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HIGHLIGHTS

- Differentiating between interface fluid syndrome and diffuse lamellar keratitis is essential in the early stage of interface haze.
- Clinicians should prioritize ruling out interface fluid syndrome before initiating steroid therapy.

- Peripheral intraocular pressure monitoring is critical when interface fluid syndrome is diagnosed or suspected.

Abstract:

Purpose: To report a case of interface fluid syndrome following small incision lenticule extraction
(SMILE) and subsequent CIRCLE enhancement. Case Presentation: A 30-year-old female
experienced progressively worsening vision following refractive enhancement surgery. The patient
had experienced a transient increase in intraocular pressure (IOP) after SMILE, normalized post-
steroid cessation. Three months after the enhancement, her best-corrected visual acuity deteriorated
from 20/20 in both eyes before the surgery to 20/300. IOP measured by non-contact tonometry
was 25.3 mmHg in the right eye and 26.7 mmHg in the left eye, while the measurements off the
flap using iCare were 55.3 mmHg and 47.8 mmHg, respectively. Examination revealed moderate
corneal edema, interface fluid pockets, and haze, which were confirmed by anterior segment optical
coherence tomography. Treatment involved the discontinuation of steroids and the introduction of
hypotensive medication, leading to significant symptom relief. Conclusion: This case highlights

the importance of cautious and conservative steroid use, particularly in steroid-responsive patients.
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When steroids are administered in cases potentially involving diffuse lamellar keratitis and haze,
monitoring peripheral IOP is essential.
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Abbreviations and Acronyms: SMILE = small incision lenticule extraction, LASIK = laser in situ keratomileusis,
IFS = interface fluid syndrome, UCVA = uncorrected visual acuity, BCVA = best-corrected visual acuity, IOP =

intraocular pressure, NCT = non-contact tonometery, AS-OCT = anterior segment optical coherence tomographic,

DLK = diffuse lamellar keratitis.

INTRODUCTION

Ninety years ago, Prof. Frank B. Walsh and Prof.
Eugene Chan documented a unique case of band-shaped
keratitis with pearly, thickened conjunctiva extending
onto the cornea.” Their insights into the etiology and
pathophysiology of band-shaped keratitis, as well as
their exploration of the potential pathological properties
of conjunctival changes, have had lasting clinical
significance. In homage to Professor Eugene Chan, we
present a case of interface fluid syndrome following
refractive enhancement surgery.

Interface fluid syndrome (IFS) is an uncommon
complication of lamellar refractive surgeries that can
result in irreversible vision loss if misdiagnosed or
improperly treated. Recently, we have seen a case
happened after CIRCLE enhancement following the
small incision lenticule extraction (SMILE), and as a
search of the literature has not resulted in our finding a
similar one, we venture to present it.

CASE REPORT

A Chinese female aged 30 years, Asian descent,
clerk, came to Zhongshan Ophthalmic Center
complaining of progressive decreased vision in both eyes
since the CIRCLE enhancement 3 months previously.

The patient underwent a CIRCLE enhancement
(cap-to-flap conversion program in the VisuMax
platform) surgery 3 months ago for the residual refractive
error left by a SMILE surgery 11 months before. Before

the CIRCLE enhancement, the refraction was -0.75
-0.50 x 30 in the right eye and -0.75 -0.50 x 165 in the
left eye with best-corrected visual acuity (BCVA) of
20/20 in both eyes. The surgery was uneventful and the
first day BCVA was 20/25 in both eyes. Tobradex eye
drops (tobramycin 0.3%, dexamethasone 0.1%, Alcon)
were started every two hours as part of the normal
postoperative regimen. Three days later, the BCVA
diminished to 20/60 in the right eye and 20/50 in the
left eye, with the intraocular pressure (IOP) increased to
20.5 mmHg in the right eye and 21 mmHg in the left eye
measured by a non-contact tonometer (NCT) (compared
with 17 mmHg the right eye and 16.7 mmHg the left
eye before the surgery). TobraDex was replaced by 0.1%
fluorometholone, 4 times a day, and 2% carteolol, twice
a day was added. At the 1-month postoperative visit,
the BCVA remained 20/40 in both eyes and a mild haze
could be seen in both eyes under a slit-lamp examination,
with IOP of 18 mmHg and 19 mmHg. Brimonidine,
0.2%, and tacrolimus, 0.1%, twice a day were added
to carteolol and fluorometholone. Two weeks later, the
haze persisted, and the TobraDex ointment was given for
presumptive diffuse lamellar keratitis. At the 2-month
postoperative visit, the BCVA was decreased to 20/60 in
both eyes with the IOP measured by NCT of 25.3 mmHg
the right eye and 23 mmHg the left eye. The patient was
referred for consultation.

Family history: No similar disease history of
immediate family members, including mother, father, and
a brother.

Ophthalmic history: Patient underwent an
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uneventful SMILE surgery 11 months ago. The
preoperative refraction was -7.00 -0.75 x 91 in the right
eye and -6.50 -0.50 x 94 in the left eye with BCVA of
20/20 in both eyes. After the surgery, a transient elevated
IOP was observed after using Tobradex eye drops for one
week with 30.3 mmHg the right eye and 25.7 mmHg the
left eye measured by NCT, which decreased to normal
after the discontinuation of steroids.
Ophthalmological examination: The visual
acuity was 20/125 without improvement by correction
in both eyes. IOP measured with NCT was 25.3 mmHg
in the right eye and 26.7 mmHg in the left eye, while
the pressure was 55.3 mmHg and 47.8 mmHg when
measured off the flap using an iCare, nearly 2 mm away
from nasal limbal. Slit-lamp examination revealed a
shallow fluid interface under the epithelium in both eyes
with brown irises (Figure 1). Anterior segment optical
coherence tomographic (AS-OCT) image revealed
the edematous cornea and a fluid interface between
the stromal bed and the flap (Figure 2). The dilated
fundoscopy examination was unremarkable.
Treatment and outcome: The patient was
diagnosed with interface fluid syndrome (IFS) and

C D

steroid-induced ocular hypertension in both eyes.
Steroids were discontinued immediately. Mannitol, 20%,
250mL, was given intravenously. The patient started oral
glycerin, 90mL, twice daily. Azarga (carbonic anhydrase
inhibitor brinzolamide, 1%; timolol, 0.5%), brimonidine,
0.2%, bromfenac 0.1%, and tacrolimus, 0.1% were
applied in both eyes twice a day. By the third day,
BCVA had improved to 20/30 in both eyes. Intraocular
pressure using the iCare was 6.0 mmHg centrally and
11.7 mmHg nasally in the right eye; 6.9 mmHg centrally
and 15.4 mmHg nasally in the left eye. One month later,
the interface fluid had nearly resolved (Figure 1 & 2).
The BCVA was 20/30 in both eyes. Three months after
treatment, the BCVA was 20/25 in both eyes.

DISCUSSION

IFS is a LASIK flap-associated complication that
was first reported by Lyle and Jin in 1999.”) Awareness
of this condition has increased with the growing number
of reported cases.” ™! Most previous reports have
documented IFS occurring after LASIK surgery, while
a few cases have been reported following SMILE, *"*

G

Figure 1 Ophthalmic examination at diagnosis and after 1-month treatment

The slit-lamp examination of the right eye (A-D) and the left eye (E-H).

A, B, E, F: 2 months after CIRCLE enhancement. Slit-lamp photograph showing a prominent flap. The beam focused on the cornea reveals a
shallow fluid interface between the stromal bed and the flap (arrow). A & E. magnification 10x; B & F. magnification 45x.

C, D, G, H: After the patient received hypotensive agents for 1 month. Slit-lamp photograph showing a significant resolution of fluid
accumulation under the flap. C & G. magnification 10x; D & H. magnification 45x.
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bioptics,” and surface ablation."” Re-treatment rates, or
enhancement rates, after LASIK or SMILE range from
5% to 28%.""""] Three IFS cases have reported after
LASIK enhancement."*"” To our knowledge, this is the
first case of IFS observed after the CIRCLE enhancement
following the SMILE surgery.

In our case, moderate edematous abnormalities
along the interface wound causing a diffuse smudgy
interface haze were observed, corresponding to stage 2
IFS as Dawson et al. classified (Supplemental Figure 1)."!
Clinically, stage 3 IFS can be detected with a careful slit-
lamp examination, appearing as an optically empty space
between the flap and the residual stromal bed. However,
stage 1 and 2 IFS could be easy to mistake for the
diffuse granular appearance of diffuse lamellar keratitis
(DLK), but the treatments of the two diseases are totally

t. ') Misdiagnosis of DLK may result in an

distinc
increased dosage of topical steroids, potentially
exacerbating the clinical condition."® Severe ocular

hypertension, which can be obscured by interface fluid,

may persist for an extended period, leading to optic nerve
damage and irreversible visual field loss.”) Our patient
shares similar characteristics with previously reported
IFS cases following SMILE, including Asian descent,
myopia, and darkly pigmented irises. These factors
place the patient at higher risk for developing ocular
hypertension and IFS."™

Our patient experienced decreased vision the day
after enhancement and steroid use, presenting carlier
the typical onset for IFS. This early presentation is akin
to that reported by Miya et al.,'"¥ where increased IOP
and decreased BCAV were noted the day after steroid
application (Table 1, Case 2). Typically, IFS manifests
between 2 to 4 weeks post-operation, in contrast to the
2 to 5 days associated with DLK. Therefore, in both
Case 2 and our case, considering a diagnosis of DLK is
understandable. However, patients treated with topical
steroids for DLK who do not see improvement within

10 days should be meticulously reassessed for interface
fluid.™

Figure 2 Anterior segment optical coherence tomographic (AS-OCT) image at diagnosis and after 1-month treatment

The AS-OCT images of the right eye (A, B) and the left eye (C, D).

A & C. 2 months after CIRCLE enhancement: AS-OCT image revealing a hypo-reflective area (arrows) corresponding to the area of fluid

accumulation at the interface and hyper-reflective stroma.

B & D. After the patient received hypotensive agents for 1 month: AS-OCT image revealing a resolution of interface fluid and decreased stromal

hyper-reflectivity.
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The ocular hypertension and endothelial dysfunction
are two mechanisms involved in IFS.”'”" Experimental
studies have confirmed that increased aqueous diffusion
into the cornea, caused by higher endothelial stress caused
by IOP and compromised endothelial barrier function,
resulted in fluid accumulation in the interface.” At the
mild stage, the fluid is taken up by the proteoglycans,
leading to slight thickening of the interface with minimal
to no haze. As the fluid accumulation progresses, the
capacity of abnormally large proteoglycan—binding sites
becomes overwhelmed, resulting in the formation of
small fluid pockets. In cases of severe endothelial cell
dysfunction or increased IOP, a significant amount of
aqueous fluid can diffuse into the corneal stroma, creating
large diffuse interface fluid pockets."’

Table 1 Previous cases of IFS following the enhancement

Clinically, steroid-induced IOP elevation is the
most common reason of IFS.® Other causes of IFS
following the refractive surgeries include Posner
Schlossman Syndrome,m anterior uveitis,”™ Fuchs
endothelial dystrophy,!” traumatic hyphema,”"
Amantadine,™
surgery,”! vitreoretinal surgery,”* trabeculectomy,

keratoplasty. ** Our patient had a clear history of steroid

and certain procedures such as cataract
(25]

use and elevated intraocular pressure, similar to the three
previously documented cases of IFS after enhancement
(Table 1). Case 3, with the longest duration of topical
steroid use, was diagnosed with IFS secondary to steroid-
induced glaucoma. IFS persisted due to concurrent
endothelial failure. In Cases 1 and 2, symptoms emerged
after 10 and 14 days of topical steroid use, respectively.

Symptoms onset  Treatment Outcome
The first
After
Case Author  Age(y) Sex Eye - Cause of IFS After _ Resolution Visual
steroid Measures 10P
surgery period acuity
used
o Steroid
UCVA Steroid-induced
OD Smonths 10 days 3 days cessation + 1.0 18
Russell et 20/20 elevated pressure . .
1 . M antihypertensive
al. 2004
BCVA Steroid-induced
(ON] Smonths 10days 3 days 1.0 18
20/20 elevated pressure
o Steroid
Steroid-induced UCVA
OD Uneventful 2weeks 1day  2weeks cessation + 2
Miya et elevated pressure ) ) 0.9
2 N M antihypertensive
al. 2007~
Steroid-induced UCVA
OS  Uneventful 2weeks lday  2weeks 12
elevated pressure 12
o Steroid
Steroid-induced )
Hoffman cessation+
glaucoma, and Several
3 etal. 65 F OD - ) 4 years 1 day antihypertensive BCVA 1.0 -
5 endothelial months
2008 . + DSEK + flap
dysfunction .
elevation

IFS = interface fluid syndrome, LASIK = laser in situ keratomileusis, UCVA = uncorrected visual acuity, BCVA = best-corrected visual acuity,

IOP = intraocular pressure.
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Visual acuity improved significantly upon discontinuation
of steroids and commencement of intraocular pressure-
lowering medications.

After SMILE, the connection between the corneal
cap and the stromal bed becomes loose, creating a
potential space for fluid accumulation. Consequently, the
incidence of IFS post-SMILE may be much higher than
what is currently reported in the literature.”” In patients
with severe IFS and significant fluid accumulation, IOP
tends to be low due to central corneal thinning and the
buffering effect of the fluid.”™ Therefore, measuring IOP
is critical for diagnosing IFS and differentiating diseases
such as DLK, but IOP readings in IFS patients can be
inaccurate and falsely low.” Ex vivo studies have shown
that fluid beneath the corneal flap following keratotomy
can significantly decrease IOP measurements, as
applanation-based IOP measurement relies on both the
thickness of the corneal stroma and the physical integrity
of the cornea.””

One method to address inaccurate IOP readings
is to employ alternative techniques less affected by
corneal biomechanical properties and thickness,™
as the Tono-Pen and rebound tonometry (iCare).”**"!
Studies suggest that the Tono-Pen and iCare provide
more accurate IOP values compared to the ocular
response analyzer and Goldmann applanation tonometry,
likely due to their smaller contact area with the cornea,
which reduces dependency on corneal biomechanical
properties.

Another approach is to measure IOP outside
the corneal flap. Previous research has shown that
the discrepancy between central and peripheral
IOP measurements with iCare ranges from —0.34
to 3.1 mmHg.”** In the normal participants, iCare
measurements of central IOP compared to nasal and
temporal peripheral pressures show slight variations
(central: 17.17 mmHg vs. nasal: 16.83 mmHg vs.
temporal: 18.57 mmHg).”” In participants who have
undergone LASIK with corneal collagen crosslinking,
the peripheral IOP measurements with iCare provide a
good estimation of anterior chamber pressure.”* In our
case, we observed a 22 mmHg discrepancy between
central and peripheral measurements, similar to previous
findings.”>*"”

In IFS caused by ocular hypertension, IOP control is

such

the main goal of treatment."” For hypertension induced
by steroid, the cessation or taper of steroids is imperative.
With adjunct topical and systemic hypotensive
medication, the condition is usually reversed in 1-2
weeks.*"** In our case, after one month of treatment,
vision acuity is yet fully recover, likely due to the
prolonged course IFS. A systematic review indicated that
a duration of IFS shorter than one month is associated
with a significantly higher likelihood of achieving a
final corrected distance visual acuity of 20/25 or better,
with an adjusted odds ratio of 7.71 (P = 0.02)." At the
carly stage of our case and similar previous ones,”****"!
despite intensifying antihypertensive therapy, the trial
use of steroids further exacerbated the symptoms.
Additionally, systemic steroid use also worsened
symptoms.”! Therefore, clinicians should be wary or
more conservative in reaching for steroids if IFS is
possible, especially in those who are sensitive to steroids.
Monitoring peripheral IOP is crucial when administering
steroids under these conditions.
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Supplemental Material

et VO

Supplemental Figure 1

Dawson et al.””! classification of IFS: Representative slit-lamp clinical photographs (slit-beam illumination) of a (A) normal cornea, (B) normal
laser in situ keratomileusis (LASIK) cornea, and (C, D) corneas with interface fluid syndrome (IFS). C, A LASIK cornea with moderate (stage
2) IFS that has moderate edematous abnormalities along the interface wound causing a diffuse smudgy interface haze. D, A LASIK cornea with
severe (stage 3) IFS that has severe edematous abnormalities along the interface wound causing an optically empty space between the LASIK
flap and the residual stromal bed because of interface fluid accumulation. White arrows, LASIK interface.
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Supplemental Figure 2 Anterior segment optical coherence tomographic (AS-OCT) image after 3-month treatment



