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Due to aging populations, cataract surgery is 
now the most common surgical procedure in 
most European countries.1 With the improve-
ments made across all facets of cataract sur-
gery, patient expectations have increased, and 
refractive techniques are now often integrated 
into what is sometimes called refractive cata-
ract surgery. However, despite the availability 

of myriad IOL models and advanced surgical technologies, 
some patients still experience postoperative ametropia. 

In one study across 15 European countries that included 
almost 370,000 cataract procedures, 5.8% of patients did not 
reach a visual acuity of 20/40 postoperatively. In some of these 
cases, ocular comorbidities including diabetic retinopathy and 
macular degeneration played a part, and postoperative com-
plications such as endophthalmitis and central corneal edema 
also occurred. Nonetheless, the study showed that undesirable 
refractive outcomes of cataract surgery are still a concern.2

Residual refractive errors—roughly grouped into hyper-
opic, myopic, and astigmatic errors—can occur for numer-
ous reasons. These include errors in the IOL manufacturing 
process, inaccurate calculation of IOL power, and postop-
erative IOL tilt or misalignment. Patients who have previ-
ously undergone refractive surgery are more predisposed to 
residual refractive error due to potential inaccuracies in the 
calculation of anterior keratometry values. So are individu-
als with underlying corneal diseases (eg, Salzmann nodular 
degeneration and epithelial basement membrane dystro-
phy), in whom accurate topographic and keratometric mea-
surements may be difficult.3

RESIDUAL ASTIGMATIC ERROR
Today’s surgeons recognize the importance of correct-

ing existing corneal astigmatism—estimated to affect 
approximately 40% of patients—at the time of cataract 
surgery.4 This can be addressed at cataract surgery by using 
limbal relaxing incisions (LRIs) combined with a monofocal 
IOL or by implanting a toric IOL. Although several studies 

have found that toric IOLs can lead to more predictable and 
stable outcomes than LRIs,5,6 their use is restricted by many 
European health care authorities. However, even patients 
who opt for a toric IOL may still experience residual astigma-
tism, due, for example, to postoperative rotation of the lens, 
incorrect marking of reference points on the cornea, the 
effect of large pupil size, or the patient’s posterior corneal 
curvature.7-9 Additionally, the inaccurate calculation of surgi-
cally induced astigmatism (SIA) in a surgeon’s preoperative 
planning can also be a source of error.10

OPTIONS FOR CORRECTION
For many patients, particularly those who opt for a pre-

mium IOL because they want greater freedom from glasses, the 
solutions of spectacles and contact lenses to correct residual 
refractive errors is likely to be unacceptable. In these situations, 
a number of surgical treatment options for the correction of 
residual refractive error—both lens- and cornea-based—can be 
selected according to the patient’s individual needs and wants 
(Figure 1).   

A review of the literature describing enhancements after 
cataract surgery identified LASIK as the most accurate proce-
dure to correct residual refractive error.11 Nevertheless, lens-
based approaches to the correction of residual astigmatic 
errors, particularly the use of supplementary IOLs, should 

ADDRESSING UNDESIRABLE 
ASTIGMATIC REFRACTIVE 
ERROR
Do not neglect lens-based approaches for adjusting cylinder after cataract surgery.
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• LASIK, IOL exchange, and supplementary IOL 
implantation can correct residual astigmatic 
refractive errors, reducing spectacle dependence.

• The decision of how best to correct residual 
refractive error should not be taken lightly and 
must take account of the patient’s needs and  
suitability for a particular procedure.
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not be overlooked. Overviews of three studies that evalu-
ated these correction methods are detailed in Lens-Based vs 
Cornea-Based Enhancements: A Review of the Literature.

BENEFITS, DRAWBACKS, AND 
CONSIDERATIONS

The literature affirms the safety and efficacy of LASIK in 
correcting residual refractive error, with some studies sug-
gesting that LASIK offers more predictable correction than 
IOL exchange and supplementary lens implantation.12,13 The 
available data also highlight that LASIK is the least invasive 
and the most accurate procedure available.11 However, given 
our results discussed in the accompanying sidebar, we can 
conclude that lens-based procedures may be more effective 
for correcting residual refractive error in some patients. For 
example, if there is a large postoperative refractive surprise, 
IOL exchange may be effective in reducing a high degree of 
spherical error. In patients with astigmatic refractive errors, 
exchanging the original lens for a toric lens might seem pru-
dent; however, estimating the amount of induced astigmatism 
from wound enlargement would be vital in this case. 

Ideally, IOL exchange should be performed 
as soon as possible after the original surgery to 
avoid capsule-IOL adhesion. Consequently, IOL 
exchange is perhaps best suited for patients 
who desire correction soon after surgery.3,8,11 It 
is also a viable option for patients with severe 
corneal disease that might preclude a corneal 
approach.12,13 

IOL exchange also has potential drawbacks, includ-
ing the risk of intraoperative complications such as 
zonular damage, capsular bag rupture,10 and the 
need for anterior vitrectomy.14 In my experience, 
assessing the degree of fibrosis of the capsular bag 
and IOL adhesion preoperatively may be difficult, 
and these factors are directly related to the success of 
IOL exchange. That is, sometimes IOLs that seem to 
be adherent to the capsular bag are easy to explant, 
and the inverse can also be true. When I schedule 
an IOL exchange procedure more than a couple of 
months after initial cataract surgery, I always try to 
have an appropriate supplementary IOL in the oper-
ating room. I inform the patient that, if I judge IOL 
explantation to be too difficult, I will proceed instead 
with supplementary IOL implantation.

Clinical evidence shows that supplementary IOLs 
can be used to correct a wide range of pseudopha-
kic errors; typically, it is the treatment of choice 
for patients with high residual refractive error for 
whom LASIK is contraindicated or unavailable.11 
Supplementary IOLs have several potential advan-
tages over IOL exchange. Perhaps most attractively, 
the power calculation is more straightforward, 

based solely on the patient’s postoperative measurements. The 
procedure is also reversible; if the patient or surgeon is unhap-
py with the outcome, the lens can be removed from the sulcus. 
There is also a much lower risk of capsular rupture.15 

Complications associated with the use of supplementary 
IOLs may include secondary glaucoma, pigment dispersion, 
pupillary block, and microhyphema. 

CONCLUSION
Although my own research showed that supplementary 

IOLs were as effective as LASIK in correcting residual astigma-
tism, the decision of how best to correct residual refractive 
error should not be taken lightly and must take into account 
the patient’s needs and suitability for a particular procedure. 
With that said, all methods can be considered as armaments 
for the surgeon to address astigmatic refractive errors and 
reduce spectacle dependence after cataract surgery. n
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Figure 1. Decision tree for addressing postoperative refractive error.

Abbreviations: SE = spherical equivalent; MGD = meibomian gland disease;  

RSB = residual stromal bed; PTA = percentage of tissue altered
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LENS-BASED VS CORNEA-BASED ENHANCEMENTS:  
A REVIEW OF THE LITERATURE

 
Jin and colleagues1 
Patients with residual refractive error were treated with LASIK or lens-based correction techniques (IOL exchange or supplementary lenses). 
Outcomes:
• LASIK group: 92% of eyes within ±0.50 D of intended correction
• Lens group: 81% percent of eyes had postoperative spherical equivalent (SE) within ±0.50 D of intended correction
• Both groups: Significantly improved UCVA; no eye lost more than 1 line of BCVA; no significant difference in postoperative SE at 

similar follow-up points (P=.453)

Ferreira and colleagues2 
Pseudophakic patients with myopic astigmatism underwent either implantation of a supplementary IOL (n=14; Sulcoflex Aspheric 653L 
or Sulcoflex Toric 653T; Rayner) or wavefront-guided LASIK (n=16; Technolas 217z; Bausch + Lomb). Both groups had a refractive target 
of emmetropia, with no significant preoperative differences regarding age or magnitude of refractive error. In the Sulcoflex group, three 
patients had post-LASIK ectasia, two had keratoconus, and one had a previous radial keratotomy.
Outcomes (12 months postoperative):
• Sulcoflex group: 0.07 ±0.04 logMAR mean UDVA (P=.749); -0.11 ±0.72 mean SE refraction (P=.328); all eyes within ±1.00 D of 

emmetropia; 0.01 ±0.12 D mean change in SE refraction (P=.004)
• LASIK group: 0.05 ±0.07 logMAR mean UDVA (P=.749); -0.41 ±0.88 mean SE refraction (P=.328); 87% of eyes within ±1.00 D of 

emmetropia; -0.33 ±0.40 D mean change in SE refraction (P=.004)
• Both groups: similar higher-order aberrations, no significant difference in contrast sensitivity except better results in the Sulcoflex 

group at 12 cpd and 18 cpd mesopic (P=.005 and P=.004, respectively; all P values for comparasion between groups) 

Ferreira and Pinheiro3

Pseudophakic patients (n=10) who underwent supplementary toric IOL (Sulcoflex Toric 653T; Rayner) implantation
Outcomes (mean 6.99 ±5.1 months postoperative):
• Improvement in UDVA: from 1.00 ±0.52 (range, 2–0.22) to 0.10 ±0.12 (range, 0.3 to -0.1; P=.004)
• Improvement in CDVA: from 0.20 ±0.13 (range, 0.4–1) to 0.07 ±0.12 (range, 0.3 to -0.1; P=.021)
• Mean SE: -0.30 ±0.56 D (range, -1.00 to 0.75; P=.001)
• Mean toric IOL axis rotation: 3 ±2.45° (range, 0–6°)
• Decreased ocular aberrometry (for average higher-order aberrations root mean square, P=.008) 
• Photopic contrast sensitivity at all spatial frequencies showed a trend for improvement
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