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SUMMARY Objective infrared recording devices were used to measure simultaneously and con-
tinuously both accommodation and accommodative vergence to near stimuli in 4 subjects with
intermittent exotropia of the divergence-excess type (2 simulated and 2 true). In addition standard
clinically determined stimulus accommodative convergence to accommodation (AC/A) ratios were
measured. Results showed the mean group response AC/A ratio to be 5-9/1 (range 4 5-8 0/1) with
no differences between true and simulated divergence-excess. Similar AC/A ratios were found
after 45 minutes of monocular occlusion. Our results clearly demonstrate relatively normal
response AC/A ratios in these subjects. Thus, contrary to what is believed by many clinicians, the
reduced ocular deviation at near compared with distance vision cannot be attributed primarily to an
abnormally high AC/A ratio. We believe that fusional convergence after-effects and/or proximal
convergence effects contribute to inflate the clinically determined stimulus AC/A ratios.

The divergence excess type of intermittent exotrope,
with the deviation being greater at distance than at
near vision, ' is commonly believed to have a very high
accommodative convergence to accommodation
(AC/A) ratio.25 This notion has been based largely
on distance/near measurements of the horizontal
oculomotor exodeviation (i.e., tropia or phoria). The
average deviation is 29 A at far and 9 A at near,6
resulting in an average stimulus AC/A ratio of ap-
proximately 14-0/1. However, reported values of the
AC/A ratios in these patients show much variation.
Ogle et al.7 found the mean stimulus AC/A ratio to be
3 0/1 using the fixation disparity method.8 Moore et
al.,' grouping all exotropes (divergence excess, con-
vergence insufficiency, and basic exotropes) together
(45% were the divergence excess type), found the
mean stimulus gradient AC/A ratio to be 4-7/1. Cal-
culations from Brown' suggest presence of a stimulus
AC/A ratio of 13-0/1 or greater based on the +3-00
dioptre gradient technique. Von Noorden'° found a
wide range of stimulus AC/A ratios (3-3 to 9-0) using
the +3-00 dioptre gradient technique in a large
sample of patients. In 2 cases presented by Burian
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and Smith" gradient stimulus AC/A ratios were 6-0/1
and 8-0/1, while they were 14-0/1 by the distance/near
phoria method.
There are 2 basic problems with the above men-

tioned studies. First, only stimulus AC/A ratios were
determined. One is never certain of the actual accom-
modative response but rather assumes it to be equal
to the stimulus demand. This assumption results in an
8% underestimation of the AC/A ratio in nonnal
persons,'2 but the correction factor is unknown in
patients with binocular vision abnormalities. Second-
ly, the distance/near type measures of the oculomotor
deviation are probably contaminated, that is, inflated
by proximal convergence effects,'3 '4 which may be
more dramatic in intermittent exotropes than in
normal persons.7 Thus, we sought to determine and
compare stimulus and response AC/A ratios under
several test conditions in 4 patients with the diver-
gence excess type of intermittent exotropia. The
AC/A ratio in these patients has important clinical
implications, especially with respect to determination
of appropriate surgical procedures to attain binocular
alignment, 's as well as in understanding the contribu-
tion of the components of vergence in Maddox's
sense. 16
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Patients and methods

All subjects had intermittent exotropia at distance
(6 m) and an exotropia/phoria at near at least 10 prism
dioptres less than at distance when fixating a 20/25
Snellen letter, and thus were classified as divergence
excess. 7 Visual acuity was at least 20/20 in each eye.
Stereopsis was at least 40 seconds of arc as deter-
mined on the Randot test. 8 Only adult subjects (aged
20-26 years, 3 females and 1 male) were tested, as
rigorous test conditions essential to obtain objective
measurements necessitated the use of a bite bar, head
rest, and chin rest to stabilise the head for extended
periods of time. Owing to the rigour of our test con-
ditions objective recordings from 2 other subjects
were discarded because of baseline shifts and gain
changes in the records resulting from the inability to
remain very still in the apparatus. Corrective lenses
were worn during all testing.

Stimulus AC/A ratios were determined by 4 clinical
methods.'9 (1) distance/near cover test: the alternate
cover test was performed while the subject fixated
and maintained in clear focus a 20/25 Snellen letter at
6 m and a Jl print at 40 cm. Prisms were used to
neutralise the angle of deviation. Both subjective and
objective angles of deviation were measured. (2)
Gradient test at near: the subject fixated and main-
tained in clear focus a JI print at 40 cm, while the
horizontal deviation was neutralised both objectively
and subjectively with prisms. Lenses of the following
powers, +2-00, +1-00, plano, -1-00, and -2-00
dioptres were placed before both eyes and were used
to calculate the AC/A ratio. (3) gradient test in a
synoptophore: the subject viewed a superpositioned
target which subtended an angle of 1 degree. Lenses
of the following powers, plano, -1-00, -2 00, and
-3-00 dioptres were placed before both eyes and
were used to calculate the AC/A ratio based on sub-
jective and objective neutralisation of the deviation.
(4) Phorometric method: phorias, if possible, were
measured in a phoropter with vertical dissociation to
induce diplopia at distances of 6 m and 40 cm. The
subject fixated and maintained in clear focus a 20/25
Snellen letter at 6 m and a JI print at 40 cm. The
AC/A ratio was calculated by comparing distance and
near alignment values as related to the change in
fixation distance.
On completion of the initial clinical portion the

objective response and stimulus AC/A ratios were
measured. An infrared optometer (Fig. 1) was used to
monitor dynamic changes of accommodation in the
fixating left eye. The optometer had a band width of
5 Hz, a resolution of 0-12 dioptres, and linearity of -6
to +6 dioptres. This dynamic optometer has been
fully described elsewhere.20 The accommodative
stimulus was a fine-lined cross etched on the front
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Fig. I Top view ofapparatus used to measure
accommodation and accommodative vergence consisting of
4 components: (1) Light source (S=halogen lamp, C=light
chopper, LI =collimating lens, F=infrared filter, B! and
B2= beam splitters, and E=eves. (2) Targets (T2=far target,
T1 =near target, plus BI and B2. (3) Accommodation
monitor (P=photodetectors, A =aperture, L2 and
L3=focusing lenses, plus B2. (4) EYe movement monitor
(occluder, infrared emitter/detectors in front ofright eve).

surface of a clear piece of Plexiglass. The crosses
subtended an angle of 1-5 or 3 0 degrees at distance
and near respectively. The fine lines forming the
crosses subtended an angle of approximately 2-4 min
arc. The experimenter used a silent 2-position switch
to illuminate either the far (67 cm, 1-5 D) or near
(33 cm, 3-0 D) stimulus with temporal randomisation
of the step inputs. All testing was done in a dark
room, only the cross target being allowed to act as the
primary stimulus to accommodation. An infrared
scleral-reflection eye movement system2' was used to
monitor dynamic changes of accommodative ver-
gence in the occluded right eye. The eye movement
system had a band width of 40 Hz, a resolution of 0-5
degrees, and linearity of + 10 degrees (with DC bias
to compensate for the outward deviation of the
occluded, verging eye). The eye monitoring system
was placed 10 mm from the eye. Calibration and
cross-talk checks were performed before and after
each test session. The accommodation response,
accommodative vergence response, and stimulus
were recorded simultaneously on a strip chart re-
corder (band width 150 Hz), from which the response
AC/A ratios were calculated. Following the initial
transient component in response to a stimulus
change, the steady-state response was estimated by
eye for the subsequent 2-5-second part of the record.

All stimulus and response AC/A ratios were
repeated after 45 minutes of monocular occlusion to
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Table I Clinical and experimental data ofsubjects

Subject Cover testc Cover Phor. Near Synopto- Objective AC/A
test DIN gradient phore

D N AC/Ad AC/A AC/A AC/A xe SD n xf SD

(a) Preocclusion
Ila 12 X(T) 0 10X8/1 10-0/1 289/1 8 1/1 6 2/1 1 6 32 4 4/1 08
2a 1()X(T) 0 100/18l5/1 25/1 75/1 49/1 1.1 23 36/1 08
3h 17 X(T) 7 X 10(0/1 9 9/1 7-0/1 8-3/1 830/1 2-3 24 4-9/1 1 4

4h 16X(T) 4X 10-8/1 127/1 75/1 86/1 45/1 1l1 47 39/1 0-

x= 13 8 289 10(4/1 12 3/1 5S0/1 8-1/1 5 9/1 4 2/1

(b) Postocclusion
1 2(0X(T) 4X 12 5/1 Supp. 2 8/1 4-7/1 64/1 1 6 18 2-9/1 0(7
2 16 X(T) 6 X 10(0/1 8-0/1 2 5/1 50/1 4 5/1 0n6 1 3-7/1 0(7
3 182X(T) 18X(T) 6-0/1 3-3/1 64/1 9-0/1 10(3/1 2-3 7 7 3/1 1 6
4 16X(T) 24X(T) 2 8/1 7 3/1 6 1/1 7(0/1 47/1 1-6 17 4 4/1 1-4

175 13(0 78/1 62/1 45/1 64/1 65/1 46/1

'True divergence excess. hSimulated divergence excess. cUnit is prism dioptres. dUnit for all AC/A measures is prism dioptres per dioptre.
eObjective response AC/A ratio. fObjective stimulus AC/A ratio.
D = distance. N = near. Phor. = phorometric.

determine the extent of postocclusion changes,
especially with respect to classification of true or

simulated divergence excess.'5 Subjects were not
permitted binocular stimulation between or during
this second set of measurements.

Results

The results are summarised in Table 1. Abnormally
high mean stimulus AC/A ratios were found with the
distance/near cover (104/1) and phorometric
(12-3/1) tests. However, with near gradient measures
the mean AC/A values were clearly reduced (50/1l
8&1/1). Further, based on the objective findings, in
which distance/near effects were minimised, response

AC/A ratios were generally within normal limits
(mean=5-9/1; range=4 5/1 to 8-0/1), although biased
toward the high side. However, our objectively de-
termined mean stimulus AC/A ratios were clearly
within normal limits (mean=4-2/1, range=3-6/1 to
4-9/1). The most consistent pre- and postocclusion
AC/A ratios were obtained with the objective tech-
nique. Pre- and postocclusion response AC/A ratios
were similar in all 4 subjects, with the mean pre-

occlusion value being within one standard deviation
of the mean postocclusion value. On the basis of
similarity of distance/near values of the strabismic
deviation following occlusion, subjects 3 and 4 were

classified as simulated divergence excess. On the basis
of consistent dissimilarity of the distance/near value
of the strabismic deviation following occlusion, sub-
jects I and 2 were classified as true divergence excess.

The responses of 2 subjects representing each di-
agnostic group are presented in Fig. 2. These records

provide an indication of the slight fluctuations of
accommodation and of the synkinetically linked ac-
commodative vergence during attempted steady
fixation and focus on the target from which objective
response and stimulus AC/A ratios were determined.
Dynamic overshoots of accommodation were fre-
quently present in the responses of subject 4, but
these transients were not included in estimating the
steady-state accommodation level.

Discussion

It is generally believed that the AC/A ratio is ab-
normally high in individuals having intermittent
exotropia of the divergence excess type. Like others
we too found abnormally high stimulus AC/A ratios
in our subjects, but only if distance/near measure-
ments were used in the calculation. If the near
gradient or the objective technique was used, AC/A
ratios were generally within normal limits, in agree-
ment with von Noorden.'0 Further, Cooper22 has
questioned the validity of these high AC/A ratio mea-
sures, since presence of an abnormally high AC/A
ratio cannot explain the following clinical findings
associated with divergence excess. First, over 75% of
all patients with divergence excess exhibit a dramatic
increase in the near deviation following a short period
of monocular occlusion.'0 Such an increase in the
near deviation results in a dramatic decrease in the
calculated stimulus AC/A ratio, and this is evident in
our subjects 3 and 4 (Table 1). This change in the
stimulus AC/A ratio is surprising, since occlusion
does not affect the stimulus to accommodation.
Secondly, there is frequently (25% of the cases) a
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Fig. 2 Records ofaccommodation
in the viewing left eye (OACC),
accommodative vergence in the
occluded right eye (OEM), and target
position (OT). (a) Subject 1. True
divergence excess exotropia. Two
large deflections are due to
blinking. (b) Subject 4. Simulated
divergence excess exotropia.
Dynamic overshoots of
accommodation present in most
responses.
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dramatic increase (4 to 10 A) in the distance exodevia-
tion when the fixation distance is changed from 20 to
100 feet (6-30 m)" (a 0-13 dioptre change in stimulus
to accommodation). Such an AC/A-related change in
the exodeviation necessitates the presence of an

exceedingly high (up to 100/1) AC/A ratio, which is
conceptually difficult to accept. Further, it suggests
gross nonlinearity of the AC/A ratio in these patients.
Thirdly, a patient with an abnormally high AC/A
ratio and a large exodeviation should stress his
(normal) negative relative accommodation capability
during periods of fusion, resulting in a complaint of
intermittent blur. However, this is not commonly
reported. Lastly, if the deviation is AC/A-depen-
dent, then after surgical correction of the exotropia a

large residual esodeviation should be evident at near

vision. However, after operation large esodeviations
rarely occur at near vision,23 and the exotropia often
recurs.24 None of the above ideas are consistent with
the notion of an abnormally high AC/A ratio in
patients with divergence excess.

Others have argued in favour of the distance/near
type of stimulus AC/A ratio in divergence excess
patients on the basis of its clinical usefulness, especi-
ally with respect to determination of the appropriate
surgical procedure for strabismus.23 We do not
deny, nor wish to detract from, its usefulness to the
clinician. However, we believe it is important from a
scientific point of view to determine the true AC/A
ratio with the hope that this information will provide
insight into the physiological mechanisms underlying
the divergence excess condition. Our objective find-
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ings indicated relatively normal AC/A ratios. Thus
the lack of a large'exodeviation at near vision and the
enhanced binocularity at near cannot be accounted
for by evoking the use of an abnormally high AC/A
ratio to align the eyes for proper binocular sensory
integration. A further point supporting the objective
determination ofAC/A ratios in these subjects can be
made with respect to the uncertainty of the clinical
measures due to the presence of sensory abnormali-
ties and also to assumptions related to the response of
accommodation. Most clinical estimates of the
stimulus AC/A ratio depend upon a subjective mea-
sure of vergence changes, which demands the pres-
ence of normal retinal correspondence and absence
of suppression during measurements. Neither con-
dition is always present in these patients.25 Further,
the assumption is made that the accommodative
stimulus and response are equivalent, which is not
true in normal persons'2 and was not the case in our
patients having intermittent exotropia. Our objective
recording procedure was not influenced by abnormal
direction sense, as found in anomalous retinal cor-
respondence, nor by the suppression of input to
the deviated eye, as is frequently found in these
patients.25 Further, the accommodative responses
were objectively recorded, which by-passed the need
to make assumptions regarding the accommodative
stimulus/response relationship.

While some may argue that our population of sub-
jects with divergence excess was atypical, since their
mean distance deviation (13-8 AXT) was less than
commonly reported (29 AXT),6 we believe this not to
be the case. First, all subjects met the Burian-Spivey
criterion'7 of having at least a 10 A preocclusion
difference between the distance and near deviation.
Secondly, as pointed out by Burian,26 in many
patients with simulated divergence excess the near
deviation increases as adulthood approaches, and
they begin to lock like a basic exotrope with distance
and near exodeviations being similar. Because of the
stringent requirements essential for obtaining ac-
curate measures of accommodation and accom-
modative vergence with our objective recording
devices, only co-operative adults could be used, and
thus our subject pool was biased in this more basic
exotropic direction. Thirdly, all subjects had sen-
sorimotor characteristics typical of the patients with
divergence excess.6 For example, there was increased
frequency of exodeviation with inattention,
exophoria at near vision, anomalous retinal corres-
pondence and/or suppression while deviating, and
presence of normal stereopsis when bifixating. On the
basis of these arguments we believe our sample of
subjects to be representative of the adult divergence
excess population.
We believe that the abnormally high, clinically de-

termined stimulus AC/A ratios are contaminated by
at least 2 factors: fusional convergence after-effects
and proximal convergence effects. The fusional con-
vergence after-effect27 refers to a transient (20
seconds or more28) change (up to 10 A) in the fusion-
free position of the eyes following a short period.
(several seconds to a few minutes) of sustained ver-
gence. Fusional convergence after-effects are com-
monly observed in normal patients as a change in the
phoria position following a determination of relative
vergence ranges.2' A relative increase in esophoria is
found following brief binocular fusion through base-
out prisms, and a relative increase in exophoria is
found following brief binocular fusion through base-
in prisms.'9 Thus, in individuals having simulated
divergence excess, in which there is a large relative
increase in exodeviation after 45 minutes of mon-
ocular occlusion, we believe this postocclusion
change is a direct manifestation of a fusional con-
vergence after-effect resulting from sustained
fusional convergence required to bring the eyes from
a divergent position to one of binocular alignment on
the object of interest. If the initial cover test is per-
formed, a certain fusion-free position of the eyes is
found. However, after 45 minutes of occlusion, which
is apparently sufficient for decay of the fusional con-
vergence after-effect in these individuals, a marked
increase in exodeviation was revealed. This after-
effect appears to be especially pronounced at near
vision, where the increased frequency of fusion
demand may result from increased presence and
value of stimulus parameters related to fusion and
processing of depth information, such as small,
angular disparities, increased size of fusion contours
of objects of interest within the central field, and the
association of tactile information with visual infor-
mation at close distances.
Any decrease in the frequency of fusion in indi-

viduals with divergence excess results in an increase in
the exodeviation. This may be noted by observing the
effects of fixation disparity measurements, cover test
findings, and prolonged occlusion on the magnitude
of the deviation. When true (full-field) dissociation
does not occur, as during the measurement of fixation
disparity, these patients exhibit eso- or minimal
exofixation disparity.29 The initial findings of the
rapid cover test reveal an exodeviation. Prolonged
occlusion results in uncovering the full extent of the
exodeviation. Thus, the more complete and the
longer the monocular occlusion, the greater the exo-
deviation. This is consistent with the notion of a decav
in the fusional convergence after-effect.
The role of the fusional convergence after-effect is

further supported by the results of orthoptic treat-
ment in these patients. There is frequently a dramatic
decrease in frequency and magnitude of deviation, as
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measured by the routine cover test, after successful
orthoptic treatment.303' However, prolonged occlu-
sion will reveal the original deviation. Thus mon-
ocular occlusion appears to influence the fusional
vergence system only, without affecting accommoda-
tive, tonic, or proximal vergence factors. The fact
that proximal factors probably do not play a role in
simulated divergence excess is evidenced by the
similarly high AC/A ratios obtained with distance/
near as well as gradient-type measures.

Individuals with the true divergence excess also
showed abnormally high stimulus AC/A ratios bv
distance/near measure. However, since the differ-
ence in exodeviation was not affected by prolonged
occlusion, a fusional convergence after-effect at near
only, as was speculated in the case of simulated di-
vergence excess, cannot explain this finding. We
suggest rather that proximal convergence factors pre-
dominate, as near gradient stimulus AC/A ratios
were typically much reduced relative to the distance/
near values. However, we do believe that fusional
convergence after-effects are also involved, but affect
the vergence system at all distances approximatelv
equally, as shown by the increase in exodeviation of
the fusion-free position of the eyes at both distance
and near. This difference in influence of a fusional
convergence after-effect may be related to differences
in frequency of fusion at distance and near vision in
the simulated and true divergence excess patients.
This idea warrants further careful investigation.
The results of our investigation lead one back to

Maddox,'6 who defined the 4 components of ver-
gence: tonic, proximal, accommodative, and
fusional. He believed that accommodative vergence
was primary, with fusional vergence serving only a
supplementary role. Proponents of the abnormally
high (stimulus) AC/A ratio in patients with di-
vergence excess likewise suggest that accommodative
vergence is the primary, and perhaps the sole, com-
ponent used to align the eyes from the distance un-
fused (deviated) position to the near fused position.
However, our finding of relatively normal (response)
AC/A ratios in these patients forces one to accept a
less dominant role for accommodative vergence.
More recent investigations in normal persons32 33 pro-
vide strong evidence that fusional rather than accom-
modative vergence is the dominant component. On
the basis of our findings in individuals with divergence
excess we would like to extend this concept and
suggest that fusional as well as proximal vergence play
important roles in the near fusion response. How-
ever, the exact proportion of each vergence
component used to achieve fusion awaits further
investigation.

This work was supported in part bv NIH grant EY03541 to K.J.C.
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