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Introduction
There has recently been a tremendous increase in interest of surgical presbyopic correction. The effective treatment of 

presbyopia combined with any refractive error has proven to be a significant challenge for refractive surgeons. Traditionally, 

the principles used for monovision contact lenses have been applied to corneal refractive surgery using laser in-situ kerato-

mileusis1, 2 (LASIK) or photorefractive keratectomy (PRK) techniques.3 However, many of the same limitations found with 

monovision contact lenses applied to monovision induced by refractive surgery, including loss of fusion and stereoacuity.4 

Multifocal corneal ablation profiles have also been suggested; however, although an overall improvement in visual acuity  

has been recorded for both near and distance vision, the efficacy remained relatively low5-7 and safety and quality of vision 

have been compromised.8–11 A better solution offering improved visual results and greater tolerance is still required.

In this chapter, we describe non-linear corneal aspheric ablation profiles combined with micro-monovision to treat pres-

byopia in emmetropic, myopic and hyperopic patients. The work described in this chapter has now been made commercially 

available as the PRESBYOND module of the CRS Master software; the custom ablation profile software for the MEL 80 

and MEL 90 excimer lasers. PRESBYOND is different from traditional monovision because PRESBYOND increases the depth 

of field of each eye whereas contact lenses diminish the depth of field. This new presbyopic profile is based on nonlinear 

changes in asphericity. Similar to contact lens monovision, the dominant eye is mainly corrected for distance with a nominal 

target refraction of plano and the non-dominant eye is mainly corrected for near with a nominal target refraction of -1.50 

D. As a result, the brain merges the two images, creating a blend zone, which allows the patient to see near, intermediate 

and far without glasses (Figure 1). PRESBYOND is tolerated by more than 95% of patients,12–14 whereas contact lens mono-

vision is tolerated by only between 59% to 67% of patients.15 Additionally, it can be used for emmetropic presbyopia as well 

as presbyopia accompanied by a wide range of refractive errors (published range: +5.75 to -9.00 D Intended Use SE range 

-8.00D and +2.00D, with maximum 2.00D cyl) including the simultaneous correction of cylinder. Performed as a bilateral 

simultaneous LASIK treatment, the bilateral procedure takes 10-15 minutes and recovers in a matter of a few hours.

PRESBYOND

Figure 1. Illustration of PRESBYOND blend zones at various distances
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Technology – Concept
To better understand the way PRESBYOND works, instead of viewing presbyopia as the inability to accommodate, presbyopia 

can be considered as a decrease in depth of field. The corneal ablation profile in PRESBYOND is an optimized ablation profile 

for increasing the depth of field of each eye without compromising visual quality, contrast sensitivity or night vision. The 

optimization is based on the patient age, refraction, preoperative spherical aberration, tolerance for anisometropia, and 

treatment centered on the corneal vertex.

It is known that one way of increasing the depth of field is to increase the amount of corneal spherical aberration 

independent of the zonal power shift that would be created by calculating the sphere for a particular zone in a cornea with 

spherical aberration.16, 17 Depth-of-field increase by spherical aberration has now been demonstrated using adaptive optics18–21 

and has also been shown after implanting aspheric IOLs.22–27 Based on that knowledge, during early work, the initial aim was 

to be able to adjust corneal depth of field enough to provide clear vision from distance through intermediate to near; creating 

an eye that could see 20/20 at distance and that would also see a computer screen and read J1. However, visual quality and 

contrast sensitivity can be compromised by large amounts of spherical aberrations.28, 29 This implied that there is a tolerable 

level of spherical aberration within which it provides a beneficiary increase in depth-of-field.29 It was discovered that, with 

photopic pupil diameters, the depth of field of the cornea can be safely increased to 1.50 D for any starting refractive error. 

Given a 1.50 D depth of field, it would not be possible to get full distance and full near vision monocularly; therefore, based 

on the time-tested concept of monovision, the non-dominant eye was set up to be slightly myopic, so that the depth of field 

of the predominantly distance (dominant) eye was able to see at distance down to intermediate, while the predominantly 

near (non-dominant) eye was able to see in the near range and up to intermediate. In the intermediate region both eyes 

have similar acuity, an optimal situation for stereopsis, and this draws on the knowledge of binocular fusion processing: 

the horopter - a volume centered on the fixation point that contains all points in space are integrated in the conscious mind 

to create the perception of a single image. Monovision, or in this case, micro-monovision, draws on the inherent cortical 

processes of neuronal gating and blur-suppression for the conscious mind to create the perception of a single image (the 

ability for conscious attention to be directed to the specific area within the entire visual field of both eyes with the best image 

quality). This is in contrast to other attempts to treat presbyopia that try to induce a multi-focal cornea with two distinct focal 

points.

With PRESBYOND, the distance vision of the near eye should be improved vis-à-vis monovision due to the low nominal 

myopic refraction of the eye combined with the depth of field, effectively enabling the near eye nominally refracting to 

-1.50 D to see at distance as if it were for example a -0.75 D refraction, while at near a -2.25 D refraction. It is expected that 

because both the distance vision of the near eye and the near vision of the distance eye are improved vis-à-vis monovision, 

the tolerance of this micro-monovision protocol should be far higher than that of contact lens monovision. And because of 

the mechanism of action of Laser Blended Vision, it is not possible (or necessary) to preoperatively test patients by a contact 

lens monovision trial.

A further component of PRESBYOND is the increase in depth of field afforded by pupil constriction during accommodation: 

a component that persists even in eyes that have lost the ability to change crystalline lens power during the accommodative 

effort. The combination of controlled induced corneal aberrations and pupil constriction gives a significant increase in depth 

of field on the retinal image, albeit not a perfect image. In addition, intra-retinal and cortical processing and edge detection 

is the final component working in PRESBYOND: the pure retinal image, which is modified by spherical aberration, is further 

enhanced by central processing to yield the perception of clear and well-defined edges.
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Spherical aberration control for myopic ablation was first patented by Bartoli in 200630 with the intention of converting 

nascent positive spherical aberration into negative spherical aberration, based on the theory that the cornea would need to 

be more myopic centrally, and thus become more myopic when the pupil constricts during accommodating to aid reading. 

However, enhanced depth-of-field can be achieved directly through the introduction of either positive corneal spherical 

aberration (where corneal power increases with zonal diameter), or negative spherical aberration (where power decreases 

with distance from the corneal vertex).18, 23

Most patients have some nascent positive spherical aberration before treatment. A standard myopic ablation induces 

positive spherical aberration, which will add to the pre-existing positive spherical aberration. The important thing is to 

control the induction of spherical aberration to avoid increasing it above the neuro-adaptation tolerance threshold, which 

can cause loss of contrast sensitivity, night vision disturbances and can result in a topographic central island. To account for 

this, the non-linear aspheric ablation profile includes a pre-compensation factor for the induction of spherical aberration. 

A standard hyperopic ablation induces negative spherical aberration, but it is unlikely that the spherical aberration will be 

increased above the tolerance threshold because most patients start with some positive spherical aberration and the range 

of hyperopic treatments is smaller than the range of myopic treatments.

In emmetropic patients, you cannot rely on the induction of spherical aberration by the ablation, so the spherical aberration 

component needs to be increased. However, the higher the spherical aberration component added to the corneal ablation, 

the more unpredictable the refractive accuracy. As emmetropic patients have high expectations and low tolerance to 

refractive inaccuracy, the best option is to increase the depth-of-field only to a certain extent, but all along making sure 

that the micro-monovision component is as accurate as possible. The range of ablation profiles, that also take age and 

preoperative spherical aberration into account, are referred to as non-linear aspheric ablation profiles since the spherical 

aberration component is governed by a non-linear function.

The final component of PRESBYOND relates to the epithelial thickness profile, which takes advantage of the fact that the 

epithelium remodels to compensate for any change to the stromal surface curvature.31–35 As described above, the initial 

aim for spherical aberration control was to convert positive (flatter centrally) into negative (steeper centrally) spherical 

aberration. However, it quickly became clear that this was an unrealistic goal given that a customised profile could only 

achieve about 20% of the programmed effect on the spherical aberration of the eye.29 Secondly, it was discovered that if 

the spherical aberration pre-compensation was increased above a certain level, this led to a topographic central island – in 

other words, a multifocal cornea where the epithelium could not fully compensate for the change on the stromal surface, 

which is precisely what we wanted to avoid.

However, for lower levels of spherical aberration pre-compensation, a similar “multi-focal” change is being made to 

the stromal surface according to the spherical aberration component of the ablation, but the epithelial compensatory 

remodelling mechanism is able to fully mask this small stromal central island from the front surface topography – so the 

front surface topography appears normal. The result is an epithelial thickness profile overlying the stroma that looks and 

acts similar to a multifocal array lens due to the difference in refractive index between epithelium and stroma (1.401 vs 

1.377).36 This is then a very mild degree of induced point-spread function to supplement general increase in depth-of-field, 

and is something that can be tolerated by virtually all patients.
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The specific purpose of PRESBYOND is to avoid creating excessive multi-focality that cannot be compensated for by the 

epithelium. Our intention, and the subject of the patent for PRESBYOND,37 is to ensure that the multi-focality remains sub-

surface and cannot be seen on front surface corneal topography; it can only be seen by measuring the epithelial thickness 

profile. This method maximizes safety by eliminating the possibility of loss of lines, reduced contrast sensitivity, and reduced 

quality of vision as found in multi-focal corneal approaches.

In summary, PRESBYOND draws on 6 mechanisms for its success as a procedure; depth of field is increased by:

1) A specific controlled increase in corneal spherical aberration

2) A sub-surface mildly multifocal epithelial thickness profile

3) Pupil constriction during accommodation affording further depth of field increase on the retinal image (cf pinhole effect)

4) Retinal and cortical processing for increasing contrast of the retinal image monocularly

5)  An anisometropia small enough to be tolerated by over 95% of patients, which as a result of the above spherical 

aberration induced increase in depth-of-field produces a blend zone and enable continuous distance to intermediate to 

near vision between the two eyes

6)  Central cortical processing of the spherically aberrated retinal image including neuronal gating and blur-suppression, but 

enabling simultaneous binocular vision (i.e. not monovision) and hence preserving stereo-acuity.

Methods
We present the methods and outcomes for PRESBYOND in myopic, hyperopic and emmetropic populations, which have been 

previously published by us.12-14 The outcomes are for a series of consecutive presbyopic patients treated with LASIK between 

August 1, 2003 and June 9, 2010 at the London Vision Clinic. All treatments were performed as bilateral simultaneous LASIK 

by a single surgeon (DZR).

Patient Selection

Inclusion criteria were medically suitable for LASIK, presbyopic with corrected distance visual acuity (CDVA) no worse than 

20/25 in either eye, minimum follow-up of 1 year, and tolerance of at least -0.75 D anisometropia. Myopic patients with 

spherical equivalent refraction ≥-8.50 D (Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl) in both 

eyes and hyperopic patients with spherical equivalent refraction ≤+5.75 D (Intended Use SE range -8.00D and +2.00D, with 

maximum 2.00D cyl) in both eyes were included. Classification of emmetropia was defined as spherical equivalent refraction 

≥-0.88 D, maximum hyperopia ≤+1.00 D and cylinder ≤1.25 D in both eyes. Exclusion criteria were the same as for standard 

LASIK. Informed consent and permission to use their data for analysis and publication were obtained from each patient.

Table 1 shows descriptive statistics of the three populations, including number of patients, gender, age, preoperative 

spherical equivalent refraction, preoperative cylinder and preoperative CDVA. Table 2 shows preoperative spherical 

equivalent refraction, intended postoperative spherical equivalent refraction, attempted spherical equivalent refraction 

grouped into distance and near eyes. Figure 2 shows the distribution of age for the three populations. The median follow-

up period was 12 months. Note: Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl
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Table 1. Population descriptive statistics. Note: Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl

Myopia Hyperopia Emmetropia

Patients (n) 136 111 148

Gender
43% male

57% female
34% male

66% female
41% male

59% female

Preop Spherical  
Equivalent Refraction

-3.58 ± 1.80 D
up to -8.50 D

+2.58 ± 1.17 D
up to +4.25 D

+0.25 ± 0.43 D
-0.88 to +1.00 D

Preop Cylinder
0.83 ± 0.64 D
up to 2.50 D

0.52 ± 0.49 D
up to 3.25 D

0.44 ± 0.31 D
up to 1.25 D

Age 
Median and range

49 yrs
43 to 63 yrs

56 yrs
44 to 66 yrs

55 yrs
44 to 65 yrs

Preop CDVA 20/25 or better 100% 100% 100%

Preop CDVA 20/20 or better 100% 94% 100%

Preop CDVA 20/16 or better 62% 46% 68%

Table 2. Mean Spherical Equivalent Refraction of Distance and Near Eyes Before and After All Treatments

Mean Spherical Equivalent Refraction (D)

Eyes Preoperative Intended Attempted
After all  

treatments
Difference  

between eyes

Myopia

Distance
-4.24 ± 1.69

(-0.75 to -8.38)
-0.01 ± 0.03

(0.00 to -0.13)
-4.24 ± 1.69

(-0.75 to -8.38)
-0.05 ± 0.29

(-0.63 to +1.00)

Near
-4.21 ± 1.64

(-1.38 to -8.38)
-1.27 ± 0.31

(-0.75 to -2.00)
-2.94 ± 1.66

(-0.20 to -7.38)
-1.33 ± 0.41

(-0.25 to -2.63)
1.28 ± 0.46

(0.13 to 2.88 D)

Hyperopia

Distance
+1.73 ± 0.76 

(+0.25 to +3.63)
0.00 ± 0.03

(-0.13 to +0.25)
+1.73 ± 0.76

(+0.25 to +3.63)
+0.04 ± 0.37

(-1.00 to +1.50)

Near
+1.96 ± 0.90

(+0.25 to +4.25)
-1.40 ± 0.14

(-1.63 to -1.00)
+3.35 ± 0.90

(+1.50 to +5.75)
-1.32 ± 0.61

(-2.88 to +0.13)
1.39 ± 0.55

(0.13 to 2.88 D)

Emmetropia

Distance
+0.25 ± 0.43

(-0.88 to +1.00)
-0.01 ± 0.04

(-0.13 to +0.00)
+0.26 ± 0.43

(-0.88 to +1.00)
-0.01 ± 0.26

(-0.75 to +0.75)

Near
+0.24 ± 0.48

(-0.88 to +1.00)
-1.52 ± 0.09

(-1.88 to -1.00)
+1.76 ± 0.49

(-0.63 to +2.75)
-1.49 ± 0.40

(-2.50 to -0.50)
1.48 ± 0.44

(0.38 to 2.50 D)
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Figure 2. Histogram showing the distribution of age for the three populations 
(136 myopic patients, 111 hyperopic patients, 148 emmetropic patients).

Figure 3. Distribution of intended postoperative spherical equivalent 
refraction plotted against age for the myopic population (136 patients).

Figure 4. Distribution of intended postoperative spherical equivalent 
refraction plotted against age for the hyperopic population (111 patients)

PRESBYOND Preoperative Evaluation

The preoperative work-up for a PRESBYOND patient is described in detail in the accompanying PRESBYOND LBV Practical 

guide. This includes:

• Full clinical testing protocol

• Manifest refraction protocol

• Dominance testing

• PRESBYOND tolerance assessment and how to manage intolerant patients

• What anisometropia to expect for different patients

• PRESBYOND explanation and patient counselling

 

The distribution of intended spherical equivalent for the near eye plotted against age is presented in Figure 3 for the myopic 

population, Figure 4 for the hyperopic population and Figure 5 for the emmetropic population. In the study period, there 

were three myopic patients who did not tolerate -0.75 D anisometropia and so were not included in the study.
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Figure 5. Distribution of intended postoperative spherical equivalent 
refraction plotted against age for the emmetropic population (148 patients)

Surgical Procedure

The surgical procedure is exactly the same as for standard LASIK treatments with the MEL80. However, it is highly advisable 

to use a femtosecond laser platform to create a uniform corneal flap and minimize corneal wound healing. The procedure 

has minimal impact on corneal biomechanics38, which is particularly important for emmetropic patients where any small 

amount of biomechanical change can counteract the change made by the laser ablation.

All patients underwent LASIK using the MEL80 excimer laser operating with a Gaussian beam profile with active closed-loop 

energy stabilization. The effective ablation spot size is 0.7 mm at a pulse-rate frequency of 250 Hz. The MEL80 possesses 

an active infrared pupil tracking system with a sample rate of 250 Hz which results in a total physical delay time of 2-6 milli-

seconds. The CRS-Master software platform was used to generate the ablation profiles (version 1.1 for treatments before  

8th November 2004, versions 1.3 to 2.1.6 until November 1, 2009 and version 1.32.3.0 after this date).

Personalised Nomogram

The PRESBYOND CRS Master software includes the personal nomogram of DZ Reinstein that was used during the 

development of the non-linear aspheric ablation profile. While the nomogram should only differ slightly between lasers and 

between users, it is recommended that surgeons analyse their postoperative data to determine a personalised nomogram.

Proprietary non-linear aspheric ablation profiles were used for all eyes (both distance and near), which incorporate a pre-

compensation factor to control the induction of spherical aberration to within a range that provides an increased depth 

of field, but without affecting contrast sensitivity and quality of vision. This range was based on studies to understand 

the spherical aberration levels needed to increase depth of field,23, 39 and the 0.56-μm spherical aberration limit above 

which quality of vision might be subjectively affected as previously reported by our group.29 The spherical aberration pre-

compensation factor was determined for each eye based on the expected induction of spherical aberration given the 

intended myopic correction, the level of naturally occurring preoperative spherical aberration, the age of the patient, and 

the tolerance of accuracy depending on the manifest refraction (patients with higher refractions were assumed to be more 

tolerant of a slightly less accurate result). The pre-compensation factor was also governed by an overall limit to avoid the 

induction of topographical central islands. For low myopic corrections, this means that PRESBYOND aims to increase the 

spherical aberration, whereas for high myopic corrections, PRESBYOND aims to reduce (not eliminate) the induction of 

spherical aberration so that postoperative spherical aberration is within the beneficial range.
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Optical treatment zone diameters used for the myopic population were 6.00 mm (in 95%), 6.25 mm (in 2%), and 6.50 mm 

(in 3%). Optical treatment zone diameters used for the hyperopic population were 6.00 mm (Intended use: The user can set 

the optical zone outside the recommended diameter for the treatment of myopic eyes between 5.5 and 6.5 mm and for the 

treatment of hyperopic eyes between 6.5 and 7.0 mm) (in 4%), 6.50 mm (in 24%), 6.75 mm (in 1%), and 7.00 mm (in 71%). 

Optical treatment zone diameters used for the emmetropic population were 6.00 mm (in 17%), 6.50 mm (in 49%), and 

7.00 mm (in 34%). The CRS-Master generated a file on a USB mass storage device, which was transferred to the laser and 

imported for treatment. The Hansatome microkeratome (Bausch & Lomb, St Louis, MO, USA) was used in all cases treated 

before 22 June 2005 and the zero compression Hansatome microkeratome was used in all cases treated after this date. The 

160 μm head was used in 96% of cases and the 180 μm head used in the remaining 4%. The 9.5 mm ring was used in 90% 

of eyes and the 8.5 mm ring was used in the remaining 10%. The VisuMax femtosecond laser was used for all patients in 

the emmetropic population.

Both the flap and the ablation profile were centered on the corneal vertex for all patients, which closely approximates the 

 visual axis.40 The coaxially sighted corneal vertex was determined under the operating microscope of the laser by viewing 

through the surgeon’s contralateral eye. Centration on the corneal vertex was used so that the spherical aberration induction 

was symmetrical around the visual axis rather than the line of sight. If an ablation is performed on the line of sight 

(entrance pupil center) in an eye with a large angle kappa, the patient will suffer from a significant amount of coma which 

may be detrimental to their vision rather than the expected increase in depth of field from spherical aberration induced 

symmetrically about the corneal vertex.41

Postoperative Evaluation

The procedure for postoperative evaluation is exactly the same as for standard LASIK patients. Patients were instructed to 

wear plastic shields while sleeping for 7 nights. Tobradex (Alcon, Fort Worth, TX, USA) and Exocin (Allergan Ltd, Marlow, 

UK) were applied four times daily for the first week, which is our standard protocol for broad spectrum prophylaxis.

Full details of the postoperative evaluation are included in the accompanying PRESBYOND LBV Practical guide.

Patients were reviewed at one day, three to four weeks, three months and one year. Further postoperative visits would be 

arranged where necessary. All postoperative follow-up visits included measurement of monocular and binocular UDVA and 

UNVA. Near acuity was assessed with the Grafton Optical Near Visual Acuity Card (Grafton Optical, Watford, Hertfordshire, 

UK) held 40 cms from the eye. Lighting conditions were standardized with all examination lanes ambient light set to 

mesopic levels (3 Lux) and reading is tested with the addition of a standard halogen Near Vision Lamp affixed to the IS-

700 combi-unit (Topcon Europe Medical B.V.,Essebaan, The Netherlands). The card contains English prose in lower case 

Times Roman font of decreasing print size from N48 to N5. The corresponding Jaeger prints sizes are as follows, N5=J2, 

N6=J3, N8=J5, N10=J7, N12=J8, and N18=J12. Manifest refraction and CDVA were obtained at all postoperative visits after 

the one-day appointment. Orbscan II topography, WASCA aberrometry and best-corrected mesopic contrast sensitivity 

were performed at the three month and one year visits. Topography, aberrometry, and contrast sensitivity tests should be 

performed at 3-month and 1-year follow-up visits.

Retreatments

Retreatments were performed for all patients who requested a retreatment and a retreatment was offered to all patients 

who could gain two lines of UDVA and patients with cylinder more than 0.75 D even if UDVA was already 20/20. 

Retreatments were performed once stability was demonstrated over a two-month interval. Stability was defined as no 

change observed in sphere within ±0.25 D and change in cylinder within ±0.50 D.



10

Adaptation Period

Patients were counselled to expect a period of adaptation while the brain adjusts to process the images from the two 

eyes. A comprehensive description of how our patients are counselled in the postoperative period is included in the 

accompanying document PRESBYOND LBV Practical guide. This document also describes how to manage all of the different 

possible scenarios that may hinder a patient’s adaptation to PRESBYOND.

Statistical analysis

Outcome measures were calculated according to the Standard Graphs for Reporting Refractive Surgery.42–44 The outcomes 

were analyzed for final results after all treatments. Data from the most recent visit was used for analysis. Eyes where the 

attempted cylinder correction was at least -0.50 D were considered astigmatic and were included in the vector analysis. 

Terminology for cylinder vector analysis was used as described by Alpins et al.45 The mesopic contrast sensitivity was 

converted into log values before calculating all statistics. The mean normalized mesopic contrast sensitivity ratio was 

calculated.46 Student’s paired t-tests were used to assess the change in mesopic contrast sensitivity for the subset of eyes 

that were tested both before and at least three months after the primary treatment. Student’s paired t-tests were used to 

compare logMAR monocular distance visual acuity for the distance eye with logMAR binocular distance visual acuity. The 

average preoperative and postoperative spherical aberration was calculated for a 6 mm analysis zone using OSA notation.47 

Microsoft Excel 2003 (Microsoft Corporation, Seattle, WA, USA) was used for data entry and statistical analysis.

Results
Study Populations

The following summarises the results for the myopic, hyperopic and emmetropic populations published in the Journal of 

Refractive Surgery.12–14 The results are reported after all treatments (i.e. including retreatments).

Accuracy

Table 2 shows the mean deviation from the intended spherical equivalent refraction after all treatments grouped into 

distance and near eyes. Table 2 also includes the mean difference in spherical equivalent refraction between eyes within 

patients after all treatments for the three populations. A scatter plot of attempted versus achieved spherical equivalent 

refraction after all treatments is presented in Figure 6 for the three populations. Figure 7 shows a histogram of the accuracy 

of attempted spherical equivalent correction after all treatments for the three populations. Figure 8 shows the cumulative 

accuracy in terms of the defocus equivalent after all treatments for the three populations.
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Figure 6. Scatter plot of attempted vs achieved spherical equivalent refraction for the myopic (orange, n=272), 
hyperopic (green, n=222) and emmetropic (blue, n=296) populations. Note: Intended Use SE range -8.00D and 
+2.00D, with maximum 2.00D cyl

Figure 7. Accuracy to intended spherical equivalent refraction for the three populations (136 myopic patients, 111 
hyperopic patients, 148 emmetropic patients.
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Figure 8. Accuracy in terms of defocus equivalent refraction for the three populations (136 myopic patients, 111 
hyperopic patients, 149 emmetropic patients).

Figure 9. UDVA grouped into binocular, distance eyes, and near eyes for the three populations (136 myopic patients, 
111 hyperopic patients, 148 emmetropic patients).

Efficacy – Distance Vision

The UDVA is presented for distance eyes, near eyes and binocularly after all treatments in Figure 9 for the three populations. 

Distance vision of distance eyes was excellent, with 99% of myopic, 86% of hyperopic, and 95% of emmetropic eyes 

achieving 20/20 or better. The binocular distance vision was 20/20 or better in 99% of myopic patients, 95% of hyperopic 

patients and 98% of emmetropic patients. For all three groups combined (+5.75 to emmetropic to -8.50 D. Note: Intended 

Use SE range -8.00D and +2.00D, with maximum 2.00D cyl), distance vision was 20/63 in 80% of near (non-dominant) eyes 

and 20/20 in 92% of distance (dominant) eyes.
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Table 3 presents the mean logMAR UDVA after all treatments grouped by distance eyes, near eyes and binocularly for all 

three populations. Table 3 also shows the difference in logMAR acuity lines between the monocular UDVA of the distance eye 

and the binocular UDVA after all treatments. The improvement of binocular UDVA compared to the monocular UDVA of the 

distance eyes was statistically significant (p<0.01) for all three populations.

Figure 10 shows a histogram of the number of logMAR acuity lines difference between the preoperative CDVA and the 

postoperative UDVA for the distance eyes after all treatments for all three populations.

Table 3. Further UDVA parameters: logMAR UDVA for distance eyes, near eyes and binocularly and comparison between monocular UDVA and binocular UDVA 
within patients.

Myopia Hyperopia Emmetropia

Distance eyes logMAR UDVA -0.059 (20/17.5) -0.006 (20/19.7) -0.06 (20/17.3)

Near eyes logMAR UDVA 0.292 (20/39) 0.309 (20/41) 0.43 (20/53.6)

Binocular logMAR UDVA -0.077 (20/16.7) -0.043 (20/18.1) -0.07 (20/17.0)

Binocular distance UDVA worse than  
distance eye monocular UDVA

3.7% 0.9% 6.1%

Binocular distance UDVA the same as  
distance eye monocular UDVA

75.0% 79.1% 79.1%

Binocular distance UDVA 1 line better  
than distance eye monocular UDVA

20.6% 18.2% 14.2%

Binocular distance UDVA 2 lines better  
than distance eye monocular UDVA

0.7% 1.8% 0.7%

P value for distance eyes  
vs binocular

<0.001 <0.001 0.02

Figure 10. Efficacy in terms of logMAR lines difference between preoperative CDVA and postoperative monocular 
UDVA for distance eyes of the three populations (136 myopic eyes, 111 hyperopic eyes, 148 emmetropic patients).
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Efficacy – Near Vision 

The binocular UNVA after all treatments is presented in figure 11 for the three populations. Near vision was at least J3  

(better than newsprint) for 99% of myopic patients, 94% of hyperopic patients and 99% of emmetropic patients, while  

96% of myopic patients, 81% of hyperopic patients and 96% of emmetropic patients were able to read J2 (very small print).

Efficacy – Combined Binocular Vision

The combined outcomes after all treatments of binocular UDVA at distance and near are shown in Figure 12 for the myopic 

population, Figure 13 for the hyperopic population and Figure 14 for the emmetropic population. For combined distance and 

near vision, 20/25 and J2 was achieved in 94% of myopic patients, 80% of hyperopic patients and 92% of emmetropic patients.

Figure 11. Binocular UNVA for the three populations (136 myopic patients, 111 hyperopic patients, 148 emmetropic patients).

Figure 12. Combined binocular UDVA and UNVA for the myopic population 
(136 patients).

Figure 13. Combined binocular UDVA and UNVA for the hyperopic population 
(111 patients).
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Safety

Figure 15 illustrates the change in CDVA after all treatments for all three populations. No eye lost two lines of CDVA and 

there was a loss of one line of CDVA in 8% of eyes in the myopic population, 17% of eyes in the hyperopic population, and 

11% of eyes in the emmetropic population. Table 4 presents the distribution of preoperative CDVA for eyes that lost one line 

of CDVA as well as the percentage of eyes with CDVA of 20/20 or better.

Figure 14. Combined binocular UDVA and UNVA for the emmetropic population (148 patients).

Figure 15. Safety in terms of change in logMAR lines of CDVA for the three populations (136 myopic patients, 111 hyperopic patients, 148 emmetropic patients).

Table 4. Further safety parameters: preoperative CDVA for eyes that lost one line of CDVA and percentage of eyes that had CDVA of 20/20 or better after all treatments.

Myopia Hyperopia Emmetropia

Number eyes lost 1 line CDVA 22 (8%) 25 (17%) 19 (13%)

Preop CDVA 20/12.5 36% 26% 18%

Preop CDVA 20/16 64% 40% 76%

Preop CDVA 20/20 0% 29% 5%

Preop CDVA 20/25 0% 5% 0%

Post CDVA 20/20 or better 100% 97% 99%
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Contrast Sensitivity

Table 5 presents the mean normalized mesopic contrast sensitivity ratio at 3, 6, 12, and 18 cpd for the three populations. 

There was a statistically significant improvement in contrast sensitivity at 3 and 6 cpd in the hyperopic population, and at  

3 cpd in the emmetropic population otherwise contrast sensitivity was unchanged at all other spatial frequencies across  

the three groups.

Figure 16 shows that pre- and postoperative contrast sensitivity are within normal ranges for myopic, hyperopic and 

emmetropic eyes.

Table 5. Mean normalized contrast sensitivity ratio before and after the primary treatment.   * denotes statistical significance

3 cpd 6 cpd 12 cpd 18 cpd

Myopia
(n=272)

Pre 0.98 0.96 0.96 0.93

Post 0.97 0.96 0.98 0.95

P Value 0.146 0.864 0.059 0.201

Hyperopia
(n=134)

Pre 0.96 0.94 0.95 0.90

Post 0.99 0.96 0.97 0.92

P Value 0.008* 0.037* 0.181 0.292

Emmetropia
(n=160)

Pre 0.95 0.95 0.97 0.94

Post 0.96 0.95 0.96 0.92

P Value 0.016* 0.669 0.270 0.530

Figure 16. Contrast sensitivity pre- and postoperatively
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Stereo Acuity

Studies with monovision have demonstrated that in a proportion of monovision patients, stereo acuity is lost and that once 

stereo acuity is lost, it does not come back. We were somewhat concerned that we were going to induce this problem in 

our patients. While stereo acuity was not measured in the populations described in this chapter, we have measured this in 

a different population 29 myopic, 37 hyperopic, and 22 emmetropic patients, where stereo acuity was measured using a 

Rand-dot stereo test [Stereo Optical Co]. This study confirmed that while postoperative uncorrected stereoacuity was lower 

than preoperative near-corrected stereoacuity, a functional level of stereo acuity was maintained postoperatively; 68% of 

patients had stereo acuity of 100 secs or better and 93% had stereo acuity of 200 secs or better. Near-correction restored 

preoperative near-corrected stereo acuity in the majority of patients; 5% of patients with 40-50 seconds of preoperative 

stereo acuity showed a 1 patch decrease in best corrected stereo acuity, while 100% of patients initially 60 seconds or less 

showed no loss at all.

Retreatments

In our studies published in the Journal of Refractive Surgery, we reported a retreatment rate of 19% for a myopic population 

(up to -8.50D Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl), 22% in a hyperopic population (up to 

+5.75D Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl) and 12% in emmetropic patients.

Table 6 presents the retreatment rate for the three populations as well as the retreatment rate had a threshold been used 

to determine suitability for retreatment; for example, retreatments were performed even if UDVA was already 20/20 if the 

patient could gain two lines of vision.

Table 6. Summary of retreatment rates

Myopia Hyperopia Emmetropia

Retreatment rate 19% 22% 12%

% distance eyes 52% 50% 40%

% near eyes 48% 50% 60%

Retreatment rate had a threshold been used

UDVA 20/20 or worse 18% 19% 9%

UDVA 20/25 or worse 9% 9% 6%

UDVA 20/32 or worse 5% 6% 5%

UDVA 20/40 or worse 3% 4% 1%

UNVA J3 or worse 8% 14% 7%

UNVA J5 or worse 1% 9% 1%
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Complications

The following complications were experienced. In the myopic population, intraoperative epithelial defects occurred in 4 eyes 

(1.5%) of which 3 eyes gained one line of CDVA and there was no change in CDVA in the other eye after the primary 

treatment. In the hyperopic population, intraoperative epithelial defects occurred in 25 eyes (11%) of which 2 eyes lost one 

line of CDVA and 5 eyes gained one line of CDVA. In the emmetropic population, intraoperative epithelial defects occurred 

in 12 eyes (4.1%) of which 5 eyes gained one line of CDVA and 7 eyes had no change in CDVA after the primary treatment. 

Table 6 presents the retreatment rate for the three populations as well as the retreatment rate had a threshold been used 

to determine suitability for retreatment; for example, retreatments were performed even if UDVA was already 20/20 if the 

patient could gain two lines of vision.

In the myopic population, two eyes of one patient developed trace diffuse lamellar keratitis (DLK) probably due to marked 

peripheral neovascular changes secondary to contact lens wear. In the hyperopic population, one eye developed trace 

DLK secondary to blood in the interface, and two eyes of one patient developed secondary DLK related to preoperative 

blepharitis. These eyes were managed with topical predisolone forte (Allergan Ltd, Marlow, UK) without sequelae. In the 

myopic population, one eye lost one line of CDVA from 20/16 to 20/20, and there was no change in CDVA in the other eye 

(20/20) after the primary treatment. In the hyperopic population, there was no change in CDVA in these three eyes. There 

were no cases of DLK in the emmetropic population.

One eye (0.3%) in the emmetropic population had a visually significant superficial punctate keratitis at 1 year. Two (0.7%) 

cases of suction loss occurred during the creation of the flap interface with the VisuMax. Both cases were managed using 

the standard repair mode to reapply the contact glass, resulting in normal flaps with no bed irregularities as confirmed 

intraoperatively.

There was an incomplete flap in one eye of the emmetropic population when using the Zero Compression Hansatome. The 

flap was repositioned and no ablation was performed. The patient was monitored for two months to allow the flap to heal 

and to assess the stability of the refraction; during this time the refraction hardly changed from +1.00 -0.50 x 150 (20/16) 

to +1.00 -0.25 x 138 (20/16+1). The flap thickness profile was measured on the day of the second surgery using the Artemis 

very high-frequency digital ultrasound arc-scanner (ArcScan Inc, Morrison, Colo).48–50 The VisuMax femtosecond laser system 

was used to create a second flap (please note the contraindications defined in the user manual of the VisuMax device) with 

an intended flap thickness of 190 μm; chosen to be 18 μm thicker (2 standard deviations of VisuMax flap thickness51) than 

the flap thickness at the thickest location. The VisuMax flap was created without incident and this eye gained one line CDVA 

at the 1 year time point.

Stability

The stability of the spherical equivalent refraction for the period of 1 year is presented in Figure 17 for the myopic population, 

Figure 18 for the hyperopic population and Figure 19 for the emmetropic population. Eyes that underwent a retreatment 

procedure before the 1-year visit were not included in the stability analysis so that the results at the early time points were not 

skewed. The table below each stability graph shows the mean and standard deviation of the postoperative spherical equivalent 

refraction adjusted for the intended postoperative refraction as well as the number of eyes at each time point. The average 

change in spherical equivalent refraction between 3 months and 1 year and the percentage of eyes where the change in 

spherical equivalent refraction was greater than 0.50 D are included in Table 7.
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Figure 17. Stability of spherical equivalent refraction adjusted for the intended postoperative 
spherical equivalent refraction for the myopic population (272 eyes).

Figure 18. Stability of spherical equivalent refraction adjusted for the intended postoperative 
spherical equivalent refraction for the hyperopic population (222 eyes).

Figure 19. Stability of spherical equivalent refraction adjusted for the intended postoperative 
spherical equivalent refraction for the emmetropic population (296 eyes).
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Table 7. Further stability parameters: mean change between 3 months and 1 year and percentage of eyes change by more than 0.50 D and 1.00 D

Table 8. Cylinder vector analysis summary (TIA = target induced astigmatism vector, SIA = surgically induced astigmatism vector, DV = difference vector, CI = correction 
index, CA = coefficient of adjustment, AoE = angle of error)

Table 9. Change in spherical aberration (SA = spherical aberration)

Myopia Hyperopia Emmetropia

Mean change in SE between 3 months and 1 year -0.06 ± 0.31 D +0.11 ± 0.36 D +0.15 ± 0.34 D

% eyes change >0.50 D 6.1% 13.5% 12.5%

% eyes change >1.00 D 0.8% 2.6% 1.4%

Number of eyes with data at 3-month and 1 year 244 156 287

Myopia Hyperopia Emmetropia

Eyes with cyl less than 0.50 D 65 110 151

Preop cyl magnitude 0.19 ± 0.14 D 0.14 ± 0.13 D 0.20 ± 0.11 D

Postop cyl magnitude 0.27 ± 0.25 D 0.41 ± 0.34 D 0.32 ± 0.30 D

Eyes with cyl at least 0.50 D 207 112 145

TIA 1.06 ± 0.54 D 0.86 ± 0.46 D 0.69 ± 0.24 D

SIA 0.99 ± 0.54 D 0.98 ± 0.54 D 0.84 ± 0.39 D

DV 0.35 ± 0.31 D 0.50 ± 0.42 D 0.34 ± 0.32 D

CI 0.96 ± 0.34 1.23 ± 0.63 1.27 ± 0.60

CA 0.38 ± 0.39 0.67 ± 0.65 0.54 ± 0.57

AoE 1.44 ± 15.4° -6.52 ± 20.1° 0.92 ± 19.4°

% with AoE within 15° 85.0% 71.4% 69.4%

% with AoE more than +15° 9.2% 5.4% 19.4%

% with AoE more than -15° 5.8% 23.2% 11.1%

Myopia Hyperopia
Emmetropia

(distance eyes)
Emmetropia
(near eyes)

Preop SA 0.14 ± 0.11 μm 0.21 ± 0.14 μm 0.14 ± 0.13 μm 0.15 ± 0.12 μm

Postop SA 0.33 ± 0.17 μm -0.11 ± 0.19 μm 0.07 ± 0.15 μm -0.13 ± 0.15 μm

Change in SA 0.20 ± 0.13 μm -0.32 ± 0.16 μm -0.08 ± 0.10 μm -0.29 ± 0.11 μm

Cylinder

Table 8 summarizes the cylinder vector analysis after all treatments for all eyes with cylinder ≥0.50 D for all three populations. 

Table 8 also includes the pre and postoperative cylinder magnitude for all eyes with cylinder <0.50 D for all three populations.

Spherical aberration (6 mm analysis zone, OSA notation)

Table 9 presents the preoperative, postoperative and change in spherical aberration for the myopic and hyperopic populations 

and split into distance eyes and near eyes for the emmetropic population.
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Discussion
PRESBYOND is a well-tolerated, safe and effective procedure for the treatment of presbyopia in myopia up to -8.50 D 

(Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl), hyperopia up to +5.75 D (Intended Use SE range 

-8.00D and +2.00D, with maximum 2.00D cyl) and emmetropia.

After PRESBYOND treatment, the distance vision of the near eyes was found to be better than might be expected given the 

nominal post-operative myopic refraction in all three populations. The near eyes in the myopic and hyperopic population had 

a mean refraction of -1.30 D while the mean UDVA was 20/40. The near eyes in the emmetropic population had a slightly 

larger mean refraction of -1.49 D and therefore the mean UDVA was slightly worse (20/48). For comparison, the distance vision 

with a +1.50 D lens over the manifest refraction was measured for a separate population of 40 eyes at the pre-operative visit. 

The mean distance vision with a +1.50 D lens over the manifest refraction for this population was 20/75, with 87.5% of eyes 

20/63 or worse. This level of vision is more than two lines worse than the mean distance UDVA of near eyes in the myopic 

and hyperopic population and more than one line worse than the mean UDVA of near eyes in the emmetropic population. A 

similar analysis can be done by comparing the near eye distance visual acuity to that expected theoretically. For a typical eye, 

0.25 D of myopic defocus results in the loss of one logMAR line of UDVA.52 Hence, an untreated eye with myopia of -1.30 D 

would only be expected to achieve a UDVA of 20/70, more than two lines worse than the mean UDVA of 20/40 reported in 

the myopic and hyperopic populations. Similarly, an untreated eye with myopia of -1.49 D would only be expected to achieve 

a UDVA of 20/80, more than two lines worse than the mean UDVA of 20/48 reported in the emmetropic population.

There was also a statistically significant improvement in the UDVA binocularly when compared to that of the distance eyes alone 

for all three populations. The improvement was more marked in the myopic and hyperopic populations than in the emmetropic 

population; whereas at least 20% of myopic and hyperopic eyes gained one line or more of UDVA, 14.7% of emmetropic eyes 

gained one line or more of UDVA. For example, in one 56-year-old myopic patient, the dominant eye could achieve a UDVA  

of 20/20 with a spherical equivalent refraction of +0.13 D, while the non-dominant eye with a spherical equivalent refraction of 

-1.75 D could achieve a UDVA of 20/50 (expected UDVA 20/100). The binocular UDVA was improved to 20/16 from the 20/20 

vision of the distance eye alone by addition of the non-dominant eye which was only seeing 20/50. Despite a blurred image, the 

near eye still appears to contribute positively to binocular distance vision, suggesting that neural summation is still active following 

this degree of anisometropia. Interestingly, this finding goes against previously reported results for traditional contact lens mono-

vision where the binocular distance vision is often slightly reduced, particularly for near addition of +2.00 D or greater.15, 53–55

The near efficacy outcomes were also better than might be expected given the low degree of anisometropia. All patients could 

read newsprint (J5) and 96% of myopes, 81% of hyperopes and 95% of emmetropes could read J2. The mean age was similar 

in the hyperopic population (56 years) and the emmetropic population (55 years), however, the near add was slightly higher in 

the emmetropic population which might explain the higher percentage of patients achieving J2 at near. The myopic population 

had a slightly lower near add than the emmetropic population, however the myopic population was slightly younger (49 years), 

which could explain similar efficacy at near. As a comparison, a 55 year old would be expected to need a near spectacle 

addition greater than -1.33 D to be able to read newsprint (J5), in the range of +1.50 to +2.25 D.56 In contact lens monovision 

and previous reports of LASIK monovision, an age-related nomogram is often used to determine the anisometropia. For 

example, Goldberg used a nomogram where the target refraction for the near eye was -1.25 D for a 40 year old, -1.50 D for 

a 45 year old, -1.75 D for a 50 year old, -2.00 D for a 55 year old, -2.25 D for a 60 year old and -2.50 D for a 65 year old.57 

The near vision reported in the myopic and hyperopic populations (95% of patients could read J2 after all treatments) was 

comparable with the near vision reported in previous LASIK monovision studies (94-100% of patients could read J21, 3, 57–59) 

where an age related nomogram for anisometropia had been used. Therefore, an equivalent level of near vision was achieved 

in the present study despite the lower degree of anisometropia employed in the aspheric micro-monovision protocol.
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Falcon et al60 reported the results of a retrospective study in 173 patients that corroborate the efficacy of PRESBYOND in 

emmetropic, hyperopic and myopic patients with presbyopia. Postoperative binocular UDVA was 20/20 or better in 91.9% 

of the patients. Near vision was between J1 and J3 in 98.8% and 86.1% were able to read J1. Refractive predictability was 

within 0.5 D in 87.9% of the eyes. These authors highlight the high rate of patient satisfaction (93.6%) and the very low  

rate of inability to get adapted to the new sensorial situation (0.58%). Two further studies have also reported excellent 

outcomes and high patient satisfaction for PRESBYOND.61,62

In summary, the presented visual acuity results appear to demonstrate empirical evidence of an increased depth of field 

induced by the PRESBYOND procedure in that the non-dominant eye behaves as though it has more ‘add’ at near and less  

‘add’ at distance than might be expected given the nominal spherical equivalent refraction; (1) the average distance vision 

in the non-dominant eye was better than expected given, (2) the binocular distance vision was improved by the addition of 

the UDVA of the non-dominant eye and (3) the near vision with a mean ‘add’ of -1.30 D was comparable to the near vision 

reported in other LASIK monovision studies where a much greater ‘add’ was used. These aspheric micro-monovision findings 

suggest that there is sufficient increase in depth of field and a small enough difference between the acuities of the eyes to lead 

to a neural summation effect, rather than the neural subtraction traditionally reported in contact lens monovision studies.15, 53–55 

To demonstrate the effect of neural summation, it was interesting to note that for all three groups combined (+5.75 to 

emmetropic to -8.50 D Intended Use SE range -8.00D and +2.00D, with maximum 2.00D cyl), distance vision was 20/63 in 

80% of near (non-dominant) eyes and 20/20 in 92% of distance (dominant) eyes. When the relatively blurred non-dominant 

eye was added for binocular distance vision, the distance vision increased from 92% monocularly to 96% binocularly. In other 

words, the addition of a blurred non-dominant eye to the distance eye resulted in even better distance vision; unlike contact 

lens monovision in which it is demonstrated that there is reduction of distance vision obtained monocularly when the non-

dominant blurred eye is added. 

A possible explanation for the empirical improvement in depth of field described with PRESBYOND could be the change 

in corneal asphericity and induction of spherical aberration. In the myopic population, an average of 0.20 μm of positive 

spherical aberration (6 mm analysis zone, OSA notation) was induced. In the hyperopic population, an average of -0.32 

μm of negative spherical aberration was induced and in the near eye of the emmetropic population, an average of -0.23 

μm of negative spherical aberration was induced. There was very little change in spherical aberration in the distance eyes 

of the emmetropic population due to the small amount of corneal ablation in these eyes. As all eyes had positive spherical 

aberration pre-operatively, there was an increase in positive spherical aberration in the myopic population postoperatively, 

whereas there was a decrease and change of sign in spherical aberration in the hyperopic and emmetropic population 

postoperatively. Artola et al28 found that the increase in magnitude of spherical aberration after myopic PRK resulted in 

an increase in the range of measured accommodation and near acuity in presbyopic patients. It is likely that the change in 

corneal asphericity after treatment increased the depth of field, and as a consequence also increased the measured amplitude 

of accommodation in the myopic population. The effect of higher order aberrations on depth of field has been previously 

investigated; Marcos et al39 demonstrated that both positive and negative spherical aberration increases the depth of field 

at large pupils. In another study, it was also shown that patients implanted with a spherical IOL had greater depth of field 

than patients implanted with an aspheric IOL.23 The difference in depth of field was due to the negative spherical aberration 

present in eyes implanted with the spherical IOL, whereas eyes implanted with the aspheric IOL had no spherical aberration. 

On the other hand, large amounts of spherical aberration are known to reduce the quality of the retinal image, and result 

in a reduction in contrast sensitivity.28 Therefore, the principal on which PRESBYOND is based is that the level of spherical 

aberration induced must be controlled so that it provides increased depth of field, without affecting contrast sensitivity and 

quality of vision. In the distance eye of the emmetropic population, there was very little change in spherical aberration and 

it is likely that these patients rely more on the near addition and the depth of field in the near eye to achieve good visual 
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results. This is in agreement with our finding that the anisometropia required was higher in the emmetropic group than in the 

myopic and hyperopic groups. Emmetropic patients also have a higher expectation for the refractive result, so the degree of 

spherical aberration induction to be included in the ablation profile of the distance eye has to be weighed against the risk of 

refractive inaccuracy.

While the ultimate goal would be to increase the depth of field so that both eyes can see at distance and near, presbyopic 

correction is currently not possible with aspheric ablation profiles alone. The results presented in this chapter appear to 

show evidence of an increase in depth of field to a level sufficient for functional binocular distance and near vision to be 

achieved using a lower degree of anisometropia than traditional monovision. The major advantage of the lower degree of 

anisometropia used in the aspheric micro-monovision protocol is the high tolerance. Thirteen patients (10%) in the myopic 

population, 13 patients (12%) in the hyperopic population and 9 patients (10%) in the emmetropic population requested 

a small increase (mean 0.30 D) in anisometropia for improved near vision. Three patients (2%) in the myopic population, 

1 patient (0.9%) in the hyperopic population and 2 patients (2%) in the emmetropic population requested the spherical 

equivalent refraction of the near eye be slightly reduced, but the target refraction was at least -1.25 D in all but one of  

these patients where the target refraction was -0.63 D. One patient in the hyperopic population requested for the distance 

and near eyes to be switched, although no patients in the myopic and emmetropic populations made this request. No 

patient from any population requested for both eyes to be focused for distance vision after the primary treatment.

This suggests that the tolerance for this non-linear aspheric micro-monovision protocol was high, particularly when 

compared to the reported tolerance for contact lens monovision of 59-67%.15 It is interesting to note that very high 

tolerance rates and very low reversal rates were observed despite the lack of monovision contact lens trial in our protocol. 

The time to adaptation was not formally studied, but we estimate that 60% were fully adapted at 1 month, 85% at 3 

months, and 98% at 6 months postoperatively. It would be of interest to study this in detail to better counsel patients 

before surgery.

There appeared to be slightly less tolerance to the aspheric micro-monovision protocol in the myopic population compared 

with the hyperopic and emmetropic populations. Only one patient (0.9%) in the hyperopic population and only two patients 

(2.3%) did not tolerate anisometropia of -1.00 D compared with 18 patients (12%) in the myopic population. Also, there 

were three myopic patients during the study period who did not tolerate anisometropia of -0.75 D, whereas all hyperopic 

and emmetropic patients could. One potential reason for this difference is that the myopic population was younger than 

both the hyperopic and emmetropic populations; the median age was 49 years for the myopic population compared with 

56 years for the hyperopic population and 55 years for the emmetropic population. The distribution of the target spherical 

equivalent refraction for the near eye for the myopic population (Figure 1) shows that all but one of the patients who 

could only tolerate -0.75 D in the near eye were younger than 49. Conversely, the majority of patients older than 54 could 

tolerate -1.50 D in the near eye. This suggests that patients with mild presbyopia are less tolerant to a larger degree of 

anisometropia than patients with advanced presbyopia. Miranda and Krueger have also previously reported a slightly higher 

tolerance to LASIK monovision in older patients (94%) than in younger patients (88%).2

Studies with monovision have demonstrated that in a proportion of monovision patients, stereo acuity is lost and that once 

stereo acuity is lost, it does not come back. We were somewhat concerned that we were going to induce this problem in 

our patients. However, results of our stereo acuity studies confirmed that while postoperative uncorrected stereoacuity was 

lower than preoperative near-corrected stereoacuity, a functional level of stereo acuity was maintained postoperatively.
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The safety of the procedure was found to be very high with no eye in any of the three populations losing two lines of CDVA. 

The safety, in terms of the mesopic contrast sensitivity was also found to be high, with no reduction in average mesopic 

contrast sensitivity at each frequency level in any of the three populations.

The retreatment rates were similar in all three populations, between 16% for the emmetropic population and 22% for the 

hyperopic population. This is comparable to the retreatment rates between 13.2% and 35.5% reported for other monovision 

populations.1, 3, 57–59 The retreatment rate for monovision would be expected to be higher than normal as monovision 

treatments require a high degree of accuracy in both the distance and near eyes to enable the patient to achieve excellent 

unaided vision at both distance and near. This is in contrast to standard distance only correction, where if one eye is slightly 

off target, the patient does not tend to notice as the distance vision binocularly is still good. The retreatment rate is higher for 

older patients as there is greater inaccuracy in the refractive outcome most likely due to a less repeatable healing response 

between individuals.

The retreatment rate of the present study may also appear high since eyes that underwent a retreatment included distance 

eyes that could already see 20/25 or better unaided, or near eyes could already read J5 or better following the primary 

treatment. Had retreatments not been performed for patients who could achieve a UDVA of 20/32 or better after the primary 

treatment, the retreatment rate would have been 5%.

Patients should be counselled to expect a period of adaptation while the brain adjusts to process the images from the two 

eyes. This is different for different patients, but the best advice to give the patients is to persevere with using two eyes for 

everything and avoid closing each eye to compare the vision between the eyes. The adaptation period often ends abruptly 

with many patients relating stories that they woke up one day and it was fine. The adaptation period is no longer than three 

months for the vast majority of patients.

As with standard LASIK, there is likely to be fluctuation in the vision during the first three months and especially in the first 

week. For patients after PRESBYOND, this might mean that they will see well at near and badly at distance one day and then 

badly at near and well at distance the next. During this time, the refraction of either eye might be off from the intended 

target, meaning that the anisometropia is too large or that the eyes are not focused at the intended distances. This may 

delay the adaptation period as the brain will not be receiving the right images for processing.

If the patient is really struggling, a pair of temporary glasses can be prescribed for driving or the patient could be told to 

use ready-readers for reading. However, using glasses can prolong the adaptation period. For a full description of how to 

manage patients struggling with cross-blur after surgery, please refer to the accompanying document PRESBYOND LBV 

Practical guide.

It is beneficial for patients to experience good vision at both distance and near vision during the early postoperative period 

for a number of reasons. Firstly, the patient will enjoy the “wow” effect of being able to see the next day, which gives 

the patient confidence that the procedure has “worked”. If the vision deteriorates slightly over the course of the next 

few months, it is relatively easy to explain to the patient that a retreatment is required as the patient has experienced the 

potential vision that can be achieved with this procedure. On the other hand, if the refraction is off target in the early 

postoperative period, the patient can start to lose confidence in the procedure and can become more difficult to handle 

even when the reason is explained to them – that the vision will improve over the next few months while the initial over-

correction subsides. Secondly, if the refraction is close to the intended target in the early postoperative period, the neural 

adaptation to binocular processing can start immediately, which can speed up the adaptation period. On the other hand, 
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if the refraction is off target in the early postoperative period, the patient might start to pay attention to the difference 

between the eyes and become consciously aware of this difference, which can slow down the adaptation (the best way 

for patients to adapt to the anisometropia is to allow it to happen subconsciously). Thirdly, from a practical point of view, 

patients are most likely to talk to other people about their surgery (and recommend people to your practice) during the 

early postoperative period. Therefore, you want to maximise the number of patients who have good vision at all distances in 

the early postoperative period to maximise the potential for patient referrals.

The refractive stability of hyperopic LASIK is similar to myopic LASIK in that there is an initial over-correction in the early 

postoperative period, particularly on the first day postop and the first week. However, the initial over-correction is much 

greater after a hyperopic ablation than a myopic ablation. The nomograms for both myopia and hyperopia are set so that 

the intended result is achieved after the refraction has stabilised after this early period of over-correction. This is not a 

problem in myopic patients as the over-correction is relatively small, but the over-correction in hyperopic patients is enough 

to affect the patient’s vision and diminish the “wow” effect of having good vision in the early postoperative period. The 

other factor to be considered in hyperopic patients is that the refractive accuracy is lower than for myopic corrections, so 

there is a larger spread of postoperative refractions.

In order to maximise the patients’ satisfaction with good near and distance vision for hyperopic patients, a slightly different 

nomogram for the distance and near eyes should be used. The current nomogram in the PRESBYOND CRS Master software 

is set for the refraction to be on target in the early postoperative period, so we would expect some regression towards 

hyperopia over the first year. This nomogram is good for the distance eyes as we would expect the patient to have good 

distance vision with a refraction in the range -0.50 to +0.50 D. However, the expected range of refraction for the near eye 

would be -2.00 to -1.00 D, so there may be some patients where the near vision might not be quite enough. In order to 

maximise the possibility for good near vision in the early postoperative period, we recommend using a different nomogram 

for the near eye so that the range of refraction for the near eye would be -2.25 to -1.25 D. This would be achieved by 

increasing the hyperopia entered by 0.1 D per dioptre of hyperopic correction (e.g. for a +2.50 D eye, with an intended 

target of -1.50 D, the refraction treated is +4.00 D – hence, this near eye nomogram would mean the sphere entered should 

be +2.50 + (4 x 0.1) = +2.90 D).

In conclusion, we found that the PRESBYOND protocol using the MEL80/MEL90 and CRS Master was a well-tolerated and 

highly effective procedure for treating patients with presbyopia in moderate to high myopia, moderate to high hyperopia 

and emmetropia. Unlike many other current methods of correcting presbyopia, mesopic contrast sensitivity did not suffer. 

The distance vision of near eyes was found to contribute positively to binocular distance vision compared to distance eyes 

monocularly, possibly through a neural summation mechanism and further study is required to specifically address this 

question.
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