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A B S T R A C T   

Purpose: To report the clinical outcomes after implantation of a pinhole supplementary implant (Xtrafocus, 
Morcher GmbH, Stuttgart, Germany) to correct fluctuating residual refraction after cataract surgery in a patient 
with a history of radial keratotomy (RK). 
Observations: A 62-year-old patient who had radial keratotomy 22 years earlier, underwent uneventful bilateral 
cataract surgery using the ASCRS IOL-Calculator for post-RK. Postoperatively, the patient showed fluctuating 
subjective manifest refraction (MR) on both eyes. To correct the large fluctuating residual refractive error and 
subjectively worse visual acuity, Xtrafocus IOL was implanted in the right eye. One week later, the uncorrected 
distance visual acuity (UDVA) was already 0.1 logMAR and the patient stated to have stable vision. Three months 
after Xtrafocus implantation, the UDVA was − 0.04 logMAR which did not improve with MR and the patient 
expressed high satisfaction, good subjective binocular contrast sensitivity, comparable visual field outcomes, and 
an elongated depth of focus. 
Conclusions and Importance: The pinhole sulcus implant not only helped eliminate the fluctuation in residual 
refraction after cataract surgery, but also provided an elongated depth of focus without greatly affecting the 
visual field. The supplementary implantation of the Xtrafocus lens can offer an effective option for the treatment 
of instable refractive errors after cataract surgery in patients with a history of corneal surgery.   

1. Introduction 

Radial keratotomy (RK) is a corneal refractive technique that was 
developed by Fyodorov et al.1 in the 1970s, but today the procedure is 
seldom performed. It involved placement of up to 16 radial incisions on 
the cornea to achieve a central flattening and reduction of the corneal 
power, thereby treating refractive errors. However, as the surgery was 
associated with a number of postoperative complications,2,3 it became 
replaced by more modern and predictable refractive procedures such as 
laser-assisted in situ keratomileusis (LASIK), laser epithelial keratomil
eusis (LASEK), or implantation of phakic intraocular lenses (PIOLs). 

Today, surgeons face a particular challenge when patients who had 
been previously treated with RK present with symptomatic cataracts. 

The cornea’s impaired stability may result in an intraoperative RK scar 
dehiscence4 or in a postoperative fluctuation in refractive error despite 
careful IOL power calculation.5 

In cases of residual refraction, treatment options are also rather 
limited as the cornea had already been treated.6,7 Supplementary im
plantation of a sulcus-fixated supplementary IOL can be an option in 
such patients.8 In this study, we report the clinical outcomes after im
plantation of a sulcus-fixated pinhole lens to address the fluctuating 
residual refractive error after cataract surgery in a patient who had 
previously received bilateral RK. 
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1.1. Case report 

A 62-year-old male patient presented to our clinic with progressive 
worsening of vision in both eyes. He reported undergoing RK 22 years 
ago to correct myopia (initially approximately − 6.0 D). On the right eye, 
UDVA was 0.6 logMAR and CDVA 0.4 logMAR with a MR of +4.00 DS/- 
2.00 DC x 82◦. On the left eye, UDVA was 1.7 logMAR and CDVA 0.1 
logMAR with a MR of +7.50 DS/-2.00 DC x 162◦. The biometry data are 
presented in Table 1. Bilateral slit-lamp examination of the anterior 
segment revealed eight radial corneal incisions and cortico-nuclear 
cataract. Other than glaucomatous excavation of the optic nerves 
(cup-to-disc ratio of 0.6–0.7), the posterior segment did not show any 
pathological findings. Ocular dominance testing showed left eye domi
nance. The corneal topography using Pentacam (Version 6.09r39, 
OCULUS Optikgeräte GmbH, Wetzlar, Germany) (Fig. 1) showed central 
flattening of the cornea on both eyes. 

Cataract surgery was recommended and performed on both eyes 
with no intraoperative complications. The ASCRS IOL Calculator 
(Version 4.8) for post-RK eyes was used to calculate the appropriate IOL 
power. On the right eye, the mean IOL power suggested by the ASCRS 
IOL Calculator was 29.38 D (Table 2) and a monofocal aspheric IOL 
(TECNIS® PCB00, Johnson&Johnson Vision, Jacksonville, FL, USA) 
with a power of 29.0 D (target refraction of +0.18 D) was implanted. On 
the left eye, the mean IOL power suggested by the ASCRS IOL Calculator 
was 29.25 D (Table 2) and the same monofocal lens with a power of 29.0 
D (target refraction of − 0.32 D) was implanted. 

Four months after cataract surgery, the UDVA values were 0.34 and 
0.38 logMAR on right and left eyes, respectively. However, both eyes 
showed considerable fluctuation in subjective refraction (Table 3). Im
plantation of a monofocal or toric supplementary IOL was planned to 
address the subjectively worse visual acuity and the considerable fluc
tuation in manifest refraction on the right eye. As the subjective 
refraction did not stay stable over more than three consecutive attempts 

Table 1 
Biometry data before cataract surgery.   

Right Eye Left Eye 

Keratometry (D)  
D1 29.97 at 49◦ 30.66 at 166◦

D2 32.17 at 139◦ 32.35 at 76◦

Cylinder (D) − 2.20 at 49◦ − 1.69 at 166◦

Anterior Chamber Deptha (mm) 3.00 3.22 
Axial Length (mm) 26.45 26.52  

a From corneal epithelium to lens. 

Fig. 1. Corneal topography of both eyes with considerably flattened central cornea after radial keratotomy.  

Table 2 
Calculated intraocular lens powers.   

IOL Power (D) 

Right Eye Left Eye 

ASCRS IOL-Calculator 
based on IOLMaster 29.71 28.87 
based on Barrett-True K 29.05 29.64 
Mean IOL Power 29.38 29.25 
IOLMaster 700 
Holladay 1 26.50 25.50 
SRK/T 25.50 25.00 
Holladay 2 26.50 26.00 
Haigis 29.00 28.50  

Table 3 
Fluctuation in manifest refraction after cataract surgery.  

Time after cataract 
surgery 

Manifest Refraction with Visual Acuity (logMAR) 

Right Eye Left Eye 

4 Months +1.00–1.00 × 30◦ (0.16) +1.50–3.75 × 165◦ (0.04) 
7 Months +0.75–1.00 × 70◦ (0.10) +1.00–1.00 × 30◦ (0.10) 
9 Months +2.00–1.00 × 63◦ (0.10) +1.75–3.00 × 165◦ (0.10) 
11 Months +2.00–1.00 × 63◦ (0.10) +1.00–2.00 × 167◦ (0.10) 
12 Months +0.75–1.50 × 58◦ (0.10) +1.00–2.75 × 168◦ (0.10)  

Fig. 2. Slit-lamp photograph of the Xtrafocus supplementary implant (white 
arrow) in front of a monofocal intraocular lens (white arrowhead). 
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at several different time periods, an accurate secondary IOL power 
calculation could not be performed. Therefore, we recommended a 
secondary implantation of the sulcus-fixated pinhole Xtrafocus lens 
(Morcher GmbH, Stuttgart, Germany), for which a stable MR is not 
needed as the pinhole lens has no power. This was performed without 
any intraoperative complications. Following the manufacturer’s rec
ommendations, the supplementary lens was implanted in a vertical 
position, with points of maximum haptic extension at 6 and 12 o’clock 
(Fig. 2). Three-months after the Xtrafocus lens implantation, the UDVA 
on the right eye was − 0.04 logMAR and subjective refraction did not 
improve the visual acuity. The posterior segment could be visualized 
without any difficulty (Fig. 3). Fig. 4 shows the monocular uncorrected 
defocus curve of the right eye. The visual field examination results using 
the Octopus 900 perimeter (PeriData for Windows 3.5; Haag-Streit 
Deutschland GmbH, Wedel, Germany) at 3-months postoperatively are 
shown in Fig. 5. The contrast sensitivity testing outcomes using the CSV- 
1000E (VectorVision, Greenville, OH, USA) at 3-months postoperatively 

are shown in Fig. 6. 
Overall, the patient expressed high satisfaction and good binocular 

uncorrected visual acuity, stating that he no longer desires a correction 
for the left eye. 

2. Discussion 

We implanted the Xtrafocus lens to address the fluctuating residual 
refractive error after cataract surgery in a patient who had undergone 
RK. 

Residual refractive errors are frequently seen after RK5,7,9 and 
numerous studies have looked into the possible causes. There are reports 
of post-RK patients showing diurnal variations in refraction, which 
would mean that multiple refraction attempts at different time of the 
day would be necessary to achieve accurate results.10 Delayed wound 
healing or intraoperative opening of the radial incisions have also been 
discussed as possible factors.9,11 The radial incisions are intended to 
alter (and flatten) the cornea and the resulting structural instability and 
can induce higher-order aberrations, undermining the visual quality.12 

In addition, performing a cataract surgery may further flatten the central 
cornea and amplify the hyperopic shift.11,13 

The main challenge, however, lies in the biometric inaccuracy of 
measuring a cornea with surgically altered curvature.7,11,12 As the radial 
incisions cause central flattening of the cornea, the corneal refractive 
power is often overestimated, leading to underestimation of the IOL 
power which in turn can lead to hyperopic surprises.7,11–13 Likewise, a 
precise prediction of the effective lens position can be difficult.11–13 

Therefore, usage of the correct IOL formula is crucial in achieving 
optimal refractive results. The ASCRS post-RK calculator7,14 or the 
Holladay II formula based on the Holladay IOL Consultant software12 

have proved useful. While biometry data prior to RK can help optimize 
the IOL power estimation, often these are not available.7 In this study, 
we used the ASCRS post-RK calculator to calculate the appropriate lens 
power, and it suggested 29.38 D and 29.25 D, respectively, for right and 
left eyes. These were higher values than those indicated by the Holladay 
1, SRK®/T, Holladay 2, or the IOL-Master 700 formulae; suggesting that 
these calculations would have led to a greater postoperative hyperopic 
shift (Table 2). Interestingly, the Haigis formula provided values that 
were similar to those suggested by the ASCRS calculator (Table 2). 

Despite meticulous preoperative planning, surgeons may still be 
confronted by residual, postoperative refractive errors and it was the 
case in this patient, who showed a considerable fluctuation in refraction 
on both eyes even one year after cataract surgery (Table 3). There are 

Fig. 3. Fundus photograph of the right eye three months after implantation of 
the Xtrafocus supplementary implant. 

Fig. 4. Monocular uncorrected defocus curve three months after implantation of the Xtrafocus implant.  
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Fig. 5. Visual field results of both eyes three months after Xtrafocus implantation.  
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different approaches to address this complication. One may consider a 
laser refractive surgery for a corneal “touch-up”.6,14 This is deemed to be 
accurate, has high predictability and as it is not an intraocular procedure 
it avoids the risks of an invasive procedure.14,15 However, in post-RK 
patients, considering the fact that the cornea had already been treated 
this option is possible yet challenging.16 This leaves the options of IOL 
exchange or secondary implantation of a supplementary lens into the 
sulcus.7,14 While the former always remains a possibility, it is more 
invasive and bears the risk of intraoperative complications such as 
capsular bag rupture or zonular damage.17 The latter, in contrast, is 
relatively easy perform, more accurate, and even reversible.14,17 

In contrast to “piggybacking” of IOLs, the idea of which was to 
implant a second standard IOL in the capsule anterior to an already- 
implanted IOL,18,19 supplementary IOLs are designed to be implanted 
into the sulcus and not the capsular bag.20 In Europe, such supplemen
tary IOLs have been already available for ten years21 and they are spe
cifically intended to avoid complications that were related to piggyback 
IOLs, such as glaucoma, pigmentary dispersion, or inter-lenticular opa
cification (ILO), thanks to their convex-concave optic configuration to 
broaden the space between the two IOLs for ILO prevention, large 
diameter to avoid optic capture or decentration, and rounded edge 
profile to minimize the risk of contact between the iris and the IOL.20 

Studies have reported the clinical efficacy of such supplementary 
IOLs.7,22–25 Basarir et al. implanted sulcus-fixated supplementary IOLs 
in 10 eyes of 10 patients to correct pseudophakic refractive errors and 
reported that all were within ±0.50 D of emmetropia and showed stable 
refraction in a follow-up period of up to 15 months.22 We implanted a 
Rayner 653L supplementary IOL to treat a residual refractive error of 
+5.00 DS/-1.00 DC x 45◦ after cataract surgery in an RK patient and 
observed good results, achieving CDVA of 0.10 logMAR with a MR of 
0.00 DS/-0.50 DC x 60◦ at 3 months postoperatively.7 Multifocal sup
plementary IOLs can also be an option for patients who desire to be 
spectacle-independent after cataract surgery with monofocal IOLs.23–26 

Khan et al. implanted a bifocal Sulcoflex IOL in pseudophakic patients 
and reported UDVA of 0.1 logMAR or better and UNVA of N6 (Jaeger 4) 
or better (four eyes of four patients).23 As part of a duet-procedure,25 we 
implanted monofocal IOLs together with trifocal supplementary Sulco
flex IOLs in an 18-year-old patient who had bilateral cataract due to 
hyperferritinemia cataract syndrome and observed uncorrected binoc
ular far (6 m), intermediate (80 cm), and near visual acuity (40 cm) 
values of 0.0 logMAR, 0.0 logMAR, and 0.0 logMAR, respectively, at 
3-months postoperatively.26 

In the present case, we corrected the residual refractive error by 
implanting the Xtrafocus lens, which is an open-loop lens with an optic- 

haptic angulation of 14◦, and a 6.00 mm black occluded optic that has a 
pinhole 1.3 mm central opening. The lens is based on the well- 
established optical principles of a pinhole, which prevents the periph
eral light rays from entering the eye and minimizes the effects of optical 
aberrations, increasing the visual quality and depth of focus.27 As a 
supplementary lens, the Xtrafocus lens also has specific features to 
prevent complications related to piggyback IOLs, which were elaborated 
in detail in a previous study.28 

Trindade et al. implanted the Xtrafocus sulcus implant in pseudo
phakic patients with irregular corneal astigmatism resulting from ker
atoconus, traumatic corneal laceration, RK, and penetrating 
keratoplasty, and observed statistically significant improvement of 
median CDVA from 20/200 (range 20/800 to 20/60) preoperatively to 
20/50 (range 20/200 to 20/20) in mean follow-up period of 22.1 
months (24 eyes of 21 patients).28 In our case, the Xtrafocus IOL was 
chosen for this patient for two main reasons: first, while implantation of 
other supplementary multifocal lenses would also have been possible, 
stable MR values are necessary to calculate the exact IOL power. 
Implanting such lenses in a patient with unstable refraction may lead to 
another postoperative residual refractive error. A pinhole lens, on the 
other hand, has no dioptric power and is therefore less dependent on the 
stability of subjective refraction. Secondly, a pinhole optic’s high 
tolerance to corneal aberrations and astigmatism can also be advanta
geous in cases of fluctuating refraction.28–31 

Three months after implantation of the Xtrafocus lens, our patient no 
longer showed any residual refractive error, with UDVA of − 0.04 log
MAR. The pinhole IOL also provided an elongated depth of focus, with 
visual acuity of 0.2 logMAR or better from +3.0 to − 2.0 D (Fig. 4). There 
are currently no peer-reviewed studies with visual field results after 
implantation of the Xtrafocus IOL. In a video presented at the Annual 
Meeting of the ASCRS in 2017, Trindade et al. reported that the Xtra
focus lens led to a slight reduction of overall sensitivity of approximately 
2 dB, which was of no clinical relevance (24 eyes with mean follow-up 
time of 22 months).32 Tsaousis et al. hypothesized that the size of the 
central opening in Xtrafocus IOL may not be small enough to cause 
significant visual field loss.33 Our results did not show any apparent 
changes in the visual field secondary to the pinhole lens implantation, 
with equal mean defect (MD) values of − 4.3 dB on both eyes (Fig. 5). In 
our patient, the central 1.3 mm opening allowed for a good visualization 
of the posterior segment (Fig. 3). However, it cannot be ruled out that a 
pinhole implant may hinder detailed assessment of pathologies in pe
ripheral retina. 

Our patient’s photopic (Fig. 6A) and mesopic (Fig. 6B) contrast 
sensitivity levels were partially below the normative values of phakic 

Fig. 6. Photopic (A) and mesopic (B) contrast sensitivity levels of both eyes compared to normative values of phakic population three months after Xtrafocus 
implantation in the right eye. Cpd = cycles per degree. 
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population in both eyes. While reduced contrast sensitivity is also a 
known complication after RK,34 it has been reported that objective 
measurement of contrast levels after RK does not always reflect the 
patients’ actual visual perception in daily life.34 There are also no 
studies that assessed the contrast sensitivity levels after Xtrafocus lens 
implantation in pseudophakic patients after RK for comparison. Agarwal 
et al. reported implanting the Xtrafocus lens in a pseudophakic patient 
for correction of residual irregular astigmatism and traumatic mydri
asis.35 At one-week postoperatively, the UDVA improved from 20/100 
preoperatively to 20/30, and uncorrected intermediate and near visual 
acuities were to 20/40 and J4, respectively.35 However, the patient 
complained of such poor vision in dim illumination, so that the sulcus 
implant had to be explanted again.35 In our study, the patient did 
indicate monocularly reduced vision on the right eye especially at night, 
but he stated that he can still see well binocularly and did not wish an 
explantation. 

3. Conclusions 

The supplementary implantation of the Xtrafocus pinhole device not 
only led to correction of postoperative fluctuation in residual refraction 
after cataract surgery, but also provided an elongated depth of focus 
without greatly affecting the visual field or contrast sensitivity. There
fore, this technique presents an effective option for treatment of instable 
refractive errors after cataract surgery in patients with a history of 
corneal refractive surgery. 

Patient consent 

Patient consent to publish this case report was not obtained. This 
report does not contain any information that could lead to identification 
of the patient. Retrospective review of this case report was done in 
accordance with the Declaration of Helsinki. 

Acknowledgements and disclosures 

The authors thank D. J. Munro for his contributions to the review of 
the pre-publication report. All authors report no relevant financial dis
closures. All authors attest that they meet the current ICMJE criteria for 
Authorship. The project was funded by the Klaus Tschira Foundation, 
Heidelberg, Germany. 

References 

1. Fyodorov NN, Durnev VV. Anterior keratotomy method application with the 
purpose of surgical correction of myopia. In: Fyodorov SN, ed. Pressing Problems of 
Ophthalmosurgery. Moscow: Moscow Research Institute of Ocular Microsurgery; 
1977:47–48. 

2. Deitz MR, Sanders DR, Raanan MG. Progressive hyperopia in radial keratotomy. 
Long-term follow-up of diamond-knife and metal-blade series. Ophthalmology. 1986; 
93:1284–1289. 

3. Waring 3rd GO, Lynn MJ, McDonnell PJ. Results of the prospective evaluation of 
radial keratotomy (PERK) study 10 years after surgery. Arch Ophthalmol. 1994;112: 
1298–1308. 

4. Freeman M, Kumar V, Ramanathan US, O’Neill E. Dehiscence of radial keratotomy 
incision during phacoemulsification. Eye. 2004;18:101–103. 

5. Potvin R, Hill W. New algorithm for post-radial keratotomy intraocular lens power 
calculations based on rotating Scheimpflug camera data. J Cataract Refract Surg. 
2013;39:358–365. 
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