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Abstract. Correction of monocular aphakia with contact lenses generally results in 
aniseikonia in the range of 7-9’35; with correction by intraocular lenses, aniskeikonia is 
approximately 2%. We present a new method of correcting aniseikonia in monocular 
aphakics using a contact lens-spectacle combination. A formula is derived wherein the 
contact lens is deliberately overcorrected; this overcorrection is then neutralized by 
the appropriate spectacle lens, to be worn over the contact lens. Calculated results 
with this system over a wide range of possible situations consistently results in an 
aniseikonia of 0.1%. (Surv Ophthalmol 23:57-61, 1978) 
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I t has been facetiously stated that one of 
the complications of cataract surgery is 
aphakia. This is particularly true in cases of 

unilateral cataract extraction. Spectacle cor- 
rection of monocular aphakia has been 
variously reported to give image magnifica- 
tion of 22 to 35%14 in the aphakic eye. This 
large discrepancy in image size is thought to 
preclude the possibility of binocular vision in 
spectacle correction of monocular aphakia 
(although some have reported a limited 
success even with this groupls). 

Contact lenses are far less visually dis- 
abling than aphakic spectacles. They elim- 
inate the roving ring scotoma and so-called 
“jack-in-the-box” phenomenon, and provide 
full peripheral vision. They reduce the image 
magnification of the corrected aphakic eye to 

approximately 7 to 12%.5,159’s 
The use of the intraocular lens has gained 

popularity recently with those who feel it 
provides a more satisfactory correction of the 
optical problems of aphakia. Because of its 
more posterior position in the eye, it provides 
somewhat less image magnification than con- 
tact lenses or spectacles in aphakia.19 

The normal tolerance for aniseikonia has 
been measured as between 5 and 8% by 
different methods.8 Lubkin and LinkszlB have 
reported achieving binocular vision with an 
aniseikonia of up to 26%, but do not define or 
analyze what they mean by the term 
“binocular vision.” It seems reasonable that 
the quality of useful binocular vision possible 
in monocular aphakia should be related to the 
degree with which aniseikonia can be 
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minimized. indeed, a significant correlation 
has been found between increasing 
aniseikonia and decreasing stereopsis.‘% No 
stereopsis was demonstrable with an 
aniseikonia of greater than 19%, and the 
stereopsis quantitatively increased as the 
aniseikonia was decreased. The ability to fuse 
images when there is a considerable 
difference in size ultimately depends upon the 
width of Panum’s area.’ It has been said that 
if this sensory fusion width falls below physio- 
logical values, lesser degrees of aniseikonia 
may also induce a disturbing effect, possibly 
even an aniseikonia of 2% or less.8 

A clinical studyI compared 30 monoc- 
ularly aphakic patients corrected with con- 
tact lenses with another 30 patients who had 
received intraocular lens implants. The aver- 
age visual acuity of both groups was com- 
parable, with the intraocular lens patients 
wearing supplementary spectacle correction. 
The average stereopsis of the two groups was 
44% and 82%, respectively; this is probably 
related to the average aniseikonia (measured 
to the nearest 0.25%) of 6.99% in the former 
group and 1.92% in the latter. 

The results in children are even more 
dramatic. A child who finds it difficult to fuse 
the images of both eyes can escape the 
problem with suppression and amblyopia.s*4 
Results of contact lens correction of 
monocular aphakia in children have been dis- 
appointing, with a high incidence of 
amblyopia and heterotropia.2-4*g~21 Orthoptic 
and visual results following intraocular lens 
implantation are said to be superior1-4*21 at 
least partially because of the decreased image 
magnification and aniseikonia in such 
patients. (Jaffe, however, has indicated that 
he does not believe that it is safe or desirable 
to use lens implants in children.“) 

It is clear that the m.inimization of 
aniseikonia is a goal to be actively sought in 
optical correction of monocular aphakia. The 
problem is made somewhat more complicated 
by consideration of the fellow eye. It is not at 
all unusual for the phakic eye to be 
ametropic. Thus, the perceived retinal image 
size in that eye will be affected by the 
minification or magnification induced by the 
correcting spectacle lens. . 

The intraocular lens induces less image 
magni~cation than would a comparable con- 
tact lens. However, the absolute image 
magni~cation is not the key consideration. In 
monocular aphakia, the object is not to 

minimize the image magnification in the 
aphakic eye, but rather to provide the same 
degree of image size distortion as is provided 
by the optical correction of the phakic eye. 
The object is to minimize aniseikonia, not to 
minimize image magnification or minifica- 
tion. The major optical advantage of intra- 
ocular lenses has been said to be the 
decreased image magnification and 
aniseikonia that results from their use. It is 
clear that to obtain the highest quality, most 
useful binocular vision, aniseikonia must be 
minimized. These considerations lead oph- 
thalmologists who recommend intraocular 
lenses into strategic dilemmas. In selecting 
the power of an intraocular lens to be used in 
correcting a monocular aphake with a high 
ametropia in his unoperated eye, which fac- 
tors are to be weighed most strongly? The 
same intraocular lens that will minimize 
aniseikonia in such a patient will not permit 
clear distance vision without additional op- 
tical correction, In a patient with a myopic 
phakic eye, for example, the intraocular lens 
must be chosen in such a way as to make the 
pseudophakic myopic as well. (It is assumed, 
of course, that the patient continues with 
spectacle correction of the phakic eye. If a 
contact lens is tolerated in the unoperated 
eye, he would expect it to be tolerated in the 
operated eye as well, and many ophthal- 
mologists would question the use of an intra- 
ocular lens in such a patient.) 

A further difficulty arises when, at some 
time in the future, the second eye is ready for 
cataract surgery and possible intraocular lens 
implantation. The second lens must be chosen 
to optically match that in the first eye and the 
result will be a bilaterally pseudophakic 
patient who continues to require significant 
additional spectacle correction for both dis- 
tant and near vision. Alternatively, the sec- 
ond intraocular lens may be chosen to make 
the eye emmetropic and dispense with the 
need for additional spectacle correction; such 
a choice, however, will result in a marked 
aniseikonia and binocular vision will be com- 
promised. Finally, a third alternative requires 
a second operation on the original eye, to 
replace the first intraocular lens with another 
to achieve the goal of bilateral emmetropia. 
The repeated manipulation of the eye is un- 
doubtedly detrimental, both cosmetically and 
functionally, and most ophthalmologists 
would prefer to avoid these repeated ocular 
insults if possible. 
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The advantage of contact lens correction, 
of course, is the ease and safety with which 
the contact lens can be repeatedly changed or 
modified without injury or damage to the 
ocular structures. 

Contact lenses induce less change in image 
size change than do the corresponding spec- 
tacle lenses. It is possible to overcorrect an 
aphakic contact lens strength, so that a 
diverging lens will be necessary in the spec- 
tacle correction to provide clear distance vi- 
sion. If the magnification of the spectacle lens 
is exactly neutralized by the minification of 
the spectacle lens, image magnification 
theoretically can be completely eliminated. 
The magni~cation or mini~cation can be ad- 
justed so as to cause a net image size change 
equal to that of the spectacle corrected phakic 
eye; thus aniseikonia can be minimized or 
eliminated. Such systems have been 
previously proposed, but each has had its 
limitations. Some have required individual 
eikonometric measurements in each case,7 or 
ultrasonic determinations of the axial length 
of the eye.22 It has also been suggested that a 
constant 7 to 9% pre-existing aniseikonia 
between the phakic and aphakic eye be 
assumed.io*” With a number of simplifying 
assumptions, we present a method of 
calculating such an aniseikonic galillean 
telescope system. It is necessary to know only 
the refractive error of each eye and the spec- 
tacle vertex distance, requirements which put 
this technique within the personal capabilities 
of any interested practitioner. 

The technique utilizes the following 
simplifying assumptions. 

1. The spectacle lenses are considered to be 
thin lenses; thus any image magnification due 
to thickness of the lens (the “shape factor”17) 
has been neglected. (The optician may be 
asked to match base curves and thickneSs in 
the two spectacle lenses, so that no added size 
error is introduced in the correction.lO) 

2. We assume a negligible previous axial 
anisometropia. Thus, the formula considers 
only optical ametropia, and neglects specific 
mathematical consideration of any axial 
ametropia which may be present. 

The angular image magnification ofla refractive 

lens has been shown to be equal to -,20 where 
1 - pd 

p is the power of the lens and d the distance from 
the eye in meters. The site of the ‘entrance pupil 
should be used in such analyses, nodal point con- 
struction being theoretically incorrect in cases of 

the blurred imagery of the uncorrected eye.*’ The 
corrected entrance pupil site may be taken as ap- 
proximately 3 mm behind the cornea.‘r 

Consider a contact lens of power P, correcting 
the aphakic eye of a previously isomettopic 
monocular aphakic patient. The contact lens, on 
the cornea, is 3 mm or 0.003 meters from the en- 
trance pupil. Thus, the image magnification in- 
duced by the contact lens (contact magnification) 
is: 

1 - P, (.003) 

The aphakic contact lens is then overplussed an 
amount P,. Thus, the induced image magnification 
~overp~~ssed magnt~cution) is: 

I - (PC + P,) (.003) 

It is then necessary to correct for the over- 
correction P, by the appropriate spectacle lens at 
vertex distance d from the cornea. Changing the 
position of a correcting refractive lens necessarily 
changes its dioptric power. It is known that a lens 
of power P will require a modified power of 

P 

1 + pd 
if moved a distance d meters away from 

the cornea?” A lens of power t-P,) would be 
necessary to neutralize the overplussing at the cor- 
neal plane. This (-PO) is equivalent to a dioptric 

power of 1 I:d at the spectacle plane. Thus, 

the magnificatiob induced by the spectacle lens 
(spectacle magnij?cation} is: 

1 1 - P,d 

P, 
1 + c1 _ Pod) (d + .003) 

= 1 + P,(.OO3) 

The final magnification induced by the contact 
lens-spectacle combination is therefore: 

(1) )( (1 - Pod) 
[l - P, + PC)(.OO3)1 Il + Pof.~3)1 

It is desirable to have this final magnification 
equal approximately the image size magnification 
of the spectacle-corrected phakic eye. For in- 
stance, the dioptric power of the spectacle is S, 
worn at a vertex distance e meters from the cornea; 
the magnification induced by this spectacle lens 
worn over the unoperated eye (phakic eye 
magnification) is: 

1 

1 - S(e + .003) 

and this is the magni~cation that the contact lens- 
spectacle combination should equal: 
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FIG. 1. Various values for the phakic and aphakic correction are considered, spanning most of the 
physiologic range. Calculated values for aphakic contact lens overcorrection are evaluated, and con- 
sistently yield a net aniseikonia of approximately 0.1%. 

I 

1 - S(e + .003) 

1 - Se - S(.OO3) - P,d + P,dSe + P,dS(.OO3) = 
1 + P,(.OO3) - PJ.003) - P,~(.oOOOO9) - P,(.oO3) 
- P~P~(.~O9). 

Thus, 

P,[P,(.OOOOO9) + P,(.OOOOO9) - d + dSe f 
dS(.003)] = Se + S(.OO3) - P,(.OO3) 

It may be assumed that the first two terms in the 
above equation are suf~ciently small that they may 
be disregarded without introducing significant 
error. Then, 

P,(Sde + Sd(.003) - d) = Se + S(.OO3) - P,(.OO3) 

Thus, P,, the amount by which the aphakic contact 
lens should be overcorrected, is determined by 

p 
(I 

= Se + S(.OO3) - P,(.OO3) 
Sde + Sdf.003) - d 

For the usual case in which the phakic eye is cor- 
rected by a spectacle lens, d = e, and 
(equation 1) 

p 
0 

=i Sd + S(BO3) - P,(.OO3) 
Sda + Sd(.OO3) - d 

In the event that the phakic eye is approximately 
emmetropic, S = 0, and 

p = PA.003) 
0 

d 

In the latter case, since the vertex distance usually 
is between 12 and 15 mm., it is necessary only to 
overplus the aphakic contact lens by 20 to 25%. 

Finally, in the unlikely event that the patient 
desires contact lens correction of the phakic eye 

(and thus presumably will wear a plano spectacle 
lens over that eye), e = o in the formula and 

p 
0 

= S(*OO3) - P&003) 
Sd(.003) - d 

Using equation 1, hypothetical contact 
lens-spectacle combinations were calculated 
for eyes with various degrees of myopia and 
hyperopia (Fig. 1). It can be seen that, using 
this formula, the final calculated aniseikonia 
is approximately 0.1%. This is at least two 
orders of magnitude within the range that can 
be tolerated and permit good binocular vision 
and stereopsis. This means that even if the 
final aniseikonia in practice turns out to be 
somewhat higher, due perhaps to the 
simplifying assumptions, it may still be suf- 
ficiently small to make this technique 
clinically useful. A study of aniseikonia in 
monocularly aphakic patients with in- 
traocular lens implants revealed an average 
aniseikonia of 1.92?70,‘~ with many patients 
testing at values larger than that; this is some 
20 times greater than our calculated 
aniseikonia. 

This method also provides superior 
cosmesis, particularly for the high myope or 
hyperope, in that the spectacle lens over the 
aphakic eye will be less dissimilar to the 
phakic correcting lens. Thus, the spectacle 
lenses will be more symmetrical and balanced 
in appearance. When the second eye is finally 
ready for cataract extraction, the first contact 
lens can easily be changed to make the patient 
bilaterally emmetropic while maintaining 
minimal aniseikonia. It has been pointed out 
that contact lenses are cosmetically less dis- 
figuring than are intraocular lenses.12 



Reduced aniseikonia is among the 
arguments which have been advanced by 
proponents of intraocular lenses. One group 
who investigated the problem in depth con- 
cluded that “. . . it may be difficult or im- 
possible to reduce or eliminate the substantial 
amount of aniseikonia (9%) that remains 
after a unilateral aphakia is corrected by con- 
tact lenses.“1B Nevertheless, it is clear that, by 
using the simple formula derived herein, 
aniseikonia theoretically can be reduced or 
eliminated with a contact lens-spectacle com- 
bination, with results at least one order of 
magnitude superior to some intraocular lens 
series. As continuous wear soft and hard con- 
tact lenses become more widely available, it is 
hoped that this technique may prove 
applicable to an increasing number of clinical 
situations. 
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