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Abstract: Background: Traumatic injuries in eyes previously treated with Deep Anterior Lamellar
Keratoplasty (DALK) can lead to ruptures in the Descemet Membrane (DM) and damage to the
corneal endothelium, a crucial layer for maintaining corneal clarity. Due to cell cycle constraints,
the human corneal endothelium cannot proliferate; instead, it compensates for injury through cell
enlargement and migration from adjacent areas. Methods: This study examines a notable case of
corneal endothelial cell migration following a penetrating eye injury in a patient previously treated
with DALK for keratoconus, supplemented by a review of relevant literature to contextualize the
regenerative response. Results: A 39-year-old male with a history of DALK suffered a traumatic
eye injury, resulting in damage to the Descemet Membrane and loss of the crystalline lens. After
primary repair and considerations for further surgery, the patient’s cornea cleared remarkably, with
an improved visual acuity. This demonstrates the DM’s potential for self-repair through endothelial
cell migration. Conclusions: The outcomes suggest that delaying corneal transplant surgery for up
to 3 months following Descemet Membrane injury due to ocular trauma could be advantageous.
Allowing time for natural healing processes might eliminate the need for further invasive surgeries,
thereby improving patient recovery outcomes.

Keywords: DALK; corneal endothelium; ocular trauma; endothelial migration; Descemet membrane

1. Introduction

Traumatic wound dehiscence (TWD) is a complication of both penetrating keratoplasty
(PK) and lamellar keratoplasty that can lead to subsequent graft failure [1]. Blunt trauma is
the most common cause of TWD, with the graft–host junction (GHJ) being the primary site
of globe rupture [1]. This weakness is attributed to factors such as the lower tensile strength
of corneal scars and delayed wound healing due to steroid use. Lamellar keratoplasty is
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believed to offer better globe integrity and a stronger GHJ, as well as faster healing and
better biomechanical properties compared to PK [2].

This article describes a case of potential endothelial cell migration following pene-
trating ocular damage on a prior deep anterior lamellar keratoplasty (DALK) with GHJ
dehiscence and a break in the Descemet membrane (DM). Additionally, we provide an
overview of the literature on the case series reported on this topic.

2. Case Description

A 39-year-old male had a history of bilateral keratoconus and had undergone DALK
surgery on his left eye one year before. He sustained a left eye blunt trauma after being
poked by his son’s finger while playing, and the trauma resulted in corneal graft wound
dehiscence and extrusion of the crystalline lens. At presentation, the patient’s visual acuity
was equal to hand movement, and upon slit lamp examination, a haziness in the corneal
transplant with dehiscence in the GHJ was observed between 8 and 1 o’clock, along with a
break in the DM and iris tissue damage. The fundus was not visible, but the retina was
found to be attached on gentle B-ultrasound scan. Anterior segment optical coherence
tomography (AS-OCT) showed corneal oedema in the superior 60% of the cornea and a
demarcation line was visible from 2 to 7 o’clock, which corresponded to the Descemet’s
break (Figure 1).
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was scheduled for a left eye pars plana vitrectomy combined with penetrating 
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to 6/24; therefore, it was decided to postpone the new transplant and schedule a follow-
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Figure 1. Top row: anterior segment photo showing 1 week (left) and 6 months (right) post primary
surgical repair. On the left, notice the corneal oedema present for the superior 60% of the cornea with
a clear line demarcating the break of the Descemet (from 2 to 7 o’clock). In the top right, notice the
restoration of the cornea clarity. Bottom row: anterior segment OCT scan at 135◦ showing a break
in the Descemet with a roll configuration (left) and the same line in a scan 6 months after (right),
showing a small Descemet detachment with a resolution of the roll configuration. The green arrow
represents the orientation of the anterior segment OCT acquisition.

The patient underwent primary repair on the same day, which involved an anterior
vitrectomy and the use of interrupted 10/0 nylon sutures to secure the wound. Early
postoperative evaluations 7 and 10 days later showed that the superior hemicornea ap-
peared edematous with no wound leak and a normal intraocular pressure, and the patient
the patient was aphakic. Two months after the primary surgical repair, the patient was
scheduled for a left eye pars plana vitrectomy combined with penetrating keratoplasty and
a scleral fixated intraocular lens implant. However, 7 weeks after the primary traumatic
repair, his corneal oedema decreased and his BCVA slightly improved to 6/24; therefore,
it was decided to postpone the new transplant and schedule a follow-up appointment.
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During subsequent visits, a progressive improvement in visual acuity and clearing of the
cornea was observed. Six months after the primary surgical repair, the BCVA was 6/7.5,
the cornea appeared completely clear, and the DM appeared unrolled on AS-OCT scans
(Figures 1 and 2). The patient was offered a scleral fixated lens implant, but up to now, he
has preferred to wait for the surgery for personal reasons, stating that he was happy with
his vision.
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3. Discussion
3.1. DALK Advantages

Wound dehiscence can be a complication post keratoplasty and can be divided into
traumatic and non-traumatic (spontaneous, post suture removal or microbial keratitis)
causes [1]. These patients carry a lifelong risk of wound dehiscence at the graft–host junction
secondary to trauma [1,2]. This is thought to be due to the weakened corneal structure due
to sub-optimal wound healing and remodeling post keratoplasty [1]. Deep anterior lamellar
keratoplasty has several advantages over penetrating keratoplasty, including lower rates
of endothelial rejection, reduced intraoperative and postoperative complications, such
as iatrogenic cataracts, endophthalmitis and expulsive hemorrhages, and quicker suture
removal [2–4]. In addition to this, DALK is thought to maintain a superior globe integrity
due to preservation of the host Descemet’s membrane, and also has been partly attributed
to faster tapering of steroid drops post surgery that leads to quicker wound healing and
a stronger graft–host junction. Acar et al. studied corneal hysteresis and the corneal
resistance factor in patients who had no previous ocular surgery and in those who had PK
and DALK for keratoconus [5]. They showed that these values are significantly lower in
patients who have had PK compared to both the control and DALK groups, whereas there
were no significant differences between DALK and the control groups.

3.2. TWD and DALK

The prevalence of TWD varies between studies due to the random nature of trauma;
one study conducted in Saudi Arabia reported similar incidences of 1.9% and 1.7% in
PK and lamellar keratoplasty (LKP) groups, respectively [2]. TWD is more likely in male
patients who are more inclined to engage in high-risk activities and professions and vi-
olence [6]. It is also more prevalent in younger patients [4,6]. Studies have shown blunt
trauma to be the most frequent cause of TWD following PK and lamellar keratoplasty [4,7].
Other causes are sports-related accidents, road traffic accidents, assault and falls [2].
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The predominant location of globe rupture following keratoplasty is the graft–host
junction [4,7]. Al-Othman et al. showed that there were no differences in the extent of
trauma (as defined by the number of corneal quadrants involved) between PK and LKP
groups, and that there were no associations with the suturing technique (the majority had
interrupted sutures), the presence or absence of sutures at the time of TWD, the use of
topical steroids at the time of TWD or the recipient trephination size between the two
groups [2]. Another study by Goweida et al. also showed that there was no difference in
the extent of globe rupture between PK and DALK groups [4].

The study by Al-Othman showed that the PK group had more lens involvement
(52.7%) compared with LKP group (23.3%), but no difference in the posterior segment
involvement between the two groups [2]. In this study, there were no graft failures, which
the authors attributed to the timely management of the globe rupture and the young age
of patients, who may have high endothelial cell counts at the time of trauma. In contrast,
a study by Goweida et al. reported 50% of the patients required repeat keratoplasty due
to graft failure (9/16 PK and 1/4 LKP eyes) approximately 1 year after trauma [4]. This
may be related to endothelial cell injury and corneal decompensation from trauma or
subsequent surgery. Moreover, the initial indication for keratoplasty in this study included
corneal scarring post infection (bacterial and viral), pseudophakic bullous keratopathy and
congenital hereditary endothelial dystrophy, in addition to keratoconus.

Interestingly, patients who underwent manual dissection in the LKP group were
found to have a greater extent of TWD compared to those who underwent the big bubble
technique [2]. We could speculate that this could be explained as the plane obtained
through manual dissection is more irregular compared to the one obtained with a big
bubble, providing a weaker adhesion. Additionally, it is more superficial, and therefore
the area of contact between the donor cornea and the recipient in the periphery is less.
In contrast, manually dissection had no lens involvement, whereas 44% of eyes treated
with the big bubble technique had lens involvement during trauma, possibly because
the additional residual stroma in the manually dissected patients works as an additional
protective layer. There were no differences in posterior segment involvement nor the final
visual acuity outcome at the last visit post-trauma repair between the manual dissection
and big bubble techniques.

The visual outcomes 6 months after wound dehiscence secondary to traumatic and non-
traumatic causes were compared by Stevenson et al., who reported the median best correct
visual acuity (BCVA) of the traumatic patients to be worse (LogMAR 1.00) compared to the
non-traumatic patients (logMAR 0.78), although this did not reach statistical significance [1].
They reported better visual acuities in patients who underwent DALK compared to PK;
however, this did not reach statistical difference after adjusting for keratoconus. Al-Othman
et al. reported better outcomes post TWD globe repair and also showed no difference in
the final visual acuity between PK and LKP groups, with 76% and 73% having VA between
20/20 and 20/60, respectively [2].

3.3. Endothelial Cell Migration and Regeneration

TWD in previous DALK could result in a rupture of the recipient DM and corneal en-
dothelium. The adult human corneal endothelium consists of a monolayer of cells arranged
in a regular hexagonal array with a cell density of 2000–2500 cells/mm2 and functions in
maintaining corneal hydration and thus transparency [8]. The DM is a basement membrane
synthesized by endothelial cells from prenatal life and thickens with age [9]. The DM helps
to maintain the endothelial phenotype [9]. When there is loss or damage to the corneal
endothelium, the cells are unable to proliferate as they are locked in the G1 phase of the
cell cycle [8]. Instead, the cells increase in size and migrate from the neighboring healthy
cells. When the density of cells falls below 500 cells/mm2, the human corneal endothelium
is not able to regain its homeostasis function and regulate corneal stromal hydration and
therefore transparency. The current gold standard for such cases is a corneal graft to replace
the injured endothelium.
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Since the corneal endothelial layer is relatively difficult to access, there are very
limited studies on its healing properties. The process of wound healing in the corneal
endothelium has some unique characteristics. In many other tissues, wound healing
primarily involves cell proliferation as the main mechanism to reduce and reshape
the wound area. However, corneal endothelial cells, particularly in humans, have
very slow rates of cell proliferation [10]. As for cell division, some data suggest that
it remains very limited during the healing process [11]. It is commonly believed that
the corneal endothelium primarily closes the wound gap through cell migration and
increased cell spreading [12,13]. Some studies on rabbit corneas seem to agree that cell
migration from peripheral endothelial cells is the most likely mechanism responsible
for corneal clearing after severe chemical injury and, similarly, corneal oedema caused
by iatrogenic and intentional DM avulsion or DMEK graft detachment that resolved
spontaneously [14–16]. The main signaling pathways involved in corneal endothelial
wound healing are the RhoA/ROCK, PI3K/Akt, Wnt and TGF-β pathways [17].

3.4. Surgical Techniques That Require Endothelial Cell Migration

Experimental surgical techniques such as Descemet’s stripping only (DSO), Desceme-
torhexis without endothelial keratoplasty (DWEK), and acellular DM transplantation
are based on the ability of the patient’s own endothelial cells to migrate and repair the
wound [17]. DWEK, which involves a planned central Descemetorhexis without graft
implantation in patients with Fuchs endothelial corneal dystrophy, has been associated
with variable degrees of success [14,15]. The success of Descemetorhexis has been linked to
the patient’s age, with younger patients being more likely to have successful results [18].
A topical ROCK inhibitor has been shown to reduce the corneal clearance time, improve
the central endothelial cell density and improve the overall cell architecture when used
post DWEK/DSO [17]. It has been postulated that the ROCK inhibitor has a role in en-
dothelial cell proliferation in addition to endothelial cell migration. Several mechanisms for
peripheral endothelium regeneration of the central denuded stroma have been proposed,
in addition to the well-established migration of adjacent cells [19]. However, none of these
have been replicated in vivo in humans. Corneal endothelial stem cells with the ability to
proliferate have been identified in the peripheral cornea, but there is still some uncertainty
regarding their function in vivo [20].

An ex vivo study on human corneas showed that an intact DM was important for
more rapid endothelial cell migration and resulted in greater cell density and hexagonality
compared to those without an intact DM [8]. A rabbit study also showed that the presence
of an intact DM allowed endothelial cell migration by undergoing a transient fibrotic
endothelial–mesenchymal transition that was reversed back to the endothelial phenotype
on day 14. This was in contrast to the rabbit corneas without an intact DM, where the cell
maintained a fibroblastic phenotype on day 14 [9].

3.5. Current Study

The current study presents a rare case of possible endothelial cell migration and
regeneration following a penetrating eye trauma with GHJ dehiscence and a break in the
DM. The occurrence of this clinical evolution could depend on the low patient’s age, a
possible spontaneous DM unfoldment and a healthy and high-density corneal endothelium.
An ex vivo study showed that endothelial cell migration was rapid and complete over
intact DMs in donor corneas younger than 50 years compared to older corneas [8]. The
authors suggested that younger donor corneas may be able to retain the potential to
migrate and even proliferate by maintaining and reactivating signaling pathways that
may not be present in older corneas. Although corneal oedema following a DM and
endothelial damage significantly reduces visual performance, waiting up to three months
before proceeding with an endothelial keratoplasty, especially in young patients, could be
wise in the presence of corneal oedema due to DM damage or detachment. Studies have
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shown that repopulation of a bare corneal stromal and gaining corneal clearance can occur
between 3 and 6 months post-operatively [17].

Chaniyara et al. presented a method of rescuing a similar break in the DM of a DALK
patient following full thickness wound dehiscence [21]. They presented a 22-year-old male
who had inferior 180◦ wound dehiscence following blunt trauma who had edematous
donor tissue separated from the host DM which was torn in the paracentral area, with
interface fluid on an OCT scan. They undertook globe repair with Descemetopexy with
air and closure of the dehiscence with 10-0 nylon sutures. The BCVA improved from hand
movements to 20/40 six months after globe repair.

3.6. Limitations

The study presented here has several limitations that need to be acknowledged. Firstly,
we were unable to determine the exact cause of the spontaneous resolution of corneal
oedema. The low patient age along with the possibility of spontaneous DM unfoldment
can be considered contributing factors, but further studies are needed to confirm these
assumptions. Secondly, the study did not include a specular microscopy examination
to determine the endothelial cell count before and after the treatment. This means that
we cannot accurately assess the extent of the possible endothelial cell migration and
regeneration that occurred in this case. Finally, the study was based on a single case and
therefore, the results cannot be considered representative of the general population. Further
studies involving larger patient populations are needed to validate the findings of this
study and to establish generalizable conclusions.

4. Conclusions

In conclusion, this study presents a rare case of spontaneous cornea clearing following
a penetrating eye trauma with a GHJ and a break in the DM due to possible endothelial
cell migration and regeneration, suggesting the need for observation before proceeding
with repeated keratoplasty in similar cases. The limitations of the study highlight the need
for further investigation to fully understand the mechanisms and conditions under which
these events occur.
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