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Crossed acoustic response combined with visual and
somatosensory evoked responses in the diagnosis of
multiple sclerosis
R. E. CLIFFORD-JONES, G. P. CLARKE, AND P. MAYLES
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SUMMARY The crossed acoustic response, (CAR), a recently introduced test of brainstem
function, has been studied in 66 patients with multiple sclerosis and 53 control subjects, and com-
pared with conventional visual and somatosensory evoked responses (VER, SER). A latency
abnormality was found in the CAR in 73% of patients, in the VER in 63%, and in the SER in
37%. Abnormalities have been related to the presence or absence of clinically detectable signs.
All three responses detected subclinical lesions by showing abnormality in a proportion of
multiple sclerosis patients who had no corresponding abnormal clinical signs (CAR 69%, VER
42%, SER 29%). The best diagnostic combination of responses was VER and CAR. Ninety per
cent of patients had at least one of these two responses abnormal.

The diagnosis of multiple sclerosis depends on
demonstrating objective evidence of multiple
lesions within the central nervous system white
matter of a patient with a suitable history and no
alternative explanation (McDonald and Halliday,
1977). The electrophysiological demonstration of
abnormalities in clinically normal parts of the
nervous system has been shown to be of assistance
in early diagnosis (Halliday et al., 1973; Asselman
et al., 1975; Starr and Achor, 1975; Humphries
et al., 1976a; Robinson and Rudge 1975, 1977;
Small et al., 1977).
We have used the crossed acoustic response

(CAR) as an indicator of brainstem function and
have compared it with visual and somatosensory
evoked responses (VER, SER). The results ob-
tained with the CAR compare favourably with
other tests of brainstem function (Kimura, 1975;
Robinson and Rudge, 1975, 1977; Mastaglia et al.,
1977), and therefore the CAR with the VER and
SER provide a useful combination of responses for
detecting subclinical demyelination.

Patients and methods

Sixty-six patients of mean age 44 years (standard
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deviation 12.8 years) attending Guy's Hospital
were classified according to McAlpine's criteria
for the diagnosis of multiple sclerosis (McAlpine
et al., 1972). Twenty-one patients had definite, 14
probable, and 31 possible multiple sclerosis. The
patients were compared with 53 control subjects
with no known neurological disease, mean age
33 years (SD 11.6). However, all three tests were
not done on all normal subjects.
A full general and detailed neurological assess-

ment was made at or near the time when the
patient's responses were measured. The presence
of abnormality within the brainstem, visual, a?nd
somatosensory systems was noted. Forty per qent
of patients had abnormal signs in the visual
system, 23% in the brainstem, 25% in the sortato-
sensory system, and 26% in at least two of-the
three systems.
Most patients (47 out of 66) had all three

responses measured and as far as possible they
were done on the same or consecutive days. The
crossed acoustic response (CAR) (Yoshie et al.,
1969; Thornton, 1975; Humphries et al., 1976a, b)
was the myogenic response from the post-
auricular muscles to monaural clicks as described
by Douek et al. (1973). This is a bilateral response
which crosses the brainstem and involves a path-
way between one ear and the postauricular muscles
of both sides. The latencies of the responses in
the ipsilateral and contralateral muscles to stimula-
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tion of one ear were measured and compared with
the latencies obtained from stimulation of the
other ear (Figure). The greatest latency difference
between any two of these four responses was then
calculated. It was possible to obtain satisfactory
responses in virtually all subjects (62 out of 66
patients, 52 out of 53 control subjects) although
in some it was necessary to employ methods (such
as resisted neck flexion) which increased the tone
in the postauricular muscles. Despite considerable
variation in amplitude the maximum latency dif-
ference of the normal response was remarkably
constant (see Results).
The visual evoked response (VER) was the mid-

line occipital response to pattern reversal recorded
by the method described by Halliday et al. (1973)
with some minor modifications. The somatosensory
response (SER) was the contralateral parietal
response to percutaneous electric shocks to the
median nerve at the wrist as described by
Namerow (1968).

Results

The means and standard deviations (SD) of the
latencies of the three responses are shown in
Table 1. A patient's response was classified as
abnormal if its latency exceeded the normal mean
+3SD. On this criterion the percentages of ab-
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normal responses in the multiple sclerosis groups
are shown in Table 2. Table 3 relates the abnormal
responses for all multiple sclerosis patients to the
presence or absence of clinical signs. Ninety per
cent of 41 patients had either the VER or CAR
or both abnormal, which is greater than the
percentages detected by the combinations VER
and SER (71%) and CAR and SER (80%).

Table 1 Means and standard deviations of latencies
in ms. Mean (SD)

Normal Possible MS Probable MS Definite MS

VER -ve 96.0(5.3) 105.1( 8.8) 119.1 (19.5) 115.5 (18.7)
+ve 120.8 (5.6) 131.8 (12.8) 146.3 (19.8) 147.8 (23.9)

CAR* 0.6(0.3) 2.5( 2.1) 2.8( 1.4) 3.8( 2.9)
SER 32.7(4.0) 40.0 ( 8.9) 44.6(17.0) 41.5 (11.5)

*Figures represent the maximum latency difference (see text).

Table 2 Abnormal responses in multiple sclerosis
patients

Definite MS Probable MS Possible MS Total

VER 25/31 (81 %) 8/11 (73%) 6/20 (30%Y.) 63%
CAR 23/31 (74%) 11/13 (84%) 13/20 (65%) 73%
SER 8/23 (35%) 5/12 (41%) 6/16 (37.5%) 37%

[Io/V

Figure Crossed acoustic response (a) in a normal
subject and (b) in a patient with multiple sclerosis.
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Table 3 Abnormal responses in relation to clinical
signs

Without signs With signs

VER 14/33 (42%) 25/29 (86%)
CAR 34/49 (69%o) 13/15 (87%/o)
SER 1/38 (29%,) 8/13 (62%)

Discussion

The abnormal CARs which we have found in
multiple sclerosis patients extend the findings
described in a previous small series (Humphries
et al., 1976a). This test, which is easy and quick
to do, yields a percentage of abnormality (73%
of all multiple sclerosis patients) which is higher
than other tests of brainstem function (Kimura,
1975; Robinson and Rudge, 1975, 1977; Mastaglia
et al., 1977).
Our VER and SER results confirm the presence

of delayed responses found in other series. Re-
ports on VER are by Halliday et al. (1973),
Asselman et al. (1975), Feinsod et al. (1975),
Mastaglia et al. (1976), Regan et al. (1976), and
on SER by Halliday and Wakefield (1963), Giblin
(1964), Baker et al. (1968), Namerow (1968), and
Small et al. (1977). The proportion of our patients
with delayed VERs (63%) is similar to several
other series but lower than the 92% reported by
Halliday. As Asselman et al. (1975) discuss,
population structure, stimulus characteristics, and
criteria for the definition of abnormality all influ-
ence the percentages of abnormal responses
found. As neither a different pattern size (54') nor

less stringent abnormality criteria (mean +2.5 SD)
give very different results when applied to our data
the difference from Halliday is probably the result
of patient selection. The number of our patients
with delayed SER (37%) is lower than in previous
series. This was mainly because of the strict
criterion we have used to define abnormality. We
have defined abnormality solely in terms of a

latency exceeding the mean + 3 SD. Other workers
(Namerow, 1968) have used 2 SD, and on this
basis our results would be comparable. The per-
centages of abnormal CARs and VERs in patients
who have the corresponding clinical signs present
are equal and just significantly higher (P<0.1)
than the percentage of abnormal SERs (Table 3).
However, if no corresponding clinical signs are
detected the percentage of abnormal CARs (69%)
is significantly greater than that of either VER
or SER (P<0.05). This is an index of detection
of subclinical lesions and it suggests either that
the CAR is the most sensitive of the three tests or

that definite brainstem signs are difficult to detect
clinically. As the VER and CAR seem equally
sensitive in detecting clinically apparent lesions,
the second explanation seems the more probable.
By measuring a combination of responses the

detection of abnormality in multiple sclerosis
patients is increased. The best diagnostic com-
bination of responses was found to be CAR and
VER. Ninety per cent of patients had at least one
of these two responses delayed. This compares
favourably with other studies using a combination
of responses (Mastaglia et al., 1976, 1977;
Deltenre et al., 1978).
The real advantage of evoked responses in the

diagnosis of multiple sclerosis is their ability to
detect abnormalities in patients with few ab-
normal signs and thus to establish the existence
of multiple lesions. In practice, the most appro-
priate responses to measure in a given patient are
those in systems in which the patient has no
clinical deficit. The particular value of the CAR
is its high subclinical pick-up of lesions in a
system where clinical signs may be difficult to
detect.
We conclude that the recording of the CAR is

a valuable test of brainstem function and with
the VER provides a particularly useful combina-
tion of evoked responses for the detection of
subclinical demyelination.
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