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Refractive Surgery Outcomes 
and Frequency of Complications

Wallace Chamon, Norma Allemann, Jorge L. Alio, 
and Ahmed A. Abdelghany

Core Messages

• In refractive surgery, there is no risk-free surgical proce-
dure. The evaluation of the risk/benefit ratio should be 
part of a continuous process of patient care.

• Refractive surgery risks and benefits should be evaluated 
individually in order to choose the surgical approach 
properly.

• Disease distribution of each possible complication should 
be considered.

• Decision-making in refractive procedure is an individual-
ized process that should be based on scientific knowledge, 
patient’s characteristics, and surgeon experience.

• The informed consent should reflect all risks/benefits 
clearly to the patient candidate for any refractive surgery 
procedure.

1.1  Introduction

Refractive surgical procedures are generally divided into 
additive procedures, with implantation of phakic intraocular 
lens (IOL), and subtractive procedures, with ablation of the 
corneal tissue [1].

In 2004, the European Society of Cataract and Refractive 
Surgeons (ESCRS) took the initiative to establish a registry 
for refractive surgery outcomes: the Refractive Surgery 
Outcomes Information System (RSOIS). The purpose of this 
web-based system was to record outcomes of refractive sur-
gery and improve quality of care for these procedures. 
Reasons behind the initiative were the growing health in 
 truest within the field and increasing patient complaints after 
refractive surgery reported in the press, in some countries  
[2, 3]. Patient complaints were thought to be associated with 
inappropriate indications and surgery outside the limits of 
the procedure, leading to suboptimal outcomes in refractive 
surgery.

In refractive surgery, the goal is to achieve optimal visual 
acuity, optimal refraction (usually emmetropia), and no com-
plications [4]. Complications during and after surgery are of 
distinct concern as the eyes undergoing refractive surgery are 
usually healthy eyes.

In this chapter, we are going to discuss refractive surgery 
outcomes and complications in each group of refractive sur-
gical procedures.

1.2  Laser Refractive Surgery

Laser refractive surgery is one of the most commonly per-
formed eye surgeries worldwide and has been established to 
be successful in correcting refractive errors [5].

Several benchmarks have been established for laser kera-
torefractive surgery. The Food and Drug Administration 
(FDA) based on data presented by several evidence-based 
reviews defined the correction limitation of excimer laser 
(Table 1.1) [6].

The American Academy of Ophthalmologist (AAO) 
reports stated that the substantial level II and III evidence 
proved that excimer laser refractive surgery, whether laser in 
situ keratomileusis (LASIK) or photorefractive keratectomy 
(PRK), is a safe and effective tool of correcting the full 
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 spectrum of refractive errors but with some limitations in 
high hyperopic refractive errors [6, 7].

The latest generation of excimer laser platforms had 
introduced a large number of features such as faster laser, 
smaller spot size, a high speed tracker, pupil monitoring, 
and online pachymetry, all of which provided superior 
treatment with significant improvement of induced post-
operative high-order aberrations (HOA) and control of 
thermal damage [8].

With the advent of keratomileusis procedures, primarily 
LASIK, a new anatomic region in the cornea came into exis-
tence: the potential space between anterior and posterior cor-
neal lamellae commonly referred to as the LASIK interface. 
Within this region, a number of biochemical processes occur 
after creation of the corneal flap, including limited wound 
healing and intercellular reorganization [9]. The anatomy of 
the LASIK interface allows for a variety of potential unique 
complications to arise from different etiologies with often 
overlapping clinical presentations.

1.2.1  Common Complications Associated 
with Laser Refractive Surgery

1.2.1.1  Refractive Imprecision and Loss 
of Spectacle-Corrected Visual Acuity

The most frequent complication observed in any refractive 
procedure is the lack in achieving accurate refractive out-
come. As a general rule, accuracy decreases with the amount 
of refractive error. Photoablative procedures tend to be the 
most accurate ones for low ametropias. PRK and LASIK 
deal with different variables that may affect predictability, 
such as corneal wound healing and stromal bed elasticity, 
 respectively [10].

We may expect that in any photoablative procedure, 
approximately 60–70% of eyes will achieve 20/20 uncor-
rected visual acuity and will be within +/−0.50 D after sur-
gery. If we analyze only low myopias (under 6.00 D), 
approximately 70–80% will achieve 20/20 uncorrected 
visual acuity [10–18].

1.2.1.2  Infectious Keratitis
Determining the risk of infection on photoablative proce-
dures is a difficult task due to misdiagnoses and lack of labo-
ratorial information. We may expect an incidence between 
0.1:10.000 and 1:10.000, favoring LASIK over PRK [19–
21]. Infection has been reported after LASIK with femtosec-
ond laser [22].

Risk factors for the development of infectious keratitis 
include blepharitis, dry eye, intraoperative epithelial defects, 
intraoperative contamination, delayed postoperative reepi-
thelialization of the cornea, use of topical corticosteroids, 
and patients in the health profession [23–25].

Infectious keratitis after LASIK has been divided into 
infections occurring within the first 2 weeks (early onset) 
and after 2 weeks to 3 months (late onset) [26]. The organ-
isms responsible for early onset infections include staphylo-
coccal and streptococcal species, whereas organisms more 
commonly seen in late onset infections include atypical 
mycobacteria and fungi [27].

In the initial phase of treatment, LASIK flaps should be 
lifted, cultures taken, the flap bed irrigated with fortified 
antibiotics, and broad-spectrum topical antibiotics started. 
For infections with a delayed onset, the use of amikacin may 
be beneficial in treating atypical mycobacteria [26]. In non-
responsive LASIK infections, flap amputation may be neces-
sary to facilitate antibiotic penetration.

Most infections resolve with mild to moderate loss of best 
visual acuity [28], but rarely therapeutic penetrating kerato-
plasty is necessary.

1.3  LASIK

1.3.1  Interface Complications

• Diffuse lamellar keratitis

Diffuse lamellar keratitis (DLK) is a white blood cell 
infiltrate that coalesces between the flap and stromal bed 
that appears within a few days (1–5) after LASIK  
[29–31]. Confocal microscopy has confirmed the pres-
ence of inflammatory cells in the corneal stroma and 
interface in DLK [32]. This nonspecific interface inflam-
mation is certainly associated with intraoperative epithe-
lial defects [33] and has been linked to multiple rare 
potential inciting factors [34].

DLK has been associated with factors such as bacterial 
endotoxin [35], chemicals or debris [36], surgical gloves 
[37], and surgical marking pens [38, 39]. Patient factors 
shown to affect the risk for DLK include Meibomian gland 
secretions and peripheral immune infiltrates [40, 41] and 
atopy. Ultimately, DLK is likely the result of how a patient’s 
endogenous factors respond to exogenous exposures [42].

Table 1.1 FDA indications for LASIK and PRK [6]

LASIK PRK

Myopia Less than −14.0 D with or 
without astigmatism between 
−50 and −5.00 D

Up to −12.0 D 
with or without 
astigmatism up to 
−4.00 D

Hyperopia Up to +5.00 D with or without 
astigmatism up to +3.00 D

Up to +5.00 D 
with or without 
astigmatism up to 
+4.00 D

Mixed 
astigmatism

Astigmatism up to 6.00 D, the 
cylinder is greater than the 
sphere and of opposite sign
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DLK after LASIK has been reported to occur at higher fre-
quency with femtosecond laser flap creation than with micro-
keratome flap creation. The incidence of DLK is estimated to 
range from 0.2 to 19.4% after femtosecond laser flap creation 
[43–47] and from 0.1 to 7.7% after microkeratome flap creation 
[31, 46, 48–52]. Higher energy level for flap creation with fem-
tosecond laser and larger flap diameter were associated with an 
increased risk for DLK [53].

DLK is typically classified clinically into four stages as 
described by Linebarger and colleagues [42]. Stage 1 has 
inflammatory cells in the far periphery only, which are first 
present in the corneal stroma and then coalesce in the LASIK 
interface. Stage 2 has a diffuse infiltrate frequently involving 
the paracentral and peripheral flap margins but sparing the 
central axis. Stage 3 has a denser infiltrate within the flap 
interface, which involves the visual axis and is frequently 
associated with decreased visual acuity. Stage 4 has a focal, 
coalesced dense haze with scarring, signifying flap necrosis 
and usually results in permanent corneal scarring.

• Pressure-induced stromal keratopathy (PISK)

In the setting of LASIK, PISK is a relatively rapid steroid 
response resulting in high intraocular pressure with fluid accu-
mulation in the interface. The amount of fluid present may be 
relatively small, resulting in diffuse haziness in the interface and 
overlying stroma without an obvious fluid layer [54], or it may 
be pronounced, resulting in a visible fluid cleft separating the 
anterior flap from the posterior residual bed [55].

The degree of interface fluid accumulation masks true 
IOP in various ways when measured using standard 
approaches. In all cases, actual IOP is greater than IOP mea-
sured centrally, and peripheral measurements generate a 
more accurate IOP.

• Central toxic keratopathy (CTK)

CTK is a rare, acute, noninflammatory central corneal 
opacification that can occur within days after uneventful 
LASIK or PRK [56–62]. Etiology is unknown but may be 
related to enzymatic degradation of keratocytes [57, 60].

CTK is almost always painless, as opposed to DLK, which 
in almost all cases has at least a moderate foreign body sensa-
tion, and CTK is acute in onset, as opposed to the progression 
over time to stage 4 DLK. CTK is self-limited and treatment is 
not warranted [57], while some have advocated aggressive 
topical steroid use [61] or flap lift and irrigation [63].

• Epithelial ingrowth

Epithelial ingrowth at the far periphery is a normal 
healing response to LASIK flap creation [9], but clinically 
relevant epithelial ingrowth occurs when a fistula develops 

under the flap allowing epithelial cell growth into the inter-
face [64]. Most cases can be observed without  requiring 
intervention [64].

For primary LASIK, increased epithelial ingrowth inci-
dence is associated with hyperopic LASIK treatment [65], 
LASIK after RK [66], epithelial defects during surgery [67], 
and older age [68]. For LASIK retreatment, increased epithe-
lial ingrowth incidence is associated with the use of contact 
lenses after retreatment [68] and flap-lift retreatment per-
formed three or more years after primary LASIK [69].

With femtosecond laser flap creation, the overall incidence 
of visually significant epithelial ingrowth has decreased [70]. 
The lower incidence of epithelial ingrowth after femtosecond 
LASIK surgery compared with mechanical microkeratome-
assisted LASIK may be attributed to the anatomy of the fem-
tosecond laser-created side cut, in contrast to that created with 
a mechanical microkeratome, and the  creation of less periph-
eral trauma at the time of flap creation [71].

Treatment depends on the clinical situation. The majority 
of cases of mild, clinically insignificant ingrowth are managed 
with observation. Initial surgical treatment for epithelial 
ingrowth is performed with flap lift, removal of epithelial cells 
from the posterior surface of the flap and the stromal bed with 
a blade or similar instrument, and replacement of the flap 
without sutures or tissue glue [64, 72]. With recurrent episodes 
of epithelial ingrowth, additional measures are typically taken, 
including flap sutures [73] or YAG laser treatment [74].

1.3.2  Flap Complications

Irregular flaps related to the microkeratome cut maybe pre-
sented as incomplete flaps, free caps, buttonholed flaps, thin 
flaps, thick flaps, and partially cut flaps [75].

• Bowman strip and button hole in LASIK flaps
The incidence of intraoperative complications related to 
flap creation during LASIK is between 0.19 [76] and 
21.2% [77]. Several explanations have been proposed to 
account for Bowman strip or “buttonhole” complications, 
such as steep corneas, partially opened eyes, and micro-
keratome deficits, such as blade defect and insufficient 
synchronization between the movement of the blade and 
microkeratome translational movement. High astigma-
tism or conjunctival entrapment may also lead to Bowman 
strip or buttonhole flap [78, 79].
Some refractive surgeons recommend waiting 3 months, 
relifting the flap, and bathing the bed with mitomycin C 
(MMC) followed by surface ablation [75, 80].

• Early flap displacement after LASIK

The application of femtosecond laser technology to 
LASIK flap creation has increased greatly since its 
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 introduction. These lasers have improved the safety and 
predictability of the lamellar incision step. The majority of 
the femtosecond laser-assisted flap complications can be 
well managed without significant effects on refractive out-
comes [81].

The incidence of flap displacement during 12-month fol-
low- up period after LASIK has been reported to be extremely 
low (0.012%). Femtosecond laser has lower incidence of flap 
displacement than microkeratome [82].

1.3.2.1  Keratectasia
One of the most troublesome complications after LASIK is 
progressive iatrogenic keratectasia, which can occur up to sev-
eral months after surgery [83]. Although the actual incidence 
of ectasia is unknown, it has been estimated to be 0.04–0.6% 
[84–86]. Several risk factors have been suggested in an attempt 
to avoid ectasia [87, 88]. However, controversy exists as to the 
predictability of these factors, and some cases continue to 
occur without a clear etiological explanation [84, 89]. Ideally, 
patients at risk of ectasia would be identified prior to laser 
surgery and be classified as unsuitable candidates for LASIK; 
however, at present, there is no absolute test, system, or marker 
that can identify patients at risk of developing ectasia.

Randleman et al. designed the Ectasia Risk Score System, 
which is a method of preoperative screening based upon the 
use of risk scales and identification of a number of preopera-
tive parameters that may be associated with increased risk of 
ectasia [90]. The most common risk factors, in order of sig-
nificance, include abnormal preoperative corneal topogra-
phy, low residual stromal bed thickness, young age, thin 
preoperative corneal thickness, and higher attempted refrac-
tive correction. These factors are then amalgamated into a 
risk scale. However, this risk factor scale may miss a signifi-
cant proportion of patients at risk of ectasia because other 
factors also play a role in the risk of ectasia [91–93].

Post-LASIK ectasia can potentially be avoided by careful 
patient screening preoperatively to identify risk factors 
which might lead to this complication.

Management of iatrogenic keratectasia consists of pene-
trating keratoplasty and, more recently, lamellar keratoplasty 
[94] and collagen cross-linking (CXL) [95]. In fact, with the 
success observed for CXL in the treatment of progressive 
keratoconus, some studies have reported on the use of CXL 
for postoperative keratectasia in very thin corneas [96].

1.3.2.2  High-Order Aberrations After LASIK
LASIK like other corneal refractive surgeries (such as radial 
keratotomy, photorefractive keratectomy), is designed to 
modify the central corneal curvature, making it flatter to 
correct myopia and steeper to correct hyperopia [97]. This 
surgical modification might influence the optical quality of 
the cornea, creating aberrations that will lead to distorted 
images [98].

LASIK eliminates conventional refractive errors (lower-
order aberration like myopia, hyperopia, and astigmatism) 
leaving higher-order aberrations uncorrected or inducing 
some higher-order aberrations (HOAs) particularly spherical 
aberrations [99–102] which are thought to be responsible for 
the patients’ complaints of poor quality of vision, even with 
visual acuity of 20/25 or 20/20, postoperatively.

Wavefront-guided ablations for intraLase treatment have 
been shown to be effective and predictable in reducing the 
astigmatism and higher-order aberrations [103–107].

1.3.2.3  Post-LASIK Tear Dysfunction 
and Dysesthesia

Symptoms of tear dysfunction after LASIK occur in nearly all 
patients and resolve in the vast majority. Although dry eye com-
plaints are a leading cause of patient discomfort and dissatisfac-
tion after LASIK, the symptoms are not uniform, and the disease 
is not a single entity. Post-LASIK tear dysfunction syndrome or 
dry eye is a term used to describe a spectrum of disease encom-
passing transient or persistent postoperative neurotrophic dis-
ease, tear instability, true aqueous tear deficiency, and 
neuropathic pain states. Neural changes in the cornea and neu-
ropathic causes of ocular surface discomfort may play a sepa-
rate or synergistic role in the development of symptoms in some 
patients. Most cases of early postoperative dry eye symptoms 
resolve with appropriate management, which includes optimiz-
ing ocular surface health before and after surgery. Severe symp-
toms or symptoms persisting after 9 months rarely respond 
satisfactorily to traditional treatment modalities and require 
aggressive management [108].

1.3.2.4  Ocular Surface Syndrome
This complex multifactorial entity distresses patients and phy-
sicians and is characterized by the following symptoms: dry 
eye, micropunctate keratitis, decreased and unstable tear film, 
and decreased best spectacle-corrected visual acuity (BSCVA) 
and visual quality. Ocular surface syndrome has a neuro-
trophic etiology, is long lasting, and is difficult to treat [109].

1.3.2.5  Retinal Complications
There are several reports in the literature about retinal com-
plications after LASIK for the correction of myopia. These 
include macular holes [110–113], retinal tears and detach-
ments [114], retinal hemorrhages [115], and choroidal neo-
vascular membranes [116].

1.4  PRK

1.4.1  Haze

Corneal haze reduces corneal transparency at variable 
degrees [117, 118]. Subepithelial haze occurs in all patients 
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1 month after PRK, reaching the greatest intensity at 
3–6 months, and then gradually decreasing [119].

Besides the ablation depth, the severity of corneal haze is 
correlated with excessive ocular UV-B radiation, duration of the 
epithelial defect, postoperative steroid treatment, and male sex, 
and with certain population with brown iris [120–122].

Recently, the densitometry program of Pentacam 
Scheimpflug imaging system (Oculus Optikgeräte GmbH) 
has been proven to be a useful method for measuring 
 corneal haze [123].

1.4.2  Mitomycin C

The use of intraoperative mitomycin C has raised the  
expectation for treating higher ametropias with PRK  
[118, 124–128].

Mitomycin C is an alkylating agent with cytotoxic and 
antiproliferative effects that reduces the myofibroblast 
repopulation after laser surface ablation and, therefore, 
reducing the risk of postoperative corneal haze. It is used 
prophylactically to avoid haze after primary surface ablation 
and therapeutically to treat preexisting haze. There is no 
definite evidence that establishes an exact diopter limit or 
ablation depth at which to apply prophylactic mitomycin 
C. It is usually applied at a concentration of 0.2 mg/ml 
(0.02%) for 12–120 s over the ablated stroma, although 
some studies suggest that lower concentrations (0.01, 
0.002%) could also be effective in preventing haze when 
treating low to moderate myopia. This dose of mitomycin C 
has not been associated with any clinically relevant epithe-
lial corneal toxicity. Its effect on the endothelium is more 
controversial [129].

1.4.3  Keratectasia

Although there are reports of keratectasia that occurred in 
normal eyes after PRK [130], most of the few cases reported 
so far are of forme fruste keratoconus that progressed after 
PRK [131–133] or phototherapeutic keratectomy (PTK) 
[134, 135].

1.5  Phakic Intraocular Lenses

The option of phakic IOLs (PIOLs) has gained popularity, 
having usually the widest range of correction (myopia up to 
23D, hyperopia up to 21D, and astigmatism up to 7.00D) and 
being affordable and easily implantable [136–138]. It has 
potential advantages, including fast visual recovery, preser-
vation of accommodation, and reversibility [139–141]. 
Compared to LASIK, PIOLs offer a higher range of  refractive 

error correction and better quality of vision for high 
 ametropes [142].

There are two available phakic IOLs now: the iris-fixated 
Artisan and the posterior chamber implantable Collamer lens 
(ICL). The Artiflex myopia phakic IOL was developed based 
on the Artisan platform, with a flexible, convex-concave, 
6 mm silicone optic, PMMA haptics [143, 144]. It can 
achieve precise centration over the pupil and high rotational 
stability, but requires some surgical skills for enclavation 
[142]. It also requires some safety limitations like flat iris, 
endothelial cell count (ECC) of ≥2100 cell/mm2, scotopic 
pupil diameter < 6.0 mm, and AC depths of ≥2.8 mm [145, 
146]. The Visian ICL is made from Collamer (biocompatible 
material). Another type of phakic IOLs was angle supported, 
but is not in use now.

The toric Artisan corrects astigmatism from 1D to 7D, 
and toric ICL is capable of correcting astigmatism up to 
6D. It is a good option especially for high errors with low 
baseline corneal thickness, shallow AC, and wide scotopic 
pupils [147, 148].

1.5.1  Common Complications Associated 
with Phakic IOLs

1.5.1.1  Pupil Ovalization
Eyes with anterior chamber angle-supported phakic IOLs 
have a tendency to present sectorial iris atrophy and conse-
quent pupil ovalization [149].

1.5.1.2  Endothelial Cell Loss
The long-term impact of anterior chamber PIOL implanta-
tion on corneal endothelial cell loss has been a matter of sig-
nificant research and debate. As a result of numerous 
randomized clinical trials, the safety of Artisan and Artiflex 
IOLs is now well established, with reported endothelial cell 
losses of 4.8% at 6 months, 8.3% at 5 years, and 12.6% at 
7 years and long-term maintenance of the hexagonality and 
the cell coefficient of variation [150–152]. The minimum 
E-IOL distance from the center of the IOL to minimize the 
risk of endothelial cell loss was 1.7 mm [153].

Although posterior chamber IOLs have a lower risk of 
endothelial cell loss, a decrease in 5–10% after 2 years of the 
surgery may be expected [154].

1.5.1.3  Infection
Risk of infection in intraocular surgeries should follow the 
incidence of infection in cataract surgery that is approxi-
mately 1:1,000 [155–157].

1.5.1.4  Glaucoma
Pupillary block glaucoma has been reported in anterior 
chamber iris-supported [158], in angle-supported [159, 160], 
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and in posterior chamber phakic IOLs [161–163]. 
Preoperative iridectomy is mandatory, but pupillary block 
has been reported even in the presence of effective iridec-
tomy [163].

1.5.1.5  Cataract
There are two basic cataract types: anterior subcapsular 
opacification (in cases of ICL) and nuclear cataract (in cases 
of Artisan). The mean time to nuclear cataract appearance 
after Artisan IOL implantation was 54.83 ± 22.12, and ICL 
implantation was 20 ± 1 month [164].

Cataract is the main cause of PIOL explantation, espe-
cially in posterior chamber PIOLs [165].

1.5.1.6  Uveitis
Postoperative sterile uveitis has been reported in previous 
studies [166]. The pathogenesis of uveitis after PIOL implan-
tation is still obscure but may be related to an inflammatory 
reaction caused by perioperative and postoperative mechani-
cal irritation of the iris. It is possible to detect chronic sub-
clinical inflammation with a laser flare-cell matter after 
PIOL implantation [166].

Age-related changes in the anatomy of the anterior seg-
ment may create a long-term hazard for the implanted eye 
[167].

1.5.1.7  IOL Dislocation
Traumatic and spontaneous IOL dislocations have been 
described in anterior chamber iris-supported phakic IOLs 
[168, 169].

1.5.1.8  Retinal Complications
Implantation of ICL or Artisan phakic IOL demonstrated 
comparable rates of retinal complications. Anterior chamber 
PIOL does not increase the risk of retinal detachment or 
CNVM in patients with myopia [170].

Take-Home Pearls

• Refractive surgery provides a variety of elective proce-
dures to be performed in otherwise healthy eyes. Selecting 
the best surgical treatment is dependent on knowing all 
the associated complications.
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