one value higher than

.normal "2 S.D. . We found no correlation either in
controls or patients between pupillometric parameters and
age. The results of pupillometry are reported in Table 1.
PLRL was increased in MS patients compared to controls
Ž .P-0.01 . The amplitude of contraction was lower in MS

Ž .patients than in controls P-0.01 . Afferent and efferent
pupillary pathways were also significantly affected in MS

Ž .compared to the control group P-0.001 .
The most significant difference was found in primary

Žprogressive MS for three of the studied parameters Table
.1 . We found a statistical difference between primary

progressive and relapsing–remitting MS for the PLRL
Ž . Ž .P-0.01 , the contraction amplitude P-0.01 and the

Ž .afferent pathway P-0.02 . VEP latencies were increased
Ž .more than 2 S.D. in 80% of MS patients and in none of
the controls. A past history of ON was found in 16 patients
Ž . Ž36% . Clinical or laboratory visual abnormalities past

.history of ON or increased VEP latencies were not corre-
lated with pupillometric abnormalities. Pupillometric ab-
normalities were not correlated with disability evaluated
by the EDSS score or with disease duration. There was no
correlation between pupillometric abnormalities and MRI

Ž .findings brainstem and spinal cord demyelinating lesions .
Furthermore, there was no correlation between spinal
cross-sectional area and age in either patients or controls.
Only efferent pathway defects and spinal cord cross-sec-

Table 1
Clinical and pupillometric values in MS patients and controls

Ž .For the latencies and the amplitude of contraction, the results are shown in milliseconds and millimeters, respectively, "standard deviation S.D. . Afferent
Ž .and efferent pathways are expressed in terms of variation absolute value from 0.

Patients Controls

Total Relapsing–remitting Secondary progressive Primary progressive

Number 45 5 15 15 30
Ž . Ž . Ž . Ž . Ž . Ž .Age: mean range 44.1 30–60 41.5 30–57 44.2 30–57 46.2 30–58 42.6 25–60

Ž .Sex ratio womenrmen 27r18 9r6 11r4 7r8 19r11
Ž . Ž . Ž . Ž . Ž .Disease duration: mean range 11.9 3–35 12.3 3–35 14.1 4–20 9.1 3–22

Ž . Ž . Ž . Ž . Ž .EDSS: mean range 4.9 2–7 3.6 2–5.5 5.8 4–7 5.6 4–7
) ) ) )) ,aaŽ . Ž . Ž . Ž . Ž . Ž .PLR latency ms : mean"S.D. 334.8 "80.5 304.7 "83 338.6 "65.5 360 "62.5 260.3 "62.1

) ) ) )) ,aaŽ . Ž . Ž . Ž . Ž . Ž .Contraction amplitude mm :mean"S.D. 180.3 "53 182.5 "38 200.3 "59 156.6 "69 234.7 "32.5
) ) ) )) ,aŽ . Ž . Ž . Ž . Ž . Ž .Afferent pathway: absolute value "S.D. 45 "27 31.2 "15.1 36.8 "15 52.8 "37.2 6.2 "10

)) )) )) ))Ž . Ž . Ž . Ž . Ž . Ž .Efferent pathway: absolute value "S.D. 54.4 "24.4 51.3 "21.3 51.9 "32 60 "17.9 18.7 "18

PLRLspupillary light reflex latency.
) Ž .P-0.01 versus controls .
)) Ž .P-0.001 versus controls .
aa Ž .P-0.01 versus relapsing–remitting multiple sclerosis .
a Ž .P-0.02 versus relapsing–remitting multiple sclerosis .
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Žtional area reduction were significantly correlated P-
.0.02 .

4. Discussion

Previous studies on pupillary dysfunction in MS have
w xshown that abnormalities are frequent 5,18 . Our results

confirm the high frequency of pupillary abnormalities in
MS, as 60% of the patients had abnormal values in one or
more parameters compared to controls.

Pupillometry might appear to be of little interest as a
diagnostic tool because VEP abnormalities are more fre-
quent in MS, as demonstrated by our results and previous

w xstudies 5 . However, our study shows that pupillometry is
of particular interest in the primary progressive form of

w xMS. In accordance with Van Diemen et al. 5 and others
w x3,18,19 , we found no correlation between VEP and pupil-

w xlometric abnormalities. Bos et al. 17 found a correlation
between the VEP latencies and pupillary reflex latency but
they included patients within 6 months after ON. These
two visual defects could be secondary to different patho-
physiological mechanisms. Increased VEP latencies in MS
could be linked to optic nerve demyelination. This appears
to have been confirmed by a recent study demonstrating
that VEP changes are not correlated with optic nerve fiber
layer thickness evaluated by optical coherence tomography
w x20 .

There appeared to be no significant link between pupil-
lary reflex latency delays in our MS patients and hyperin-
tensities in the brainstem and the spinal cord. Moreover,
we found a correlation between spinal cord atrophy and
efferent pathway defects. These two results, taken together,
suggest that pupillary abnormalities are related to axonal

w xloss rather than to demyelination 3 . The fact that the
more significant results are observed in the primary pro-
gressive form, where demyelinating lesions are less com-
mon, supports this hypothesis. A primary involvement of
the ANS and predominantly, the parasympathetic system,
may be frequent in MS as shown by the efferent pupillary

w xpathway defect in our study and others 5 , and by cardio-
w xvascular dysfunction in MS 2,21–23 . Recent magnetic

resonance spectroscopy studies have shown that axonal
w xloss occurs early in the course of MS 24–26 . It would be

of interest to correlate these abnormalities with ANS dis-
turbances and especially pupillary abnormalities.

5. Conclusions

As far as we are aware, this is the first demonstration
that pupillary abnormalities are frequent in primary pro-
gressive MS. This finding could be of particular interest in
the diagnosis of this rare form where demyelination is
poor. However, further studies will be needed to confirm
the predictive value of pupillometric abnormalities with

regard to disability and the potential role of axonal loss in
the pathophysiology of this disorder in MS.
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