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Abstract

Eye trauma is a relevant cause of blindness and 
visual impairment worldwide. The cornea and 
the corneoscleral region are the most common 
places of injury. The main etiologies of corneal 
injuries are corneal abrasion, corneal foreign 
bodies, corneal perforation, and eye burns. 
Damage to the cornea leads to swelling, 
increased thickness, and development of opaci-
fication due to the healing process. Therefore, a 
normal cornea allows visualization of intraocu-
lar surgical maneuvers in the anterior and pos-
terior segment of the eye during eye surgery. In 
situations requiring immediate action by the 
ocular surgeon, numerous abnormalities in the 
anterior segment (blood in the anterior cham-
ber, iris deformities, pupil membranes, and 
traumatic cataracts) can be managed if the cor-
nea is transparent. However, the presence of 
important corneal opacities (such as intense or 
rapidly progressing corneal edema, large and 
thick scars, hematic impregnation, and neovas-
cularization of the cornea) impairs a safe and 
effective vitrectomy, limiting the possibility of 

reconstruction of the anterior and posterior seg-
ments. The posterior segment surgeon is faced 
with the following choices when dealing with 
eyes with corneal opacities: postponing poste-
rior segment surgery while waiting for corneal 
clearing; performing immediate surgery with 
temporary keratoprosthesis (TKP) combined 
with pars plana vitrectomy (PPV) or perform-
ing endoscopy-guided vitrectomy. The decision 
will be guided by the urgency to approach the 
posterior segment and the availability of mate-
rials. TKP or endoscopic vitrectomy is ideal in 
urgent cases that require immediate surgical 
approach. Furthermore, two cases of trauma 
with opacities, one with blood in the anterior 
chamber (hyphema) and the other with corneal 
opacity.
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9.1  Introduction

Eye trauma is a relevant cause of blindness and 
visual impairment worldwide, with around 1.6 
million people bilaterally blind and an additional 
19 million suffering from monocular blindness 
[1]. This pathology affects economically active 
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young people, with significant societal, human, 
and socioeconomic losses due to these events. 
The cornea and the corneoscleral region are the 
most common places of injury due to the greater 
exposure of these structures to impact, and 
knowledge of the anatomy of the anterior seg-
ment and the trauma mechanism are fundamental 
to its correct therapeutic approach [3]. The mor-
bidity of corneal injuries can vary greatly, from 
small (such as corneal abrasions and foreign bod-
ies) up to large, vision threatening injuries. 
Penetrating trauma with damage to the anterior 
and posterior segment and eye burns that affect 
the limbus are the most serious corneal injuries, 
due to the potential for irreversible functional 
sequelae such as glaucoma and tractional detach-
ment of the retina [4, 5].

9.2  Etiology

The main etiologies of corneal injuries are cor-
neal abrasion, corneal foreign bodies, corneal 
perforation (Fig.  9.1), and eye burns (greater 
potential for morbidity). Eye burns can be chemi-
cal (acidic and alkaline), thermal, or by ultravio-
let radiation (UV).

Alkaline chemical burns are the most common 
due to the prevalence of household agents con-
taining caustic soda and ammonia.

Thermal burns are rare, usually related to acci-
dents involving fire or fireworks. Corneal lacera-
tion and perforation are usually accidental or 
work related, involving direct impact of objects 
at high speed.

When collecting the anamnesis, it is essential 
to know the type of object that impacted the globe 
and the type of activity that was being performed, 
in order to investigate the presence of intraocular 
foreign body, which has its incidence higher in 
cases involving metal x metal impact [6].

9.3  Pathophysiology

The pathophysiology of corneal trauma involves 
the mechanism of corneal injury and its healing 
in response to trauma. The corneal epithelium 
quickly regenerates in the face of corneal abra-
sion (24–48 h). For chemical burns, the composi-
tion of the substance is what determines the 
extent of the injury. Corneal lesions due to alco-
hol cause immediate de-epithelialization, but 
there is spontaneous re-epithelialization without 
sequelae. Injuries by acidic substances, on the 
other hand, cause coagulation and tissue necro-
sis, causing greater morbidity to ocular tissues. 
However, the alkali lesion has the highest mor-
bidity as it causes hydrophilic and lipophilic 
degeneration. This is due to the saponification 
process of cell membranes in contact with alkali, 
leading to immediate cell penetration and tissue 
degradation.

In the corneal healing process, cell migration 
occurs initially, followed by cell proliferation and 
differentiation. Limbic stem cells are essential 
for the regeneration of the corneal epithelium, 
with migration and remodeling of the extracellu-
lar matrix. These cells migrate through a single 
layer to cover an epithelial defect, being this phe-

a b

Fig. 9.1 Corneal trauma. Before (a) and after (b) first surgery
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nomenon essential to cure corneal abrasions. The 
complete process of epithelial regeneration, with 
restoration of the original epithelial thickness by 
the basal cells takes up to 6 weeks and recurrent 
corneal erosions can occur in cases where this 
process is incomplete. However, in deeper trau-
mas, with stromal involvement, cell differentia-
tion of keratocytes into myofibroblasts and 
fibroblasts occurs, leading to corneal opacity [7].

Penetrating corneoscleral traumas can trigger a 
cascade of inflammation that leads to retinal 
detachment. Several studies of penetrating trauma 
in animal models have evaluated the wound heal-
ing process associated with the development of 
tractional retinal detachment and Proliferative 
Vitreoretinopathy (PVR) [8–11]. Studies have 
also emphasized the importance of the presence 
of vitreous hemorrhage in trauma in the patho-
physiology of traction retinal detachment and 
development of PVR, being a more significant 
factor than the rupture of the lens [12, 13].

The location of the penetrating lesion is also 
important in the development of PVR and retinal 
detachment in trauma. A study using a penetrat-
ing trauma model in rabbits showed that injury 
through the equatorial retina resulted in 16% reti-
nal detachment, injury at ora serrata level resulted 
in 78% retinal detachment, and injury through 
peripheral retina with involvement of the ciliary 
body resulted in 14% retinal detachment. This 
result emphasizes the role of the vitreous base as 
a framework for cell proliferation and the devel-
opment of traction, culminating in detachment of 
the traction retina [14].

9.4  Evaluating Corneal Opacities

The Cornea is an ocular tissue of the anterior seg-
ment whose main function depends on its trans-
parency, which allows the transmission of light to 
the retina. Normal hydration of the cornea is vital 
to maintain its transparency. Damage to the epi-
thelium, stroma, or endothelium, for a variety of 
causes, leads to swelling, increased thickness, 
and the development of opacification due to the 
healing process. Therefore, a normal cornea, that 
is, a transparent cornea is of utmost importance 

for individual visual function and to allow visual-
ization of intraocular surgical maneuvers in the 
anterior and posterior segment of the eye during 
eye surgery (Fig. 9.2) [15–17].

There are numerous causes that lead to loss of 
corneal clarity (such as infections, trauma, dys-
trophies). Such conditions culminate in a com-
mon clinical denominator: corneal opacity. Such 
conditions lead to visual disturbances and diffi-
culty in potential anterior and posterior segment 
surgical approaches [16, 17].

Transparency is defined by relating the amount 
of light that spreads and/or is absorbed when pass-
ing through an object. Upon entering the cornea, 
light follows two main paths: direct line through 
the eye or it is dispersed. The greater the light scat-
tering, the more opaque the cornea is and the less 
transparent it is. In normal individuals, transpar-
ency depends on the transmission of light in each 
layer of the cornea, especially the stroma, in such 
a way that the uniform organization of collagen 
fibrils minimizes light scattering [16, 17].

In clinical practice, corneal opacities are usu-
ally assessed subjectively by the ability to visual-
ize structures posterior to the cornea (such as the 
anterior chamber and iris). There is a grade used 
in corneal transplants, which subjectively ranks 
from 0+ to 5+, with 0+, clear, 1+ Minimum opac-
ity (pupil margin and iris vessels clearly seen 
through the cornea); and 5+ (maximum stromal 

Fig. 9.2 Vitrectomy through the transparent cornea
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opacity, anterior chamber not visible) [18]. 
Another way of assessing common clinical use is 
describing the size and location of the opacities. 
Such qualitative description allows serial longitu-
dinal tracking through the photographic record 
through the slit lamp in order to monitor changes. 
One of the problems with subjective evaluation is 
that you are a dependent examiner. Therefore, 
more objective methods are imperative in order 
to assist clinical decision and standardize lan-
guage among researchers [17].

The first method measures the amount of light 
transmitted by the cornea, measuring the corneal 
function. Spectrophotometry directly quantifies 
the corneal transparency with the emission of 
light at a predefined intensity through the cornea, 
measuring how much of the predefined light has 
passed. Its limitations are related to the use in 
corneal ex vivo and the equipment is not widely 
available [19–21].

Commercially available equipment such as 
anterior segment Optical Coherence Tomography 
(OCT) or the Scheimpflug, can quantify the scat-
tering of light by the cornea. They measure corneal 
opacity through the estimation of the amount of 
light that has dispersed, that is, the amount of light 
that does not pass through the cornea, and is lost or 
dissipated. This device can detect how much of the 
light has returned towards the observer. The 
Pentacam system can measure the scattering of 
light from the cornea in a 0–100 scale. Such infor-
mation can create a densitometry map represent-
ing the grade of corneal opacity [22–24].

9.5  Treatment

Visualization is the paramount for ocular surgery. 
Faced with a medium opacity that makes visual-
ization difficult, providing a clear visual axis will 
be the surgeon’s first step during ocular trauma 
surgery.

In situations requiring immediate action by 
the ocular surgeon, numerous abnormalities in 
the anterior segment (blood in the anterior 
chamber, iris deformities, pupil membranes, and 

traumatic cataracts) can be managed if the cor-
nea is transparent. Small and thin corneal scars 
usually allow good visualization so Pars Plana 
Vitrectomy(PPV) is made in the usual way.

However, the presence of important corneal 
opacities (such as intense or rapidly progressing 
corneal edema, large and thick scars, hematic 
impregnation, and neovascularization of the cor-
nea) impairs a safe and effective vitrectomy, lim-
iting the possibility of reconstruction of the 
anterior and posterior segments.

The posterior segment surgeon is faced with 
the following choices when dealing with eyes 
with corneal opacities: postponing posterior seg-
ment surgery while waiting for corneal clearing; 
performing immediate surgery with temporary 
keratoprosthesis (TKP) combined with Pars 
Plana vitrectomy (PPV) or performing 
endoscopy- guided vitrectomy. The decision will 
be guided by the urgency to approach the poste-
rior segment and the availability of materials. 
TKP or endoscopic vitrectomy is ideal in urgent 
cases that require immediate surgical approach 
[25, 26].

The development of the temporary kerato-
prosthesis (TKP) allowed posterior segment view 
for severely traumatized eyes. Landers, 1981, 
described use TKP with PPV [27].

The TKP is attached to the sclera, providing 
good wide-field visualization of the posterior 
pole and the periphery of the retina [28]. In all 
cases, the first step is to perform the reconstruc-
tion of the eyeball (corneal suture). TKP/PVV is 
performed in a second moment.

A corneal trepanation is performed to fit the 
TKP, and phacoemulsification or open sky 
removal of the lens with intraocular lens implan-
tation is performed as needed. Landers TKP is 
positioned in the corneal bed and sutured in the 
sclera with 6.0 silk or nylon. Then, surgical vit-
reoretinal maneuvers are done according to the 
underlying pathology. At the end of the case, 
TKP is removed and penetrating keratoplasty 
(PKP) is performed (Fig. 9.3) [25].

Endoscopic vitrectomy was developed to 
remove an intraocular foreign body in its first 
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description in the literature [29]. In 1990, flexible 
20G endoscopes were developed to treat numer-
ous posterior segment diseases [30]. Soon after, 
video endoscopes appeared, with a camera for 
remote real-time viewing of both the microscope 
and endoscope images [31]. Current equipment 
contains a 23G, Xenon light source, a fiber optic 
video camera connected to a monitor, and an 
endolaser unit (810  nm Diode). The 20 gauge 

probes provide 90–140 degrees of visual field. 
Endoscopic probes can be straight or curved.

Its ability to bypass the anterior segment 
allows immediate vitreoretinal interventions 
without dependency on the transparency of the 
cornea. In this way, it is a very important tool in 
opaque corneal situations. The learning curve for 
mastering endoscopic vitrectomy is slow 
(Fig. 9.4).

a b c

d e f

Fig. 9.3 Corneal opacity (a); corneal trepanation (b); keratectomy (c); Landers TKP (d, e); PPV (f)

a b

Fig. 9.4 Corneal opacity (a) and endoscopic view (b) to assess viability of the retina
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The surgery is performed using a separate 
monitor which nowadays can be attached to a 3D 
surgical visualization system (Fig. 9.5) [26].

9.6  Surgical Case 1

A 48-year-old man suffered penetrating trauma to 
his left eye with a piece of glass at work. The 
patient removed the object from the own eye 
immediately after the trauma, suffering a corneal 
laceration from limbus to limbus. On initial exam-
ination, in addition to the corneal lesion, the eye 
presented a total hyphema, making it impossible 
to assess the anterior and posterior segments.

The patient’s visual acuity was 20/20  in the 
right eye and light perception in the left eye. 
Orbital CT Scans were performed, ruling out the 
presence of an intraocular foreign body.

The patient was immediately submitted to cor-
neal suture and aspiration of the intraocular blood 
in the anterior chamber (Fig. 9.6). In the follow-
ing week, ocular ultrasound was performed, 

a b

Fig. 9.5 Simultaneous microscopic (a) and endoscopic (b) visualization to perform endocyclophotocoagulation

a

b

Fig. 9.6 (a) Immediate pre-operative appearance of the 
corneal laceration from limbus to limbus and total 
hyphema. (b) After the corneal suture, with 10-0 nylon
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revealing aphakia and vitreous hemorrhage, with 
the retina applied.

After 14 days of the first surgical intervention, 
Pars Plana Vitrectomy with scleral fixation of 
Akreos IOL with GORE-TEX suture was per-
formed (Fig. 9.7).

During surgery, it was observed, in addition to 
the aphakia, aniridia and dense vitreous hemor-
rhage, without retinal tears or detachment.

Despite the temporal corneal opacity, good 
visualization of the retina was obtained through 

the use of the BIOM non-contact system. The 
patient evolved with a best corrected visual acu-
ity of 20/25 with correction, centered IOL and a 
colored contact lens was adapted postoperatively 
to address photophobia (Fig. 9.8).

9.7  Surgical Case 2

An 8-year-old female patient suffered a sharp 
trauma in the right eye with a key.

a b

c d

e f

Fig. 9.7 Scleral IOL fixation with GORE-TEX suture 
cv-8. (a) Anterior vitrectomy; (b) dense vitreous hemor-
rhage deposited inferiorly; (c) passage of the suture thread 
through the haptics of the Akreos lens; (d) Retinal forceps 
are used to expose each end of the suture to the level of the 

sclerotomy previously marked at the beginning of the sur-
gery in order to ensure the proper positioning of the IOL. 
(e) Suture placed in the sclera. (f) Final aspect of the 
surgery
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The patient presented extensive corneal lacera-
tion with herniated iris and lens material in the 
anterior chamber. She was immediately submitted 
to a corneal suture procedure with lensectomy and 
anterior vitrectomy; the crystalline material was 
aspirated with the vitrectomy probe (Fig. 9.9).

As it was not possible to observe capsular sup-
port for IOL implantation, it was decided not to 
implant it at this time. In the first week after sur-
gery, the patient underwent ocular ultrasound, 
which revealed a clear vitreous and an applied 
retina, and a new surgical procedure was sched-
uled for a secondary IOL implantation 2 weeks 
after the first surgery.

During the second surgical procedure, anterior 
and posterior synechiae were undone and IOL 
implanted in the ciliary sulcus, with good central-
ization (Fig. 9.10). The patient presented a good 
postoperative evolution, with transparency of the 
visual axis despite the nasal corneal opacity and 
good centralization of the intraocular lens after 1 
month of surgery (Fig. 9.11).

Fig. 9.8 Late 3-month postoperative period. Centralized 
IOL, visual acuity of 20/20 with best correction. The 
patient underwent a colored contact lens adaptation in 
order to reduce the photophobia caused by aniridia

a b

c d

Fig. 9.9 (a) Intraoperative image showing an extensive, 
irregular laceration, tamponaded by the iris, with crystal-
line material in the anterior chamber. (b) Corneal suture 
with 10-0 nylon after filling the anterior chamber with 

methylcellulose. (c) Anterior vitrectomy with vitrectomy 
probe was performed, with aspiration of the lens material 
and with the infusion in the anterior chamber. (d) Final 
aspect of the surgery
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