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Purpose: This study aims to describe a newly identified clinical finding of central corneal subepithelial haze following keratoplasty
(both penetrating and lamellar) with interrupted sutures, and to explore its causes and management strategies.

Methods: Case series.

Results: The study included 7 males and 3 females, with an average age of 24.89 + 6.57 years. Eight eyes underwent lamellar
keratoplasty, and two underwent penetrating keratoplasty. Subepithelial haze appeared between 2 and 5 months postoperatively,
associated with central corneal steepening. The mean BCVA improved from 0.88 + 0.50 logMAR preoperatively to 0.51 + 0.20 at haze
documentation and 0.50 £ 0.16 after haze resolution. Selective suture removal resulted in haze resolution in 9 eyes, while delayed
intervention in one case led to permanent scarring.

Conclusion: Central corneal subepithelial haze following keratoplasty with interrupted sutures is linked to suture tension and central
corneal steepening. Early suture adjustment or removal is essential to prevent permanent scarring. Further studies are needed to better
understand this complication’s pathophysiology.
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Introduction

The cornea, with its five distinct layers, plays a pivotal role in focusing light onto the retina, and its transparency is
essential for clear vision. Any disruption to its structure—whether due to disease, trauma, or surgery—can significantly
impair visual quality.'* Corneal transplantation, or keratoplasty, can be classified into full-thickness procedures—such as
penetrating keratoplasty (PK)—and partial-thickness approaches like anterior lamellar keratoplasty (ALK) and endothe-
lial keratoplasty (EK). These surgical techniques have evolved significantly over the past few decades, offering tailored
approaches for different layers of corneal pathology.”

Despite advancements, keratoplasty is not without challenges. Corneal haze, a form of opacity that can impair visual
quality, may arise due to various causes after transplantation. Immune-mediated rejection is a significant cause of
postoperative haze, particularly in cases of endothelial rejection, which manifests as stromal edema and Descemet’s
folds. Microbial keratitis, often due to bacterial or fungal infections, can result in localized or diffuse haze with
associated inflammation. Persistent epithelial defects, common in cases with poor epithelial healing, may lead to scarring
and haze formation. Similarly, mechanical factors such as uneven suture tension or oversized grafts can cause central
corneal steepening or edge thickening, disrupting the tear film and inducing localized subepithelial haze.?

Suture-related complications, in particular, are more prevalent in PK and ALK where interrupted or continuous
sutures, or a combination of both, are used.> The adjustment of sutures intraoperatively and postoperatively plays a

pivotal role in determining postoperative corneal curvature and astigmatism, as well as influencing overall graft survival.
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While many suture-related complications, such as wound leaks, loose sutures, astigmatism, and cheese-wiring, are
well-documented, we describe a new clinical finding observed in patients who underwent PK or lamellar keratoplasty
with interrupted sutures. This finding, first noted by the primary author Dr. Kirat, is the presence of central corneal
subepithelial haze, a phenomenon not previously reported in the literature and presumed to be linked to the suturing
technique.

In this case series, we aim to present and describe this novel observation in a series of 10 eyes, shedding light on its
potential implications for postoperative management and long-term visual outcomes following keratoplasty.

Methods

This is a descriptive, retrospective case series involving the clinical evaluation of 10 eyes from patients who developed
central corneal subepithelial haze after undergoing keratoplasty for keratoconus. The study adhered to the Declaration of
Helsinki and was approved by the Institutional Research Board at King Khaled Eye Specialist Hospital. A written
informed consent was obtained from all participants in this study publish the data.

A comprehensive chart review was conducted to collect the following data: patient age, gender, laterality, and type of
keratoplasty. Visual acuity assessments included both uncorrected distance visual acuity (UCDVA) and best spectacle corrected
distance visual acuity (BSCVA), measured using Snellen charts and subsequently converted to logMAR values for analysis.

Each patient underwent slit-lamp biomicroscopy, and additional corneal imaging was performed using a Pentacam
HR Scheimpflug rotating camera to assess key corneal parameters. These included the thinnest corneal thickness,
maximum keratometry values (Kmax), mean keratometry values (Kmean), and corneal astigmatism at 1, 3, and 6 months
postoperatively.

Additionally, the onset, progression, and location of corneal haze were documented and analyzed using slit-lamp
photography and anterior segment optical coherence tomography (OCT). As this study is a case series involving a small
number of eyes (n=10), only descriptive analysis was performed to characterize the clinical findings, without statistical
hypothesis testing.

Results

A total of ten eyes from ten patients were included in the analysis, consisting of seven males (70%) and three females
(30%). All patients had undergone keratoplasty for keratoconus. Eight eyes underwent lamellar keratoplasty, while two
eyes underwent penetrating keratoplasty. Of the surgeries, six were performed on the right eye, and four on the left.
(Table 1) The corneal grafts were oversized by 0.25mm relative to the recipient trephination diameter in all cases to

Table | Participant Characteristics (n=10)

Characteristic No. (%)
Age, mean * SD 24.89 + 6.57
Gender

Male 7 (70%)
Female 3 (30%)
Laterality

Right eye 6 (60%)
Left eye 4 (40%)
Type of Keratoplasty

Penetrating Keratoplasty (PKP) | 2 (20%)
Lamellar Keratoplasty (LKP) 8 (80%)
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Table 2 Clinical Parameters Before Surgery, at Haze Documentation, and Haze Resolution

Parameter Pre-operative At Haze Documentation At Haze Disappearance
(Mean £ SD) (Mean £ SD) (Mean £ SD)
BSCVA (logMAR) 0.88 + 0.54 0.51 £0.20 0.50 £ 0.16
K max 71.78 £ 88 484 £ 3.9 50.55 + 3.23
K mean 61 £85 375+ 336 43.46 = 1.61
Anterior elevation 51.7 £ 21.31 308 = 186 14.50 + 12.69
Corneal astigmatism 4.56 £ 2.5 4.05 + 1.67 6.05 + 2.31
Table 3 Durations Related to Haze Onset and Disappearance
Duration (months) Median Min. Max.
From haze documentation until haze resolution 7.00 1.00 11.00
From haze documentation until start of suture removal 5.00 1.00 10.00
From start of suture removal until haze resolution 4.00 1.00 10.00

ensure adequate graft-host junction stability. None of the included eyes had undergone corneal cross-linking (CXL) prior
to keratoplasty, the patients presented with advanced keratoconus, beyond the suitability criteria for CXL.

Preoperative best-corrected visual acuity (BCVA) in logMAR was 0.88 (£0.50). At the time of documented
subepithelial haze, BSCVA improved to 0.51 (£0.20), and upon haze resolution, it stabilized at 0.50 (£0.16). Mean
keratometry values were noted to be flatter during the presence of the haze, with an average Kmean of 36.9 (£3.3), and
showed a slight increase to 43.4 (£1.6) following haze resolution (Table 2).

Postoperatively, all patients were prescribed prednisolone acetate 1% eye drops in tapering doses over several weeks
based on individual clinical progress. None of the patients received cyclosporine during the follow-up period.
Preservative-free artificial tears were prescribed to all patients and were used 4—6 times daily.

The subepithelial haze appeared postoperatively and was transient in all cases except one eye which had permanent
scarring even after complete suture removal. The median duration from haze documentation to haze resolution was 7
months. The median time from haze documentation to the start of suture removal was 5 months, while the duration from

the beginning of suture removal to the resolution of haze was a median of 4 months (Table 3).

Discussion

Corneal haze, a form of corneal opacity, can manifest at different layers of the cornea depending on the underlying
etiology. Subepithelial haze is frequently observed post-refractive surgeries, particularly after procedures like LASIK or
PRK, where it is a known complication of epithelial disruption.*® In contrast, stromal haze can emerge after interven-
tions like corneal crosslinking (CXL), often regarded as an indication of successful treatment.”* However, corneal haze is
not exclusive to these procedures and can arise as part of the healing process following surgical or infectious insults to
the corneal tissue.

While corneal haze generally has a limited impact on visual acuity, in some cases, it can significantly degrade the
quality of vision by inducing light scatter.” This is particularly concerning for patients whose visual function may be
compromised even in the absence of significant changes in corrected visual acuity.” In our study, we describe a novel
pattern of corneal subepithelial haze that appeared centrally following keratoplasty with interrupted sutures, occurring in
both lamellar and penetrating procedures for keratoconus patients.
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Figure | (A-C) Slit lamp photography of three eyes with central corneal subepithelial haze.

In all 10 eyes, the subepithelial haze developed centrally, in the graft zone, where the most significant elevation
occurred due to tight sutures. (Figure 1) This pattern is unique and previously unreported in the literature, first recognized
and described by Dr. Kirat. The onset of haze ranged from as early as two months postoperatively to as late as 5 months,
illustrating the variability in the healing process and the potential delayed effects of suture tension on corneal
architecture.

The haze was typically accompanied by a steepening of the central cornea and flattening of the periphery, a
phenomenon well-documented by corneal topography. (Figure 2) This steep central zone, juxtaposed against a flatter
periphery, suggests an imbalance in suture tension leading to localized stress on the corneal surface. Anterior segment
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Figure 2 (A-C) Pentacam images of three eyes with central corneal subepithelial haze showing central steepening with flattening of the corneal periphery.

OCT revealed central and anterior hyper-reflectivity at the site of corneal haze, further confirming the localized nature of

the corneal changes. (Figure 3) Interestingly, the haze resolved in all cases except one following selective suture removal,

highlighting the importance of early intervention. In one eye, the delay in suture removal led to permanent central

scarring, emphasizing the need for timely management.

The role of tight sutures in inducing corneal haze likely extends beyond simple mechanical distortion of the cornea.

We hypothesize that the significant central steepening, which disrupts the tear film, could contribute to the development

of haze by causing localized corneal dryness.'® This mechanism has been observed in other conditions characterized by

Figure 3 Anterior segment OCT showing the central and anterior hyper-reflectivity at the site of corneal subepithelial haze.
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corneal steepening, such as in hyperopic corrections post-LASIK or PRK, where central stromal necrosis and subepithe-
lial scarring are linked to an irregular tear film and subsequent dry eye syndrome.*>

A related observation is that of Kaye’s dots, which have been linked to tight sutures.'' These dots may reflect
abnormal epithelial healing at the periphery of graft and are often associated with an iron line in the affected area.''
Typically, Kaye’s dots resolve rapidly after suture removal, except in cases where subepithelial fibrosis has developed in
the same region of tight sutures.'? Over time, excessively tight sutures may also lead to subepithelial fibrosis, and
keratoscopic examination can reveal flattening of the corneal surface in such areas.'?

Our study sheds light on a newly identified complication of keratoplasty involving interrupted sutures, where
significant central steepening, induced by tight sutures, can lead to the development of a central subepithelial haze.
This finding underscores the critical importance of suture management in the postoperative period, not only for
controlling astigmatism but also for preventing secondary complications such as haze and, potentially, permanent
scarring. Early intervention, either through suture adjustment or selective suture removal, can prevent the progression
of haze and mitigate the risk of permanent visual impairment.

While the visual acuity in our patients remained largely unaffected, the presence of haze did have implications for
visual quality. This highlights the need for ophthalmic surgeons to be vigilant in postoperative management, particularly
in the early detection of haze, and to adopt prompt intervention strategies.

The limitations of our study include the small sample size and the absence of histopathological analysis to further
elucidate the underlying mechanism of haze formation. Future studies with larger cohorts and a detailed histological
examination of the corneal tissue are necessary to fully understand the pathophysiology of this phenomenon.
Nonetheless, our findings contribute valuable insights into the relationship between suture tension and corneal healing,
and we advocate for heightened awareness among corneal surgeons of this potential complication.
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