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The Epidemiology of Diffuse Lamellar Keratitis
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Purpose: To report the incidence and outcomes of diffuse lamellar
keratitis (DLK) after LASIK and to analyze potential causative fac-
tors.

Methods: Retrospective review of 15,119 cases (11,232 primary
procedures and 3887 enhancements) from 7168 patients undergoing
LASIK from May 1995 through October 2002, comparing preopera-
tive data and postoperative outcomes for each case developing DLK
to patients in the study population and a control series of eyes that did
not develop DLK.

Results: We identified 61 eyes (0.40%) that developed DLK after
LASIK. Three study groups were identified based on sterilization pro-
tocols used: (1) steam autoclave without reservoir (8348 cases), (2)
cassette autoclave with reservoir (6771 cases), (3) steam autoclave
without reservoir and new instrument cleaner (1758 cases). Signifi-
cantly more eyes developed DLK with Protocol 2 (47 cases, 0.94%)
than with Protocol 1 (11 cases; 0.1%; P < 0.0001) or Protocol 3 (3
cases, 0.2%; P < 0.0005). There was no significant difference in the
incidence of DLK in Protocol 1 versus Protocol 3. DLK was signifi-
cantly more common after primary procedures than with enhance-
ment procedures only under Protocol 2. No individual developed
DLK after more than 1 procedure. Treatment protocols included fre-
quent topical steroids only (24 cases, 39.3%), frequent topical steroids
and oral steroids (19 cases, 31.2%), or topical and oral steroids com-
bined with lifting and irrigating beneath the flap (18 cases, 29.5%).
Final refractions and visual acuities were not significantly different in
eyes that developed DLK and those that did not.

Conclusions: DLK is a nonspecific inflammatory response to mul-
tiple stimuli that cannot be attributed solely to individual variation in
the inflammatory response, the microkeratome, or material deposited
by the microkeratome. Sterilizers with reservoirs may cause some
cases of DLK. With appropriate diagnosis and treatment, DLK should
resolve without sequelae, yielding visual outcomes comparable to
cases with uneventful postoperative courses.

Key Words: diffuse lamellar keratitis, epidemiology, LASIK, sterilizers
(Cornea 2004;23:680-688)

Received for publication August 27, 2003; revision received February 4,2004;
accepted February 27, 2004.

From the *Emory University Department of Ophthalmology, Atlanta, Geor-
gia; and TInView Refractive Surgery Center, Atlanta, GA.

Reprints: R. Doyle Stulting, MD, PhD, Emory Laser Vision, 875 Johnson
Ferry Road, Suite 100, Atlanta, GA 30342.

Copyright © 2004 by Lippincott Williams & Wilkins

680

Diffuse lamellar keratitis (DLK) is a white blood cell infil-
trate between the flap and stromal bed that appears within
a few days after laser in-situ keratomileusis (LASIK), typically
associated with moderate foreign body sensation and de-
creased visual acuity.! With appropriate treatment, DLK usu-
ally resolves without sequelae.

Since Smith and Maloney? described DLK in 1998, ad-
ditional cases have been reported.’*'® Causes of DLK have
been thought to include povidone-iodine solution,? meibomian
gland secretions,’® microkeratome blade debris,* carboxymeth-
ylcellulose drops,” interface hemoglobin,® bacterial endotox-
ins,”” and epithelial defects at the time of surgery.'®"'* Both
sporadic and epidemic cases of DLK have been reported.'®

We first diagnosed DLK in 1995 and found the incidence
to be 0.18% (2/1062 cases).'® After February 1999, we did not
systematically monitor the incidence of DLK, which seemed
to remain low and relatively constant until December 2000,
when the incidence appeared to increase. This prompted a ret-
rospective review of operating room procedures and prospec-
tive monitoring for DLK.

The purpose of this investigation was to identify factors
that may contribute to the development of DLK, to review
methods of treatment, and to report visual outcomes.

MATERIALS AND METHODS

We retrospectively reviewed the medical records of pa-
tients who underwent LASIK at Emory Vision (Atlanta, GA)
from May 1995 through October 2002. The earliest subset of
data was from patients who had LASIK from May 1995
through February 1999. Some of these data have previously
been published.'® The remainder of the data were derived from
patients who underwent LASIK from December 2000 through
October 2002.

All patients were prepared for surgery with povidone io-
dine 10% solution (Iodophor PVP Swabstick, Aplicare Inc,
Branford, CT) and draped with an adhesive drape. Propara-
caine hydrochloride 0.5% (Bausch & Lomb, Tampa, FL), nap-
hazoline hydrochloride 0.025% (Naphcon A, Alcon Laborato-
ries, Fort Worth, TX), and ketorolac tromethamine 0.5% (Acu-
lar, Allergan, Irvine, CA) drops were instilled. A wire eyelid
speculum was then inserted. A radial keratotomy marker
coated with methylene blue (Porex Surgical Inc., College Park,
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GA) was used to make fiduciary lines on the cornea. The suc-
tion ring was applied to the surface of the conjunctiva and ac-
tivated. A Barraquer applanation tonometer verified that the
intraocular pressure was greater than 65 mm Hg. The corneal
surface was moistened with proparacaine. The Chiron Auto-
mated Corneal Shaper (ACS, Chiron Vision Corp., Irvine, CA)
or the Hansatome (Bausch and Lomb, Irvine, CA) microkera-
tome was used with a 160- or 180-um plate. The Chiron ACS
was in use from 1995 though 1999, whereas the Hansatome
was used from December 2000 though October 2002. Simul-
taneous bilateral surgery was performed in most cases. The
same blade was used for the second eye unless there was a thin
flap or flap complication in the first eye. Summit (Summit
Technology, Waltham, MA), Nidek (Nidek Technologies,
Pasadena, CA), and Autonomous (Alcon Laboratories, Inc,
Fort Worth, TX) excimer lasers were used for the ablations.
For enhancement procedures, the original flap was lifted using
a Sinsky hook and a cyclodialysis spatula, when possible, and
the remainder of the case proceeded in the same way as a pri-
mary treatment. In rare cases when blunt dissection of the flap
was not possible, a new flap was cut. Postoperatively, all pa-
tients routinely used topical antibiotics QID, topical steroids
(prednisolone acetate 1%) QID, and nonpreserved artificial
tears as needed. Each patient was seen within 24 hours after
surgery.

Preoperative factors that were analyzed included patient
age, gender, the outcome of previous LASIK procedures in the
same eye, uncorrected visual acuity (UCVA), best spectacle-
corrected visual acuity (BSCVA), and manifest refraction.

Surgical data included the date of surgery, procedure
type (primary surgery or enhancement), type of microkera-
tome used for flap creation, laser used for ablation, surgeon,
and instrument-cleaning protocol used for each case.

Three different instrument sterilization protocols were
used during the study period. From May 1995 through Febru-
ary 1999, a steam autoclave without a reservoir was used
(Tuttnauer Autoclave steam sterilizer, model 2340 EK,
Tuttnauer Co, Ltd, Jerusalem, Israel) and the standard instru-
ment cleaner recommended by the microkeratome manufac-

turer (Palmolive Original Dishwashing Liquid, Colgate-
Palmolive Co, New York, NY) was used for all instrument
cleaning. Beginning in April 2000, a cassette sterilizer with a
reservoir was used (Statim Cassette Autoclave, SciCan Inc,
Pittsburgh, PA) with the standard instrument cleaner. Routine
cleaning of the sterilizer unit included following the standard
manufacturer recommendations for maintenance in addition to
draining and drying the reservoir daily, refilling the reservoir
with steam-processed distilled water each morning, and
weekly cleaning, which included running a cycle with auto-
clave cleaner followed by a cycle with distilled water, fol-
lowed by drainng and drying the reservoir. Then, in response to
an outbreak of cases developing DLK in December 2000 and a
persistent increase in the number of cases of DLK, the steril-
ization protocol was again changed in July 2001. The cassette
sterilizer was replaced with a steam sterilizer (Steris Amsco
Renaissance 3013 Prevac steam sterilizer, Steris Corp, Men-
tor, OH), and a new instrument cleaner was used (Universal
Instrument Cleaner and Lubricant, B. Graczyk, Inc, Glendale
Heights, IL). Thus, 3 distinct populations with different steril-
ization protocols were available for analysis (groups 1-3,
Table 1).

Postoperative data included the occurrence and severity
of DLK, the treatment protocol, and the degree of residual cor-
neal scarring that was present. The severity of DLK was clas-
sified according to the system described by Linebarger and
colleagues.?’ Stage 1 DLK was defined by white cells under
the periphery of the flap; Stage 2 by white cells centrally; Stage
3 by a denser aggregation of white cells centrally, usually with
an associated reduction in visual acuity; and Stage 4 by stromal
melting and permanent scarring. We also documented the
course of the fellow eye in bilateral LASIK cases, the course of
subsequent LASIK procedures in affected eyes, and final post-
operative outcomes, including UCVA, BSCVA, and final
manifest refraction.

We defined DLK as interface inflammation out of pro-
portion to inflammation associated with any epithelial defect
or interface blood that might have been present, with negative
cultures, if obtained. Thus, cases were excluded from analysis

TABLE 1. Rate of DLK Stratified by Date of Surgery and Sterilization Protocol

Number
of Total Primary DLK Cases
Group* Date of Surgery Patients Procedures Procedures Enhancements (%)
1 05/95-02/99 3379 8348 6426 1922 11 (0.13%)
2 12/00-07/01 2804 5013 3500 1513 47 (0.94%)
3 07/01-10/02 985 1758 1306 452 3(0.17%)
Totals 7168 15119 11232 3887 61 (0.40%)

*Group 1, steam autoclave without reservoir, standard instrument cleaner; group 2, cassette autoclave with
reservoir, standard instrument cleaner; group 3, steam autoclave without reservoir, new instrument cleaner.
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if they had interface inflammation that could be readily ex-
plained by the presence of a large intraoperative epithelial de-
fect or red blood cells under the flap.

To compare postoperative outcomes, we analyzed a
population of 100 consecutive eyes with uneventful postopera-
tive courses after LASIK performed from January to March
2002 using sterilization Protocol 3. We compared final mani-
fest refraction, UCVA, BSCVA, and lines gained or lost after
surgery to outcomes for the cases that developed DLK. Final
outcomes were measured between 3 and 6 months postopera-
tively when eyes had achieved stable postoperative refrac-
tions.

For statistical analysis, we used Fisher exact test and
Student ¢ test.

RESULTS

A total of 15,119 LASIK cases from 7168 patients with
adequate follow-up were included for analysis, including
11,232 primary cases and 3887 enhancements. There were
8348 cases from May 1995 through February 1999 (group 1),
and 6771 cases from December 2000 through October 2002,
including 5013 cases in group 2 and 1758 cases in group 3
(Table 1). For group 1 and group 3, no more than 1 case oc-
curred on a single day. In group 2, however, multiple cases of
DLK occurred on the same day; 36 cases occurred on days
when more than 1 eye developed DLK (15 separate days with
5 being the maximum number of cases occurring on a single
day) (Table 2). Eleven cases occurred as isolated events on
days when no other cases occurred.

We identified 61 (0.40%) eyes that developed DLK after
LASIK, including 40 cases with Stage 1 DLK, 18 cases with
Stage 2 DLK, and 3 cases with Stage 3 DLK. Gram stains,
bacterial cultures, and fungal cultures were performed on 4 of
the first 11 cases that occurred from 1995 through 1999, and all
were negative. Thereafter, neither Gram stains nor cultures
were obtained when DLK was diagnosed.

Cases were evenly distributed between men and women
(Table 3). Significantly more eyes developed DLK after pri-
mary LASIK and in cases in which the Nidek laser was used
(Table 3). There were 28 cases of bilateral LASIK that devel-
oped DLK unilaterally, with 15 cases of first eye involvement
and 13 cases of second eye involvement (Table 3). Seven cases
developed DLK after enhancements in eyes with previous
LASIK, but none of these cases had developed DLK after their
primary procedure. Thirteen cases that developed DLK had
subsequent LASIK enhancement, and none of these cases de-
veloped DLK after enhancement.

The incidence of DLK varied significantly by steriliza-
tion protocol (Fig. 1). The difference between Protocol 1 and
Protocol 3 was not significant (P = 0.72); however, both Pro-
tocol 1 (P <0.0001) and Protocol 3 (P = 0.0005) had signifi-
cantly lower rates of DLK than Protocol 2.
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TABLE 2. Occurrence of DLK by Day From December 2000
to July 2001 (Group 2)

Total LASIK

Day* Cases Performed DLK Cases (%)
64 1(1.6%)
8 56 5 (8.9%)
9 66 3 (4.5%)
13 27 2 (7.4%)
20 49 1(2.0%)
22 63 1(1.6%)
23 93 2 (2.2%)
24 35 2 (5.7%)
30 70 2 (2.9%)
36 60 2 (3.3%)
37 90 2(2.2%)
43 66 1(1.5%)
51 46 2 (4.3%)
58 68 4 (5.9%)
72 45 2 (4.4%)
76 48 1(2.1%)
78 55 1 (1.8%)
82 19 1(5.3%)
86 69 2 (2.9%)
90 49 2 (4.1%)
104 66 2 (3.0%)
114 33 1(3.0%)
115 35 1(2.9%)
118 37 1(2.7%)
141 37 1 (2.7%)
156 46 2 (4.3%)

*Day, days on which DLK occurred from December 2000 through July
2001, numbered consecutively with the first day with a case developing DLK
reported as day 1.

When each study group was analyzed separately, there
was no significant correlation between the development of
DLK and gender, laser used, or eye involvement (Table 3).
Significantly more cases developed DLK after primary proce-
dures in group 2; however, DLK occurred as frequently among
primary procedures as it did among enhancements in groups 1
and 3 (Table 4).

All 61 cases of DLK resolved without permanent corneal
scarring. Treatment included frequent topical steroids only (24
cases, 39.3%), frequent topical steroids and oral steroids (19
cases, 31.2%), or topical and oral steroids combined with lift-
ing and irrigating beneath the flap (18 cases, 29.5%). Most
(91%) of the cases from May 1995 through February 1999
were managed by lifting and irrigating beneath the flap,
whereas most (84%) of the cases after December 2000 were
managed with topical steroids only (Fig. 2). Additionally, all
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TABLE 3. Overall DLK Rates by Demographics

Demographics DLK Cases (%) P
Gender
Male 35/7092 (0.49%) 0.122
Female 26/8027 (0.32%)
Procedure
Primary 54/11232 (0.48%) 0.008
Enhancement 7/3887 (0.18%)
Laser
Nidek 48/9831 (0.49%) 0.03
Summit/autonomous 13/5288 (0.25%)

Involved eye in bilateral cases*
First eye
Second eye

15 (53.6%) 0.79
13 (46.4%)

*Bilateral LASIK cases with unilateral development of DLK.

of the cases presenting through 1999 were initially managed
with fortified topical antibiotics with broad-spectrum coverage
until the noninfectious mechanisms for DLK were better un-
derstood; thereafter, only routine postoperative topical antibi-
otics were used for DLK cases.

Of the 61 affected eyes, 59 (96.7%) had sufficient long-
term follow up to determine final visual outcomes (Table 5).
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FIGURE 1. Incidence of DLK from May 1995 through February
1999 (Protocol 1: steam autoclave without reservoir and stan-
dard instrument cleaner), December 2000 through July 2001
(Protocol 2: cassette autoclave with reservoir and standard in-
strument cleaner), and from July 2001 through October 2002
(Protocol 3: steam autoclave without reservoir, new instru-
ment cleaner). The difference between Protocols 1 and 3 was
not significant (P = 0.72); however, both Protocol 1 (P <
0.000T) and Protocol 3 (P = 0.0005) had significantly lower
rates of DLK than Protocol 2.
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Fifty-four (91.5%) of these eyes had a final spherical equiva-
lent refraction within 0.5 D of emmetropia compared with 89
(89%) of the controls (P=10.79), 33 (55.9%) achieved 20/20 or
better final UCVA compared with 69 (69%) of controls (P =
0.12) (Fig. 3), and 48 (81.4%) achieved 20/20 or better final
BSCVA compared with 95 (95%) of controls (P = 0.012) (Fig.
4). Ten eyes (16.9%) lost 1 line of BSCVA compared with 1
(1%) of controls (P = 0.0002), while most (83.1%) maintained
or gained 1 or more line of BSCVA postoperatively (Fig. 5).

DISCUSSION

Numerous cases of diffuse lamellar keratitis (DLK) have
previously been reported in the literature.' ' Here, we present
an additional 61 cases of DLK among a total of 15,119 eyes
that underwent LASIK over a 7-year period.

Typically appearing within 48 hours after LASIK, DLK
is a diffuse inflammatory cellular infiltrate in the flap interface
that is out of proportion to inflammation that might be associ-
ated with any coexisting epithelial defect or blood in the inter-
face. Cultures, when obtained, are negative. Confocal micros-
copy of eyes with diffuse lamellar keratitis has shown aggre-
gations of polymorphonuclear leukocytes, mononuclear cells,
and abnormal linear structures in the interface.?' 2

DLK has been classified into 4 stages based on sever-
ity.2° Most of our cases (65.6%) did not progress beyond Stage
1, which typically responds well to topical steroids and carries
a favorable prognosis.”

A variety of etiologies for DLK have been proposed, in-
cluding energy from the excimer laser, povidone-iodine solu-
tion,> meibomian gland secretions,” debris introduced on the
microkeratome blades,* the use of carboxymethylcellulose
drops,’ and bacterial endotoxins.”® Previous studies'® '
demonstrated a strong relationship between epithelial defects
and the presence of interface inflammation. We agree that ep-
ithelial defects are a definite risk factor for interface inflam-
mation; however, we recommend reserving the term DLK to
describe interface inflammation without an obvious cause,
such as interface blood® or a significant overlying epithelial
defect. Thus, patients with these causes of inflammation were
excluded from our analysis.

As expected, we found no difference in the incidence of
DLK by gender (Table 3). Seven eyes that developed DLK
after enhancements had uneventful postoperative courses after
their primary procedures. Thirteen other eyes that developed
DLK during primary LASIK had uneventful postoperative
courses after subsequent enhancements. Therefore, DLK can-
not be attributed solely to a hypersensitivity reaction to mate-
rials used during LASIK surgery.

Overall, significantly more cases occurred after primary
LASIK than after enhancements (0.48% vs 0.18%, P=0.008);
however, this difference existed only in group 2, when the ster-
ilizer with reservoir was in use. There was no significant dif-
ference in the rate of occurrence of DLK in primary procedures
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TABLE 4. Epidemiologic Comparisons for Each Study Group

Gender Procedure Laser Eye
Male Primary Nidek First Eye
Group Female P Enhancement P Summit/Autonomous* P Second Eye P
1 0.22% 0.03 0.16% 0.47 0.19% 0.13 40% 1.0
0.04% 0.05% 0.05% 60%
2 1.0% 0.46 1.23% 0.001 0.97% 0.86 56% 0.56
0.82% 0.26% 0.84% 43%
3 0.12% 1.0 0.08% 0.16 0.14% 0.47 N/A
0.21% 0.44% 0.29%

*The Summit laser was in use from 1995 through 1999 (group 1), and the Autonomous was in use from 2000 through 2002 (groups 2 and 3).

and enhancements between groups 1 and 3. For bilateral
LASIK cases with unilateral DLK, we found an equal distri-
bution of first and second eye involvement overall (Table 3)
and for each study population (Table 4). The fact that DLK
occurred after enhancements, and the equal occurrence of
DLK in the first and second eyes of bilateral cases treated with
the same blade, indicate that debris introduced from the micro-
keratome cannot be the sole stimulus for DLK in this cohort of
patients.

Even though there was a weak overall association of
DLK with the Nidek laser (Table 3), within each group there
were no differences in the development of DLK based on the
laser used for ablation (Table 4). Thus, we believe that DLK is
not an excimer laser-specific phenomenon.'

During the study period, three separate sterilization pro-
tocols were employed (Table 1). Initially, a steam autoclave
without reservoir and the standard instrument cleaner recom-
mended by the microkeratome manufacturer (Palmolive) was
used for all instrument cleaning.

In April 2000, the facility converted to a cassette auto-
clave with reservoir system. Immediately after introduction of
the new sterilization system, there was no noticeable increase
in the low rate of occurrence of DLK. By December 2000,
surgeons became aware of an apparent increase in the fre-
quency of DLK. This led to formal analysis of the incidence of
DLK, which was found to be 1.87% (17/909 cases) during De-
cember 2000, compared with 0.13% (11/8348 cases) from
May 1995, through February 1999.

At the time of our original analysis, published literature
suggested that bacterial endotoxins might be responsible for
some cases of DLK.”® Peters and colleagues® reported that

'"We did not strictly control for the type of laser, but (1) it is theoretically
difficult to understand why the type of laser would have anything to do
with DLK—the type of radiation is the same and the amount of tissue
removed is basically the same. (2) The case mix with the lasers was about
the same before, during, and after the outbreak, so there was no reason to
suspect the lasers.
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bacterial endotoxins could incite a potentially severe interface
inflammatory response in rabbits. Peters and colleagues® and
Holland and colleagues’ both found significant bacterial colo-
nization in the reservoirs of cassette sterilizers. These stud-
ies,”® as well as a report by Yuhan and colleagues,” implicated
biofilms in these reservoirs as potential sources of bacterial
endotoxins causing DLK. The timing of our outbreak of DLK
cases, approximately 8 months after we began to use sterilizers
with reservoirs, is consistent with biofilm developing in the
reservoirs that could release sufficient endotoxin to cause
DLK.

In an effort to reduce the rate of DLK, our institution
began to use a steam autoclave without a reservoir system for
sterilizing our microkeratomes, and the transition to this sys-
tem was completed in July 2001 (group 3). Afterward, the in-
cidence of DLK returned to the level that we observed before
sterilizers with a reservoir were used (0.17%) (Fig. 1).
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FIGURE 2. Treatment strategies for DLK cases. Topical, topical
steroids only; Topical/PO, topical and oral steroids;
Lift/Irrigate, lifting and irrigation under flap with concurrent
topical steroid use.
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TABLE 5. Visual Outcomes After Resolution of DLK

DLK Preop BSCVA Final BSCVA Final UCVA Lines Follow-Up

Patient Stage (20/x) (20/x) (20/x) Final MR Gained/Lost (months)
1A 1 25 25 30 —0.75+0.25 x 51 0 3
1B 1 20 20 25 -0.5+1.25%x173 0 3
2A 1 20 16 20 —0.5 sphere 1 1
2B 1 20 20 60 —1.5+0.25 x 005 0 1
3 2 16 20 20 Plano -1 6
4 2 12 16 16 —0.5 sphere -1 4
5 2 25 30 30 —0.25+1.00 x 67 -1 6
6 2 20 25 30 +0.5+0.50 x 125 -1 12
7 2 12 12 12 —0.25+0.25 x 140 0 12
8 2 30 25 25 Plano 1 3
9 2 20 25 80 —2.5+0.75 x 162 -1 5
10 2 40 40 40 —0.25 +0.50 x 103 0 7
11 2 20 25 25 —0.5 sphere -1 3
12 1 20 20 20 —0.25 sphere 0 1
13 1 30 25 40 -1.75+2.75 x 150 1 1
14A 3 16 10 16 —0.5 sphere 1 3
14B 3 16 10 16 —0.25 sphere 1 3
15A 1 20 16 20 —0.25 sphere 1 6
15B 1 20 16 30 —1 sphere 1 6
16 1 25 25 30 —0.75 +0.50 x 90 0 2
17 1 20 12 16 —0.5 sphere 2 6
18 1 20 25 30 Plano -1 3
19 1 20 16 20 Plano 1 8
20 1 20 20 20 —0.25 sphere 0 10
21A 3 16 16 16 Plano 0 3
21B 2 16 16 16 —0.25 sphere 0 3
22 1 20 16 20 0.25+0.50 x 76 1 16
23 2 20 20 40 —0.5+0.25 x 128 0 10
24A 2 16 16 16 —0.25 sphere 0 3
24B 2 16 16 16 Plano 0 3
25 1 20 20 20 —0.25 sphere 0 15
26 1 20 20 20 Plano 0 1
27 1 20 16 16 -0.25+0.25 x 156 1 12
28 2 16 12 16 —0.25 sphere 1 1
29 3 20 20 30 —0.75 sphere 0 12
30 1 16 12 16 -0.25+0.50 x 15 1 12
31 1 16 20 20 —0.25 sphere -1 1
32 1 30 25 25 0.5+0.25x 128 2 19
33 2 20 20 30 -0.5+1.00 x 115 0 18
34A 1 25 20 25 —0.5 sphere 1 6
34B 1 25 20 25 —0.5 sphere 1 6
35A 1 20 20 25 —0.75+0.75 x 25 0 10
35B 1 20 20 20 —0.25+0.25 x 105 0 10
36 1 20 20 40 —-1+0.50 x 74 0 1
37 1 20 20 20 Plano 0 1
38 1 20 16 20 Plano 1 12
39A 1 16 12 12 Plano 1 14
39B 1 16 12 12 Plano 1 14

© 2004 Lippincott Williams & Wilkins 685
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TABLE 5. (continued) Visual Outcomes After Resolution of DLK

DLK Preop BSCVA Final BSCVA Final UCVA Lines Follow-Up

Patient Stage (20/x) (20/x) (20/x) Final MR Gained/Lost (months)
40A 1 20 16 16 —0.25 sphere 1 9
40B 1 20 16 16 —0.25 sphere 1 9
41A 2 25 20 20 —0.25 sphere 1 12
41B 1 25 20 20 —0.25 sphere 1 12
42 1 16 20 30 Plano + 1.00 x 121 -1 12
43 1 20 16 20 —0.75 +0.50 x 90 1 7
44 1 20 20 25 —0.75+0.75 x 74 0 5
45 1 16 20 25 0.25+0.25 x4 -1 6
46 1 16 16 20 —0.25+0.25 % 39 0 2
47 2 20 20 50 —0.5+1.00 x 145 0 7
48 1 20 20 25 —0.5 sphere 0 6

One study** has disputed the possibility that endotoxins
from sterilizer reservoirs can incite a clinically significant in-
flammatory response under normal conditions. This study
found that, in an experimental model with regular changing of
the reservoir water, the amount of endotoxin never reached a
level felt to be clinically significant or capable of causing an
inflammatory reaction in the cornea. In our practice, however,
we adhered strictly to the cleaning regimen recommended by
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FIGURE 3. Final uncorrected visual acuity in eyes developing
DLK (DLK) compared with eyes with uneventful postoperative
courses (Controls). After the resolution of DLK, 33 (55.9%)
eyes achieved 20/20 or better final UCVA compared with 69
(69%) control eyes (P = 0.12).
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the manufacturer. Nevertheless, we saw a dramatic increase in
the number of DLK cases that occurred while this sterilizer
was in use. In fact, the data from our study combined with
those from previous publications”” strongly suggest that the
use of cassette sterilizers with reservoirs can significantly in-
crease the rate of DLK after LASIK in clinical practice.
Although we changed both sterilizer and instrument
cleaner simultaneously, we believe that the reduction in the
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FIGURE 4. Final best spectacle-corrected visual acuity in eyes
developing DLK (DLK) compared with eyes with uneventful
postoperative courses (Controls). After the resolution of DLK,
48 (81.4%) eyes achieved 20/20 or better final BSCVA com-
pared with 95 (95%) control eyes (P = 0.012).
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FIGURE 5. Lines of best spectacle-corrected visual acuity
gained or lost after LASIK in eyes developing DLK (DLK) com-
pared with eyes with uneventful postoperative courses (Con-
trols).

incidence of DLK is attributable to eliminating the use of a
cassette sterilizer for several reasons. First, the cleaning solu-
tion remained constant when the cassette sterilizers were
implemented and the DLK incidence rose (group 1 versus
group 2). Second, the DLK rates are comparable between
groups 1 and 3, even though different cleaning solutions were
used in these protocols. In support of this concept, Nakano and
colleagues®® found that cleaning solutions, including Palmo-
live, did not incite interface inflammatory responses in rabbit
models.

From this study, we cannot exclude meibomian gland
secretions, povidone-iodine solution, carboxymethylcellulose
drops, microkeratome debris, contaminants on the microkera-
tome blades, inflammatory material that is washed under the
flap from the surface of the eye, or reactions to cleaning solu-
tions as stimuli for the development of some cases of DLK. It
seems possible that any or all of these factors might stimulate
mild inflammatory responses in susceptible individuals. How-
ever, there were no changes in surgical protocol during the
study period that would have altered any of these factors, and
elimination of the cassette autoclave with a reservoir resulted
in about a 5-fold reduction in the incidence of DLK to 0.14%
(14/10,106 cases, P < 0.0001). Thus, although any or all of
these factors may rarely stimulate an interface inflammatory
response in susceptible individuals, the elimination of tabletop
cassette autoclaves with reservoirs may eliminate clusters of
DLK and have a significant impact on the overall rate inci-
dence of DLK.
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Taking into account the variety of inflammatory re-
sponses seen after other eye surgery, it seems unlikely that the
occurrence of mild interface inflammation will ever be com-
pletely eliminated; thus, effective treatment strategies become
important.

In addition to topical steroid use, a variety of treatments
have been proposed for DLK, including intraoperative use of
intrastromal steroids,>® oral corticosteroids,?’ and even photo-
therapeutic keratectomy.*® Initially, we used relatively aggres-
sive measures in the management of DLK, with early flap el-
evation, culture and Gram stain of interface material, and topi-
cal fortified antibiotics. Later, we became more confident that
eyes with a typical appearance of DLK were not infected, and
we attained good results with topical steroids alone in the ma-
jority of our cases (Fig. 2). When necessary, we also used a
short course of oral steroids. From 2000 through 2002, only 8
cases (16%) failed to respond to conservative treatment and
required irrigation of the flap for resolution of DLK.

We recommend topical steroids for the treatment of
Stage 1 and Stage 2 DLK with frequent observation. Irrigation
of the flap interface and oral steroids should be considered for
Stage 3 and Stage 4.

All DLK cases resolved without serious scarring or other
sequelae. Postoperative manifest refraction after the resolution
of DLK was comparable to that in patients with uneventful
postoperative courses, with 91.5% achieving spherical equiva-
lent refractions within 0.5 D of emmetropia (Table 5). Final
visual acuity also compared favorably to that of controls, with
55.9% of eyes achieving UCV A of 20/20 or better (Fig. 3), and
81.4% achieving BSCVA 20/20 or better (Fig. 4). Signifi-
cantly more eyes with DLK, 10 (16.9%), lost 1 line of BSCVA
compared with controls, 1 (1%; P = 0.0002); however, most
(83.1%) maintained or gained 1 or more line of BSCVA post-
operatively (Fig. 5).

It remains critical to differentiate DLK from infectious
keratitis presenting after LASIK. Infectious keratitis presents
with a more localized, irregular infiltrate, usually with a more
delayed onset after surgery compared with DLK.?® Although
bacterial keratitis can present as early as postoperative day 1,%°
most cases of infectious keratitis after LASIK, especially My-
cobacterium and fungal keratitis, have delayed presenta-
tions,>* ! in contrast to DLK. During this study period, we
encountered 2 cases of infectious keratitis that were readily
distinguished from DLK based on onset of presentation and the
appearance of the infiltrate.

In summary, diffuse lamellar keratitis is a nonspecific
inflammatory response to multiple stimuli, with both sporadic
and clustered occurrence. DLK cannot be attributed to an al-
lergic response to materials to which the patient is exposed
during the procedure, solely to the microkeratome or to mate-
rial deposited by the microkeratome. Sterilizers with reser-
voirs may play a role in the development of DLK, especially
clustered cases. At our institution, the elimination of these ster-
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ilizers significantly reduced the incidence of DLK. With ap-
propriate diagnosis and treatment, favorable postoperative
outcomes can be achieved after the resolution of DLK.

REFERENCES

. Stulting RD, Carr JD, Wiley WM, et al. Diffuse interlamellar culture-

negative keratitis after LASIK. Invest Ophthalmol Vis Sci. 1999;40(Sup-
pl):S403.

. Smith RJ, Maloney RK. Diffuse lamellar keratitis: a new syndrome in

lamellar refractive surgery. Ophthalmology. 1998;105:1721-1726.

. Fogla R, Padmanabhan RS. Diffuse lamellar keratitis: are meibomian

glands responsible? J Cataract Refract Surg. 2001;27:493-495.

. Kaufman SC, Maitchouk D, Chiou AGY, et al. Interface inflammation

after laser in situ keratomileusis: sands of the sahara syndrome. J Cataract
Refract Surg. 1998;24:1589-1593.

. Samuel MA, Kaufman SA, Ahee JA, et al. Diffuse lamellar keratitis as-

sociated with carboxymethylcellulose sodium 1% after laser in situ ker-
atomileusis. J Cataract Refract Surg. 2002;28:1409-1411.

. MacRae S, Macaluso DC, Rich LF. Sterile interface keratitis associated

with micropannnus hemorrhage after laser in situ keratomileusis. J Cata-
ract Refract Surg. 1999;25:1679-1681.

. Holland SP, Mathias RG, Morck DW, et al. Diffuse lamellar keratitis re-

lated to endotoxins released from sterilizer reservoir biofilms. Ophthal-
mology. 2000;107:1227-1234.

. Peters NT, Iskander NG, Penno EEA, et al. Diffuse lamellar Kkeratitis:

isolation of endotoxin and demonstration of the inflammatory potential in
arabbit laser in situ keratomileusis model. J Cataract Refract Surg. 2001;
27:917-923.

. Yuhan KR, Nguyen L, Boxer Wachler BS. Role of instrument cleaning

and maintenance in the development of diffuse lamellar keratitis. Oph-
thalmology. 2002;109:400-404.

. Harrison DA, Periman LM. Diffuse lamellar keratitis associated with re-

current corneal erosions after laser in situ keratomileusis. J Refract Surg.
2001;17:463-465.

. Haw WW, Manche EE. Late onset diffuse lamellar keratitis associated

with an epithelial defect in six eyes. J Refract Surg. 2000;16:744-748.

. Shah MN, Misra M, Wilhelmus KR, et al. Diffuse lamellar keratitis asso-

ciated with epithelial defects after laser in situ keratomileusis. J Cataract
Refract Surg. 2000;26:1312-1318.

. Johnson JD, Harissi-Dagher M, Pineda R, et al. Diffuse lamellar keratitis:

incidence, associations, outcomes, and a new classification system. J
Cataract Refract Surg. 2001;27:1560-1566.

688

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

. Chang-Godinich A, Steinert RF, Wu HK. Late occurrence of diffuse la-

mellar keratitis after laser in situ keratomileusis. Arch Ophthalmol. 2001;
119:1074-1076.

Parolini B, Marcon G, Panozzo GA. Central necrotic lamellar inflamma-
tion after laser in situ keratomileusis. J Refract Surg. 2001;17:110-112.
Probst LE, Foley L. Late-onset interface keratitis after uneventful laser in
situ keratomileusis. J Cataract Refract Surg. 2001;27:1124-1125.
Anonymous. A mysterious tale: the search for the cause of 100+ cases of
diffuse lamellar keratitis. J Refract Surg. 2002;18:551-554.

. Wilson SE, Ambrosio R. Sporadic diffuse lamellar keratitis (DLK) after

LASIK. Cornea. 2002;21:560-563.

. Stulting RD, Carr JD, Thompson KP, et al. Complications of laser in situ

keratomileusis for the correction of myopia. Ophthalmology. 1999;106:
13-20.

Linebarger EJ, Hardten DR, Lindstrom RL. Diffuse lamellar keratitis:
diagnosis and management. J Cataract Refract Surg. 2000;26:1072—
1077.

Buhren J, Baumeister M, Kohnen T. Diffuse lamellar keratitis after laser
in situ keratomileusis imaged by confocal microscopy. Ophthalmology.
2001;108:1075-1081.

Buhren J, Baumeister M, Cichocki M, et al. Confocal microscopic char-
acteristics of stage 1 to 4 diffuse lamellar keratitis after laser in situ ker-
atomileusis. J Cataract Refract Surg. 2002;28:1390-1399.

Chung MS, Pepose JS, Al-Agha S, et al. Confocal microscopic findings in
a case of delayed-onset bilateral diffuse lamellar keratitis after laser in situ
keratomileusis. J Cataract Refract Surg. 2002;28:1467—1470.

Whitby JL. Hitchins VM. Endotoxin levels in steam and reservoirs of
table-top steam sterilizers. J Refract Surg. 2002;18:51-57.

Nakano EM, Nakano K, Oliveira MC, et al. Cleaning solutions as a cause
of diffuse lamellar keratitis. J Refract Surg. 2002;18(Suppl):s361-s363.
Peters NT, Lingua RW, Kim CH. Topical intrastromal steroid during laser
in situ keratomileusis to retard interface keratitis. J Cataract Refract Surg.
1999;25:1437-1440.

MacRae SM, Rich LF, Macaluso DC. Treatment of interface keratitis with
oral corticosteroids. J Cataract Refract Surg. 2002;28:454-461.

Leu G, Hersh PS. Phototherapeutic keratectomy for the treatment of dif-
fuse lamellar keratitis. J Cataract Refract Surg. 2002;28:1471-1474.
Karp CO, Tuli SS, Yoo SH, et al. Infectious keratitis after LASIK. Oph-
thalmology. 2003;110:503-510.

Solomon A, Karp CO, Miller D, et al. Mycobacterium interface keratitis
after laser in situ keratomileusis. Ophthalmology. 2001;108:2201-2208.
Freitas D, Alvarenga L, Sampaio J, et al. An outbreak of mycobacterium
chelonae infection after LASIK. Ophthalmology. 2003;110:276-285.

© 2004 Lippincott Williams & Wilkins



