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Abstract

e AIM: To compare the safety and clinical outcomes of
subconjunctival trypsin and dexamethasone (DEX) injections
in the treatment of anterior chamber fibrin exudates in
eyes with globe rupture following primary wound repair and
vitrectomy.

e METHODS: A retrospective analysis included 42 males
and 10 females (mean age 46.0+£6.0y, range 34 to 58y)
who underwent primary wound sutures and vitrectomy

for globe rupture. Patients with pupil-covered fibrinous
exudate or/and membrane in the anterior chamber were
treated. On the first postoperative day, subconjunctival
injections of either 5000 units (0.4 mL) of trypsin solution
(n=25) or 0.5 mL (1 mg) DEX (n=27) were administered to
accelerate exudate absorption. Efficacy was assessed by
observing break time and partial absorption of the fibrin
exudate membrane. Safety and comfort were evaluated
by monitoring intraocular pressure (IOP), allergy, pain, and
foreign body sensation.

e RESULTS: Both groups achieved 1/3 absorption of the
anterior chamber fibrin exudate membrane, but the trypsin
group exhibited shorter break time and partial absorption
time compared to the DEX group (P<0.05). Trypsin
treatment was also less irritating to patients. No adverse
reactions were reported, and IOP remained stable. Visual
acuity improved in both groups without statistical difference.
o CONCLUSION: Compared to DEX, trypsin demonstrates
a shorter absorption time for the fibrin exudate membrane
with a more comfortable process in treating pupil-covered
fibrinous exudate or/and membrane after vitrectomy for
globe rupture.
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INTRODUCTION

pen eye injuries, involving full-thickness lacerations
O of the eye wall, can severely impair vision'". Globe
rupture due to blunt trauma is a common occurrence in
activities such as sports, recreation, altercations, or traffic
accidents, often resulting in blindness worldwide"™'. The non-
compressibility of intraocular structures can lead to rapid
elevation of intraocular pressure (IOP) following blunt force
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trauma, ultimately resulting in rupture at the weakest point of
the eye wall, such as the corneal rim*. The primary aim of
initial surgical suturing following a rupture injury is to seal the
eye, prevent infection and sympathetic ophthalmia, maintain
ocular integrity for subsequent examination, and prepare
for secondary surgeries". Pars plana vitrectomy (PPV) is
commonly performed as a second-stage surgical intervention,
typically 3 to 14d post-initial suturing'®. Prolonged delays
in secondary surgery increase the risk of vitreous fibrous
proliferation, complicating surgical procedures and impacting
patient prognosis. Studies have observed fibroblast growth into
the vitreous within three days post-rupture in animal models'”.
PPV is crucial for ongoing management post-severe globe
rupture suture’®. However, severe intraocular inflammation
complicates surgical procedures in these patients. Following
PPV, patients often develop pupil-covered anterior chamber
exudative fibrin membranes, which can delay visual recovery,
hinder postoperative examination, and lead to complications
such as intraocular lens membrane formation, pupil blockage,
adhesions, and secondary glaucoma” ",

Current treatment modalities include topical or systemic
administration of dexamethasone (DEX), non-steroidal
anti-inflammatory drugs, mydriatics, miotics, intraocular
tissue plasminogen activator (tPA) injection, and ultrasound
therapy!”"”!. While topical DEX, combined with non-
steroidal anti-inflammatory drugs and mydriatic/cycloplegic
drops, is effective for postoperative inflammatory anterior
chamber exudative fibrin membrane, it may not suffice in
cases of pupil-covered anterior chamber inflammation or poor
patient compliance"?. tPA, activated by fibrin, effectively
dissolves fibrin by converting plasminogen to plasmin, aiding
in exudative fibrin membrane removal post-surgery'”"%.,
However, potential tPA toxicity, including anterior chamber
hemorrhage, pain, blurred vision, and keratopathy, raises
concerns'"'*. Despite ultrasound’s efficacy in accelerating
fibrin emboli absorption in cerebral hemorrhage, its clinical
application for anterior chamber fibrous exudative membranes
is limited"”". Therefore, despite available treatment options,
there is a need for safer and more effective therapeutic agents.
Proteolytic enzymes, such as trypsin, have long been used to
promote tissue repair. Trypsin, a proteolytic enzyme, has been
clinically used for over 50y, exhibiting anti-inflammatory
properties, and facilitating rapid recovery from acute tissue

02U In tissue repair, trypsin selectively hydrolyzes

damage'
peptide bonds containing lysine or arginine, digesting denatured
proteins into polypeptides or amino acids””. It can also
enhance plasmin activity when combined with al-antitrypsin
or a2-macroglobulin, promoting microcirculation restoration,
reducing inflammation and oxidative stress, and boosting

macrophage phagocytic activity to prevent infection™ .
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Numerous clinical trials have demonstrated the efficacy
and safety of trypsin in accidental injuries, surgical and
orthopedic injuries, burns, and sciatica®. However, there
is a lack of corresponding research on the treatment and
application of anterior chamber exudative membranes. This
study retrospectively analyzes the efficacy and safety of
subconjunctival trypsin and DEX injections for treating pupil-
covered anterior chamber exudation post-PPV in ocular trauma
patients.

SUBJECTS AND METHODS

Ethical Approval This retrospective study obtained informed
consent from all patients and received approval from the
ethics committee of the First Affiliated Hospital of Zhengzhou
University (Approval number: 2022-ky-0249-002), conducted
in accordance with the principles of the Declaration of
Helsinki.

Patients with globe rupture who underwent PPV and developed
pupil-covered anterior chamber exudative fibrin membranes
were included. Electronic medical records from January
2021 to December 2021 were screened. Inclusion criteria
were patients with eye injuries sutured, exhibiting vitreous
hemorrhage, retinal detachment, or choroidal detachment
requiring second-stage PPV. All patients underwent PPV
one-week post-suturing, and those with pupil-covered
anterior chamber fibrin exudate membranes after PPV were
included. Exclusion criteria comprised prior vitreoretinal
surgery, intraocular surgery within three months, or other
vitreoretinopathies.

A single experienced vitreoretinal surgeon performed retinal
surgeries using a 23-gauge vitrectomy system. Surgical
procedures included vitrectomy, posterior vitreous detachment,
peripheral vitrectomy, retinal laser photocoagulation, and
silicone oil filling. Subconjunctival injections of DEX or
trypsin were administered upon postoperative identification
of pupil-covered anterior chamber fibrin exudate membranes.
Trypsin was obtained from SPH No.l Biochemical &
Pharmaceutical Co., Ltd (Approval No.H31022018).
DEX preparation involved 0.5 mL (1 mg) DEX (Tianjin
Kingyork Group Hubei Tianyao Pharmaceutical Co., Ltd) with
0.3 mL lidocaine for subconjunctival injection, while trypsin
preparation involved dissolving 25 000 units of trypsin with
2.5 mL lidocaine, using 0.4 mL (5000 units) of the solution for
subconjunctival injection. A skin scratch test was performed
15min prior to trypsin injection, and negative results indicated
suitability for injection. All patients received once-daily
subconjunctival injections.

Primary outcomes included time to partial absorption (break
time) and time to 1/3 absorption (1/3 absorption time)
of the anterior chamber fibrin-exuding membrane, along
with medication comfort indicators (pain and foreign body
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sensation). Secondary outcomes included IOP and visual
acuity. Patient-reported pain and foreign body sensations,
along with clinical examinations using slit lamp and indirect
ophthalmoscope, were recorded daily post-injection. Fibrin
membrane absorption was monitored daily using slit lamp
examination. Break time and one-third absorption time
were evaluated to assess the efficacy of the treatment. For
each patient, the exact time of membrane rupture and partial
absorption was recorded, along with corresponding IOP and
visual acuity. Data on pain, foreign body sensations, exudate
absorption time, IOP, and visual acuity were retrospectively
collected from medical records.

Statistical analysis was conducted using GraphPad Prism
(v9.0.1 for macOS) software (GraphPad Software, San Diego,
CA, USA). Normality was assessed using the Shapiro-Wilk
test. Parametric variables were reported as meantstandard
deviation, while non-parametric variables were reported as
median values (interquartile range). Categorical variables were
expressed as absolute frequencies and percentages. Fisher’s
exact test analyzed categorical variables, while the Mann-
Whitney U test and Student’s z-test compared continuous
variables. Repeated-measures ANOVA was used for repeated
measures data. Statistical significance was set at P<0.05.
RESULTS

Demographics of Patients A retrospective analysis included
52 patients (52 eyes) with globe rupture who underwent PPV
and developed exudative membranes (Table 1). Twenty-
five patients (20 males and 5 females) with a mean age of
45.446.4y received subconjunctival injections of 0.5 mL (1 mg)
DEX with 0.3 mL lidocaine, while twenty-seven patients
(22 males and 5 females) with a mean age of 46.6+5.7
received 5000 units (0.4 mL) trypsin injections. There were
no significant differences in sex (P=1.000) or age (P=0.479)
between the two groups. At baseline, the exudative membrane
completely covered the pupillary area in all patients. Moreover,
the baseline IOP and uncorrected visual acuity (UCVA) in the
logarithm of the minimum angle of resolution (logMAR) of
the DEX-treated group and the trypsin-treated group were
15.0 (3.5)/15.0 (5.0) mm Hg and 2.7 (0.3)/2.7 (0.3) logMAR. No
statistical differences were observed in baseline IOP (P=0.189)
or UCVA (P=0.928) between the two groups. Except for
choroidal detachment, no significant differences in other
clinical features were noted between the groups. There was no
significant difference in IOP or visual acuity between the two
groups of patients with choroidal detachment, both before and
after surgery. Notably, transient IOP elevation occurred in one
patient in the trypsin group and two in the DEX group, which
resolved after exudative absorption.

Exudative Membrane Absorption and UCVA Improvement
UCVA was documented, and the break and 1/3 absorption time

Table 1 Demographics and clinical findings of included participants

n (%)
Parameters PEXgrop  Tpsigrou
Sex 1.000
Female 5(20.0) 5(18.5)
Male 20 (80.0) 22 (81.5)
Age (y) 45.4+6.4 46.6%5.7 0.479
Eyes 0.785
Right eye 10 (40.0) 12 (44.4)
Left eye 15 (60.0) 15 (55.6)
UCVA (logMAR)® 2.7 (0.3) 2.7 (0.3) 0.928
IOP (mm Hg)® 15.0 (3.5) 15.0 (5.0) 0.189
I0FB 1.000
Yes 6 (24.0) 6(22.2)
No 19 (76.0) 21(77.8)
Causative object 1.000
Metallic object 4(16.0) 4(14.8)
Elastic object 1(4.0) 0
Stone object 1(4.0) 0
Glass object 0 1(3.7)
Eyelash 0 1(3.7)
Waiting time (h) 19.646.3 20.5+5.4 0.606
Corneal wound 1.000
Yes 8(32.0) 8(29.6)
No 17 (68.0) 19 (70.4)
Corneal wound across pupil 0.315
Yes 2 (8.0) 5(18.5)
No 6 (24.0) 3(11.1)
Scleral laceration length (mm) 6.8+2.8 8.3+2.8 0.074
Scleral laceration location 0.906
Superior side 2 (8.0) 2(7.4)
Inferior side 1(4.0) 1(3.7)
Nasal side 8(32.0) 6(22.2)
Temporal side 14 (56.0) 18 (66.7)
Retinal detachment 0.422
Yes 23(92.0) 22 (81.5)
No 2(8.0) 5(18.5)
Choroidal detachment 0.006
Yes 6(24.0) 17 (63.0)
No 19 (76.0) 10 (37.0)
Vitreous hemorrhage 1.000
Full filled 7 (28.0) 8(29.6)
Limited 18 (72.0) 19 (70.4)
Macular hole 1.000
Yes 1(4.0) 2(7.4)
No 24 (96.0) 25(92.6)
Endophthalmitis 1.000
Yes 2(8.0) 2(7.4)
No 23(92.0) 25(92.6)

°Data are presented as median values (interquartile ranges) and
tested by Mann-Whitney U test. Other categorical variables are
presented as absolute frequencies and tested by Fisher’s exact test;
other continuous variables are presented as meanSD and tested by
t-test. DEX: Dexamethasone; UCVA: Uncorrected visual acuity; 10P:
Intraocular pressure; IOFB: Intraocular foreign body.
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of the exudative membrane were observed to assess the direct
treatment effect of DEX and trypsin. Following treatment,
the exudative membrane covering the pupil area broke in
2.940.9d and 1.6+0.7d, achieving 1/3 absorption in 6.3+1.3d
and 4.0+1.2d in the DEX and trypsin groups, respectively.
Trypsin treatment exhibited significantly shorter break time
(P=0.000) and 1/3 absorption time (P=0.000) compared to
DEX treatment (Figure 1). Both groups showed significant
UCVA improvement due to removal of the light-blocking
exudative membrane (Figure 2), with no statistical difference
in UCVA between groups (Figure 3A). Furthermore, there was
no significant difference in final visual acuity change compared
to baseline between the two groups (P=0.372).

IOP Stabilization and Treatment Comfort IOP, pain, and
foreign body sensation were monitored to assess treatment
safety and comfort. All patients passed the skin scratch test
without allergic reactions, and no patients required anti-
glaucoma medications. While there was a slight upward
trend in IOP at 1/3 absorption, no statistical difference was
observed (Figure 3B), and no significant difference in IOP
was noted between groups at any time. DEX treatment was
associated with a higher incidence of pain (17 painful patients
out of 27) compared to trypsin (3 painful patients out of 25,
P=0.000). Additionally, fewer trypsin-treated patients reported
foreign body sensation (8 out of 25) compared to DEX-treated
patients (19 out of 27; P=0.012). No adverse events were
documented.

DISCUSSION

This retrospective study demonstrated that subconjunctival
trypsin injection significantly accelerated the absorption of
anterior chamber fibrin exudates, providing a safe and effective
treatment option. Notably, trypsin administration did not
lead to allergic reactions or complications such as elevated
IOP, ensuring its safety profile. Moreover, patients treated
with trypsin reported significantly less pain and foreign body
sensation compared to those receiving DEX injections. This
discrepancy may stem from differences in injection dose and
lidocaine concentration in the drug formulation. While trypsin
was dissolved directly with lidocaine, allowing for a smaller
injection volume, DEX required a larger volume due to limited
lidocaine addition.

In terms of visual outcomes, both trypsin and DEX treatments
resulted in significant improvement in UCVA by removing
the light-blocking exudative membrane, with no statistical
difference between the groups. Additionally, there was no
significant difference in final visual acuity change compared
to baseline, indicating comparable efficacy between the
treatments. Moreover, no significant difference in IOP was
observed between the two groups, suggesting that short-term
subconjunctival application may not induce IOP fluctuations.
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Figure 1 The treated eyes’ exudative membrane break and 1/3
absorption time °P<0.0001.

Importantly, the cost of both treatments was comparable under
China’s current medical insurance system.

Choroidal detachment, a condition characterized by
fluctuations in IOP, is frequently attributed to trauma. Research
indicated that the threshold for inducing choroidal detachment
in porcine eyes was a projectile with 2 joules of energy™’.
Furthermore, investigations involving elderly patients with
open globe injuries and young children with similar injuries
revealed that choroidal detachment was present in 38% and
39% of cases, respectively™.

It is hypothesized that trauma results in a significant impact
force exerted on the eyeball wall, leading to its rupture
and subsequent tear in the choroid. This tear facilitates the
connection between the subretinal and suprachoroidal spaces,
resulting in the accumulation of intraocular bleeding within

these spaces”™”

. Another perspective suggests that trauma-
induced eyeball rupture can reduce IOP, leading to a decrease
in pressure within intraocular tissues. This reduction can
significantly elevate the net driving pressure from capillaries
into the interstitial space, ultimately causing fluid accumulation
in the affected area"”.

This study identified variations in choroidal detachment among
the two patient groups. However, the findings did not reveal
any statistically significant differences in IOP before and after
surgery. This lack of significance may be attributed to two
reasons: 1) imprecise preoperative IOP monitoring in patients
with ocular rupture due to corneal edema and inadequate
examination coordination; 2) the presence of choroidal
detachment and vitreous hemorrhage in patients with ocular
rupture, which obscured the reduction in IOP resulting from
choroidal detachment. Transient elevation in IOP was observed
in one case, possibly due to factors such as partial angle
blockage during blood absorption or heightened sensitivity

to hormones. However, IOP returned to normal following
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Figure 2 Representative anterior photographs of a patient with severe exudative fibrin membrane in the pupil area at the 1% (A), 3" (B), and

6™ (C) days after the operation White arrowhead: The exudative membrane break.
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Figure 3 Uncorrected visual acuity and intraocular pressure for treated eyes A: Uncorrected visual acuity for treated eyes. *P<0.01, °P<0.0001.

B: The intraocular pressure of the two groups of treated eyes was not statistically significant.

treatment completion. Notably, no allergic reactions occurred
with trypsin use, supported by negative skin scratch tests
before treatment. Both trypsin and DEX injections effectively
treated pupil-covered anterior chamber fibrin exudates, with
trypsin demonstrating faster onset of action and greater
treatment comfort.

Formation of fibrin membranes in the anterior chamber
following intraocular surgery, inflammation, or anterior
segment trauma poses a significant challenge, impacting
surgical prognosis. Under normal circumstances, the aqueous
humor lacks fibrinogen, preventing active coagulation or
inflammation. However, disruption of the blood-aqueous
barrier during surgery can induce fibrin-like reactions,

leading to fibrin and fibrinogen accumulation”"

. This process,
exacerbated by chemokines, induces leukocyte activity and
adhesion, exacerbating ocular inflammation''*). Patients with
globe rupture, experiencing severe inflammation and complex
surgical procedures, are more prone to developing exudative
fibrin membranes in the anterior chamber.

Although corticosteroids are commonly used for anterior
chamber exudation, tPA has shown superior efficacy™***.
However, corticosteroids exhibit limited effectiveness on pupil-
covered anterior chamber exudative membranes, while tPA’s
widespread use is hindered by potential complications"*. In

contrast, trypsin, a long-standing clinical tool, has been proven

safe in treating various tissue injuries, including inflammation
and edema”**”.

The historical origins of protein hydrolytic enzyme
preparations can be traced back to 1876"". These enzymes
exhibit a range of pharmacological properties, including anti-
inflammatory, anti-edema, fibrinolytic, immunomodulatory,
and analgesic effects. Exogenous proteolytic enzymes are
primarily employed to facilitate tissue healing, making them
a viable therapeutic approach for acute injuries”™. Trypsin,
a notably significant exogenous proteolytic enzyme, was
introduced into clinical practice in the 1960s. Its enzymatic
activity includes the hydrolysis of natural or denatured
proteins, fibronectin, and mucin into smaller peptides or

371

amino acids”". Additionally, trypsin enhances the penetration

of antibiotics into targeted lesion sites and aids in drug
absorption™.

Clinically, trypsin has been shown to reduce inflammation and
hematoma formation, as well as exhibit antioxidant properties
by reducing free radical formation, thereby contributing to
the maintenance of redox homeostasis over extended periods.
Research indicated that oral trypsin may modulate the
body’s microenvironment by enhancing fibronectin-induced
angiogenesis, neurite extension, and migration activity"”.
Furthermore, trypsin’s potential involvement in promoting

pulp regeneration in elderly individuals has been identified"*".
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In burn patients, the application of trypsin has been shown
to reduce tissue edema, inflammation, and oxidative stress,
leading to decreased tissue damage and accelerated repair
processes'*'. Trypsin can also be utilized for postoperative
debridement, wound cleansing, and enhancement of hand
incision healing. Essentially, trypsin, as an adjunct proteolytic
enzyme, serves as a therapeutic agent for various injuries and
inflammatory conditions, facilitating wound debridement and
promoting the regeneration of granulation tissue. Trypsin,
derived from pig, sheep, or bovine pancreas, is available
as a sterile lyophilized powder. It can be administered via
subconjunctival injection, lacrimal passage irrigation, or as
eye drops”. While its exact mechanism of action remains
incompletely understood, trypsin exerts its therapeutic effects
through direct and indirect pathways (Figure 4). Directly,
it acts on lesions by breaking down denatured proteins,
exhibiting anti-fibrin exudation, anti-inflammatory, and anti-
infection properties. Moreover, as a proteolytic enzyme, trypsin
selectively decomposes proteins or polypeptides, enhancing
the penetration of antibiotics and other drugs into focal areas.
Indirectly, trypsin boosts the phagocytic activity of natural
killer cells and macrophages, exerting anti-infective
effects”. It can also promote macrophage conversion to M2a
macrophages, facilitating wound healing'*”. Additionally,
trypsin activates proteinase-activated receptor 2, converting
macrophages to an anti-inflammatory phenotype and
promoting the secretion of interleukin (IL)-10 for anti-
inflammatory effects'. In an experimentally induced mouse
model of colitis, activation of proteinase-activated receptor
2 inhibited pro-inflammatory cytokines production and
reduced T-helper cell type 1, thereby reducing cell necrosis'".
Therefore, trypsin also has a corresponding therapeutic effect
in the clinical application of ophthalmic diseases (Figure 5A).
In clinical applications, trypsin can dissolve blood clots, fibrin
exudation, and necrotic tissue, improve tissue permeability,
inhibit edema and inflammatory reactions, and facilitate the
rapid diffusion and absorption of local medicinal solutions
(Figure 5B).

Acknowledging the retrospective design and the use of UCVA
assessment, which may introduce bias due to factors such
as silicone oil and trauma influencing refractive status, we
emphasize the need for further research on trypsin’s efficacy in
ophthalmic diseases.

In summary, subconjunctival trypsin injection demonstrates
superior efficacy in dissolving exudative fibrin membranes
post-PPV compared to DEX. Moreover, trypsin administration
in this study did not lead to complications such as elevated
IOP or allergic reactions, underscoring its safety. Therefore,
we advocate for considering this relatively safe and effective
treatment for pupil-covered anterior exudative fibrin
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membranes occurring after PPV in trauma patients. As a
promising tool in ophthalmology, trypsin warrants further
exploration and utilization in various ocular conditions.
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