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ABSTRACT

PURPOSE: To report a case of traumatic fl ap striae 
without fl ap dislocation 6 years after LASIK and provide 
a literature review of surgical fl ap striae, late traumatic 
fl ap striae, and their management. 

METHODS: A 28-year-old man presented with late 
traumatic fl ap striae without concurrent fl ap dislocation, 
which closely approximated the longest reported interval 
between LASIK and the development of fl ap striae.

RESULTS: In the absence of fl ap dislocation, the fi nd-
ing of striae alone was subtle and went undetected ini-
tially. The fl ap was successfully refl oated, stretched, and 
smoothed with recovery of 20/20 vision.

CONCLUSIONS: Traumatic LASIK fl ap complications may 
occur many years after the original procedure. This re-
port presents the fi rst case of late traumatic fl ap striae 
without concurrent fl ap dislocation. Proper manage-
ment can restore good visual function. [J Refract Surg. 
2009;xx:xxx-xxx.] 
doi:10.3928/1081597X-20091209-02

F lap striae are recognized complications of LASIK 
and present most frequently in the intraoperative 
and immediate postoperative periods.1 The LASIK 

fl ap remains vulnerable to late striae formation in the con-
text of trauma and fl ap dislocation.2 Although reports of late 
traumatic striae are fortunately rare, they suggest that fl aps 
remain at risk for months to years after surgery.3-11 The full 
duration of risk is unknown but, to our knowledge, traumatic 
striae have presented up to 7 years after LASIK,3 always in 
the setting of simultaneous fl ap dislocation (Table).3-11 

We describe a case of isolated fl ap striae without concurrent 
fl ap dislocation due to trauma 6 years after LASIK. We also 
report the visualization of striae by anterior segment optical 
coherence tomography (AS-OCT) and our subsequent manage-
ment technique, followed by a literature review of fl ap striae 
and their management.

CASE REPORT
A 28-year-old Caucasian man was referred to our offi ce for 

the management of new LASIK fl ap striae with loss of cor-
rected distance visual acuity (CDVA) in the right eye after 
blunt trauma. In July 2002, he had undergone uncomplicated 
bilateral LASIK at a private refractive surgery center for full 
correction of myopia with astigmatism of �3.75 �0.50 � 62°
in the right eye and �3.75 �0.50 � 68° in the left eye. A 
Moria 130-µm microkeratome (Moria, Antony, France) was 
used to create superiorly hinged fl aps with excimer laser ab-
lation. One day postoperatively, uncorrected distance visual 
acuity (UDVA) was 20/30 in the right eye and 20/20 in the 
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left eye. The patient was subsequently lost to 
follow-up. Six uneventful years after LASIK, 
he was punched in the right eye, which result-
ed in pain and immediate decreased vision. 
Prompt emergency room examination revealed 
right eye UDVA of 20/70 with upper lid lacera-
tions and iris hyphema with normal intraocu-
lar pressures (IOP). The fellow eye was unin-
jured. He was treated for lacerations and pain.

Three days later, UDVA was 20/70-1 and 
CDVA was 20/40-1 in the right eye with an IOP 
of 5 mmHg. Slit-lamp examination of the right 
eye revealed periorbital ecchymoses, lid lac-
erations, fl at scant subconjunctival hemorrhage,
microhyphema, and deep angles without re-
cession. Funduscopic examination was un-
remarkable. Prednisolone acetate 1% (Pred 
Forte; Allergan Inc, Irvine, Calif) drops were 
started in the right eye, four times daily. Blurry 
vision persisted 2 weeks after trauma and 
CDVA was 20/40-2 with a manifest refraction of 
�0.25 �1.25 � 37°. Slit-lamp examination re-
vealed previously unseen oblique wrinkles in 
the central fl ap, bisecting the fl ap from 2 o’clock 
to 7 o’clock, and in the periphery without ex-
posed stromal bed. He was treated with aggres-
sive artifi cial tear lubrication and referred to 
our offi ce 25 days after initial trauma for man-
agement of the fl ap striae and astigmatism. 
Corrected distance visual acuity had improved 
to 20/30 but remained blurry and bothersome 
to the patient. Multiple grade three2 central 
and peripheral fl ap striae were visualized on 
slit-lamp examination and best seen with ret-
roillumination. The fl ap did not appear dislo-
cated at any margin and was otherwise clear 
without haze or epithelial ingrowth. Flap stri-
ae, but not fl ap dislocation, were also noted on 
AS-OCT (Visante OCT; Carl Zeiss Meditec, 
Dublin, Calif) (Fig 1). The patient elected to 
proceed with punctal plug placement and con-
tinue conservative management.

Due to persistent blurry vision 2 months 
after trauma, the patient consented to a stretch 
and smooth procedure. The fl ap was lifted and 
refl oated with a hypotonic balanced salt solu-
tion (BSS) -H2O mix (50:50). A moist cellulose 
sponge (WECK-CEL; Medtronic Xomed Inc, 
Jacksonville, Fla) was used both to stretch the 
fl ap perpendicular to the striae and to smooth 
the stromal bed. Additional stretching was 
performed prior to repositioning and irrigation 
under the fl ap. Prednisolone acetate 1% and 
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gatifl oxacin 0.3% (Zymar, Allergan Inc) drops were 
instilled and a bandage contact lens and plastic pro-
tective eye shield were placed. One week later, UDVA 
was 20/25+2 and no striae were seen on slit-lamp 
examination.

At 1-month postoperative follow-up, the patient re-
ported 3 days’ duration of redness with foreign body 
sensation on prednisolone acetate 1% and ketorolac 
0.5% (Acular, Allergan Inc) drops and was found to 
have superfi cial punctate keratitis. Uncorrected dis-
tance visual acuity was 20/20 and the fl ap was other-
wise clear and well-positioned without evidence of 
striae, stromal haze, or epithelial ingrowth. Symptoms 
improved on gatifl oxacin 0.3% and artifi cial tears. 
Vision remained stable 7 months after trauma, and no 
striae were detected.

DISCUSSION
Flap striae are historically among the most com-

mon complications associated with the corneal fl ap.12 
Prevalence varied between 3.4% and 20% in some of 
the earliest LASIK studies13-17 and between 0.8% and 
8.5% at the turn of the millennium.18 Rates from newer 
keratomileusis data approach zero.19,20 Many predispos-
ing factors have been identifi ed in the effort to minimize 
risk, both patient- and surgeon-related. Most authors 
agree that at least one inherent patient factor, high 

myopia, favors fl ap striae. Because deeper stromal bed 
ablation is needed, curvature mismatch with the poste-
rior fl ap is exaggerated,21 the so-called tenting effect.22 
Other authors emphasize prevention via patient educa-
tion to avoid postoperative factors such as eye rubbing, 
squeezing, and blinking as well as operator errors in-
volving drop applicators (contact with the fl ap) and pro-
tective eye shields (malpositioning, noncompliance).2  

Similarly, multiple surgical variables have been 
examined. One retrospective study of 120 myopic eyes 
that underwent LASIK with a microkeratome found 
peripheral striae in 7% of thin fl aps (�110 µm) as com-
pared to 2% of medium fl aps (110 to 140 µm) and none 
in thick fl aps (�140 µm).23 However, fl ap thickness per 
se may not factor as heavily as variation in thickness 
within each fl ap. A retrospective series of 3009 eyes 
after thin-fl ap (sub-Bowman’s) keratomileusis with 
femtosecond laser–generated thin fl aps reported no 
striae.20 A microkeratome reported to create predict-
ably thin fl aps was used in 42 eyes without striae.24 
Other intraoperative etiologies of striae include poor 
alignment after fl ap placement, movement of the 
fl ap, improper insertion of bandage contact lens, and 
removal of eyelid speculum.25 High volume surgeons 
(�10 procedures/week) reported fewer striae than their 
low volume counterparts,26 and beginning surgeons 
may have rates as high as 10% initially.1

Figure 1. A) Slit-lamp photograph of the right eye at presentation 
demonstrates multiple oblique flap striae involving the central LASIK flap. 
Perpendicular striae are also seen overlying the inferonasal iris border. B) 
Striae appear more prominently with retroillumination. C) Anterior seg-
ment optical coherence tomography (Visante OCT, Carl Zeiss Meditec) 
shows focal interface hyperreflectivity where striae intersect the horizon-
tal meridian (arrows). The associated epithelial surface is mildly raised 
(between arrowheads) compared to the unaffected temporal side. The 
flap margin appears intact (rightmost arrowhead).

A B

C
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Intraoperative striae may escape detection under 
the operating microscope.27 The observation that they 
preferentially appear against a funduscopic red refl ex25 
forms the basis for prompt postoperative dilated slit-
lamp evaluation using both direct and retroillumina-
tion.2 However, a minority of striae will still remain 
invisible. Fluorescein examination under cobalt fi lter 
reveals uneven pooling of tear fi lm 1 to 2 seconds af-
ter blinking and is more sensitive than slit-lamp with 
retroillumination.28 In general, slit-lamp screening is 
suffi cient in the absence of unexplained decrease in 
CDVA. Using these methods, most striae can be identi-
fi ed within the fi rst 24 to 48 hours. 

Even so, fl ap striae formation is not confi ned to the 
intraoperative and immediate postoperative periods. 
Delayed trauma has been shown to cause fl ap defects,2 
demonstrating that LASIK fl aps remain vulnerable to 
traumatic dehiscence and dislocation even 6 or 7 years 
after surgery.3,29 Not all traumatic fl ap dislocations are 
associated with fl ap striae but, to date, all late traumatic 
fl ap striae have been associated with fl ap dislocations. 
We reviewed 11 cases of traumatic fl ap striae occurring 
�6 months after LASIK or last retreatment (Table).3-11 The 
longest of these was 7 years.3 All 11 cases featured fl ap 
striae presenting jointly with fl ap dislocations. For the 
majority of these cases, collisions with everyday objects 
such as fi ngernails,3 airbags,5,7 fi sts,6,8 and tree branches9,11 
generated suffi cient force to cause fl ap trauma. 

Diminished wound healing at the LASIK fl ap–bed 
interface prevents loss of corneal transparency but also 
weakens fl ap adhesion (Fig 2). Lamellar wound healing 
is confi ned to the fl ap margin, leaving the central opti-
cal zone clear in both rabbits30 and humans.31,32 Bridg-
ing collagen fi brils are absent at the fl ap–bed interface 
except at the fl ap edge in rabbits33 and humans.32,34 
Animal studies showed that wound healing in the 
interface region is disorganized and delayed up to 9 
months after LASIK in rabbits.35 In human eyes, a hypo-
cellular primitive scar forms during the fi rst 6 months 
after LASIK36,37 and wound healing appears inactive at 
20 months.38 Defi cits in keratocyte density adjacent to 

the LASIK interface persist 5 years after LASIK39 and 
remaining keratocytes at the interface display degen-
erative changes.40 Not surprisingly, tensile strength of 
LASIK wounds is worst centrally (2.4% of normal) and 
modestly better at the fl ap edge (28.1% of normal),41 

although these ex vivo data do not account for adhe-
sion due to endothelial transport.42 Central wound 
healing did not increase over time while healing of 
the fl ap margin increased over more than 3 years after 
LASIK. These fi ndings are consistent with the clini-
cal observation that LASIK fl aps are easily lifted once 
fi brous adhesions at peripheral fl ap edges are inter-
rupted, even many years after LASIK.32,41 Furthermore, 
if interface transparency is indicative of absent wound 
healing, one might expect that the interface remains a 
potential space43 and fl ap adhesion is impaired for the 
lifetime of the fl ap.

We report an unusual case of late traumatic fl ap striae 
without concurrent fl ap dislocation. The 6-year delay 
between LASIK and acquisition of striae approach-
es the 7 years reported elsewhere.3 In contrast to that 
case and similar reports of late traumatic striae, our 
patient did not present with associated fl ap disloca-
tion, showing that traumatic shear forces can wrinkle 
the fl ap without fi rst disrupting the strongest adhesions 
at the fl ap edge. The presentation was further delayed 
when striae were not identifi ed by routine slit-lamp 
examination until 2 weeks after trauma. Initial screen-
ing by ophthalmologists less experienced in refractive 
surgery may miss post-traumatic striae, which often 
can be diffi cult to recognize. It is possible that due to 
the associated ocular pathology of anterior segment 
infl ammation with microhyphema, fl ap striae were 
not considered as a cause of decreased visual acuity. 
Translating these observations into practice, fl ap striae 
should be considered and ruled out in any postopera-
tive LASIK patient who experiences ocular trauma. 
Late trauma on the scale of years does not itself rule 
out fl ap striae, especially when there is unexplained 
loss of CDVA. The absence of fl ap dislocation upon 
presentation also does not itself rule out striae.

Figure 2. Wound healing of the LASIK flap.
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Unlike the 11 previous cases of late traumatic fl ap 
striae,3-11 this report fi nds that dislocation is not a pre-
requisite for all fl ap striae. The fl ap shifts that occur 
during dislocation indubitably predispose to striae but 
are not required. Minimal fl ap shifts can cause striae 
and we speculate that these may occur with the re-
cruitment of tissue laxity from elsewhere, perhaps due 
to persistence of the tenting effect, poor interface heal-
ing in the central optical zone, or both. Such striae may 
be subtle and require fl uorescein or additional stud-
ies, sometimes even AS-OCT, for prompt detection. 
Although AS-OCT can detect fl ap dislocations with 
greater sensitivity than slit-lamp microscopy,44 this is 
the fi rst demonstration that AS-OCT is also effective in 
the visualization of subtler fl ap striae.

Once detected, striae can be classifi ed using the 
Probst grading system,2 but generally those involv-
ing the visual axis contribute most to impairment of 
CDVA45 and require treatment. Numerous methods 
have been described including the stretch and smooth 
technique using blunt forceps,22 sponge spears, Caro 
irons,12 or hyperthermic spatulas46; fl ap hydration us-
ing hypotonic saline ranging from 50% to 80% BSS8 
to deionized water47; epithelial debridement8,48,49; in-
terrupted50 or running fl ap sutures51-53; reverse geom-
etry contact lens54; fl ap applanation; conductive kera-
toplasty to tighten the central cornea55; transepithelial 
phototherapeutic keratectomy (PTK)56; and wavefront-
guided photorefractive keratectomy with mitomycin C.57 
These treatments have been used in various permuta-
tions, even at the slit lamp.51,58

Flap lifting and refl oating is accepted as initial man-
agement by most authors followed by their choice of the 
aforementioned maneuvers.1,2,27 Striae usually persist 
immediately following treatment with only marginal 
empirical improvement. Instead, they often disappear 
by postoperative day 1,2 suggesting that the hydration 
status of the fl ap and stromal proteoglycans45 may play 
a role after repositioning. Some authors therefore 
advocate hypotonic irrigation and hydration, where-
as others caution that the risk of keratocyte lysis may 
outweigh the benefi ts of a more hydrating osmotic 
gradient.25,48 Likewise, some authors report success 
with gentle epithelial abrasion localized to areas of 
striae to release traction.8 Because epithelial defect in-
creases the risk of diffuse lamellar keratitis and stromal 
haze,48 others reserve abrasion for mature or refractory 
striae or epithelial ingrowth. Use of PTK involves simi-
lar considerations. Fortunately, nearly all published cas-
es of haze secondary to epithelial debridement or PTK 
of striae were steroid-responsive. Additional PTK risks 
include hyperopic shift and irregular astigmatism. Sutur-
ing incurs a theoretical risk of folds or astigmatism.

Most authors agree that striae should be diagnosed 
early and managed promptly because fl ap fl exibility 
is progressively lost and irregularities become more 
permanent over time.2,27 Stretching and smoothing, for 
example, is most appropriate in the fi rst 2 weeks and 
becomes less likely to succeed as striae mature. Suc-
cessful treatment may then require additional, more 
intensive maneuvers such as fl ap suturing, epithelial 
abrasion, or PTK of Bowman’s layer. Gas-permeable 
contact lenses may be indicated for truly refractory 
striae with persistent astigmatism. Although the fi rst 
24 to 48 postoperative hours is a recommended tar-
get window to avoid those scenarios, good results are 
frequently reported within the fi rst week and success-
ful repositioning has been described at the slit-lamp 
up to 2 weeks after surgery.51 Regardless, higher suc-
cess rates with promptly managed striae should not 
discourage attempts to treat longer-standing striae. 
Anecdotal evidence suggests that patients perceive 
disproportionately greater improvement from other-
wise modest objective gains in vision.25  

Currently, no consensus treatment exists for visually 
signifi cant fl ap striae. We are similarly unaware of indi-
cations to treat traumatic striae differently than postop-
erative striae. Instead, our opinion is that refractive sur-
geons choose from the myriad available options based on 
grade, maturity, and treatment history for any given case 
of striae. In the presented case, conservative therapy was 
continued for 2 months with modest improvement. Flap 
refl oating with hypotonic saline and the described stretch 
and smooth technique achieved a successful result at that 
time, despite 8 weeks elapsing since the trauma. Our posi-
tive outcome was similar to that reported for late traumatic 
striae with fl ap dislocation, most of which underwent re-
positioning, scraping, and stretching.3-11 Final UDVA was 
20/30 or better in all cases and 20/20 in 82%. 

Nevertheless, the best course of action remains 
prevention. It is imperative that late traumatic fl ap 
complications should be discussed with prospective 
LASIK patients. Military, law enforcement, and con-
tact sport personnel should be counseled to consider 
surface ablation or wear eye protection. Regarding the 
latter, however, we recommend that safety counseling 
be broadened to all patients in light of the mundane 
mechanisms of injury seen and the random nature of 
trauma. Given the growing evidence for chronic fl ap 
vulnerability and the relative youth of many LASIK 
recipients, long-term risks are increasingly relevant.
This case describes the fi rst occurrence of late fl ap 
trauma to generate striae without dislocation. It 
approximates the longest reported interval after 
LASIK and is also the fi rst to describe the successful 
use of AS-OCT for visualization of fl ap striae.
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