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Objective: To explore alterations in tears and ocular surface throughout Descemet’s Membrane Endothelial Keratoplasty (DMEK),
thereby offering valuable insights for clinical intervention.

Methods: This study was conducted on 84 patients (84 eyes) with CED and received DMEK who visited the Zhongshan Ophthalmic
Center of Sun Yat-sen University from April 2022 to January 2024. All patients were evaluated preoperatively and 1, 3, 6, and 12
months postoperatively, with 31 patients (31 eyes) post-24 months above. This cohort was then compared against a normal control of
21 individuals (21 eyes). Main clinical outcomes included lipid layer thickness (LLT), blink counts and partial blink rate (PBR)
measured by Lipiview interferometer, in vivo confocal microscopy (IVCM) was used to detect the density of epithelial wing cells,
leukocytes, subbasal dendritic cells (DCs) and endothelial cells.

Results: Compared with normal control, LLT was decreased at 6 months (P = 0.053); total blink counts were significantly higher at 36
months (P < 0.05) after DMEK, while LLT was significantly lower (P < 0.05). Utilizing IVCM, an increased leukocytes density was
identified in CED patients, which correlated positively with Log MAR visual acuity (r = 0.261, P = 0.04) and inversely with epithelial
wing cells density (r = —0.319, P = 0.009). Leukocytes density decreased to comparable level at postoperative 3 months (P = 0.11).
Subbasal DCs density was still higher at 6 months postoperatively (P < 0.05), while there was no difference at 12 months after DMEK
(P > 0.05).

Conclusion: Abnormalities of LLT can occur at different stages after DMEK. Besides, the immune reaction on cornea is still active
within 6 months after DMEK.

Plain Language Summary:

What is already known on this topic:

DMEK had earned a reputation for its significantly reduced complication rates and lower incidence of graft rejection when compared
to other forms of corneal transplantation.

What this study adds:

Following DMEK, abnormalities in the LLT could emerge, and the immune response within the cornea remained active.

How this study might affect research, practice or policy:

The study serves as a reminder to clinical doctors to closely monitor for postoperative corneal inflammation within first six months
following DMEK, and to be vigilant about potential meibomian gland dysfunction during long-term follow-up periods.
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Introduction

Tear film serves as a critical interface between corneal epithelium and environment, with an average thickness of
approximately 6um.' Lipid layer of tear film originates from meibomian gland, and possesses a remarkably thin layer of
just 100 nm.? Characterized by its low surface tension, lipid layer facilitates even distribution of tears, offering a uniform
refractive medium and impeding tear evaporation.’ The instability of tear film is related to LLT and functionality of the
meibomian glands.* Changes in the diffusion of lipid layer and localized thinning attributable to meibomian gland
disorders can precipitate tear film instability.” In addition, quality of tear film is a determinant of PBR, with spontaneous
blinking engaging in intricate interactions with ocular surface.*

CED and endothelial keratoplasty (EK) are recognized as triggers for tear film instability, which in turn can induce
alterations in homeostatic balance and structural integrity of ocular surface, which might cause corneal inflammation.’
The development of IVCM has facilitated the detailed examination of ocular surface,® encompassing a comprehensive
view of cellular and neural components. Beyond endothelium, stromal and endothelium, there is an important group of
cells known as antigen-presenting cells (APCs), including dendritic cells (DCs) and macrophages, which play a crucial
role in corneal immune response.”® DCs, typically found at a depth of 35-60pum within corneal epithelium, serve as
sentinels for environmental changes and professional APCs.” IVCM has revealed the coexistence of DCs and leukocytes
under certain immune-mediated inflammatory conditions.'® However, current research predominantly concentrates on the
shifts in tear secretion and corneal nerve integrity in penetrating keratoplasty (PK) and deep anterior lamellar kerato-
plasty (DALK), with little attention given to dynamics of tear secretion and corneal cellular density in CED and DMEK.
Therefore, this study focuses on exploring the dynamic changes of ocular surface following DMEK in CED patients,
particular emphasis on variations in LLT, blinking, and corneal inflammatory cells, providing a reference for clinical
intervention.

Methods
Patient Data

Patient demographics are summarized in Table 1. Inclusion Criteria: Without regard to gender or ethnicity, ages over 18
years old; CED with refractory to medical treatment; first-time recipient of EK; patients with full compliance in follow-
up. Exclusion Criteria: Individuals with monocular vision; history of previous corneal surgery; concurrent active ocular
inflammation; systemic conditions compromising surgical safety, including uncontrolled cardiac or cerebrovascular
disorders and severe systemic infections; uncontrolled systemic connective tissue or rheumatic immune diseases; severe
psychiatric conditions, such as anxiety and depression; systemic illnesses like diabetes and thyroid dysfunction; pregnant
or lactating women,; patients unable to cooperate with surgery and regular follow-up; potential risk of complications after
DMEK such as graft detachment, secondary glaucoma, and filamentary keratitis. Data was collected from 84 cases of
CED patients underwent DMEK, which 31patients (31 eyes) underwent DMEK 2 years above. All patients visited
Zhongshan Ophthalmic Center of Sun Yat-sen University from April 2022 to January 2024, as well as 21 normal
individuals (21 eyes). This study was approved by the Ethics Committee of the Zhongshan Ophthalmic Center of Sun
Yat-sen University (Approval No: 2022KYPJ145), and all patients provided informed consent and signed informed
consent forms. All patients underwent a series of standardized ocular evaluations, including BCVA, Lipiview inter-
ferometer, non-contact tonometry, Schirmer I test (without anesthesia), and IVCM. These assessments were meticulously
conducted by expert investigators H.T. and M.ML. both before and after DMEK. Clinical outcomes included BCVA,
intraocular pressure, SIT; LLT, PBR measured by Lipiview interferometer. [IVCM was used to scan cornea and calculated

Table | Baseline Characteristics of Patients

Normal Control CED
Virus Intraocular Surgery | Endothelial Dystrophy
Age (Years) 43.44 £ 16.94 56.00 + 19.39 51.60 + 16.64 62.00 + 13.19
Sex (Male:Female) 11:10 5:6 23:28 9:13
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Figure |1 IVCM images of epithelium layer, subbasal layer, and endothelium in patients with different types of CED (virus subgroup: (A, E and I) intraocular surgery
subgroup: (B, F and J) endothelial dystrophy subgroup: (C, G and K) normal control group: (D, H and L)). Leukocytes are defined as high-reflectivity cells located within
wing and basal epithelial cell layers, characterized by absence of dendritic structures and diameter of 12—I5um.

density of epithelial wing cells, leukocytes, subbasal dendritic cells (DCs) and endothelial cells (Figure 1). Besides,
patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our research.

Surgical Technique

DMEK was performed by the same ophthalmic expert. The donor scleral corneal tissue was stored in EUSOL-C corneal
storage solution (Alchimia, Padova, Italy) at 4°C. If there were complications such as cataract, anterior/posterior synechia
of the iris, surgery was completed as needed, such as phacoemulsification, intraocular lens implantation, and iridotomy.
DMEK referred to the described technique of Melles,!" where the graft was pre-stripped with a diameter of 7.50 to
8.0 mm and stained with trypan blue (Vision blue, D.O.R.C., Zuidland, the Netherlands). Peripheral iridotomy was
performed at 6 o’clock of scleral limbus. Triple-folded graft was inserted into anterior chamber through a custom-made
syringe (E.Janach S.r.I., Como, Italy), and graft was unfolded. Anterior chamber was filled with filtered sterilized air or
inert gas (16% C3F8).

Postoperative Medication

Tacrolimus, three times a day, for 36 months; prednisolone acetate ophthalmic solution, four times a day for the first
postoperative month; twice a day for the second postoperative month; once a day for the third postoperative month;
fluorometholone 0.02% ophthalmic solution, four times a day for the fourth to twelfth postoperative months, once a day
for the thirteenth to twenty-fourth postoperative months; artificial tears: four times a day, for 36 months.

Data Analysis

All data were collected using Microsoft Excel and imported into IBM SPSS Statistics 26 (SPSS.NY.USA). The Shapiro—
Wilk test (S-W test) was used to test the normality of continuous variables. Data that met the normal distribution were
represented as mean + standard deviation (¥ + SD), while continuous data that did not meet the normal distribution were
represented as median (interquartile range). Categorical variable data were represented by absolute numbers and relative
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frequency (p). For data that met the normal distribution, Student’s z-test was used to analyze the statistical differences
between two groups, and data that did not meet the normal distribution were analyzed using the Wilcoxon Mann—
Whitney rank-sum test. A P-value less than 0.05 was considered to indicate a statistically significant difference.

Results

This study retrospectively analyzed 84 patients (84 eyes) with CED and received DMEK who visited the Zhongshan
Ophthalmic Center of Sun Yat-sen University from April 2022 to January 2024, with 31 patients (31 eyes) of 24 months
and above of follow-up, as well as 21 normal individuals (21 eyes). Patients with CED were divided into three
subgroups: 11 patients (11 eyes) caused by virus, 51 patients (51 eyes) caused by intraocular surgery, and 22 patients
(22 eyes) due to endothelial dystrophy. Foundational demographic is presented in Table 1.

Ocular Surface Changes

LLT decreased at 6 months (P = 0.053) and 36 months (P = 0.016) postoperatively (Figure 2A), while there was no
significant change in LLT at 1 month, 3 months, 12 months, and 24 months after DMEK (P > 0.05), comparing to normal
control. Besides, the number of complete blinks significantly increased at 36 months after DMEK (P = 0.016, Figure 2B).
Moreover, PBR significantly increased at 3 months and 12 months after DMEK (P < 0.05). At 12 months post-DMEK,
LLT showed a negative correlation with number of partial blinks (R = —0.465, p = 0.029).

Changes in Various Layers of Corneal Cells
In CED patients, comparing to normal control, density of epithelial cells and endothelial cells in cornea decreased in all
subgroups (P < 0.05); density of leukocytes in epithelium increased in all subgroups (P < 0.05); DCs density decreased in
virus (P = 0.000), while it increased in intraocular surgery and endothelial dystrophy subgroup (P < 0.05).

For postoperative data versus normal control, density of leukocytes increased significantly at 1 month of follow-up
(P =0.000), while there were no significant changes 3 months and beyond (P > 0.05); within 6 months after DMEK, DCs
density increased significantly (P < 0.05). And 12 months and above postoperatively, there were no significant changes in
DCs density (P > 0.05).
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Figure 2 Postoperative data versus normal control (A) LTT decreased at 36 months of follow-up comparing to normal control. (B) Total blinking count is instable in post-24
months and above. *p < 0.05.
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Figure 3 Scatter plots among leukocytes, epithelial wing cells and Log MAR visual acuity. (A) display a negative correlation between Log MAR and epithelial wing cells
(r = —0.436, p = 0.000), while (B) is positive one between Log MAR and leukocytes (r = 0.261, p = 0.044). Finally, (C) shows when leukocytes increase, there is
a decrease in epithelial wing cells (r = —0.319, p = 0.009).

Visual Acuity and Intraocular Pressure
Compared to normal control group, Log MAR visual acuity of patients with CED (P < 0.001) and post-DMEK (P <
0.005) were worse. And there was no significant changes in intraocular pressure.

In all patients with CED, Log MAR visual acuity was negatively correlated with density of epithelial wing cells
(Figure 3A). It was positively correlated with leukocytes density (Figure 3B). What is more, density of epithelial wing
cells was negatively correlated with leukocytes density (Figure 3C). In initial month following DMEK, corneal
endothelial cell loss did not appear to be correlated with donor corneal endothelial cells. However, by 12-month
postoperative mark, a significant positive correlation emerges between these two variables (r = 0.552, P = 0.022).

Discussion

In advanced CED, intricate ocular surface conditions characterized by corneal edema and subepithelial bullae can trigger
active inflammation of ocular surface, while tear secretion and lipid layer, as well as complete and partial blinking, have
not demonstrated significant deviations from normal. DMEK, which involves excision of compromised corneal endothe-
lium, progressively ameliorate ocular status of CED patients.

Clinical Ophthalmology 2025:19 heeps: 2981



Ma et al

The deterioration of dry eye parameters after keratoplasty, such as tear film breakup time, corneal fluorescein staining,
SIT, and LLT, has been previously reported.'>'* We conducted a comprehensive assessment of tear secretion, complete
and partial blinking frequency, and PBR after DMEK.

Our investigation revealed no significant deviations in tear secretion after DMEK. However, tear secretion was found
to be nearing lower threshold of normalcy in 24 months and above post-DMEK. Notably, we identified disturbances in
meibomian gland secretion and blinking frequency, both in early and mediate postoperatively phase timeframe.

Changes in meibomian gland function after DMEK are influenced by various factors. The change in LLT in early
period of DMEK is similar to cataract surgery.'® First, neural feedback pathway appears to be compromised. Given that
meibomian glands are enveloped by a rich network of cholinergic parasympathetic nerve fibers, they are likely integral to
this feedback mechanism.'> DMEK inevitably damages corneal nerves, disrupting the feedback pathway of lacrimal
functional unit, causing early postoperative neural dysregulation of meibomian glands and leading to abnormal secretion.
Subsequently, alterations in blinking frequency have been observed. Moreover, the negative correlation between LLT and
frequency of partial blinking at 12 months of follow up was observed, which demonstrated that partial blinking affects
spread of lipid layer, increasing excessive evaporation'® and leading to tear film instability.

In medium term after DMEK, abnormalities in meibomian gland secretion may be related to insufficient eyelid
hygiene and postoperative medication usage. Insufficient eyelid hygiene after keratoplasty can lead to deterioration of
meibomian gland function. A diligent eyelid hygiene regimen can mitigate the presence of lipid by-products and
lipophilic bacteria along eyelid margin, consequently diminishing MMP-9 levels and enhancing lipid quality, which
can ameliorate meibomian gland dysfunction (MGD).'”"!° Patients are typically advised against eyelid cleaning due to
the risk of inflicting mechanical trauma on ocular surface after keratoplasty. Insufficient eyelid hygiene, leading to lipid
stagnation and gland obstruction, may result in changes in meibomian gland function after DMEK. Additionally, the
impact of medication time and preservatives on meibomian gland has been reported,”® and prolonged application of
preserved eye drops after DMEK can also lead to abnormal meibomian gland secretion. Therefore, even if complete
blinking frequency increased compensatorily after 36 months post-DMEK, LLT remains at a low level. Therefore, for
patients after DMEK, it is imperative to initiate comprehensive blink exercises early on, uphold strict eyelid hygiene, and
minimize exposure to preservative-laden eye drops to ensure tear film stability and prevent occurrence of MGD.

In three subgroups of patients with CED, there is a significant decrease in epithelial wing cells and endothelial cells
density, and inflammatory cells are observed in corneal epithelium. These leukocytes have been previously reported in
patients with Sjogren’s syndrome, and their density is higher in patients with higher corneal fluorescein staining scores.?'
Due to the lack of in vivo studies, we cannot determine the specific type of leukocytes. However, morphological
characteristics of leukocytes suggest that a large proportion of these highly reflective cells may be polymorphonuclear
neutrophils (PMNs). Our study found that leukocytes density is positively correlated with Log MAR visual acuity and
negatively correlated with epithelial wing cells density. In individuals afflicted with CED, a diminished density of
endothelial cells culminates in development of corneal edema and formation of subepithelial bullae. Concurrently, there
is a notable upsurge in presence of leukocytes, while a decline is observed in density of corneal epithelial cells. Changes
in leukocytes suggest that they are involved in pathophysiology of epithelial changes in CED, and dynamic assessment of
leukocytes can serve as an indicator of severity of ocular surface damage in CED. At various stages after DMEK,
a significant reduction in leukocytes compared to preoperative levels can be observed, which may be due to removing
diseased endothelium and Descemet’s membrane, significantly improving corneal microenvironment. This intervention is
instrumental in gradual reversal of ocular surface damage and in mitigating inflammation of ocular surface.

DCs, situated in the corneal subbasal membrane, serve as proficient antigen-presenting entities, pivotal to vigilance of
ocular immunity. They are adept at engulfing, processing, and presenting antigens, which can incite immune inflamma-
tory responses on ocular surface.”” Our research dynamically monitors dynamic changes of dendritic cells (DCs) in the
context of DMEK. It was observed that in CED, DCs density remains elevated up to 6 months post-surgery, then
experiences a marked reduction by 12 months, and sustains a diminished state thereafter. Preoperative corneal inflam-
mation induced by CED maintains DCs at a high level; in early postoperative phase, influenced by DMEK and robust
immune reaction of cornea, DCs do not exhibit a significant reduction relative to preoperative levels. It is 6 months above
that corneal microenvironment begins to heal and stabilize. These insights underscore the necessity for clinical doctors to
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closely monitor corneal inflammatory responses and the risk of allograft rejection, particularly within the first 6 months
following DMEK.

As a specialized procedure within EK, DMEK is characterized by a notable enhancement in endothelial cells at each
subsequent follow-up when compared to baseline preoperatively. The correlation between endothelial cell loss and donor
endothelial cell density proves previous research, which experimental studies have shown that donor endothelial cells can
promote inflammation and allograft rejection reactions as targets of immune response.”> Furthermore, isolated corneal
endothelial transplants are known to elicit potent cytotoxic responses.** Therefore, donor corneal endothelial cells exert
an influence on post-DMEK endothelial cell attrition. Achieving an optimal equilibrium between donor cell density and
recipient acceptance is a critical subject that merits further rigorous investigation in EK.

Limitation

There are still many limitations in this study. For instance, research on meibomian glands still requires integration of
more parameters to assess changes in morphology and secretion characteristics. In addition, there is a lack of longer-term
postoperative observations to elucidate changes in tear fluid and corneal microstructure after DMEK.

Conclusion

Following DMEK, LLT of tear film tends to be abnormally attenuated at various postoperative stages. Despite an observed
increase in total blinking frequency during extended follow-up periods, this does not seem to enhance LLT. This reduction
in LLT implies that patients may not be able to rely solely on their own regulatory mechanisms to stabilize tear film,
necessitating more proactive clinical interventions. Moreover, in early postoperative phase, a heightened density of
inflammatory cells within epithelium and subbasal layer is observed when compared to normal conditions. This observation
underscores the importance of closely monitoring immune response within first 6 months after DMEK. To mitigate the risk
of transplant rejection, it is imperative that clinical management includes a robust pharmaceutical strategy.
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