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Tenonplasty Combined With Amniotic Membrane

Transplantation for Patients With Severe Ocular Burns

Induced Anterior Segment Necrosis

Wen-yan Peng, MD,"* Li-wen He, MD, PhD,"* Peng Zeng, MD,>* Dong-cui Chen, MD,! and
Shi-you Zhou, MD, PhD'3

This article describes a novel surgical technique for successful repair of intractable corneoscleral necrosis
caused by severe ocular burns. In this prospective case series, 19 eyes of 15 consecutive patients with sectional
scleral necrosis and persistent corneal epithelial defects were treated with tenonplasty and amniotic membrane
transplantation. The main outcome measure was the stability of the ocular surface after reepithelialization
and repair of defects. All patients underwent successful combined surgery involving tenonplasty and amniotic
membrane transplantation, in which the conjunctival and corneal surfaces were reconstructed. The interval
from injury to surgery was 37.4 = 24.5 days (3-91 days), and the ocular surfaces became stabilized in 82.2 =
35.4 days (26-156 days, median 87 days). At the final visit, all cases presented with corneal opacity and
neovascularization to various degrees. The best-corrected visual acuity decreased from 2.83 + 1.02 LogMAR
preoperatively to 2.87 + 1.31 LogMAR postoperatively. The results imply that tenonplasty combined with
amniotic membrane transplantation could provide vascular supply to the ischemic sclera, repair defects in the
conjunctiva, and promote corneal reepithelialization, thus facilitating ocular surface stabilization after burns.

Ocular burns are an ophthalmic emergency and are respon-
sible for 11.5% to 22.1% of ocular injuries. They may occur
accidentally in the workplace, laboratory, or home, or they
may be the intentional result of an assault. Most burns occur
in lower socioeconomic groups.!? Alkali chemicals are re-
sponsible for 60% of ocular burns.? Severe ocular burns can
lead to anterior segment ischemia, extensive necrosis, and,
consequently, corneoscleral melting.3#*

In the acute phase of ocular burns, it is essential to make
the ocular surface stable as soon as possible to prevent visual
threats such as corneal melting and corneal neovascularization.
In recent years, the amniotic membrane has increasingly been
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used to treat acute ocular burns due to its anti-inflammatory
and anti-fibrotic properties.>™ It is usually used to promote
corneal reepithelialization as a patch or to replace the necrotic
conjunctiva and superficial cornea as a graft.!!! However,
amniotic membrane grafts have failed to repair conjunctival
defects when the underlying sclera was ischemic.!?13

In cases of severe burns with scleral necrosis, tenonplasty
has been reported to successfully repair the necrotic conjunc-
tival surface by separating a layer of vascularized Tenon’s tissue
from the adjacent area to cover the ischemic sclera.'*'® Tenon’s
tissue was believed to offer a bridge for migration of conjunc-
tival- and limbal-derived epithelial cells. However, in cases with
large scleral necrosis, conjunctiva repair is still challenging due
to the shortage of Tenon’s tissue in patients with severe burns.

Here, we report a novel surgical technique used to treat
intractable ocular burns in 19 eyes of 15 patients, in which a
single sheet of amniotic membrane was simultaneously used as
a patch to cover the corneal surface and as a graft to repair the
conjunctiva defect after transferring the adjacent Tenon’s tissue
onto the ischemic sclera. The success of the results suggests
that this technique could be valuable for concurrently repairing
conjunctival and corneal surfaces in patients with intractable
corneoscleral ischemia caused by severe ocular burns.

METHODS

All patients were treated in the Corneal Division of Zhongshan
Ophthalmic Center at Sun Yat-sen University from October
2012 to August 2018. The study conformed to the tenets
of the Declaration of Helsinki. Before surgery, the possible
advantages and disadvantages of the procedure were fully
explained to all patients. Informed consent was obtained from
every patient before surgery. All the patients in this study
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had severe sclerocorneal ischemia due to chemical or thermal
burns. They had received emergency treatment, including co-
pious irrigation, intense short-term topical steroids, ocular
lubricants, and focal antibiotic eyedrops, in order to prevent
secondary infection and promote reepithelialization before
enrollment at our hospital. All cases showed no signs of infec-
tion, and no microbial cultures were conducted.

The inclusion criteria for enrollment were as follows: 1) a
recent history of chemical or thermal eye burns; 2) an adult
patient with persistent corneal epithelial, conjunctival, and
Tenon’s tissue defects as well as ischemic sclera; 3) a circum-
ference of residual healthy corneal limbus greater than two
clocks; 4) treatment history of one or multiple patching(s)
with amniotic membrane; and 5) failure of systemic admin-
istration with vasodilators and topical agents to promote ep-
ithelial proliferation for more than 2 weeks. The exclusion
criteria were as follows: 1) suspicious ocular surface infection
and 2) uncontrolled hypertension, pregnancy, or a history of
thromboembolic events.

The procedure was performed after retrobulbar anesthesia
with 2% lidocaine and topical anesthesia with proparacaine hy-
drochloride eye drops (Alcaine® eye drops, Alcon Inc., Texas).
One or two limbal traction sutures (6-0 absorbable suture,
Vicryl, Ethicon Inc.) were used to rotate the eye in the nec-
essary direction. First, the necrotic superficial sclera and cor-
neal tissues were excised with scissors and a blade. Then, the
conjunctival edges surrounding the necrotic area were opened
and the residual Tenon’s tissues adjacent to the defects were
separated and relaxed to cover the ischemic scleral surface. The
Tenon’s graft was fixed to the superficial sclera with 8-0 Vicryl
interrupted suture bites. The bridge to its base should be no less
than 5 mm wide. Finally, the exposed Tenon’s graft and corneal
surfaces were covered by a sheet of a cryopreserved amniotic
membrane with the epithelium up (provided by Guangdong
Provincial Eye Bank, Guangzhou, China). The amnion was
connected to the residual conjunctiva and fixed to the episclera
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with 8-0 Vicryl interrupted suture bites and to the cornea
with a running 10-0 nylon suture (Figure 1). After surgery,
the operated eye was patched for 1 day and then a therapeutic
bandage contact lens was worn (Purevision®, Bausch & Lomb
Incorporated, Rochester, NY). All patients were administered
oral doxycycline (0.1 g, twice daily) for 10 days and topical
sodium hyaluronate eye drops (0.3% Hialid eyedrops®, Santen
Pharmaceutical Co. LTD., Osaka, Japan) during the follow-up.
Patients were examined postoperatively on days 1 and 7, then
every week until 2 months postoperative, every month for half
a year, and then every 2 months afterward. A best-corrected
visual acuity (BCVA) test, digital photography, and other reg-
ular examinations were performed at each follow-up visit.

During the close follow-up, the amniotic membrane on
the cornea was trimmed along the limbus if the corneal sur-
face was reepithelialized or the amnion was collapsed from
the cornea. The criteria for evaluating ocular surface stability
are reepithelialization of the ocular surface, repair of necrotic
tissue, and fading of ocular congestion. Visual acuity of less
than 20,200, counting fingers, and hand motion or light per-
ception were given values of 2, 3, and 4, respectively, for the
LogMAR algorithm.

RESULTS

Baseline Characteristics and Surgical Results

In total, 19 eyes (12 left eyes and 7 right eyes) of 15 patients
(11 males and 4 females) with ocular burn-induced anterior
segment necrosis and corneal epithelial defects were included.
Their mean age was 46.0 + 6.6 years (range: 35-56 years).
Among the eyes, one had thermal burns, two had acid burns,
and the others had alkali burns. The mean preoperative BCVA
was 2.83 £ 1.02 LogMAR (17 eyes with less than 20,/200
vision according to the Snellen eye chart). The patients’ in-
formation is summarized in Table 1.
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Figure 1. Surgical steps involved in the combination of tenonplasty with amniotic membrane transplantation. A. The chemical injured eye had
conjunctival necrosis and limbal failure from 4 to 8 o’clock inferiorly. The defective conjunctiva and ischemic sclera had a breadth of 7 to 8 mm
and reached the conjunctival fornix (area in the blue dotted line). The conjunctival border along the necrotic sclera was granulomatous (yellow
arrow). B and C. The conjunctival edge surrounding the necrotic area was opened, and the adjacent Tenon’s tissues (blue arrow) were separated
from the neighboring area beneath the residual conjunctiva layer (black arrow). D and E. The separated Tenon’s tissues were freed and fixed onto
the ischemic sclera with 8-0 Vicryl interrupted suture bites (green dotted line area in E). F. Placement of the amniotic membrane (white arrow)
over the surface of the Tenon’s graft and corneal surface. G. The amniotic membrane was trimmed to fit the conjunctival defects and cover—and
extend beyond—the entire cornea (area in the red dotted line). H. The amniotic membrane graft was fixed onto the episclera using interrupted
8-0 Vicryl sutures at the junction with residual conjunctiva and the sites 2 mm away from corneal limbus, and then it was anchored onto the cornea
using a running 10-0 nylon suture
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All patients had received one or multiple amniotic mem-
brane patches (once, 7 = 13; twice, # = 4; and triple, 7 = 2).
The interval from the burns to the surgery varied from 3 to
91 days (mean: 37.4 + 24.5 days). After the combined surgery
with tenonplasty and amniotic membrane transplantation, all
the patients’ ocular surfaces were successfully reconstructed
and reepithelialized with no corneal and scleral perforation.
The burned ocular surface was stabilized within 26-156 days
(mean: 82.2 + 35.4 days; median: 87 days), and the integ-
rity of the eyeballs was restored. At the final visits, all corneas
were opaque to different degrees and featured peripheral
neovascular vessels. Additionally, focal pseudopterygium was
noted in five eyes, secondary glaucoma in seven eyes, sec-
ondary cataracts in eight eyes, mild symblepharon in three
eyes, and eyelid entropion in five eyes. The mean postop-
erative BCVA was 2.87 + 1.31 LogMAR (15 eyes less than
20,/200). There was no significant difference in visual acuity
between the preoperative and postoperative examinations.

Sample Cases

Case 9. This 44-year-old man experienced an alkali burn in
the left eye 31 days before surgery and one prior treatment
with amniotic membrane patching (Figure 2). At presenta-
tion, there was scleral and limbal ischemia with a breadth of
6.5 mm from 3:30 to 9 o’clock and a corneal epithelial defect
of 6.5 mm x 9.5 mm. His visual acuity was hand motion at
20 cm. After the combined surgery with tenonplasty and amni-
otic membrane transplantation, the burned ocular surface was
successfully reconstructed and stabilized within 45 days. The
cornea was opaque with peripheral neovascularization, and
the intraocular pressure was higher than normal. Then, the
patient was diagnosed as secondary glaucoma and treated with
brinzolamide /timolol maleate eye drops (Alcon Laboratories,
Inc., Fort Worth, Texas) and 0.2% brimonidine tartrate oph-
thalmic solution (Allergan Pharmaceuticals Ireland, Westport,
County Mayo, Ireland). The BCVA at the final visit was
counting fingers at 30 cm.

Case 10. A 37-year-old man with thermal burns presented
60 days before surgery with an opaque cornea, an epithelial
defect of 5 mm x 5 mm, and focal conjunctival and scleral
necrosis with a breadth of 3.5 mm from 2 to 5 o’clock in
the left eye (Figure 3). He had received amniotic mem-
brane patching twice as part of a prior treatment. Before
this treatment, his left eye had visual acuity of hand mo-
tion. After the combined surgery, the ocular surface was
gradually stabilized, with reepithelialization within 54 days.
The cornea was opaque in the center and neovascularized
with pseudopterygium in the peripheral. The BCVA was
counting fingers at 20 cm at the final visit due to corneal
opacity and a secondary cataract.

DISCUSSION

Severe ocular burn is a serious injury with poor prognosis.
In some patients, scleral and corneal necrosis usually occurs.
Theoretically, all necrotic materials should be debrided and
the ocular surface defects should be reconstructed as soon as
possible to prevent eyeball perforation and make the ocular
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surface stable, which will be helpful for subsequent treatments
to recover vision.

In recent years, amniotic membrane transplantation has
been recommended as the first choice for treating acute oc-
ular burns. The amniotic membrane was demonstrated to be
capable of promoting epithelial differentiation and prolifer-
ation, inhibiting corneal neovascularization, and facilitating
anti-inflammatory and anti-fibrotic activities.!®!” However, in
this case series, single or multiple amniotic membrane patches
failed to reepithelialize the ocular surface, even though there
was a partial residual healthy limbus. Failure was also reported
in patients with grade IV burns, even after treatment with re-
peat amniotic membrane grafts.®1218-22 This failure may be
attributed to the destruction of episcleral vasculatures in cases
of severe ocular burns. The amniotic graft on the conjunc-
tival surface survived better in eyes with grade II to IIT burns
(using the Roper-Hall classification) than in those with grade
IV burns,6-11.18.19.23

For cases of scleral necrosis, tenonplasty was a useful way
to provide a vascular pedicle for migration of conjunctival
cells, especially those with refractory limbal ischemia, in the
early period after severe ocular burns.?*?® It was considered
a globe-saving procedure that could aid and accelerate
reepithelialization of the cornea and conjunctiva. However, in
cases with a section of scleral necrosis and diffuse limbal burns,
the border of the residual conjunctiva was usually granulom-
atous and it was possible that the stem cells of both the con-
junctival and corneal epithelium would be dysfunctional. In
these conditions, there is a risk of delayed reepithelialization
on Tenon’s tissue’s reconstructed conjunctival surface and the
burned corneal surface.

Maintenance of globe integrity is a priority for doctors
treating eye burns, as the patients may need additional corneal
procedures to further improve visual acuity. Persistent corneal
and scleral epithelial defects usually lead to ocular perforation,
especially after eye burns. Delayed treatment may result in vi-
sion loss or even loss of the eye. The current management
strategy for facilitating reepithelization of the burned ocular
surface includes placement of bandage contact lens, appli-
cation of tissue adhesives, and surgical interventions such as
tarsorrhaphy or amniotic membrane graft with or without cul-
tivated epithelial cells.?® However, they cannot achieve good
results for patients with severe eye burns.

In this study, tenonplasty combined with amniotic mem-
brane transplantation successfully reconstructed the ocular
surfaces of patients with severe corneoscleral ischemia. The
results showed that this novel technique was effective in pro-
viding vascular nourishment and promoting amniotic mem-
brane graft survival. The amniotic membrane on the corneal
surface functioned as a patch, reducing corneal inflammation,
and promoting proliferation of residual limbal stem cells.
This allowed the reepithelialized ocular surface to become
stable later on. If the patient had diffused scleral ischemia in
more than two-thirds of the area, the residual Tenon’s tissues
may not be enough to cover the necrotic conjunctival sur-
face. If the entire corneal limbus was destroyed by burns,
an amniotic membrane alone is insufficient to restore the
limbal anatomy.®!! Currently, for patients with total limbal
stem cell deficiency, heterologous or cultured limbal stem cell
transplantation is the standard therapy.?”-?° However, donor
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Figure 2. Slit-lamp photographs of case 9. A. Before surgery, the eye burned with sodium hydroxide presented with diffuse conjunctival defects
and scleral ischemia with a breadth of 6.5 mm from 3:30 to 9 o’clock. B. Three-fifths of the defective conjunctival surface and inferior corneal
surface showed positive fluorescein staining. C. The ocular surface of the burned eye was successfully reconstructed and stabilized 45 days after
surgery combining tenonplasty with amniotic membrane transplantation. D. The cornea was opaque and vascularized at the peripheral without
fluorescein staining

Figure 3. Slit-lamp photographs of case 10. A. Before surgery, the eye burned with liquid aluminum presented with conjunctival defects and
scleral ischemia with a breadth of 3.5 mm from 2 to 5 o’clock. Two-thirds of the temporal corneal epithelium was defective. B. The burned oc-
ular surface was successfully reconstructed and stabilized within 54 days after the combined surgery. It presented with corneal opacity, temporal
pseudopterygium, and a secondary cataract
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limbal allografts transplanted during the acute stage of ocular
burns are rejected very quickly, even with systemic immu-
nosuppression methods.?® In this study, the amniotic mem-
brane was used simultancously as a graft to repair defective
conjunctiva and as a patch on the cornea to promote corneal
reepithelialization. This combined surgery can be performed
at low costs in all hospitals and may be especially beneficial in
developing countries.

In three eyes, mild symblepharon was formed without lim-
itation of eye movement when the amniotic membrane graft
was gradually resolved after surgery. In these patients, the
breadth of the necrotic sclera was such that it reached near
the conjunctival fornix. This suggests that the amniotic mem-
brane graft may promote epithelial growth to a greater extent
than an alternative conjunctival graft during the acute phase
after ocular burns. The amniotic membrane was reported to
treat and prevent the formation of symblepharon during the
rest phase after burns.82°

The patients’ BCVA was decreased from 2.83 + 1.02 LogMAR
preoperatively to 2.87 £ 1.31 LogMAR postoperatively, even
though these eyes achieved ocular surface stability. This finding
may be attributed to corneal opacity, secondary glaucoma, and
cataracts. These situations need to be treated at appropriate
times to prevent vision loss. A stable ocular surface is essential
for successful treatment in the future.

CONCLUSION

The combination of a large sheet of an amniotic membrane
with a tenonplasty could facilitate reconstruction and pro-
mote the stability of a burned ocular surface. The amniotic
membrane acts as a graft for conjunctival reconstruction and
as a patch for corneal surface reconstruction. The separated
Tenon’s tissues supply good nourishment to the ischemic
sclera and the transplanted amnion. This novel technique may
also be used to treat scleral melting caused by pterygium sur-
gery or other factors.
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