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�Introduction

Cataract extraction surgery with the intraocular 
lens implant in a short or small eye is one of the 
most complex interventions for the anterior 
segment surgeon, [1, 2] and its biometrical dif-
ficulty is inversely proportional to the axial 
length [3].

With the improvement of surgical techniques, 
instruments, equipment, design, and intraocular 
lens material, both outcome optimization and 
patients’ expectations have increased for these 
difficult cases. The success of the final visual out-
come, obtained with emmetropia, is still one of 
the critical issues to resolve. The great variability 
of dimensions of the internal ocular structures 
and the difficulty in the estimation of the effec-
tive lens position are the culprits for the errors in 
the calculation formulas, even for the latest gen-
eration ones.

�Definition

What constitutes a short eye? The diagnostic 
parameters include: the axial length, the cor-
neal diameter, and the anterior chamber 
depth. The existence of different eye patterns, 
which include variable corneal diameters and 

normal or narrow anterior chambers, can aid us 
in classifying a short eye and to anticipate 
modifications in their pre, trans, and postoper-
atory management, in order to avoid 
complications.

The median axial length oscillates between 
22.76–23.55 mm ± 1.17–1.49 mm [4–9], which 
is why a standard deviation below that threshold 
would get closer to 22.0 D and two standard devi-
ations, would remain within the 20.5 D range. 
These values have generally been used as starting 
points in order to describe short eye classifica-
tions. In Melles et  al.’s [10] work, they studied 
27,191 eyes and considered small eyes whose 
axial length was shorter than 22.5  mm, where 
they included the lowest 10% of the population 
under study.

�Short Eye Classification

The axial hyperopic eye is a short eye, which has 
a length shorter than 22.0 mm and up to 20.5 mm, 
placing it outside of the first standard deviation, 
but within the second one; they are considered 
normal short eyes, due to their anatomical char-
acteristics and difficulties in their calculation of 
the intraocular eye. (see Fig. 64.1.)

The clinical spectrum of the short eye varies in 
a phenotypical range, according to the relative 
sizes for the anterior and posterior segments, and 
it is classified in [2, 12–16] (see Fig. 64.2):D. Flikier (*) 
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Fig. 64.1  Eye classification according to anatomical characteristics, axial length vs. size of the anterior segment. 
(Modified from Holladay’s diagram [11])
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Fig. 64.2  Representation of short eye variants, compar-
ing the axial length, anterior chamber depth, corneal 
diameter, crystalline lens thickness, and scleral thickness. 
(a) Eye with normal parameters, (b) Microphthalmos, 
with axial length reduction, (c) Nanophthalmos, with 

axial length reduction, anterior segment, crystalline lens 
thickness, and an increase in scleral thickness, (d) relative 
anterior Microphthalmos, with its reduced anterior seg-
ment, (e) Posterior Microphthalmos with axial length 
reduction, by a reduction of the posterior pole

D. Flikier



895

	(a)	 Simple Microphthalmos.
	(b)	 Complex Microphthalmos.
	(c)	 Nanophthalmos.
	(d)	 Relative anterior Microphthalmos.
	(e)	 Posterior Microphthalmos.

Microphthalmos corresponds to an eye with 
short axial length and is classified into two types: 
Simple and Complex, based on the presence of 
ocular anatomical malformations.

	1.	 Simple Microphthalmos: is an eye with short 
axial length, without ocular malformations. As 
short, we mean two standard deviations (2 SD) 
shorter than normal for the age group. 
Historically, it has been reported as shorter than 
20.5 mm in adults and shorter than 17.8 mm in 
children up to one year of age. Other epidemio-
logical studies have defined this value at 
21.0 mm for the adult [17], present in 0.046–
0.11% of ophthalmological patients. These eyes 
are hyperopic, but they have a normal anterior 
chamber and normal scleral thickness. They are 
not at risk for angle-closure glaucoma.

	2.	 Complex Microphthalmos: It is an eye with 
small axial length and anatomical malforma-
tions. As in the simple microphthalmos, the 
axial length is more than two standard devia-
tions shorter than its age group. Besides, they 
can present with marked ocular anatomical 
malformations, such as coloboma of the iris, 
chorioretinal coloboma, persistent fetal vas-
culature, and retinal dysplasia. They also have 
normal scleral thickness.

	3.	 Nanophthalmos: It is a condition where there 
is also a short eye, with a small anterior seg-
ment, and a thick choroid and sclerotic [2]. 
There is no consensus for the axial length, 
which defines the nanophthalmos, but there 
are reports that range from less than 20.5 mm 
[18], 20.0  mm [19], 18.0  mm [16], and 
17.0 mm [20], though accepting those at 20.0 
and 20.5  mm as the most recent ones [1, 3, 
21–24]. These eyes are constituted by:

	 (a)	 Anterior chambers that keep narrowing, 
as the crystalline grows with age.

	 (b)	 Convex iris with propension towards 
painless angle-closure chronic glaucoma.

	 (c)	 Scleral and choroid thickness increase, 
larger than 1.7 mm [18, 25] predisposing 
to uveal effusion.

Also, in 2016, Guo et al. [25] described the 
characteristic features of ciliary body ultra-
sonic biomicroscopy, iris, and the eye angle 
with Nanophthalmos, both for chronic pri-
mary angle-closure glaucoma and for chronic 
secondary angle-closure glaucoma. The typi-
cal feature for Nanophthalmos is a small eye, 
with a narrow anterior chamber, and where 
the growth of the crystalline lens is the cause 
for the development of chronic secondary 
angle-closure glaucoma, with symptoms 
comparable to primary angle-closure.

They may have associated microcorneas 
with shorter diameters than 11 mm [26]. The 
microcornea is a distortion that can be 
observed in any of the short eyes: simple 
microphthalmos, complex microphthalmos, 
nanophthalmos, and anterior relative 
microphthalmos.

	4.	 Relative anterior Microphthalmos: name 
coined by Naumann [27], it is an eye with a 
normal axial length, but with a small anterior 
segment, with an axial length longer than 
20.5  mm, but with an ACD equal or lesser 
than 2.2 mm and a corneal diameter shorter 
than 11 mm [12, 28]. They have no other ocu-
lar anatomical malformations, nor any associ-
ated increase in scleral growth. It is 
sub-diagnosed before cataract surgery due to 
its normal axial length. However, it is crucial 
to differentiate, due to the high incidence of 
angle-closure glaucoma, cornea guttata, and 
pseudoexfoliation association.

	5.	 Posterior Microphthalmos: It is an 
extremely rare condition, typically recessive, 
with an anterior segment at normal dimen-
sions, but with a posterior shortening, from a 
reduction of the growth of the posterior seg-
ment that results in high hyperopia [29–31]. 
Due to the scleral thickening, the choroidal 
and pigment epithelial growth is limited, but 
with normal neuroretinal development, induc-
ing the development of papillomacular folds 
[32] including the retina without pigment epi-
thelium or choroidal tissue. They may be 
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associated to several pathologies such as: 
esotropia, peripheral avascular zones without 
vascular crest formation, uveal effusion syn-
drome [28], pigment retinopathy, retinoschi-
sis, and retinal dialysis [14, 33–36].

Kaderli et  al. [37] reported in 2018, in a 
normal and short eye study, using an EDI-
OCT test, that the thickness of the choroids 
and the diameter of large-sized choroid ves-
sels in the posterior pole increases are 
inversely proportional to the axial length, 
regardless of sex or patient’s gender.

It is important to understand that this complex 
of anatomical characteristics for nanophthalmos 
and posterior microphthalmos is associated with 
a symmetrical reduction of the axial length and 
high hyperopia, such as a variable phenotypical 
spectrum, but could also be the expression of the 
same genetic mutation, usually variable biallelic 
in MFRP [38] and PRSS56 [39, 40] and rare 
monoallelic in TMEM98 [41, 42] and 
MYRF. Variable expressions of the gene can be 
found in a same family, with nanophthalmos in 
some members and microphthalmos of different 
magnitude in others. In the case of PRSS56, the 
production of a soluble protease stimulating the 
axial length was found, through a function gain 
mechanism, also implicated in the development 
of myopia [43]. In a near future, we could think 
about treatments through protease inhibitors or 
monoclonal antibodies.

The genetic origin of these entities is poly-
genic; and the axial length is raised as associ-
ated to the degree of involvement by deep 
intronic or regulatory variants in the four known 
genes [43, 44].

�Characteristic Features  
of Short Eyes

Achieving a precise refractive outcome in the 
short eye is a real challenge, and often enough, 
simple axial length, keratometry, and ACD 
parameters become insufficient.

The best calculation formulas are those that 
can predict the effective lens position (ELPo) in 

a more exact manner, but even so, the standard 
deviation is high.

The three main variables in the calculation of 
the intraocular lens are:

	1.	 The power of the cornea.
	2.	 The axial length.
	3.	 The effective lens position.

In any eye, the main challenge will always be 
the estimation of the final lens position, based on 
preoperatory measurements. In the large eye 
with high myopia and a low power intraocular 
lens, the ELPo is not critical; a small anteropos-
terior movement would produce a very small 
refractive deviation. In contrast, the short eye, 
with the combination of certain variables such as 
narrow chambers, thick crystalline, steep cor-
neas, and higher powers, produces the ideal mix 
to derail the prediction algorithms for the effec-
tive lens position, severely affecting the final 
refraction.

Third-generation formulas use only two vari-
ables for ELPo prediction: Keratometry and axial 
length. They assume that the greater corneal cur-
vatures have a deeper chamber, but in reality, in 
short eyes, the anterior chambers tend to be nar-
row, and therefore the outcome estimates a lens 
position more posterior than the desired one.

With the formulas that use ACD (anterior 
chamber depth) to calculate the effective lens 
position, such as the Haigis formula, the oppo-
site happens, by neglecting to take the thick-
ness of the crystalline lens into account. In the 
short eye, chambers are narrow and therefore 
Haigis formula estimates a very anterior posi-
tion, but since the thickness of the crystalline is 
large, the position ends up being a little more 
posterior.

Due to the introduction of new variables, in 
fourth-generation formulas such as: Corneal 
Diameter: CD, Lens thickness: LT, and the 
Anterior Chamber Depth: ACD associated to 
the keratometry and axial length, the estimation 
of the effective lens has improved, and therefore 
the calculation power for the lens.

As it was previously mentioned, according to 
the classification of the short eye, each type of 
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eye will have its own specific characteristics, but 
as a general rule, and as an average data (taken 
from the Kane et al. study [45]), we find:

	1.	 A reduction of the axial length.
	2.	 A relative increase in the percentage of the 

ratio between the anterior and posterior seg-
ments, due to an increase in the thickness of 
the crystalline lens; in average 4.7 mm and 
±0.42 mm SD.

	3.	 Narrow anterior chambers, with a median 
2.61 mm and ±0.39 mm SD.

	4.	 Steep keratometries, with a median 43.81 D 
±1.76.

	5.	 Some smaller corneas.

In the year 2008, Erdol et al. [34] reported a 
couple of cases of posterior microphthalmos 
with an apparent normal anterior segment, where 
ultrasonic biomicroscopy was performed, dem-
onstrating a thickened and anteriorized ciliary 
body [34]. These data increase the possibility 
that the equator of the crystalline lens is not in 
normal relationship with the other measurements 
(Axial length, Keratometry, ACD, LT, CD, age, 
etc.) usually considered in order to estimate the 
position of the intraocular lens. Therefore, the 
theory is introduced; when dealing with short 
eyes, the placement of the equator of the crystal-
line lens, the position of the ciliary body and sul-
cus, could be of greater value to improve the 
estimation for the effective positioning of the 
intraocular lens.

In the year 2016, Goto et al. [46] conducted a 
study in search for other variables in order to 
improve the estimation of the postoperative 
ACD. They found that the depth of the angle to 
angle, measured with AS OCT from the angular 
recess, and introduced as a regression coefficient 
in a prediction formula for the ELPo for the post-
operatory ACD, along with the preoperatory 
ACD and the axial length, using Haigis and 
SRK/T formulas, increased predictions for the 
IOL power in a significant manner and reduced 
the residual postoperatory defect (98.7% ± 0.50 
D). As interesting data, the study demonstrated 
that the anterior segment in the nanophthalmos is 

more crowded, due to the reduction of the ciliary 
ring (ciliary body diameter, CBD), the anterior 
rotation of the ciliary processes against the 
equator of the crystalline, and the vault of the 
crystalline (in a more anterior position); all of 
them risk factors for developing malignant 
glaucoma.

For the topic at hand in this chapter, the pro-
posal rests on the fact where the crystalline lens 
anteriorization, the modification of the position 
of the equator, and the ciliary body, with regard 
to the anatomic positions used as baselines to cal-
culate the ELPo, are the origin of the calculation 
error for the IOL power. Therefore, these three 
variables: the position of the ciliary body, the 
position of the equator, and the vault of the crys-
talline lens, must be considered in order to help 
define the effective lens’ position (see Figs. 64.3, 
64.4, and 64.5).

Fig. 64.3  Representation of the normal eye vs. variants 
of short eyes, reduction of the ciliary ring (diameter of the 
ciliary body, CBD), the anterior rotation of the ciliary pro-
cesses against the equator of the crystalline lens, and the 
vault of the crystalline lens (in a more anterior position)

Fig. 64.4  Representation for short eyes, reduction of the 
ciliary body (Ciliary Body Diameter, CBD), anterior 
chamber (ACD), lens-ciliary body-lenticular vault 
(LCLV), angle to angle distance (ATA)
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Fig. 64.5  Representation of short eyes, reduction of the 
ciliary ring (Ciliary Body Diameter, CBD), crystalline 
lens with greater thickness, with reduction of the anterior 
chamber (ACD), lens-ciliary body-lenticular vault 
(LCLV)

�Biometry in the Short Eye

A small error on the axial length, ACD, and crys-
talline lens thickness measurements will result in 
a greater refractive error in the patient with short 
eye. This is why we require equipment to mea-
sure the axial length and the different intraocular 
structures in a very precise manner.

From the beginnings of optical biometry by 
partial coherence interferometry (PCI), its manu-
facturers decided to use a group refractive index 
and a calibration function to calculate the geo-
metrical axial length from the measured optical 
path length (OPL) in spite of the differences in 
the refraction indexes for each of the structures in 
the eye and the travel speed difference when 
crossing them [47–50]. Using this calibration, the 
axial length measurements are accurate only for 
average eyes. The problem arises in extreme 
eyes, and especially in the case of short eyes, 
where proportionally, the crystalline lens occu-
pies a greater percentage of the anterior segment 
and the eye.

Wang et al. [50] reported higher axial length 
measurements in short eyes, when segmentation 
with correction for refractive indexes for each 
segment was done. This difference with the real 
axial length, measured with the sum of the seg-
ments, versus the measurements by the biome-
ters, explains in part the myopization observed 
with the calculation of the majority of the third-
generation short eye formulas [47, 50].

Cooke et  al. [47] described the method to 
modify the axial length, with a regression for-
mula (Cooke-modified AL), in the Hoffer Q, 
SRK/T and Holladay I and 2 formulas, notice-
ably improving the results, both for long eyes and 
for short eyes. The separation of the segments 
can be achieved through automatic detection with 
the Spike Finder developed by David Cooke. 
Being able to measure each structure with its real 
refractive index and obtaining the precise mea-
surements leads to better results with the IOL 
power calculation, specifically in short eyes with 
the Holladay 1 and 2, Hoffer Q, and SRK/T; with 
the Haigis formula only if the constants were 
optimized. The results did not improve or were 
worse with Barrett and Olsen formulas; and with 
OKULIX, only improved in the study of short 
eyes [47–50].

Since the internal limiting membrane is hardly 
identified by the optic biometers, detecting the 
interface between the retina and the pigment epi-
thelium, the length of the optic trajectory of the 
vitreous really becomes the vitreous and retinal 
one. In order to determine the length of the vitre-
ous, the retina is given a theoretical thickness, 
which will then be subtracted from the vitreous-
retinal thickness in the segmentation or sum of 
segments [49]. This retinal theoretic value has 
been generally calculated according to the axial 
length, accepting that long eyes have a thinner 
thickness and short eyes a thicker one. With the 
emergence of OCT, a precise measurement of the 
foveal thickness will be accomplished to incorpo-
rate this real measurement in calculation 
programs.

Another important consideration in biometric 
variants is the relative size of the anterior cham-
ber in comparison with the axial length. The cal-
culation for the power of the IOL tends to be 
more precise in a short eye with a proportionally 
smaller anterior chamber than with a deep cham-
ber. Holladay et  al. [11, 51] discovered that 
approximately 20% of eyes with short axial 
length have a small anterior segment and are clas-
sified as nanophthalmics and the remaining 80% 
have a normal anterior segment (see Fig. 64.3). 
Eyes with a flat ACD tend to require IOLs with 
+30.0 D or less, whereas those with normal ACDs 
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require IOLs with more than +40.0 D [13], which 
entails Piggy-back lens systems and wider ante-
rior segments.

The closer to the retina the IOL is, the greater 
the transcendence will be for a small change on 
ELPo and in its refractive result. The A constant 
used in the IOL power calculations depends on 
multiple factors, including: the type of lens used, 
the refractive index of the material, the geometry, 
the variance of the biometric equipment, the sur-
gical technique, and factors affecting ELPo. This 
is why in a small eye, the A constant must be 
personalized.

�Results in Short Eyes

In normal eyes, 90–98% of the cases reach their 
final refraction between ±1.00 D, whereas in eyes 
with nanophthalmos, with shorter lengths than 
20.5 mm, only 46–66% achieve theirs [3].

Third-generation formulas only use the axial 
length and the corneal curvature (keratometry). 
Fourth-generation formulas such as Haigis and 
Holladay 2 and other more modern ones like 
Barrett Universal II and others include a greater 
number of parameters [52], mainly the depth of 
the anterior chamber ACD [21, 53], increasing 
the quality of the results. Eom et al. found that 
Haigis formula has better results than the Hoffer 
Q formula, in short eyes with narrow chambers, 
ACD < 2.4 mm [54].

It should be made clear that in the studies the 
median axial length for short eyes is very variable 
and oscillates between 19.53 and 21.69  mm. 
However, for the very small eye with simple 
microphthalmos group, there is no comparative 
statistic study for formulas, rather isolated case 
reports [22–24].

In the Melles and colleagues study [10] also 
with short or small eyes, shorter than 22.5 mm 
(between 21.0 and 22.5 mm), several interesting 
conclusions were found:

	1.	 Barrett and Olsen’s formulas had the best 
behavior.

	2.	 Hoffer Q tends towards a myopic outcome, by 
reducing the axial length.

	3.	 Haigis and SRK/T tend towards the hyperopic 
defect in very flat anterior chambers.

	4.	 Hoffer Q and Holladay 1 tend towards 
myopia.

	5.	 Olsen and Haigis tend towards hyperopia.

Other more recent studies such as Shivastava 
and colleagues [55], also in short eyes, but not as 
small, between 20.76 and 21.96  mm, found no 
statistically significant differences when compar-
ing the Barrett Universal, the Hill RBF method, 
Haigis, Hoffer Q, and Holladay 2, with an out-
come that coincides with two previous studies by 
Kane and cols. [56] and by Gokce et al. [57]. It is 
interesting to highlight that in the study by 
Shivastava [57], the median absolute error found 
within the ±0.50 D range oscillates between 46 
and 56%, and ±1.00 D between 76 and 80%.

In the year 2018, Wang et al. [58] conducted a 
meta-analysis with 1161 cases, in order to com-
pare Haigis, Holladay 2, Hoffer Q, SRK/T, and 
SRK II formulas. In short eyes, a frank superior-
ity was found for the Haigis formula over the 
other ones. More recently, Melles et  al. [59] 
found better performances in the formulas by 
Kane, Olsen (with 4 factors), and Barrett, fol-
lowed by EVO and Hill RBF 2, over Holladay 2, 
Haigis, Hoffer Q, and SRK/T.

Sudhakar et  al. [55] in 2019, in a study of 
hyperopic eyes (19.77–22.06 mm), compared the 
intra-operatory aberrometry, the Hill RBF 
method, and several formulas: Barrett Universal, 
Holladay, Haigis, and Hoffer Q. Among their con-
clusions, it is interesting to see that they didn’t 
find the aberrometer to be superior to the studied 
formulas, in the cases where the difference in the 
predictions was higher than 0.50 D.  Taking the 
value of the aberrometer as final value, they only 
estimated it as adequately in half of the cases, and 
none of the methods obtained a result superior to 
±0.50 D in more than 60% of patients.

The most recent report, from Kane and Melles 
[45], for 270 eyes from 182 patients including 
smaller eyes, with axial lengths starting at 
18.86  mm up to 22.46  mm, intraocular lenses 
with 30 D or more, found mean absolute errors 
oscillating between 0.838 and 0.533, with SD 
±0.812–0.707 and median absolute errors oscil-
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Fig. 64.6  Studies in eyes with short axial lengths, show-
ing the date when it was conducted, and the formula pre-
senting the best results. In blue, you can observe that on 

the most recent studies, with the greatest number of 
patients (table sizes), the predominant formula is Kane’s 
[61] 

lating between 0.696 and 0.371. Continues with 
less than 60% of patients having a final refraction 
between ±0.50 D, with better statistic results in 
Kane and EVO 2.0 formulas, followed by Haigis, 
Holladay 2, Olsen, and Hill RBF 2 and finally 
Barrett y Hoffer Q.

Confirming these latest data, Hipólito-
Fernandes et  al. [60] conducted a study where 
they compared 13 formulas in several eye sizes. 
In the short eye group (20.82–22.0  mm), they 
found the best results with the VRF-G, EVO 2.0, 
and Kane formulas.

In the year 2020, Kane along with Chang [61] 
conducted a very complex review of the literature 
of the last 10 years and concluded that currently 
the best results are obtained with Kane’s formula, 
followed by good results with the Olsen formulas 
(4-factors), Haigis, and Hill-RBF (see Fig. 64.6.).

�Poly-pseudophakia:  
Piggy-Back Lens

The piggy-back lens option was described for the 
first time by Gayton and Sanders [62] in the year 
1990, in a 31-year patient with microphthalmos, 
requiring an approximate lens with 46 D for both 
eyes. For the surgery in the first eye, the second 
lens implanted in the sulcus left a residual hyper-
opic defect at +8.00 D, requiring its replacement. 
For the second eye, an empirical calculation 
allowed for a closer emmetropic result.

This report was the beginning of the correc-
tion of high refractive defects with two lenses, 
where the residual correction for the second lens 
can be left for a second intervention according to 
the residual defect, and not to the biometrical 
characteristics.

Due to the possibility of opacification and 
inter-lenticular membrane formation as a result 
of the implantation of two lenses in the capsular 
bag, it is recommended to place the greater power 
IOL in the capsular bag and the second IOL in the 
ciliary sulcus. Ideally, this lens must be low-
powered, angulated, with rounded edges in order 
to reduce the risk for iris touch and UGH syn-
drome or pigment dispersion. The sulcus lens 
could be implanted on a second surgical time, 
after the stability of the second postoperatory 
graduation, so as to increase the refractive suc-
cess possibilities, even though the additional 
risks for a new intervention must be considered.

In order to calculate the power of the Piggy-
back lens, there are different options:

	(a)	 Primary poly-pseudophakia, when the 
implantation of the IOL will be made both in 
the capsular bag and in the sulcus in the same 
act. The total calculation for the value of the 
lens to be placed in the plane of the capsular 
bag, according to the ELPo, trying to correct 
the greatest amount of the defect as possible 
at this level, according to the lenses available 
by the various commercial companies. The 
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remaining defect will be corrected by the 
second lens, which will be implanted at the 
ciliary sulcus level, adjusting the power due 
to its more anterior position. When a lens is 
placed more anteriorly, it requires less power 
in order to have the same effect, and this 
reduction is proportional to the power of the 
intraocular lens. The lens at the sulcus must 
be adjusted, according to the Holladay 1997 
table [11] for poly-pseudophakia in hyper-
metropy, in the following way:

	 1.	 From +1.00 to +8.00 does not require 
adjustment.

	 2.	 From +8.50 to +15.00 subtract 0.5 D to 
the value of the IOL.

	 3.	 From +15.5 to +25.5 D subtract 1.0 D to 
the value of the IOL.

	 4.	 From +25.5 D to +30.0 D subtract 1.5 D 
to the value of the IOL.

	(b)	 The second option is used when the lens will 
be implanted in another surgical act, once the 
residual defect is stable. To calculate it, this 
residual hyperopic defect is multiplied by 1.5, 
in lower defects smaller than +6.00 D [63].

For other cases, it is advisable to use opti-
cal vergence formulas which take the kera-
tometry into account, the ELPo for the 
sulcus, and the residual defect, used as ACD 
value, the value of the manufacturer −0.65 in 
order to adapt it to the sulcus.

The new lenses that have surfaced, spe-
cific for placement on the sulcus, and for the 
correction of residual defects, have specific 
optic vergency programs in the web pages 
for their companies [64]. We are attaching 
some examples. Sulcoflex: https://www.ray-
trace.rayner.com/, Add-On: https://
www.1stq.de/en/34-addoncalculator, ICL: 
https://ocos.starag.ch/.

�High-Power Intraocular Lenses

The ideal in short eyes is to achieve optical cor-
rection with a high-power intraocular lens which 
will allow for poly-pseudophakia in case of an 
unexpected high residual defect. These are hard 
to get and sometimes do require special orders.

Even with the highest standards, and lots of 
care in the biometry, the biometric results may be 
affected by the variability in tolerance when 
manufacturing intraocular lenses [54]. In high 
power ranges of IOLs (>30.0 D) that are usually 
required in this high hyperopic eyes, the real 
dioptric power may vary as much as ±1.0 D, 
according to the International Organization of 
Standards [65].

The three problems with high power lenses 
are:

	1.	 Values for the International Organization for 
Standardization allowing for a tolerance of 
±1.0 D in IOL at >+30.0 D, and ±0.50 in IOL 
<+30 D [65, 66]

	2.	 Increase in spherical aberration by increasing 
the power for the IOL [64]. Important in high 
power lenses free from spherical aberration 
such as Aspira-aAY

	3.	 The rarity of this cases makes lens manufac-
turers to lose the appeal for their mass produc-
tion and therefore there is scarce global 
availability.

�Visual Acuities Obtained

Corrected visual acuities in nanophthalmic eyes 
tend to be considerably worse in normal eyes, 
with a range of +0.55 logMAR to +0.41 logMAR 
[1, 3, 21, 24].

This is in part due to the relative effect of 
optic minification or reduced image magnifica-
tion in comparison with distant correction for 
glasses or contact lenses in such high hyperopic 
cases and for amblyopia inherent to the refrac-
tive defect.

These possible optic results alongside the 
risks for complications must be discussed with 
the patients ahead of time in the preoperatory, as 
well as the limitations in the calculation predic-
tion for the IOL.  Even with these risks, the 
potential for improvement is significant for the 
quality of life of these nanophthalmos cases, by 
reducing the preoperatory refractive error and by 
eliminating dependence in glasses or contact 
lenses.
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�Conclusions

The short eye is a phenotypical spectrum for 
genetic abnormalities, leading to anatomical con-
ditions of the ocular structures, producing not 
only clinical-pathological consequences, which 
increase pre, trans, and postoperatory comorbidi-
ties in cataract surgery, but they also pose a sig-
nificant challenge for the physician when 
calculating the intraocular lens. There is a marked 
variability for the estimate of the effective lens 
position, even when using the new calculation 
formulas, with unprecise and unexpected refrac-
tive results in some cases.

According to the latest reports, the recommen-
dation is to use multiple formulas and to compare 
at least three formulas, such as Kane, Olsen, 
EVO2, Haigis, and Hill RBF v3.0, especially in 
eyes with lengths shorter than 21.5 mm. Even so, 
you must explain to the patients the possibility of 
getting unexpected results, with >40% outside 
±0.50 D, and visual acuities, according to preop-
erative amblyopia and a possible optic effect 
from the degree of image reduced magnification, 
in the case of prior corrections with glasses or 
contact lenses.
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