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Foreword

Although ocular trauma has been reported as the third most important cause 
of vision loss worldwide, it is the leading cause of monocular blindness, espe-
cially in the young group. Trauma occurrence shows high unpredictability, 
and ocular trauma represents a huge challenge for the treating ophthalmolo-
gist due to the severity of many of the injuries. Because of the extreme varia-
tions in how medical service is organized (infrastructure of the facility, 
training experience, equipment-availability, etc.), it is critical to unify and 
refine the criteria for ocular trauma treatment and enhance the emergency 
education of all ophthalmologists. The series of the books put forward a 
series of novel concepts, mechanisms, and technique about ocular trauma on 
the examinations, diagnosis, treatment, and rehabilitation.

Professor Hua Yan is the Chairman of the Department of Ophthalmology, 
and President of Tianjin Medical University, Member of the Medical 
Commission of the Association of National Olympic Committee, Vice 
President of the Asian Pacific Ophthalmic Trauma Society, and President of 
the Chinese Ocular Trauma Society. He has been contributing to the field of 
ocular traumatology for decades. In the past several years, he was invited by 
Springer to serve as the chief editor for a series of books on ocular trauma, 
collaborating with world-famous ophthalmologists. The titles include 
Anatomy and Examination of Ocular Trauma, Ocular Emergency, Mechanical 
Ocular Trauma, Atlas of Ocular Trauma, Sports-related eye injuries, and 
Management on Complicated Ocular Trauma. The edition on ocular emer-
gencies won in 2019 the most outstanding book published by Springer, and 
the one on Sports-related eye injuries is the world’s first professional work on 
the subject.

These high-quality books are well organized, providing comprehensive 
basic knowledge along with vivid clinical cases using high-definition photo-
graphs. These cases illustrate both those cases where consensus on ocular 
trauma management exists and where controversies persist. The series of the 
books put forward a series of novel concepts, mechanisms, and techniques 
about ocular trauma on the examination, diagnosis, treatment, and rehabilita-
tion. Since personal wellness has attracted increasing attention from the gen-
eral public in recent years, people participate in a variety of fitness activities 
and sports sometimes close to the realm of professional athletes, the risk of 
sustaining (eye) injuries has also increased. This calls for an adequate 
response from the medical community in terms of assessment and treatment. 
The book on Sports-related eye injuries is, therefore, timely not only for the 
sports enthusiasts to increase their awareness of injury prevention, but also 
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for ophthalmologists who treat patients with sports-related eye injuries. To 
improve the results in the treatment of these patients, the book named 
Management on complicated ocular trauma is in the process of being 
published.

This series of books on ocular traumatology is the first such book series in 
the world. This book series will be an invaluable resource for physicians in 
general and surgeons in particular to help them provide the best possible care 
to their patients and save the vision of every eye where salvage is possible, as 
well as advance the field of ocular traumatology worldwide.

October 7, 2021 Ferenc Kuhn
President, International Society of  

Ocular Trauma (ISOT)
Birmingham, AL, USA

Helen Keller Foundation for  
Research and Education 
Birmingham, AL, USA

Department of Ophthalmology  
University of Pecs, Pecs, Hungary

Department of Ophthalmology 
University of Halle, Halle, Germany

Foreword
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Foreword

It is my pleasure to write about your series of books written by you on 
Anatomy and Examination in Ocular Trauma, Ocular Emergency, Mechanical 
Ocular Trauma, Atlas of Ocular Trauma, Sports-related eye injuries, and 
Management on Complicated Ocular Trauma.

Ocular trauma (OT) is an important preventable cause of blindness and 
visual impairment over the world, with an incidence of estimated over 50 mil-
lion annually, nearly one third of which could result in severe vision loss even 
blindness. As far as we know, ocular trauma occurs in combat, explosion, 
sports, working, traffic accident, home, fireworks, and other kinds of accident 
commonly due to the specific position of the eyes in our body. Although the 
whole society pays high attention to ocular trauma with tons of investigations 
and research devoted, prevention and treatment of ocular trauma are varied in 
different areas where doctors lack comprehensive training. Meanwhile, there 
is a short of frontier reference books published recently, hitherto, a series of 
books on ocular trauma could improve the global medical service of ocular 
trauma to a large extent.

Professor Hua Yan is the President of the Tianjin Medical University, 
Chairman of the Department of Ophthalmology at Tianjin Medical University 
General Hospital, Professor of Tianjin Medical University, Member of the 
Medical Commission of the Association of National Olympic Committee, 
Vice President of the Asia Pacific Ophthalmic Trauma Society, President of 
the China Ocular Trauma Society, and Executive Committeeman of the 
Chinese Ophthalmological Society. Yan has published over 200 book chap-
ters, journal papers, and conference papers. His contributions have been vital 
to the development of ophthalmology, especially the ocular trauma, for 
decades. Professor Yan is capable of taking on the exciting challenge of invit-
ing a group of world-renowned experts on ocular trauma to work on this 
important series of books about ocular trauma step by step, including Anatomy 
and Examination of Ocular trauma, Ocular Emergence, Mechanical Ocular 
Trauma, Atlas of Ocular trauma, Sport-related Eye Injury and Management 
on Complicated Ocular Trauma, which is the first and unique series of books 
for ocular trauma worldwide.

The series of the books give comprehensive introduction about ocular 
trauma systematically. The book named “Anatomy and Examination of 
Ocular Trauma” introduces anatomy, examinations, and symptoms of ocular 
trauma and presents an anatomy-based and practical book about ocular 
trauma. The book named “Ocular Emergence” provides symptom-based 
summarization of diseases in ocular emergency and facilitates the readers to 
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make the most appropriate decision on urgent ocular cases. The book named 
“Mechanical Ocular Trauma” addresses hot topics in mechanical ocular 
trauma and presents a balanced mix of consensus and controversies with 
advice about how to make appropriate decisions on the management. The 
book named “Atlas of Ocular Trauma” presents hundreds of comprehensive 
pictures of all types of ocular trauma to illustrate signs and examination of 
ocular trauma and explains the key points of treatment and surgical proce-
dures. The book named “Sport-related Eye Injury” provides essential know-
how and standard procedures for the management of sports-related eye 
injuries and discusses various sports-related eye injuries in detail on a symp-
tom-based review. The book named “Management on Complicated Ocular 
Trauma” introduces the clinically unmanageable complicated ocular trauma 
with typical cases including signs, examinations, surgical procedures, and 
conservative management by experienced experts. The series of the books on 
ocular trauma illustrate a series of innovative concepts, mechanisms, and 
techniques on ocular trauma related ocular structure, examination, diagnosis, 
and treatment.

Professor Yan has accomplished the high qualified series of book on ocular 
trauma, which is the first and unique series on this topic. The books will be 
huge wealth for medical students and clinicians to help them give best care to 
the patients suffered from ocular trauma and rescue their vision at the most 
extent. Professor Yan’ work contributes to the management and training on 
ocular trauma significantly.

October 7, 2021 S. Natarajan
Aditya Jyot Eye Hospital, Wadala

Mumbai, Maharashtra, India

Aditya Jyot Foundation For Twinkling Little Eyes  
(Not For Profit NGO)

Mumbai, Maharashtra, India

Foreword
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It is of great honor for me to rise to the challenge of inviting a group of 
experts to compile the comprehensive book on complicated ocular injury 
with great threaten to the vision of people at working age. Prior to this book, 
we have issued a series book on ocular trauma, which received high quality 
of appraisal over the world. However, there are various complicated ocular 
trauma being significant concerned associated with high morbidity and dis-
ability around the world, which attracts the ophthalmologists’ attention in the 
clinic due to difficult management. Treatments to those injuries are hard, 
complicated, long-term, and costly. Hence, this book is aimed at illustrating 
the common complicated ocular trauma with typical signs, examinations, sur-
gical procedures, and conservative management to clinical practitioners 
including the nurses, medical students, residents, fellows, and ophthalmolo-
gists, and helps them make the most appropriate decision on the diagnosis 
and management of such patients.

The overall organization of the book has been divided into 23 chapters 
encompassing the Complicated Corneal and Scleral Rupture, Traumatic 
Cyclodialysis, Traumatic Aniridia, Traumatic Dislocation of Lens, Intraocular 
hemorrhage, Open Globe Injury with Choroidal and Retinal Detachment, 
Choroidal and Retinal Detachment combined with Cyclodialysis in Open 
Globe Injury, Repairment of Traumatic Choroidal Tear, Complicated Ocular 
Trauma with Corneal Opacity, Traumatic Giant Macular Hole, Posterior 
Polar Ocular Perforating Injury, Giant Intraocular Foreign Body, Orbital 
Foreign Body, Traumatic Glaucoma, Traumatic Endophthalmitis, Permanent 
Silicon Oil Tamponade, Traumatic Optic Neuropathy, Severe Orbital Fracture, 
Traumatic Globe Luxation, Complicated Blepharal Trauma, Severe Ocular 
Chemical Injury, Ocular Laser Burns, Pediatric Ocular Trauma. This book 
consists of all types of complicated ocular trauma with brief case reports 
combined with the most comprehensive pictures. For each disease, a brief 
introduction, explanation as well as management are offered to the readers. 
With the illustrative figures and explanations, the goal of making the right 
diagnosis, offering the best advice or treatment to the patients, and under-
standing surgical procedures would be easily achieved. Hopefully, this book 
may help the readers to be fully prepared for the challenge of complicated 
ocular traumatic cases.

Tianjin, China Hua Yan, MD, PhD

Preface
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Complicated Corneal and  
Scleral Rupture

Kristina Stanfield and Bo Huang

Abstract

Complicated corneal and scleral injuries have 
been shown to be a significant proportion of 
annual emergency room visits worldwide. In 
this chapter, the types and definitions of these 
injuries were described. Furthermore, impor-
tant clinical signs, examinations, diagnosis of 
these complicated ocular injuries, as well as 
their management and postoperative compli-
cations, were discussed in detail.

Keywords

Corneal laceration · Scleral laceration  
Corneal rupture · Scleral rupture · Open globe 
injury · Corneal laceration repair · Scleral 
laceration repair

1.1  Introduction

A significant proportion of visits to the emer-
gency room annually, eye injuries are far too 
common. One study showed an incidence of 4.49 
open globe injury cases per 100,000 population 
in the USA from 2006 to 2014 (mean [SD] age of 
study participants, 37.7 [22.5] years; 75.3% 

male) [1]. Less wealthy and less educated indi-
viduals tend to take part in riskier activities, thus 
increasing their risk for eye injury [2, 3]. There is 
a 40–60% higher risk in nonwhites [4, 5], and 
there is increased risk with those that report dan-
gerous self-behaviors like traffic violations, illicit 
drug and alcohol use, unemployment, and unset-
tle social environments [3, 6].

Blunt and sharp articles are frequently impli-
cated, with the most common cause for ocular 
trauma due to blunt objects [7]. In decreasing 
order of frequency in the USA, rocks, fists, base-
balls, lumber, fishing weights are responsible for 
the majority of ocular injury; in contrast, fists, 
wood branches, rocks, and champagne corks are 
the more common culprits in Hungary [7]. 
Assault, work-related events, sports, and recre-
ational events [8–12], motor vehicle crashes, and 
falls also contribute a substantial portion of eye 
injuries [2, 5, 13]. Younger adults sustain open 
globe injury most commonly through assault and 
working with metal; falls are responsible for 
globe rupture in older age groups, with 82% 
reporting a history of previous intraocular sur-
gery [14]. The cornea is involved in 92% of pedi-
atric open globe injuries [7]. As can be surmised, 
globe rupture and perforating injuries notably 
result in poorer visual outcomes than eyes with-
out such injuries. Work-related globe injuries 
tend to have a higher incidence of intraocular for-
eign bodies and cataracts when compared to 
those open globe injuries not occurring at work. 

K. Stanfield · B. Huang (*) 
Department of Ophthalmology, University of 
Mississippi Medical Center, Jackson, MS, USA
e-mail: kmoore8@umc.edu; bhuang@umc.edu
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The cornea is the most frequently involved tissue 
in ocular injuries, followed by the retina, vitre-
ous, and sclera [7].

The majority of serious eye injuries sustained 
are by persons with no eye protection, meaning 
that most of these ocular insults are avoidable. 
Prevention is key to avoiding globe injury [15]. 
Since the introduction of seat belt laws, eye inju-
ries have been reduced to 47–65% [13, 16, 17]. 
Polycarbonate shield wear has been shown to be 
protective during combat [18, 19] and many sport 
activities [20–22]. With the target population 
skewed, further educational efforts should con-
tinue to be concentrated on young males in high- 
risk occupations, as eye protection and educational 
programs have been shown to be successful in 
increasing eye protection compliance [18, 23].

1.2  Definition

Classification of traumatic globe injury can be 
stratified into the type of wound inflicted upon 
the eye. Penetrating injuries penetrate the eye but 
do not form an exit wound, and perforating inju-
ries have both an entrance and exit wound.

Penetrating injuries usually partially cut or 
tear the surface of the cornea or sclera as they 
make contact with the globe. Sources of these 
injuries include Hymenoptera insect stings, 
repair, and maintenance work, wood chopping, 
machine use, simple instrument use, and falls. 
These injuries do not have an exit wound.

Perforating injuries completely cut or tear 
through the surface of the globe. Endophthalmitis 
follows such injuries that penetrate or perforate 
the globe, with a much higher infection rate than 
endophthalmitis after intraocular surgery. Risk 
factors include retained intraocular foreign body, 
rural setting at the time of injury, disruption of 
the crystalline lens, and delay in primary wound 
closer [7].

A third type of open globe injury includes 
contusion, where the globe directly or indirectly 
ruptures from pressure. Direct rupture occurs 
most commonly at the limbus, cornea, or sclera at 
the impact site. Indirect rupture results from 
redistributed force via impact on an incompress-

ible globe. This occurs most frequently at the 
limbus and area of the sclera posterior to recti 
insertions, both of which are ruptured perpen-
dicularly to the original line of contusion force; 
countercoup injury in a parallel line of force can 
cause posterior scleral rupture adjacent to the 
optic nerve. All of these locations are among the 
globe’s thinnest areas.

Sometimes, corneal perforation can occur in 
predisposed eyes. Ehlers-Danlos is one such con-
dition with the abnormal organization of collagen 
bundle crosslinking, predisposing the eye to 
injury with minor trauma [24].

Eye injuries can be caused and complicated by 
intraocular foreign bodies, accounting for 
18–41% of all open globe injuries [7]. Some inor-
ganic metals like gold, silver, platinum, alumi-
num, and glass are inert substances, thereby 
causing little to no reaction if left undisturbed. 
Other metals such as lead and zinc can cause a 
chronic nongranulomatous reaction that is over-
all well tolerated by the eye. In contrast, iron has 
a high affinity for epithelial cells, and once ion-
ized, can diffuse throughout the eye to deposit in 
an assortment of ocular structures, causing the 
condition known as siderosis bulbi. The trivalent 
form of iron, ferric, is not near as toxic as the 
bivalent ferrous form. Similarly, copper can also 
ionize and deposit in many ocular structures, 
with its preference being basement membranes; 
this condition is called chalcosis. In the core of 
golf balls are barium sulfate and zinc disulfide, 
both of which do not cause inflammation but are 
birefringent to polarized light [24]. Intraocular 
foreign bodies are identified frequently in combat 
ocular trauma and are found to be associated with 
more severe injuries [25].

Organic matter like cilia, grass clippings, tree, 
and bone causes a striking granulomatous reac-
tion, sometimes carrying secondary microbial or 
fungal contamination into the eye.

1.3  Case

A 17-year old male was playing a drinking game 
that consisted of hammering nails into a stump 
while intoxicated. He presented to the emer-

K. Stanfield and B. Huang
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gency department the following morning with 
his mother, complaining of eye pain and 
decreased vision. His injured eye had light per-
ception vision with a peaked pupil. The eye was 
palpated and found to be soft. On exam, there 
was an inferonasal limbal rupture with protru-
sion of natural crystalline lens. The anterior 
chamber was diffusely shallow and collapsed 
with heme stranding and iris peaking. The patient 
was taken urgently to the operating room for lens 
removal with primary open globe repair. In the 
operating room, the lens was resected in one 
piece while carefully repositioning prolapsed 
uveal tissue back into the eye using viscoelastic 
agents. An inferior conjunctival peritomy 
revealed an underlying scleral laceration infero-
nasal. Interrupted 9-0 nylon suture was used to 
close the scleral wound using partial- thickness 
bites, and 10-0 nylon suture was used to close 
the corneal wound. All knots were rotated and 
buried. The conjunctiva was reapproximated at 
the limbus using 8-0 vicryl suture. It was decided 
to leave the patient aphakic and implant an intra-
ocular lens in subsequent surgery in the future.

 

1.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment for Complications

According to recent epidemiological studies, 
risk factors include male gender [11], notably 
those aged in the fourth decade of life [1, 26]. 
Most serious eye injuries are sustained by per-

sons that fail to wear sufficient eye protection 
during high- risk situations that occur at home or 
at work, with construction considered one of the 
most high-risk professions. Substance abuse has 
also been shown to contribute as a factor in eye 
injury from trauma.

Prevention is the most successful means to 
avert ocular injury. Primary prevention includes 
wearing correct eye protection such as polycar-
bonate lenses while engaging in visually threat-
ening actions.

Cornea and scleral ruptures commonly pres-
ent to the emergency room after the initial injury, 
and a thorough history is the first step in evalua-
tion [27]. Ordinarily, patients will report pain, 
blurred or double vision, or foreign body sensa-
tion in the area of injury. It is important to note 
the time of injury. Mechanism of injury is impor-
tant to ascertain as well, as it will guide the surgi-
cal plan. One should suspect foreign bodies and 
their potential for ocular toxicity; most intraocu-
lar foreign bodies reside in the posterior segment, 
which can possibly necessitate the need for a vit-
rectomy. The amount of energy transferred dur-
ing the injury may decide how much damage the 
globe has endured, with rupture extending exter-
nally or internally. Inquire about prior vision and 
if there has been a decline; it is important to take 
note of amblyopia and glaucoma. Ask about the 
use of safety or prescription glasses worn during 
injury. Relevant ocular surgical history should be 
elicited, as a patient with a prior corneal trans-
plant may require a new cornea from a transplant 
bank before proceeding to the operating room for 
repair. A patient with previous incisional kera-
totomy or globe repair is much more prone to 
rupture along with these areas of previous inci-
sions. Medical history, including medications, 
allergies, prior reaction to anesthesia, and timing 
of last meal, should be elicited. Tetanus status 
should be determined and treated accordingly.

Examination of the traumatized eye should be 
assumed with care. Externally, the patient should 
be checked for any external facial or eyelid lac-
eration as well as scattered debris that may war-
rant a search for an intraocular foreign body. 
Edematous eyelids can be cautiously retracted 
using Desmarres, taking care not to exert undue 

1 Complicated Corneal and Scleral Rupture
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pressure on the globe. Check visual acuity and 
pupils, taking care not to exert any extra pressure 
on the globe if rupture is suspected. Baseline 
best-corrected visual acuity is of the utmost 
importance in determining the prognosis of 
vision after globe repair in the setting of trauma. 
Pupils may signify direct injury to the optic 
nerve or deeper intracranial pathology. If a pupil 
is unable to be examined in the injured eye, the 
other pupil should be checked for a reverse affer-
ent pupillary defect to gleam some insight into 
the injured eye’s optic nerve function. Intraocular 
pressure can be cautiously assessed by gently 
palpating the globe with fingertips; while it is 
normally common practice to measure pressure 
using handheld tonometry in the emergency 
room setting, in the case of a suspected open 
globe, it is not necessary to quantify a numerical 
value for fear of expulsing intraocular contents. 
Epithelial defects can be easily seen by light 
reflex off the anterior cornea; abnormalities in 
this light reflex can point to epithelial or stromal 
loss from lack of normal high luster. Take note of 
any anterior segment trauma, including conjunc-
tival laceration, corneal abrasion, corneal for-
eign bodies, subconjunctival hemorrhage, 
shallow or collapsed anterior chamber, hyphema 
[28], iris peaking or irregularities, or focal lens 
opacification due to disruption. A peaked pupil 
may signify vitreous or uveal prolapse through 
the wound. Seidel testing should be employed to 
discover the depth of corneal laceration if one 
exists. If a wound has self-sealed, gonioscopy 
can be performed. The eye should be dilated and 
the posterior segment examined for intraocular 
foreign body. In the posterior segment, look for 
vitreous and retinal hemorrhages as well as reti-
nal tears. If there is no view posteriorly due to 
obscured media, a CT scan can aid in the search 
for an intraocular foreign body. MRI should be 
avoided in the initial management if the metallic 
intraocular foreign body is suspected [29–31]. 
Ultrasonography is generally avoided in the 
acute setting as well in order to not dislodge 
intraocular contents.

Metallic intraocular foreign bodies are most 
common [32, 33], and usually are extricated to 
avoid toxicity. Siderosis results from iron com-

pounds and copper compounds can lead to chal-
cosis. Zinc and aluminum should be removed as 
well. Inert substances like glass, stone, sand, and 
plastic can be left alone without removal, as they 
do not normally incite an inflammatory reaction.

After inspection and examination, the sur-
geon must formulate a surgical plan. The pri-
mary outcomes of closing the laceration include 
reestablishment of vision, normalizing anatomic 
relationships, preventing infection, and halting 
secondary disease processes like glaucoma and 
amblyopia. When discussing the plan for surgi-
cal repair, these goals must be stressed to the 
patient. The most important prognostic indicator 
for vision is preoperative visual acuity testing 
after injury.

If there is a rupture that is indeed found on 
exam or imaging, the globe should be urgently 
closed. A small perforation less than 2  mm in 
diameter can sometimes be closed with tissue 
glue, such as cyanoacrylate, which works by 
polymerizing on contact with liquid. Tissue glue 
only sticks to dry lacerations free of epithelium, 
and it can be applied to the globe using a syringe, 
a drip technique, or by applying glue to the oppo-
site side of a polyethylene disk placed on the end 
of the applicator stick. A therapeutic contact lens 
follows glue application to ease discomfort and 
avoid contact of glue with tarsal conjunctiva. 
Because tissue glue has antimicrobial action, cor-
neal infection in rare; however an adjacent 
inflammatory infiltrates can be noted. Constant 
broad-spectrum topical antibiotic drops should 
be employed while tissue glue and contact lens 
are in place. If the tissue glue is applied gener-
ously to a descemetocele, the glue may come off 
while stuck to underlying corneal tissue.

More extensive lacerations should be taken 
urgently to the operating room for exploration 
and repair. General anesthesia is the preferred 
method for sedation as a corneoscleral laceration 
is a contraindication for retrobulbar anesthesia. If 
local injection into the retrobulbar or peribulbar 
space occurs, then intraocular pressure may 
increase and thus extrude intraocular contents. A 
nondepolarizing muscle relaxant is also used to 
decrease the risk of extraocular muscle contrac-
tion, which may further increase intraocular pres-
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sure. Postoperatively, the patient must be very 
carefully extubated after general anesthesia to 
avoid bucking and emesis, as these events too can 
increase intraocular pressure.

When prepping and draping the eye preopera-
tively, care must be taken to avoid undue pressure 
on the globe. An adhesive barrier is used to 
expose the eye and shield the lashes from the 
operating field. A wire lid speculum can be placed 
over this barrier, avoiding pressure on the globe 
during application. Irrigation is favored over 
povidone-iodine solution after the speculum has 
been positioned. If the lid tissue is macerated or a 
speculum is unable to provide adequate exposure 
of the field, 4-0 silk traction sutures may be 
placed through the lids. Bridal sutures through 
the extraocular muscles are generally avoided as 
they can cause anterior chamber narrowing and 
tissue incarceration from external pressure. The 
wound should be cultured and then surveyed to 
remove any foreign bodies.

Once under the microscope, the laceration 
should be explored fully yet gentle enough not to 
expel any further intraocular contents. 
Corneoscleral lacerations extending from cornea 
past limbus into sclera should be tracked posteri-
orly (but not beyond the equator) to view their 
extent. A conjunctival peritomy can be useful, 
sometimes encompassing the full 360-degrees, in 
order to find the furthest course of the laceration. 
The limbus should be first realigned using 8-0 or 
9-0 nylon sutures, taking care to reposition any 
uvea that has prolapsed; this task can be aided by 
the use of a viscoelastic agent and a cyclodialysis 
spatula. The laceration should be examined for 
vitreous prolapse or foreign bodies. Vitreous pro-
lapse is recognized using a dry cellulose sponge, 
gently lifting upwards from the wound and trim-
ming flush with sclera in order to avoid further 
traction on the remaining vitreous.

Corneal wound edges must be approximated 
using suture to facilitate watertight closure; cor-
neal tissue is avascular and will not stretch or rep-
licate, so correct alignment of wound edges is 
paramount. Although likely unavoidable, astig-
matism, and postoperative scarring should be 
minimized at best while restoring the contour and 
integrity of the corneal tissue. Monofilament 

10-0 nylon suture on a fine spatula microsurgical 
needle is most commonly used for corneal 
sutures. Bicurved needles are employed with 
small or large radii of curvatures; the former 
helps to pass little deep bites centrally while the 
latter is used in the periphery for greater lengthier 
bites [36]. Corneal sutures should not be placed 
full thickness in order to minimize the risk of 
endophthalmitis due to direct microbial tracking 
into the anterior chamber; instead, the suture 
should be placed at 90% stromal depth equally on 
both sides of the wound edges. If the sutures are 
placed more superficially, they will result in 
wound gape. An unequal approximation may 
allow the wound edges to override. Avoid suture 
through the central visual axis but if necessary, 
use little small bites to limit scarring. If possible, 
avoid corneal tissue removal; this can unneces-
sarily create force on non-elastic corneal tissue 
through the use of tight sutures (Fig. 1.1).

Place corneal sutures by inserting the needle 
tip perpendicular to the corneal surface, then 
rotate the needle along its curve through the 
wound edges using a twisting wrist motion, and 
finally exit again perpendicular to the other side 
of the wound. The needle passes, and depths 
should be equal on either side of the wound edges 
in order to achieve an ideal approximation. If a 
linear wound is found to have a perpendicular 
component, it must be closed first before the 
shelved portion of the laceration. The suture 
placement should enter and exit equidistant to the 
posterior (not anterior) aspect of the wound in 
order for the wound edges to approximate appro-
priately and not override their margins. The per-
pendicular lacerations are repaired first using 
interrupted sutures in order to reform the anterior 
chamber; once in place, the shelved areas of the 
laceration will oppose automatically, thus requir-
ing less suture and minimizing tension. Because 
it can be difficult to evaluate the correct tension 
for initial sutures, slipknots like the granny-style 
slipknot can be loosened or tightened after all the 
sutures are in place. The granny-style slipknot 
allows for controlled tension by pulling one end 
vertically while the other is pulled horizontally.

With jagged lacerations, slipknot sutures are 
used to close each linear segment first in the 
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hopes that the apices might self-seal. A mattress 
suture can be employed to close the apex if nec-
essary and left to degrade over time. A purse- 
string suture can be useful to close a stellate 
laceration by passing intralamellar sutures 
through a partial-thickness incision made by a 
guarded diamond knife (Fig. 1.2).

Sometimes, the laceration cannot be approxi-
mated due to tissue loss. In nonnecrotic stroma 
measuring less than 5  mm, a circular autograft 
from the peripheral cornea measuring 1  mm 
larger than the area of tissue loss may be tre-
phined and placed over the deficit using inter-
rupted 10-0 nylon sutures. If there is not enough 
peripheral cornea to graft, donor cornea or sclera 
should be used. In the case of graft loss in trau-
matized eyes with a history of keratoplasty, a 
donor cornea will be needed. Peripheral com-
pression sutures can be passed in the corneal 
periphery in order to steepen the central cornea 
and thus decrease postoperative astigmatism. The 
ends of all knots are trimmed short and rotated 
posteriorly into the stroma to avoid discomfort to 
the tarsal conjunctiva.

Injured sclera should be reapproximated using 
7-0 or 8-0 polyglactin (Vicryl, Ethicon) absorbable 
suture, making sure to place suture as soon as a 
fresh area of laceration is exposed but before the 

area distal to the laceration is explored; this “close-
as-you-go” technique will help steady the globe 
and prevent further uveal and vitreous prolapse. 
Scleral sutures should begin anteriorly and work 
their way posteriorly. Conjunctiva and Tenon’s 
capsule should only be opened enough to visualize 
the laceration and not be extensively dissected. 
When the laceration is found to extend past an 
extraocular muscle, the muscle can first be secured 
using a double-armed 6-0 polyglactin suture then 
disinserted to allow for more exposure of the 
wound. After the laceration is reapproximated, the 
muscle can then easily be reattached at its inser-
tion site. If the wound is found to extend posterior 
to the equator and cannot be safely appreciated, it 
is best to let that portion of the wound heal second-
arily and leave it unsutured (Fig. 1.3).

Some scleral defects cannot be closed primar-
ily, thus necessitating the need for a scleral patch 
graft. The most commonly used, the homologous 
sclera is stored in glycerin or alcohol, or it is fro-
zen in antibiotic solution. Glycerin-dehydrated 
and alcohol-fixed sclera can be used up to 1 year, 
while frozen sclera can be used up to 3 months 
from their dates of preservation. Before placing a 
scleral graft, episcleral, and choroidal tissues are 
removed, and the scleral defect is exposed by 
conjunctival peritomy and dissection. Permanent 

Fig. 1.1 Partial-thickness corneal suture placement. Peripheral corneal sutures should be long, while central sutures 
are small and deep
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sutures (silk, Dacron) are preferred to allow for 
extending wound support while healing. The 
graft should overly the defect by a few millime-

ters. Other scleral grafts can be fashioned from 
conjunctiva or Tenon’s capsule, tarsoconjunctival 
flap, autologous sclera, fascia lata or periosteum, 
or split-thickness dermis.

If there is an intraocular foreign body, vitreous 
hemorrhage, or retinal detachment, a vitrectomy 
may be required. A pars plana approach is gener-
ally employed.

A paracentesis track can be made through the 
anterior chamber to check for leaks and verify 
watertight wound closure using gentle pressure 
and Seidel test if needed.

Endophthalmitis is of paramount concern, so 
prophylaxis should be initiated. At the termina-
tion of the procedure, periocular subconjunctival 
injections of vancomycin 25 mg or ceftazidime 
100 mg should be administered. Because the sus-
picion of postoperative endophthalmitis is 
extremely low, subconjunctival dexamethasone 
12–24 mg is often used. Intraocular injections of 
vancomycin 1  mg/0.1  mL or ceftazidime 
2 mg/0.1 mL can also be used. Systemically, van-
comycin 1 g intravenously every 12 h or ceftazi-

1

2

3

Fig. 1.2 Corneoscleral wound repair. The limbus (1) is approximated first followed by corneal then scleral closure  
(2, 3)

Fig. 1.3 Scleral wound repair using the “close-as-you-
 go” technique. Limited dissection through conjunctiva 
and Tenon’s capsule allow enough visualization of the lac-
eration barely to prevent further intraocular contents from 
expulsing while providing overall stabilization to the 
globe
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dime 1–2 g intravenously every 8 h can be used 
for a total of 4 days. Topically, vancomycin 
50 mg/mL, ceftazidime 50 mg/mL, and a cyclo-
plegic should be used once an hour for the first 
48  h, then tapered pending clinical course. A 
topical steroid like prednisolone acetate 1% four 
times daily is often added.

The patient should be instructed on the strict 
usage of a Fox shield over the eye at bedtime for 
the first few weeks postoperatively, with the 
understanding to use safety glasses made of thick 
polycarbonate lenses to protect the eye during 
day further.

Corneal sutures are generally removed 3 
months postoperatively in the adult patient and 
weeks later in the pediatric patient due to quicker 
wound healing. Loose sutures should be removed 
to prevent epithelial breakdown with a subse-
quent ulcer or abscess formation. If there is vas-
cularization under the suture, it should be 
removed. Alternate sutures are first removed, 
 followed by topical antibiotics four times daily 
for 5–7 days.

Best visual acuity is first undertaken by specta-
cle correction. Corneal topography can help to find 
tight sutures causing residual astigmatism. Once 
healed, compressive sutures are removed to help 
with astigmatism. If spectacles cannot fully correct 
vision, large rigid contact lenses with high oxygen 
permeability are used to treat irregular astigma-
tism; soft contact lenses are generally avoided due 
to the risk of vascularization of the corneal scar. As 
a last resort, penetrating keratoplasty may be war-
ranted for further visual rehabilitation.

The repaired globe is serially examined post-
operatively. Visual acuity, pupils, and intraocular 
pressure are measured. Seidel test is used to note 
any leakage from the wound. Ultrasonography 
can aid in visualizing the posterior segment if the 
media is not transparent.

1.5  Personal Experience or 
Matters That Need Attention

Although the occurrence of postoperative endo-
phthalmitis is fairly low, it should be treated with 
intravitreal antibiotics as outlined above, and cul-

tures taken from the operating room should be 
followed for microbial growth.

With corneoscleral rupture comes other trau-
matic injuries to the globe. Hyphemas are possi-
ble after postoperative repair, and although they 
are resorbed in the first week, they can elevate 
intraocular pressure from trabecular meshwork 
blockage. This pressure spike can be managed 
with topical acetazolamide, beta-blockers, and 
alpha agonists. Both topical and systemic ste-
roids can further help to calm inflammation. If 
medical management does not work, the patient 
may need to be taken back to the operating room 
for anterior chamber washout in order to prevent 
corneal blood staining and endothelial damage.

On the other hand, the intraocular pressure 
may be low, which most often indicates a wound 
leak. This can be confirmed by the Seidel test and 
treated with pressure patching, aqueous suppres-
sants, and a bandage contact lens. Cyanoacrylate 
tissue glue can be used but make sure tissue is dry 
and is not directly applied over suture, as the 
suture-glue bond is permanent. If these measures 
do not stop the leak, again, the patient may need 
to return to the operating room for additional 
10-0 nylon sutures. Glaucoma can result from 
peripheral anterior synechiae into the leaking 
wound if this complication is not recognized 
early.

Epithelial downgrowth is essentially prolifer-
ating epithelium tracking into the anterior cham-
ber through a previous wound. Spots of epithelium 
on the iris stroma will burn white with low-power 
argon laser. If advanced, the epithelium may need 
to be removed by surgery.

Sympathetic ophthalmia is a bilateral, diffuse, 
granulomatous, T-cell mediated uveitis that can 
occur anywhere from 2 weeks to many years 
after uveal prolapse or incarceration, most com-
monly secondary to perforating or penetrating 
ocular injury. Visual prognosis is more promising 
with early enucleation 3–6 months after injury.

Phacoantigenic endophthalmitis is a zonal 
granulomatous inflammation secondary to a rup-
tured lens capsule. Activated immune cells can 
clog the trabecular meshwork, causing glaucoma. 
Angle recession glaucoma from trauma can 
develop from posteriorly displaced iris root and 
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inner pars plicata from a laceration. When the 
entire pars plicata is dislodged from the scleral 
spur, a cyclodialysis cleft can result. An iridodi-
alysis can result from a tear at the iris root.

The posterior segment is often involved with 
globe trauma. Retinal detachments can develop 
following contusion, as well as macular holes, 
likely because of the inelastic characteristic of the 
vitreous that does not allow for stretching. 
Chorioretinitis sclopetaria manifests following 
shockwave-like penetrating (not perforating) globe 
damage. Choroidal hemorrhage and rupture can 
occur from either indirect or direct trauma. In the 
retina, commotion retinae and retinal hemorrhages 
can occur at the site of injury. The optic nerve can 
endure avulsion, hemorrhage, and edema.

Foreign body granulomas can form around 
intraocular foreign bodies that are lodged within 
the eye at the time of initial injury; this can be 
avoided by removal.

1.6  Specific Challenges 
of Corneal and Scleral 
Rupture

Open globe repair should be undertaken within 
24–48  h upon presentation in order to salvage 
vision and minimize infection risk. Often patients 
present for treatment after a substantial portion of 
time has passed since the initial injury. It can be a 
challenge to navigate a macerated globe back to 
its original anatomical structure, and not uncom-
monly, primary enucleation must be undertaken.

Often the traumatized globe has multiple other 
eye injuries that need to be mended, usually at a 
later date after the initial repair and most times 
requiring multiple surgeries. Postoperatively, the 
repaired globe is examined posteriorly using 
B-scan to look for retinal detachments or choroi-
dal damage that may benefit from repair in the 
operating room. Secondary cataracts can develop 
either from direct lens trauma or from intraopera-
tive repair of retinal damage; cataract extraction 
may need to be performed if visually significant. 
Secondary glaucoma can develop from trabecu-
lar meshwork damage. Medical management 
using topical ocular antihypertensives is usually 

tried first before proceeding to surgical manage-
ment by tube shunt or filtering surgery.

Visual prognosis following repair is always 
guarded. Prognostic factors indicating good 
visual prognosis (as defined as visual acuity 
20/60 or better) include presenting acuity after 
injury 20/200, wound location anterior to pars 
plana and measuring 10 mm or less, intraocular 
foreign body in the posterior segment, and sharp 
mechanism of injury [26, 34]. Age <5 years 
appears to be an independent risk factor for 
poorer visual outcome [35].
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Traumatic Cyclodialysis

Yujie Yan and Zhijun Wang

Abstract

Traumatic cyclodialysis is a condition in 
which the longitudinal fibers of the ciliary 
muscle are disinserted from the scleral spur, 
creating an abnormal communication between 
the anterior chamber and the suprachoroidal 
space by different kinds of trauma. This chap-
ter specifically focuses on its definition, epide-
miology, pathogenesis, clinical manifestations, 
investigations, and managements. This chap-
ter also provides clinical cases of complicated 
traumatic cyclodialysis.
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2.1  Introduction

Cyclodialysis is a condition in which the longitu-
dinal fibers of the ciliary muscle are disinserted 
from the scleral spur, creating an abnormal com-
munication between the anterior chamber and the 
suprachoroidal space, which leads to chronic 
ocular hypotony, corneal edema, shallowing of 
the anterior chamber, cataract, choroidal effu-
sion, optic nerve edema, retinal and choroidal 
folds, hypotonus maculopathy, retinal pigment 
epithelium (RPE) atrophy and loss of vision [1]. 
It usually occurs due to ocular trauma or as com-
plications following ophthalmic procedures, 
which involves iris manipulation such as extra-
capsular cataract surgery, phacoemulsification, 
intraocular lens insertion, after phakic IOL 
removal and displacement of an angle supported 
anterior chamber IOL etc [2]. Classically, 
Gonioscopy remains the gold standard for the 
identification of cyclodialysis clefts; However, 
ultrasound biomicroscopy [UBM], anterior seg-
ment optical coherence tomography [OCT], 
magnetic resonance imaging [MRI] have proven 
to be effective in diagnosing as well. Although 
medical treatment can help to close small clefts, 
laser treatment or surgery is usually needed to 
seal the fistula.

This chapter will specifically focus on trau-
matic cyclodialysis, including its definition, epi-
demiology, pathogenesis, clinical manifestations, 
investigations, and management.Y. Yan · Z. Wang (*) 
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2.2  Definition and Epidemiology

Traumatic Cyclodialysis is defined as longitudinal 
fibers of the ciliary muscle disinserted from the 
scleral spur, as a result of ocular trauma. It can be 
accompanied by traumatic hyphema, lens disloca-
tion, traumatic mydriasis, iridocyclitis, and with 
severe vitreous or chorioretinal pathology [3]. 
Although cyclodialysis has been described after 
penetrating ocular trauma [4], most of the cases 
are followed by blunt ocular trauma, with the 
reported rates ranging between 1 and 11% [5]. It is 
more frequent in men, who are more prone to suf-
fer trauma. A variety of agents like balls, stones, 
punches, airbags, firecrackers and elastic cords 
have been reported to cause cyclodialysis [1].

2.3  Pathogenesis

Cyclodialysis results from momentary axial com-
pression and rapid equatorial expansion that 
stretches the ocular tissue, leading to the separa-
tion of the meridional ciliary muscle fibers from 
their attachment in the scleral spur [6]. The 
detachment of the ciliary body from the scleral 
spur seems to be the most common mechanism 
for persistent ocular hypotension after blunt 
trauma. There does not seem to be a preferential 
location for cyclodialysis, superior and inferior 
locations have all been reported.

The direct communication between the ante-
rior chamber and the ciliochoroidal space allows 
an unrestricted flow from the anterior chamber to 
the Suprachoroidal space. The choroidal detach-
ment thus produced would decrease the produc-
tion of aqueous humor in the ciliary epithelium. 
All these mechanisms contribute to hypotony. 
However, the intraocular pressure drop is not 
 proportional to the cleft size, which indicates that 
factors such as decreased aqueous production 
might also influence the outcome [7].

2.4  Clinical Manifestations

The ocular hypotony syndrome is considered the 
most important and devastating clinical feature of 
traumatic cyclodialysis. Ocular hypotony is defined 

as an IOP of 5 mmHg or lower. Clinical manifesta-
tions of chronic hypotony include corneal edema, 
shallowing of the anterior chamber, cataract, cho-
roidal effusion or detachment, retinal and choroidal 
folds, optic disk swelling, venous tortuosity, and 
maculopathy. All these conditions may lead to 
visual loss, which may become permanent if the 
hypotony is not resolved promptly. Angular reces-
sion is accompanied by traumatic cyclodialysis in 
most patients. However, secondary open-angle 
glaucoma is not frequent. A series even found that 
the presence of a cyclodialysis was a protective fac-
tor against the development of glaucoma [8].

2.5  Investigations

Locating the cleft is essential for treatment. 
Gonioscopy has been considered the gold stan-
dard for the diagnosis of cyclodialysis. However, 
it may not be an optimal choice when there are 
corneal folds, hazy media, or a shallow anterior 
chamber. Moreover, microclefts and oblique 
channels may be particularly difficult to detect 
using gonioscopy. It is reported that gonioscopy 
will open the cleft and cause a transient flow of 
aqueous into the suprachoroidal space, resulting 
in post gonioscopy hypotony and inducing a sig-
nificant reduction of IOP and the appearance of 
visible folds in Bowman’s membrane [9].

UBM is considered more useful and sensitive 
in localizing, measuring, and monitoring cyclodi-
alysis compared with gonioscopy. It allows a 
cross-sectional image of the cleft (Fig. 2.1) and 

Fig. 2.1 A cross-sectional UBM image of traumatic 
cyclodialysis, showing ciliary muscle disinserted from the 
scleral spur, and communication between the anterior 
chamber and the suprachoroidal space

Y. Yan and Z. Wang
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has the ability to detect when there are corneal 
folds, hyphema, a shallow anterior chamber or 
iris bowing. It also has the ability to detect trac-
tional ciliary body detachment, ciliary body atro-
phy, suprachoroidal effusion, which is an 
essential tool in the differential diagnosis of ocu-
lar hypotony.

OCT is a noninvasive, painless, noncontact 
technique that provides reproducible images of 
the anterior segment and can be used in the diag-
nosis of cyclodialysis as well. It is performed in 
an upright position (while UBM is usually per-
formed in a supine position), so the findings may 
more likely reflect gonioscopic and slit-lamp bio-
microscopic clinical findings. However, the 
structure posterior to the iris is not visible with 
OCT, and traditionally its sensitivity has been 
considered inferior to UBM.  Other ancillary 
techniques such as transillumination [10], mag-
netic resonance imaging [11] have also been 
reported but not widely used in clinical settings.

2.6  Management

Treatment of traumatic cyclodialysis should be 
started if hypotony is associated with morphologi-
cal and functional complications. Several options 
have been used for treating this condition but 
should concerning about the numbers and the 
extent of the cleft to choose the optimal treatment.

Medical treatment should be employed first 
because some cyclodialysis resolves spontane-
ously, and a slight delay in IOP restoration does 
not change the visual prognosis. Medical 
 treatment includes administrating atropine and 
steroids(topical and systemic) for several weeks 
and quick tapering of steroids. Steroids should 
not be used for extended periods, for it is believed 
that they can hinder the healing process that 
closes the fistula. For a small cleft, if ocular 
hypotony maculopathy persists after 2 months of 
stopping steroids, then Invasive or semi-invasive 
methods should be considered. However, for 
medium or large clefts, it is recommended to take 
the invasive methods with no delay.

If the cleft is a small cleft (<3 clock-hours), a 
laser should be tried. Argon laser is always useful 
when the cleft is easy to locate. The laser should 

be applied on both sides of the cleft, and bubble 
formation is considered a sign of good tissue 
response. Zeiss four-mirror gonioscopy is recom-
mended in order to deepen the angle. Pilocarpine 
and viscoelastic are considered able to open the 
cleft and make Argon laser photocoagulation 
easier. Swelling of the choroid following laser 
treatment closes the cleft. Nd-YAG laser and 
laser endo-photocoagulator have also been used. 
If the cleft cannot be located, transscleral meth-
ods (such as transscleral diode laser) allow treat-
ing a wider area. Diathermy is not recommended 
because it could damage the lens and induce 
scleral ectasia [12]. Cryotherapy has shown only 
modest results, and it induces severe inflamma-
tion, so it should only be used when the laser is 
not available or preferably used combined with a 
gas injection or vitrectomy. If medical and laser 
treatment have failed in small clefts, direct cyclo-
pexia should be performed(illustrated in the com-
ing paragraph).

If medical treatment is not effective in 
medium-size clefts (3–6 clock-hours), direct cyc-
lopexia should be considered. This procedure 
starts with a dissection of limbal based sclera 
lamella, with the thickness of 1/2–2/3 of the total 
sclera thickness and 3–3.5 mm behind the limbus 
(Fig.  2.2); then penetrate the sclera 1.5  mm 
behind the limbus (Fig. 2.3)and finally, suturing 
the insertion of the ciliary muscle to the scleral 
spur with 10/0 nylon. Locate the cleft and deter-
mine its extension before surgery is crucial in this 
procedure. However, “real time” locating the 
cleft during surgery and check the effect after 
suturing using a gonioscopy or a Goldmann 

Fig. 2.2 Dissection of limbal based sclera lamella, with 
the thickness of 1/2–2/3 of the total sclera thickness, and 
3–3.5 mm behind the limbus

2 Traumatic Cyclodialysis
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three-mirror contact lens is even more important. 
To locate 1–2 mm beyond the area of cyclodialy-
sis is suggested. It can be challenging to suture a 
hypotonic eye. Using an anterior chamber visco-
elastic or posterior infusion cannula to restore 
ocular pressure can sometimes be useful. 
Potential complications include intraocular hem-
orrhage, endophthalmitis, cataract, vitreous loss, 
retinal detachment, wound dehiscence, and sec-
ondary glaucoma due to peripheral anterior syn-
echiae. For multiple or very extensive clefts, 
direct cyclopexy is not recommended because 
dissection of an extensive scleral lamella could 
affect the anterior segment. Closure of the cleft is 
followed by an IOP spike. It is considered to be 
the result of the restoration of aqueous humor 
production by the ciliary body with incomplete 
recovery of trabecular meshwork function. IOP 
returns to normal after a few hours, and this spike 
occurs in more than half the patients [13]. This 
spike can be controlled with topical medication 
except for miotics for they could lead to reopen-
ing of the cleft.

Vitrectomy with gas tamponade or silicone oil 
seems to be the safest option in clefts with a big-
ger size of (>6 clock-hours), or multiple medium- 
size clefts, or clefts with various retinal or choroid 
damage that need vitrectomy as well. Vitrectomy 
may also be necessary if direct cyclopexy is not 
successful in small or medium-size clefts. 
Cryotherapy can be accompanied by vitrectomy 
to facilitate the closure rate. Endoscopic-guided 
suture of the ciliary body detachment can also be 
performed though it is difficult to separate the 

effects of gas and the suture, as gas tamponade by 
itself is an effective method to treat 
cyclodialysis.

Other options have been reported. One of 
them is Internal tamponade using a capsular ten-
sion ring (CTR) or an intraocular lens (IOL) 
when cataract surgery is necessary. An IOL is 
inserted in the sulcus and carefully oriented until 
one of the haptics faces the site of the cyclodialy-
sis. If the cleft is the extent, placing a CTR in the 
sulcus would be a better option. The scarring pro-
cess induced by postoperative inflammation and 
a moderate internal compression by the haptic or 
the CTR, results in closure of the fistula. However, 
long-term outcomes are still uncertain. Potential 
risks include ciliary body damage, erosion, hem-
orrhage, and pain from the compressive effects of 
the haptics or the CTR [14]. Scleral buckling and 
pneumocyclopexy have also been reported, with 
the efficiency of which is under debate.

2.7  Specific Challenges 
and Personal Experience

Treating traumatic cyclodialysis in blunt trauma 
to large extent and with severe retinal and cho-
roid involvement can be challenging. Vitrectomy 
and silicone oil tamponade are needed in most 
cases. A posterior infusion cannula to restore 
ocular pressure should always be made first, 
however, sometimes it is hard to position it into 
the right place in the vitreous cavity, whether 
because of the low IOP, choroidal detachment or 
hemorrhage, or the large extent of cyclodialysis. 
Anterior chamber infusion can then be an alter-
native way to restore IOP.  In cases with large 
traumatic cyclodialysis at the position of trocar 
insertion, the cannula cannot penetrate the 
detached ciliary body. It is better to drainage the 
suprachoroidal fluid or hemorrhage and then 
suture the cleft first (see Case 1). Further steps 
can then be done to manage the retinal or choroi-
dal damage. For an extremely detached ciliary 
body with a wide extent, an iris hooker can be 
used to maintain the ciliary body in position tem-
porarily and make the suturing easier (Fig. 2.4). 

Fig. 2.3 Penetrating the sclera 1.5  mm behind the 
limbus
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If the posterior cannula can easily be placed in 
position, then suturing is not always necessary. 
Cryotherapy along the extent of the cleft can be 
made to facilitate the closure of the cleft (see 
Case 2). Perfluoro-N-octane (PFO) assisted total 
gas-fluid exchange to squeeze the suprachoroidal 
fluid is always vital before silicone tamponade. A 
face-down position is recommended after sur-
gery. Silicone oil can be removed depending on 
how well the retina recover, but for most cases 
with such severe trauma, silicone oil retention 
would probably be the result.

2.8  Case 1

Patient with blunt trauma of the right eye causing 
vitreous hemorrhage, traumatic cataract, lens dis-
location and traumatic cyclodialysis was present. 
Anterior chamber infusion was used to retain the 
IOP, cataract, and vitreous hemorrhage were 
removed successfully. PFO was used to retain the 
retina. Cyclodialysis was right at the position of 
trocar insertion; thus the cannula cannot pene-
trate the detached ciliary body. After drainage of 
the suprachoroidal fluid, the ciliary body was 
sutured using the bimanual suturing technique. 
The total gas-fluid exchange was then made, and 
silicone oil was tamponade (Video 2.1). Six 
months after surgery, silicone oil was removed, 
and retinal was in position. The anterior chamber 

was deep, and the pupil was almost round 
(Fig.  2.5). UBM showed the ciliary body was 
reattached (Fig. 2.6), and IOP was maintained in 
normal status.

2.9  Case 2

Patient with blunt trauma of the left eye causing 
vitreous hemorrhage, traumatic cataract, and 
traumatic cyclodialysis was present. After 

Fig. 2.4 Iris hooker can be used to maintain the ciliary 
body in position and make the suturing easier

Fig. 2.5 Slip lamp photo showing anterior chamber was 
deep, and pupil was almost round

Fig. 2.6 Cross-sectional UBM image showed the ciliary 
body was reattached
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 cataract and vitreous hemorrhage were removed, 
cryotherapy along the extent of the cleft was 
made to facilitate the closure of the cleft (Video 
2.2). Total gas-fluid exchange with PFO was 
used to stabilize the retina, and total gas-fluid 
exchange was made. Silicone oil was then tam-
ponade. Six months after surgery, silicone oil 
was removed, and the retinal was in position. 
The anterior chamber was deep, and pupil was 
round (Fig. 2.7). UBM showed the ciliary body 
was reattached (Fig.  2.8), and IOP was main-
tained in normal status.
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Traumatic Aniridia

Andrés M. Rousselot Ascarza and Diego Desio

Abstract

The aim of this chapter is to describe the 
nature of traumatic aniridia and the currently 
available therapeutic options.
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3.1  Introduction

The iris is a considerably vascularized smooth 
muscle sphincter covered with varying degrees of 
pigmentation. Its immediate and most evident 
function is to regulate the amount of light that 
enters the eyeball through the aperture of its cen-
tral space, the pupil. Under high luminosity, the 
sphincter contracts and opens in dim conditions. 
Failure in this basic physiological effect results in 

glare and photophobia but also reduced depth of 
focus due to the loss diaphragm effect, much like 
the one used in pinhole visualization.

Alongside the main aid, the iris provides in the 
regulation of light entrance to the eye, and there 
are other more subtle but no less important 
aspects to iridian anatomy. Autonomic responses 
in the iris tissue cause it to dilate under stress or 
arousal situations alongside facial expressions 
and vascular dilatation (blushing); these involun-
tary responses carry much of the subtext in non- 
verbal communication, often being unnoticed 
under normal conditions but detected immedi-
ately under malfunction with an instinctive dis-
gust response in the observer. The cosmetic 
importance of the iris is paramount to the patient 
and should thus be taken into consideration 
alongside functionality.

The Iris also has a particular property among 
the eye tissues in its ability to stick to damaged 
and inflamed structures generating synechiae 
which are undesirable to the ophthalmologist but 
act as a natural closing mechanism with tampon-
ade and vascularization to the area essential if no 
medical treatment is available.

Partial or total traumatic aniridia constitutes 
an important challenge to the ophthalmologist, 
who must balance all of the aspects mentioned 
above with the different technical options for 
resolution on a case-by-case basis, as we will dis-
cuss in this chapter.
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3.2  Definition of the Disease

Traumatic iris defects can be classified into four 
large groups:

Classification Characteristics
Pupillary sphincter 
defects

Paralytic intermediate mydriasis.

Radial iridian 
defects

Wedge-shaped iridan tissue loss 
usually under 90°.

Iridodialisis Iris separation at its base.
Aniridia Large or total loss of iris tissue.

They can be produced by penetrating or 
blunt eye trauma. Iridian defects due to pene-
trating trauma can be repaired in the same sur-
gical act or in a delayed manner. But as in 
all-penetrating ocular trauma, the primary 
objective is the hermetic closure of the eyeball; 
it might be advisable to defer the surgical repair 
of the iris to a second procedure when the best 
decision can be made with good visualization, 
the right tools, equipment, and properly trained 
personnel are present.

There is a wide range of possibilities in the 
resolution of iris defects. Some are easier and 
widespread, others more expensive or non- 
available due to government entities pending 
approval. These go from non-surgical to surgical 
approaches.

Non-surgical choices may offer the benefit of 
being reversible and economically accessible 
while usually providing only partial resolution to 
these cases. The use of spectacles might be an 
interesting recommendation, especially for 
patients until they receive their final surgical pro-
cedure since they can provide some alleviation to 
glare while masking the cosmetic issues. They 
may be simple sunshades, photochromatic 
glasses, and some patients might even prefer pin-
hole spectacles not only for their level of occlu-
sion but also their added depth of field (Fig. 3.1). 
Cases with total aniridia and aphakia might 
choose to have a full occlusion with an opaque 
shade in the affected eye.

Another more invasive but reversible approach 
is the use of contact lenses. These have the bene-

Fig. 3.1 The use of slits and pinholes to reduce glare has been documented amongst the peoples of the north (left). 
Modern and commercially available examples exist available for the general public (right)
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fit of tackling both optical solutions and cosmetic 
compensation while reducing the amount of light 
that enters the eye. They do, however, present the 
disadvantage of eye manipulation, tolerance 
requirement from the patient and a reasonably 
smooth cornea to be applicable.

Corneal tattooing (D Hirsbein [1]) provides an 
interesting alternative to intraocular surgery for 
localized iris defects and might even be a valid 
cosmetic approach, especially for patients with-
out visual prognosis and severely damaged cor-
neas since a trained physician might even imitate 
the characteristics of the fellow healthy eye with 
the use of various pigments. This is not, however, 
the best approach for full aniridia and also lacks 
the reversibility of the non-surgical methods.

In the repair of the ruptured sphincter of the 
iris, iridodialysis and in radial defects of the iris 
under 90°, the surgical technique of choice is 
suturing. Repair of the iris sphincter due to trau-
matic mydriasis using the loop technique with 
10-0 polypropylene suture is the most used 
approach. The most popular surgical repair of 
radial defects of the iris and iridodialysis is the 
McCannel technique with 10-0 polypropylene 
double-stitched suture (Fig. 3.2).

In many cases of large defects of the iris, tis-
sue retracts and becomes attached to the cham-
ber angle, producing peripheral anterior 
synechiae, which can alter the flow of aqueous 
humor. Thus, through goniosynechialysis, in a 
careful way, the iris can be released for its subse-
quent iridoplasty with sutures. In those cases 
where repair of the iris is not possible due to 
great loss of iris tissue, there are different intra-
ocular devices for its treatment.

3.3  Implants for Iris Defects

In 1964, Peter Choyce [2] reported the use of the 
first intraocular anterior chamber prosthetic iris 
device (PID). Clinically, PID can be categorized 
into three groups: (1) iris-lens diaphragm, (2) 
endocapsular capsular tension ring (CTR)-based 
PID, and (3) customized artificial iris [3].

Paracentesis

a

b

c

d

Fig. 3.2 The McCannel technique for repairing iris lac-
erations. With large lacerations, multiple sutures may be 
used. (a) A limbal paracentesis is made over the iris dis-
continuity. Then a long Drews needle with 10-0 polypro-
pylene is passed through the peripheral cornea, the edges 
of the iris, and the peripheral cornea opposite, and the 
suture is cut. (b) A Sinskey hook, introduced through the 
paracentesis and around the suture peripherally, is drawn 
back out through the paracentesis. (c) The suture is 
securely tied. (d) After the suture is secure, it is cut, and 
the iris is allowed to retract. (Pending permission 
Reproduced with permission from Hamill MB. Repair of 
the traumatized anterior segment. Focal Points: Clinical 
Modules for Ophthalmologists. San Francisco: American 
Academy of Ophthalmology; 1992, module 1. Illustrations 
by Christine Gralapp)
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There are several case series in the literature 
with follow-up for the treatment of large iris 
defects of different types, and their choice will 
depend on each case [4–6]. In the majority of 
penetrating or blunt ocular trauma in which there 
has been great damage to the iris, other intraocu-
lar structures will surely have been affected, such 
as the lens, chamber angle and retinal injuries. 
That said, most ocular trauma patients have or 
will develop a lens opacification and therefore, 
when deciding to implant an intraocular device 
for the treatment of large iris defects, the extrac-
tion of the lens is often essential. When deciding 
to treat an iris defect, we must evaluate the size of 

the defect to be corrected. As previously men-
tioned, radial defects smaller than 90° should, as 
far as possible, be sutured. For those cases where 
the iris cannot be sutured and for defects greater 
than 90° there are different devices for aniridia 
(partial or total) on the market, and the choice 
will depend on whether the patient is phakic, 
pseudophakic, or aphakic. Currently, there are 
several implants available to treat aniridia, as 
well as aphakia or cataracts, marketed by Morcher 
GMBH (Germany), HumanOptics (Germany) [7] 
and Ophtec Inc. (USA) [8] (see Fig. 3.3 below). 
All companies present different models of 
implants to treat iris defects.

67B 67F 67G 67L 68 94A

50C 50E 50E 96C

67 67A 67D 67E 67S 94C9468C

94G 96E 96F 96G

Fig. 3.3 Currently available models of aniridia implants from Morcher GMBH (Stuttgart, Germany) [9]
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In phakic patients with iris defects under 180°, 
a surgical option is cataract surgery with routine 
intraocular lens implantation and placement in 
the capsular bag of one or two partial rings for 
aniridia with a 90° diaphragm (Morcher GMBH), 
positioning them in such a way as to cover the iris 
defect (see Case 2). Another option is to place a 
180° diaphragm ring in the sulcus [10]. The size 
of the incision for the insertion of these devices 
will depend on the chosen model, ranging from 
3 mm to 4.5 mm, approximately. In pseudopha-
kic patients with iris defects, the same options 
can be chosen with the placement of one or two 
implants at 90° or 180°, depending on the iris 
defect to be covered.

In cases where aphakia occurs, there are sev-
eral paths to choose from. It is possible to opt for 
the placement of an implant for aniridia with 
optics with a 360° diaphram of black PEMA 
sutured to the sclera (see Case 1). Ophtec USA 
Inc. has iris prostheses (with 360° diaphragms) of 
different colors with the possibility of incorporat-
ing a lens for optical correction through a 3.5 mm 
incision assisted by an injector. The HumanOptics 
CUSTOM FLEX artificial iris is a custom fold-
able iris prosthesis, without optics, for insertion 
in the posterior chamber sutured to the intraocu-
lar lens or sclera (see Case 3).

In all cases of partial or total iris defects, the 
choice of the type of implant and the surgical 
technique will depend on the ophthalmologist, as 
well as their experience in these cases.

3.4  Brief Case Reports

3.4.1  Case 1

Fifty-four-year-old male with work-related blunt 
ocular trauma to his OS 2 years prior with sphinc-
ter iris rupture, generalized iris atrophy, low infe-
rior lens subluxation and mild cataract.

Preoperative uncorrected visual acuity OD 
10/10 OS 2/10.

Best-corrected visual acuity improving to 
8/10 in OS. (sph. +1.25 cil. −2.00 at 70°).

Normal IOP and fundus examination in both 
eyes.

The patient’s main source of discomfort was a 
glare in his left eye.

Our first approach was the placement of a cor-
rected iris print contact lens (CL) for refractive, 
cosmetic, and functional purposes, reaching a 
8/10 VA with reduced glare. Unfortunately, the 
patient reported intolerance to the CL, choosing 
not to use it.

Six months later, the patient’s cataract wors-
ened into a mature white cataract, reducing the 
glare but increasing the esthetic concerns. With a 
normal ultrasound evaluation, the surgical option 
was presented to remove the cataract and place a 
lens with aniridia implant 67F from Morcher 
GMBH (Stuttgart, Germany) (Fig. 3.4).

A superior scleral approach was used to per-
form the phacoemulsification of the lens with 
the posterior widening of the incision for place-
ment within the lens bag. The implant’s wide 
nature allowed for proper tension without the 
need for fixation despite some superior zonular 
rupture.

Final visual acuity in the left eye was 10/10 
with sph +1.00 cyl. −2.50 at 10° ADD +3.00.

Best tolerance and glare reduction were 
obtained with multifocal progressive aerial spec-
tacles with photochromatic transition treatment.

3.4.2  Case 2 (Courtesy of Dr. Ariel 
Blanco)

A 22-year-old male suffering a penetrating 
corneal wound to his right eye with iris tissue 
loss. First surgical intervention achieved the 
correct closure of the eye. A secondary proce-
dure was indicated when a white cataract 
developed.

Phacoemulsification of the lens was per-
formed with the assistance of ocular tension rings 
placement. Two 50C aniridia implants from 
Morcher GMBH (Stuttgart, Germany) were 
placed in the bag to achieve occlusion alongside 
an aspheric foldable IOL (Fig. 3.5).

3 Traumatic Aniridia
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3.4.3  Case 3 (Courtesy of Dr. Ariel 
Blanco)

A 50-year-old male suffering post-traumatic 
aniridia with iris atrophy in his left eye.

After lens removal and IOL placement in the 
bag the Artificial Iris is cropped to size, and a 
peripheral “artificial iridectomy” is performed to 
guarantee aqueous flow (see Fig.  3.6a–d). Two 
points of fixation from prostheses to sclera are 
taken with polypropylene suturue before the 
implantation through the main corneal incision 
(see Fig. 3.6e, f). After implantation, the sutures 
are tightened and fixed, correcting for centration 
of the prostheses (see Fig. 3.6g, h).

3.5  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment for Complications

Appearances might be deceiving, and a trauma 
case severe enough to cause some degree of 
aniridia is not to be underestimated. Whether the 
iris is lost due to extraction in prolapsed tissue, 
atrophied, desinserted, or ruptured, the energy 
involved in any of these traumatic mechanisms 
rarely limits its damage solely to the sphincter.

A thorough fundus examination is mandatory 
in any, and all trauma cases, second only to ultra-

Fig. 3.4 Postop 67F lens from Morcher GMBH (Stuttgart, Germany)

a b fc

d e

Fig. 3.5 (a) Initial conditions, (b) Capsular tension ring placement, (c) phacoemulsification, (d) Morcher implants, (e) 
IOL placement, (f) final results. Images Courtesy of Dr. Ariel Blanco
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sound evaluation (in closed globe scenarios). If no 
retinal detachment (RD) is present special atten-
tion must be taken to examine both the posterior 
pole for macular holes and the periphery for any 
retinal tears. Retinal damage takes priority after 

eye closure is obtained when needed, and all ante-
rior segment interventions are secondary to the 
retina expert. Mixed procedures such as phaco-
vitrectomy with anterior segment repair can be 
attempted under the proper conditions of visual-

a

b c

d

f

h

g

e

Fig. 3.6 Implantation 
procedure for 
CUSTOMFLEX® 
ARTIFICIALIRIS by 
HumanOptics. (a) 
Pre-operatory, (b) iris 
implant, (c) implant size 
adjustment, (d) suture 
fixation, (e) first 
intraocular suture 
placement, (f) folded 
implant insertion, (g) 
fully placed implant, (h) 
post-operatory. Images 
Courtesy of Dr. Ariel 
Blanco
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ization, resources, and personnel available. 
Posterior segment evaluation does not stop if the 
initial evaluation is normal since some patients 
might experience RD in mid to late terms after 
ocular trauma. Patients should be observed in all 
follow-ups as well as educated in alarm signs such 
as novel floaters, metamorphopsia, and photopsia.

Intraocular pressure (IOP) increases, and 
glaucoma secondary to anterior segment trauma 
is frequent. Pigment dispersion, synechiae, angu-
lar scarring, and hyphema are possible causal 
mechanisms and need to be addressed since the 
initial evaluation all the way to postop follow-up. 
Same as with retinal damage, not all ocular 
trauma patients who develop glaucoma experi-
ence it since their initial exam and most are only 
detected if examined.

When examining the anterior segment, phaco-
donesis is one of the most informative signs to be 
looked for. Even if no evident subluxation is 
observed, knowing the zonular structure might be 
damaged can make the difference in proper plan-
ning for intervention with alternative IOLs and 
capsular support such as tension rings. A simple 
way to examine the inevident cases is, under slit 
lamp evaluation with the patient’s head weight 
fully rested on the supports, to knock on top of 
the examination table upon which the slit lamp is 
placed. The vibrations will travel through the 
lamp’s structure into the eye and cause a subtle 
but observable movement of the lens. Whenever 
in doubt, repeat the process observing the healthy 
eye and confirm no such changes occur.

As in all intraocular procedures, follow-up 
consultations need to evaluate for endophthal-
mitis and RD with prompt referral to retina 
experts if any of these are detected. A common 
complication, especially with in bag or sulcus 
placement of prostheses, is the luxation to the 
posterior segment. In such cases, a full vitrec-
tomy is indicated with removal and/or scleral 
fixations of the devices.

3.6  Personal Experiences

As suggested at the beginning of this chapter, 
there are multiple sources of discomfort for the 
patient suffering aniridia. Especially in post- 

trauma patients who experienced a totally normal 
life until the event and now have to cope with the 
consequences. A sincere and thorough interroga-
tion will go a long way in identifying the main 
concern with each patient for whom functionality 
might not be the top priority.

Some patients pose glare as their main con-
cern without much care for esthetics and even 
stating that the functionality of their fellow 
healthy eye is compromised since they can no 
longer work comfortably outdoors. It is often 
useful to consider the need for fundus examina-
tion while tackling glare with occlusive means 
since the “new pupil” will be static; therefore 
some compromise with minor glare reduced by 
opaque or changing spectacles might be 
advisable.

Other patients want to regain visual acuity at 
all costs and as soon as possible, especially if the 
fellow eye is not at 20/20 for some other reason. 
Patients with a relatively healthy posterior seg-
ment and corneal transparency might achieve 
good visual outcomes provided the correct IOL 
measurements are obtained, and the prosthesis is 
correctly placed. But, for most, there needs to be 
serious talk before surgery to manage expecta-
tions. A post-traumatic cataract with aniridia is 
not a run of the mill procedure, lens measure-
ments can be troublesome and sometimes can 
only be estimated via ultrasonography, the anat-
omy of the anterior segment is drastically 
changed, leading to corrective mistakes, and the 
zonular diaphragm might not resist the in bag 
option leading to sulcus placement or scleral fix-
ation (all less precise). An honest talk with the 
patient and their family needs to address these 
issues and explain the case at hand with the myr-
iad of alternatives both in treatment and possible 
complications, always keeping the door open for 
ulterior interventions or the assistance of contact 
lenses and/or glasses (this is particularly true for 
younger patients who are not used to reading 
glasses).

Finally but not least important is the esthetic 
aspect concerning the patient. This often disre-
garded issue by the physician might be the center 
of the patient’s psychological discomfort and is a 
subject that needs to be handled with every bit of 
honesty as the ones mentioned above with an 
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extra layer of tact not only with young and 
impressionable patients but also with the occa-
sional heavy-hearted parent. When available, 
offer the cosmetic contact lens option as soon as 
possible, even when surgical treatment is under 
consideration or scheduled for the intermediate 
future. This will provide not only the alleviation 
of the patient’s concern; but also a valid alterna-
tive in case surgical outcomes do not meet the 
subject’s expectations.

As far as surgical options, the 
CUSTOMFLEX® ARTIFICIALIRIS by 
HumanOptics provides one of the best alterna-
tives in handling these two aspects (no commer-
cial interest from any of the authors). We do find, 
however, two limitations to be considered with 
this alternative.

 1. Pupil Size: ArtificialIris is 360°, 12.8-mm 
diameter disks with fixed pupils of 3.35 mm, 
which present a limitation in the fundus 
examination. However, modern Non- 
Mydriatic Fundus Cameras can help over-
come this issue, and an ultrasound evaluation 
can provide a comprehensive assessment of 
the posterior segment.

 2. Price and Availability: the implant was 
granted approval by the FDA on May 30, 

2018, extending its legality to other, but not 
all, regulatory agencies around the world that 
follow the American standards. Yet, price can 
be a significant limiting factor.
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Traumatic Dislocation of the Lens
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Abstract

The condition of traumatic lens dislocation is 
complex and diverse, and the diagnosis can be 
confirmed based on clinical manifestations 
and imaging examinations. The challenge is 
formulating a unique treatment plan based on 
the degree, location of the dislocation, and 
whether it is combined with other intraocular 
tissue damage, to achieve a more ideal treat-
ment effect which may require two or more 
operations. The symptoms and examination of 
lens dislocation, the choice of intraocular lens, 
various surgical methods and surgical strate-
gies for different dislocations are discussed.
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4.1  Introduction

Ectopia lentis is defined as the dislocation of the 
natural crystalline lens. Many conditions can lead 
to ectopia lentis, such as trauma, pseudo- 
exfoliation syndrome, Marfan syndrome, Weill–
Marchesani syndrome, intraocular neoplasia, and 
aniridia [1]. Traumatic injury is the most com-
mon cause of subluxated or dislocated lenses [2]. 
The most common cause of lens luxation–sub-
luxation is blunt trauma, accounting for approxi-
mately 53% of all cases [3].

Dislocation of the lens can occur secondary to 
ocular trauma in both open and closed globe 
injury subgroups and can be associated with 
other sequelae in both the anterior and posterior 
segments.

Retinal break or detachment is often associ-
ated with traumatic dislocation of the lens, espe-
cially in some serious trauma. Retinal injuries 
occurred in approximately one-third of patients 
with traumatic dislocation of the lens [1]. 
Cataract was the most frequent ocular associa-
tion (53.5%) [4].

4.2  Definition

Traumatic dislocation of the lens refers to incom-
plete and total dislocation of the lens due to rup-
ture of zonules caused by ocular trauma, which is 
the most common reason for lens dislocation.
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Subluxation of the lens refers to that the zon-
ules around the lens are not completely broken, 
and the lens is still in the posterior chamber (PC) 
(Fig. 4.1). Luxation of the lens is the rupture of 
the zonules. The lens may fall into the anterior 
chamber (AC) (Fig.  4.2), fall into the vitreous 
cavity, be stuck in the pupil, or even enter the bul-
bar conjunctiva. Both lens subluxation and luxa-
tion can result from either open or closed globe 
trauma [5]. Lens dislocation is more common in 
patients with closed ocular trauma than that in 
patients with open ocular trauma.

Blunt trauma causes anteroposterior short-
ening of the globe with equatorial expansion, 
stretching the zonules asymmetrically depend-
ing on the dominant mechanical forces of coup/
contrecoup, resulting in luxation. A penetrating 
object produces zonulolysis of the correspond-
ing sector as it ruptures the zonules during its 
passage.

4.3  Case 1

A 52-year-old female presented with vision loss 
and pain in her right eye for 3 days. Her eye was 
hit by her grandson with a water pistol acci-
dently. She initially visited a local clinic closer 
to home, and was prescribed some topical anti-
biotic eye drops, without any efficacy, so she 
was transferred to Ocular Trauma Center, 
Shaanxi Eye Hospital for further care. She had 
hypertension for 10 years, and did not take med-
icine regularly.

The visual acuity was hand motion/30 cm, the 
intraocular pressure was 7  mmHg. The cornea 
edema and Descemet’s folds were found, anterior 
chamber was deep with a little hyphema interi-
orly. Pupil was 5 mm irregular, poorly reactive. 
Lens was opacified and dislocated into vitreous 
cavity inferiorly (Fig. 4.3). Fundus could not be 
seen clearly with vitreous hemorrhage. B scan 
confirmed the lens luxation and vitreous hemor-
rhage, with no retinal detachment. CT also dem-
onstrated cataract and lens luxation. So the 
diagnosis was lens luxation, vitreous hemorrhage 
of left eye.

The pars plana vitrectomy (23G) and lensec-
tomy were performed, retinal was attached, and 
an intraocular lens was suspended by 10-0 poly-
propylene at 6 and 12 o’clock (Fig.  4.4). The 
visual acuity was 20/80 on the first day post- 
operation, with normal intraocular pressure, the 
cornea was clear, anterior chamber was deep, 
IOL position was well, and fundus was normal.Fig. 4.1 Incomplete dislocation of lens

Fig. 4.2 The lens may fall into the anterior chamber
Fig. 4.3 Lens was opacified and dislocated into vitreous 
cavity inferiorly
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4.4  Case 2

A 32-year-old man presented with blurred vision 
in his right eye for 1 week without trauma. 
Fourteen years ago, retinal detachment was found 
in his left eye, and vitrectomy combined with sili-
cone oil tamponade, lensectomy were performed, 
without IOL implantation. He had congenital 
heart disease nearly 30 years, and mitral valve 
was replaced for 5 years.

The visual acuity of right eye was 20/120, the 
intraocular pressure was 13.9 mmHg. The cornea 
was clear, anterior chamber was deep, pupil was 
3 mm, irregular (Fig. 4.5), lens was opacified and 
dislocated into vitreous cavity inferiorly, retinal 
detachment was found. B scan confirmed the lens 
luxation and retinal detachment. The diagnosis of 
lens luxation, retinal detachment, Mafan’s syn-
drome was made.

The pars plana vitrectomy (23G) and lensec-
tomy were performed, with the help of iris hooks 
(Fig. 4.6). The retina was pigmented and retinal 
detachment was noted from 9 to 2 o’clock 
 superiorly, with lattice degeneration of retina 
and holes (Fig. 4.7). Photocoagulation was made 
around lattice degeneration of retina and holes, 
and silicone oil was tamponaded. The visual 
acuity was 20/200 on the first day post-opera-
tion, with normal intraocular pressure, retina 
was attached.

4.5  Important Signs

Common symptoms of lens dislocation include 
decreased vision, ametropia (myopia, hyperopia, 
or severe astigmatism), monocular diplopia, 
glare, and functional aphakia [6].

Fig. 4.4 After the pars plana vitrectomy (23G) and 
lensectomy were performed, an IOL was suspended by 
10-0 polypropylene at 6 and 12 o’clock

Fig. 4.5 The cornea was clear, anterior chamber was 
deep, pupil was 3 mm and irregular, and lens was luxated

Fig. 4.6 Using iris hooks, the pars plana vitrectomy 
(23G) and lensectomy were performed

Fig. 4.7 The lens was opacified and dislocated into vitre-
ous cavity inferiorly, retina was pigmented, and retinal 
detachment was noted from 9 to 2 o’clock superiorly, with 
lattice degeneration of retina and holes

4 Traumatic Dislocation of the Lens
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The symptoms of lens subluxation depend on 
the degree of displacement. If lens subluxation 
remains on the optic axis, myopia caused by the 
change in lens thickness is possible. If the lens is 
inclined horizontally, vertically, or obliquely, 
severe astigmatism could occur, which is difficult 
to correct. If the lens is displaced so that it occu-
pies only half of the pupil, monocular diplopia 
may occur.

According to the different positions of lens 
dislocation, the clinical symptoms are different. 
Pupillary block caused by the lens incarcerated in 
the pupil area may lead to pupillary block glau-
coma. If the lens completely leaves the pupil 
area, it will be aphakic, the AC will become 
deeper, the iris will tremble, and the dislocated 
lens will move with the body position in the early 
stage. If the lens is located in the AC, it will sink 
below the deeper AC.  The lens of the AC may 
cause serious iridocyclitis, corneal dystrophy, 
and acute glaucoma due to repeated contact with 
the cornea, iris, and ciliary body. There is no 
inflammatory reaction in the early stage and tis-
sue damage in the later stage when the lens falls 
into the vitreous body.

4.6  Examinations

Slit lamp is the most common detection method 
for lens dislocation. Through a slit lamp, the 
position of the lens can be observed. In addi-
tion, lens position can be viewed using orbital 
CT and B-scan ocular ultrasonography. If there 
is an open trauma and B-scan ocular ultraso-
nography cannot be used, orbital CT can be 
used instead [7].

4.7  Treatment

The effect of treatment on lens dislocation caused 
by trauma is different. The best-corrected dis-
tance visual acuity changes from blindness to 
good vision, depending on the severity of the 
injury and the severity of the combined injury.

The treatment of lens dislocation depends on 
many factors, including the position of the lens, 

hardness of the nucleus, visual acuity, complica-
tions, and the degree of compound injury.

For mild lens dislocation, there is no obvious 
visual loss and anterior or posterior injury, which 
does not need surgery. For existing complications 
such as high intraocular pressure (IOP), drug 
control should be considered first, and glucocor-
ticoids should be used for uveitis. For lens sub-
luxation without other combined injuries and 
complications, the primary treatment is to correct 
the ametropia in the lens or aphakic area and 
restore proper vision.

The surgical indications of lens dislocation 
were as follows: the dislocation of the lens seri-
ously damaged the vision, accompanied by a 
cataract, the lens falling into the AC, phakic glau-
coma, lens allergic uveitis, or pupillary block 
glaucoma; conservative treatment or simple glau-
coma surgery cannot reduce the IOP; and lens 
opacity affects the examination and operation of 
retinal detachment [8].

Lens trauma can be treated using various sur-
gical procedures and fixation techniques. A care-
ful surgical strategy should be established for 
globe reconstruction after trauma with secondary 
lens implantation.

4.8 Surgical Treatment

4.8.1  Lens Extraction

 1. Anterior surgery includes phacoemulsifica-
tion, aspiration, extracapsular extraction, and 
intracapsular extraction.

If the posterior capsule is intact and there is no 
vitreous prolapse into the AC, the treatment could 
consist of phacoemulsification or extracapsular 
cataract extraction. When all zonules are torn, 
another therapeutic option is intracapsular cata-
ract extraction. Phacoemulsification is suitable 
for less than 1/4 lens dislocation without a too 
hard lens nucleus.

Lensectomy is recommended in cases of doc-
umented vitreous prolapse into the lens and can 
be combined with intraocular lens (IOL) 
implantation.
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If the posterior capsule is intact, femtosecond 
laser is used to remove the anterior capsule with-
out traction of the zonules. Femtosecond laser is 
not suitable for patients with a large lens tilt, a 
large range of lens dislocation, serious lens shak-
ing, or pupil dilation [9, 10].

A luxated lens could be located subconjuncti-
vally, anteriorly, or posteriorly or extruded com-
pletely. The subconjunctival site can be reached 
using a pair of forceps or a cryoapplicator. If the 
lens is luxated into the AC, immediate surgical 
intervention is obligatory to preclude further 
endothelial cell injury.

 2. For posterior surgery, pars plana lensectomy 
is indicated when there is incomplete lens dis-
location greater than 180° with the lens enter-
ing the vitreous cavity, the vitreous body 
falling into the AC, or vitreous hemorrhage or 
retinal detachment. Vitrectomy could be per-
formed in children or young individuals.

If the nucleus of the lens is hard, during vitrec-
tomy, a viscoelastic agent and heavy water can be 
used to hold up the lens to avoid damage to the 
retina caused by phacoemulsification and the vit-
rectomy head [11]. If the lens nucleus is too hard, 
limbal incision could be considered.

Iridotomy can prevent pupillary block and 
acute glaucoma.

4.8.2  IOL Selection

In the case of post-traumatic uveitis, silicone 
IOLs should not be used because inflammatory 
reaction substances may deposit on the surface of 
the lens. Acrylic lenses are preferred in eyes that 
require vitreoretinal lenses in the future or those 
with a history of uveitis.

In 1972, Worst [9] has first proposed the iris 
claw-type IOL. The iris claw-type IOL is a mono-
lithic IOL made of polymethylmethacrylate. The 
loops on both sides of the optical part have small 
cracks, which can be fixed on the inactive periph-
eral iris matrix.

A three-piece PC IOL can be placed in the 
ciliary sulcus of the eyes with an intact anterior 

capsule; however, the posterior capsule is com-
promised. Without capsular support, a three- 
piece lens can be sutured to the sclera [12].

PC IOLs are the standard therapeutic approach.
The selection of the right type of lens depends 

on the individual surgeon’s experience and 
acquaintance with the variant implantation tech-
niques [8].

4.8.3  IOL Implantation

If there is capsular bag support, a secondary IOL 
can be placed in the sulcus. If there is no capsular 
bag support, a secondary IOL can be fixated to 
the AC angle, iris, or sclera.

4.8.3.1  Anterior Chamber IOL 
Implantation

The advantages of AC IOLs are low implantation 
difficulty, short operation time, and safety. Its 
disadvantages include that this IOL could easily 
damage the corneal endothelium, resulting in 
corneal endothelium decompensation. In addi-
tion, fibrin around the loop of this IOL accumu-
lates in the atrial angle, leading to choroidal 
tissue necrosis, blood–ocular barrier damage, the 
release of several inflammatory mediators [13], 
secondary chronic ocular inflammation, and 
glaucoma. With the advancement of the new 
open-loop AC IOLs, the incidence of complica-
tions has decreased, the operating time has short-
ened, and lens insertion has been simplified.

PC IOLs are preferred for aphakic eyes with 
Fuchs’ endothelial dystrophy, a low endothelial 
cell count, or cystoid macula edema, rather than 
AC IOLs.

4.8.3.2  Iris-Fixed IOL Implantation
The iris claw-type IOL can be fixed into the inac-
tive peripheral iris matrix. This part of the iris has 
less blood vessels and does not easily react [10–
16]. In addition, the iris claw-type IOL has a 
bridging arc structure, which can eliminate the 
occurrence of pupil edge erosion. The concave–
convex lens design can increase the distance 
between the IOL and corneal endothelium. 
Complications of this IOL including dislocation 
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decreased corneal endothelial cell count, tran-
sient high IOP, wound leakage needing to be re- 
sutured, and retinal detachment. In addition, the 
iris claw-type IOL can be fixed on the PC, which 
can ensure the depth of the AC and the distance 
from corneal endothelial cells. Meanwhile, it 
does not affect the iris function and is not easy to 
cause pupil block and secondary glaucoma. In 
some patients, mild oval pupils, cystoid macular 
edema, iris clip shedding, and iris depigmenta-
tion can occur [14].

The iris claw-type IOL can be used as an alter-
native for patients with a shallow AC angle in 
whom an AC-fixed IOL cannot be used [15]; 
however, this method is not suitable for patients 
with obvious iris trauma and anterior segment 
structure damage. In addition, because the iris 
claw-type IOL is not foldable, the main incision 
is larger, and two auxiliary incisions are needed. 
Therefore, the incision leakage should be care-
fully checked during the operation.

The fixation of PC IOLs on the iris by suture 
is another simple method. For patients with 
aphakia with partial loss of the iris after ocular 
trauma, the IOL complex can be fixed on the 
residual iris. The complications of this IOL type 
are dislocation, iritis, abnormal pupil function, 
and iris pigment dissemination. It is not suitable 
for patients with severe iris injury and obvious 
damage to the anterior segment structure. Iris-
sutured posterior IOLs require less surgical time 
than the transcleral approach. Certain complica-
tions such as postoperative inflammation, uve-
itis, and iris atrophy with pigment-dispersion 
syndrome and secondary glaucoma can appear 
following iris fixation.

4.8.3.3  Posterior Chamber Intraocular 
Lens Implantation

 Presence of Capsular Bag Support
If the capsule bag is intact, the IOL can be 
implanted into the bag. If the anterior capsule is 
intact and the posterior capsule is torn, the IOL 
can be placed in the ciliary sulcus. If a part of the 
anterior capsule is intact, one haptic of the IOL 
can be placed in the ciliary sulcus and the other 
fixed in the sclera or iris.

If zonule rupture is less than 120°, the IOL can 
be fixed using a capsular tension ring (CTR). 
After the CTR is placed, it can help reset the dis-
location bag and make the tension evenly distrib-
uted. Simultaneously, it can prevent fibroblasts 
and lens epithelial cells from migrating to the 
posterior capsule.

The CTR should be used carefully when there 
is a hole in the posterior capsule. The CTR can 
make the posterior capsule hole bigger, increas-
ing the risk of the IOL falling into the vitreous 
cavity. In addition, the tension segment of the bag 
along with the CTR or alone was used to assist 
IOL implantation.

 Absence of Capsular Bag Support
Scleral fixation of sutured intraocular lens
Scleral suture fixation is one of the most com-
monly used secondary IOL implantation meth-
ods. In 1988, Girard [16] has first proposed the 
design of fixing IOLs to the sclera using a suture. 
The key operation procedure is as follows: make 
a lamellar scleral flap, clip out the suture through 
the PC from the corneal lamellar incision, cut it, 
fix the haptics of the IOL, and implant them into 
the PC.  Adjust the suture tension to a suitable 
position and bury the suture knot in the lamellar 
sclera.

This method is applicable because of its long 
distance from the cornea, iris and other tissues. 
Therefore, the pupil function will not be affected, 
the postoperative visual acuity will be improved 
and stable, and various complications caused by 
the AC IOL can be avoided [13]. The operation is 
relatively difficult and requires high suturing and 
surgical skills.

This method can cause complications, includ-
ing suture fusion, rupture, IOL deviation, dis-
placement, fibrin reaction, vitreous hernia, retinal 
detachment, vitreous hemorrhage, suprachoroi-
dal hemorrhage, and cystoid macular edema [17]. 
Suture-related complications include suture rup-
ture leading to IOL dislocation, endophthalmitis, 
suture fusion, and lens tilt. Presently, the scleral 
fixation IOL technique is suitable for patients 
with corneal injury, shallow AC, peripheral angle 
adhesion, glaucoma, and other diseases.

H. Yan et al.
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Presently, there are many new methods of IOL 
suture fixation to improve the stability and accu-
racy of IOLs in the eye. Mambran’s technique 
described a two-point sclera fixation. Furthermore, 
one-point, three-point, and four- point fixations 
have been reported [18]. Szurman [19] has 
described a new knotless Z-suture technique with-
out the need for protective sclera flaps or lamellar 
grooves. Lens subluxation was performed using a 
single-loop suture fixation technique.

Sutureless intrascleral posterior chamber 
intraocular lens fixation
The intrascleral IOL fixation technique has 
become a popular procedure because of its 
advantages over conventional transcleral sutur-
ing of IOLs [20, 21]. In 2006, Gabor and 
Pavlidis [12] have proposed the sutureless 
scleral interlaminar fixation technique. A stan-
dard three-piece PC IOL was used to fix in the 
ciliary sulcus, and the haptics of the IOL were 
fixed in the scleral tunnel parallel to the corneo-
scleral margin (Fig. 4.8). Subsequently, the doc-
tors at home and abroad made various attempts 
and improvements.

Yamane has proposed a new technique for 
scleral IOL fixation [22]. Two angled incisions 
parallel to the limbus were made using 30-gauge 
thin-wall needles. The haptics of an IOL were 
externalized using the needles and cauterized to 
make a flange of the haptics. The flange of the 
haptics were pushed back and fixed into the 
scleral tunnels (Fig. 4.9).

Scleral fixation using fibrin glue
The fibrin glue method, proposed by Agarwal 
et  al. [23] in 2008, is another relatively new 
scleral fixation method without the use of sutures. 
Agarwal et al. have used the design of the scleral 
flap to take out the haptics of the IOL and fix it to 
scleral flaps using fibrin glue (Fig.  4.10). 
Common complications include tilt and disloca-
tion of the IOL, IOL haptics prolapse, corneal 
endothelial injury, and secondary glaucoma [24].

Personal experience or matters need attention
In treating lens dislocation, we must judge the 
degree of lens dislocation and observe the lens 

position using CT and a slit lamp. We should 
pay attention to the patient’s position (sitting or 
supine position). According to the degree of lens 
dislocation, different treatment methods could 
be used.

Lens hardness is an important factor to take 
out the lens. If the nucleus of the lens is soft, it 
can be directly aspirated. If the segment of hard 
nucleus falls into the vitreous cavity, heavy water 
may be used to float the lens and remove it by 
phacoemulsification; if the nucleus is too hard, 

Fig. 4.8 Gabor and Pavlidis sutureless scleral interlami-
nar fixation of IOL

Fig. 4.9 Yamane’s new technique for scleral IOL 
fixation

4 Traumatic Dislocation of the Lens
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smashing guided by ultrasound is difficult, and 
causing retinal damage is easy. We may use 
heavy water to remove the lens nucleus from the 
limbal incision.

For lens dislocation caused by trauma, a clear 
understanding of the injury is the basis of a good 
treatment design. Traumatic lens dislocation is 
often associated with other ocular injuries. It 
should be led or participated by experienced cata-
ract surgeons and retinal specialist surgeons.

Surgical Video
See Videos 4.1 and 4.2.
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Intraocular Hemorrhage

Juliana Mascato, Guilherme Guedes, 
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Abstract

Post-traumatic intraocular hemorrhage is a 
major challenge for the ophthalmologist. 
Hyphema and vitreous hemorrhage are fre-
quent presentations in ocular trauma. They 
occur most commonly in young males. When 
treated properly, they may not leave severe 
sequelae. However, complications such as 
increased intraocular pressure, hematic cor-
neal impregnation, retinal detachment, vitreo-
retinal proliferation, macular hole, choroidal 
ruptures, among others, can result in low final 
visual acuity. The intensity  of the trauma 
along with its mechanism are directly related 
to the visual prognosis. Management can be 
expectant, clinical or surgical, depending on 
the severity of the case. In this chapter, a series 
of trauma cases with intraocular hemorrhage 
and their respective therapeutic approaches 
will be presented.

Keywords

Eye trauma · Traumatic hyphema · Vitreous 
hemorrhage · Pars plana vitrectomy

5.1  Introduction

Post-traumatic intraocular hemorrhage is a major 
challenge for the ophthalmologist. Hyphema and 
vitreous hemorrhage are frequent presentations 
in ocular trauma. They occur most commonly in 
young males [1]. When treated properly, they 
may not leave severe sequelae [2].

However, complications such as increased 
intraocular pressure, hematic corneal impregna-
tion, retinal detachment, vitreoretinal prolifera-
tion, macular hole, choroidal ruptures, among 
others, may result in low final visual acuity. The 
intensity of the trauma and the related mecha-
nism are directly related to the visual prognosis. 
The management can be expectant, clinical or 
surgical, depending on the severity [3, 4].

5.2  Definition

Post-traumatic intraocular hemorrhage can affect 
the anterior and/or posterior segment of the eye. 
Traumatic hyphema may occur due to damage to 
the iris and/or the ciliary body [4]. Traumatic vit-
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reous hemorrhage may be the result of  trauma 
to the ciliary body, choroid, and/or retina.

5.2.1  Hyphema

The term Hyphema describes the presence  of 
red blood cells inside the anterior chamber, usu-
ally deposited in the inferior portion of the eye 
due to gravity. The main causes for the appear-
ance of this pathology are  ocular trauma and 
recent eye surgery. However, spontaneous 
hyphema may occur from other causes, such as 
neovascular glaucoma, or blood dyscrasias. It is 
classified into four grades that correspond to the 
level filled in the anterior chamber (AC): grade 
I—<1/3 of the AC; grade II—from 1/3 to 1/2 of 
AC; grade III—>1/2 AC; grade IV—AC fully 
covered [5].

In the setting of trauma leading to hyphema, 
patients may complain of decreased visual acu-
ity, pain, headache, and photophobia. It is impor-
tant to initially follow the patient for the first 48 
to 72 h after the trauma, during which secondary 
bleeding can occur. It can cause permanent low 
visual acuity if not handled correctly. The main 
complications are corneal hematic impregnation, 
central retinal artery occlusion, and glaucoma 
[6–9].

If  hematic  corneal impregnation occurs, it 
can last for a long period of time, gradually dis-
appearing through a process of phagocytosis of 
the deposited blood pigment, and the total clear-
ing process can take up to 2 or 3 years. Usually 
the cornea clearing is incomplete, resulting in a 
permanent corneal opacity [6–9].  In cases of 
hyphema  grade IV, surgical  anterior chamber 
aspiration should be indicated in the first days of 
the trauma to avoid permanent corneal 
clouding.

Increase of intraocular pressure (IOP) can 
occur through several mechanisms, such as angu-
lar recession, anterior or posterior peripheral 
 synechiae and ghost cell glaucoma. In cases that 
do not improve with drug treatment, surgical 
management  is indicated for  pressure control. 
Mild cases  can be managed clinically, and the 
treatment  includes elevated head position (over 
30°), increased fluid intake, use of corticoste-

roids, cycloplegics, and fibrinolytic agents, and 
suspension of anticoagulants drugs [10].

However, surgical approach should be consid-
ered in cases in  which the intraocular pressure 
remains high, there is hematic impregnation in 
the cornea or persistent blood clot. Surgical treat-
ment is indicated if the IOP is  higher than 
50  mmHg for 5 days or  over 35  mmHg for 7 
days. Cases of corneal endothelium dysfunction 
or previous glaucoma deserve special attention 
[11].

Anterior chamber blood aspiration, with or 
without the use fibrinolytic agents, must be indi-
cated early  in the treatment of Hyphema grade 
IV. The treatment goal is clear the visual axis and 
remove floating debris. Excessive removal of the 
hyphema or blood clots may result in persistent 
bleeding, and should be avoided [12].

5.2.2  Vitreous Hemorrhage

Vitreous hemorrhage may be due to bleeding 
from the ciliary body, choroid, and/or retina. 
Carefull retinal examination with scleral indenta-
tion  should be performed, looking for retinal 
tears that may require treatment [13].

When fundus examination is not possible due 
to media  opacity, ultrasonography (USG)  must 
be performed. If there is no documented injury, 
observation with serial Ultrasound  examina-
tions may be considered. If USG detect any reti-
nal tear and laser treatment is impossible due to 
vitreous hemorrhage, PPV should be indicated 
in order to avoid the progression of the lesion to 
a retinal detachment [14, 15].

When pars plana vitrectomy  is indicated  in 
patients with dense vitreous hemorrhage, it is rec-
ommended to start the surgery with the infusion in 
the anterior chamber to ensure that it is not in the 
suprachoroidal space. If there is Choroidal detach-
ment,  drainage should be considered  before the 
PPV. The infusion can be safely positioned into 
pars plana as soon as the surgeon achieves ade-
quate visualization for the posterior pole and the 
sites of trocar insertion [16].

The clots in the  hemorrhagic choroidal 
detachment or in the subretinal space will be 
best managed after total  liquefaction, which 
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is achieved after 14 days of the bleeding. Serial 
ultrasound examination can help the surgeon to 
identify the liquefaction of the blood clots, pro-
viding the best timing to indicate the secondary 
surgical procedure [17–19].

When hemorrhagic choroidal detachment is 
limited to one quadrant and is only slightly ele-
vated, drainage may not be necessary and sponta-
neous absorption may occur in weeks or months. 
However, when the detachment is extensive or 
presenting “kissing choroidals,” surgical drain-
age is mandatory to avoid complications like sec-
ondary retinal detachment due to vitreoretinal 
proliferation [19].

Anterior vitrectomy should be performed 
in the presence of dislocated lens or identification 
of the vitreous in the anterior chamber [20].

 The surgical procedure starts  with the con-
junctival peritomy followed  by  pexy and  expo-
sure of the rectus muscles of the quadrant that 
will be drained. The drainage can be done through 
a full thickness scleral flap or using the vitrec-
tomy valves in cases of bulous choroidal.  The 
entrance in the suprachoroidal space should be at 
least 8 mm from the limbus. Before the drainage 
begins, the infusion is positioned in the anterior 
chamber through a limbic paracentesis and 
opened to pressurize the eye [20, 21].

Excessive compression of the edges adjacent 
to the scleral flap should be avoided, as it predis-
poses retinal incarceration [20, 21].

After draining, the infusion is removed and the 
sclerotomy may or may not be sutured. The sutures 
are removed and the conjunctiva is closed. Visual 
prognosis depends on multiple factors, such as: 
retinal detachment, choroidal rupture, retinal 
incarceration, vitreoretinal proliferation, macular 
hole, and Berlin edema. Some of these conditions 
will only be recognized during or after vitrectomy 
and may require several surgeries later [20, 21].

In the presence of corneal or scleral lacera-
tion, associated with vitreous hemorrhage, ocu-
lar closure should be done immediately; however, 
the posterior segment approach can be done at 
first or delayed, depending on the surgeon’s pref-
erence. 72-h vitrectomy is associated with a bet-
ter prognosis. Delaying the secondary procedure 
after trauma  is related to a reduction in the 
chance of severe intraocular bleeding, mainly 

due to less uveal congestion, in addition to facili-
tating the detachment of the posterior hyaloid 
and removal of the liquefied blood clots [22]. In 
the presence of intraocular foreign body (IOFB), 
there is an increased chance of endophthalmitis 
if the IOFB remains  in the eye for more than 
24-h, in addition to facilitating the formation of 
a fibrous capsule around it, which is difficult to 
remove surgically. Perforations that extend to 
the posterior pole, with difficult surgical access, 
may have spontaneous closure with the prolifer-
ation of fibroblastic tissue after a few days. 
Delayed surgery in those cases reduced the 
chance of iatrogenic tissue prolapse during vit-
rectomy [23].

Retinal detachment after trauma can be hem-
orrhagic (when heavy bleeding from the choroid 
creates a blood pocket and detaches the retina), 
rhegmatogenous (when there is an associated 
retinal tear), or tractional (when there is vitreo-
retinal proliferation or retinal incarceration in the 
wound, for example) [24].

In the first case, the removal of subretinal 
blood can be quite difficult if the surgery is per-
fomed early. In the second, the use of  scleral 
buckle associated with PPV can lead to best post 
operative anatomical results, due to the lower 
chance of redettachment. Finally, in the third, 
PVR peeling and techniques to relieve tractions, 
such as relaxing retinotomies or retinectomies, 
in addition to scleral buckle at the traction site, 
are indicated [25].

5.3   Cases

Case 1
A 7-year-old boy came to the hospital 2 weeks 
after a penetrating trauma with a BB gun pellet in 
the right eye. He denied low vision acuity. The 
visual acuity was 20/20  in both eyes with pre-
served photomotor reflexes. Slit-lamp examina-
tion of the right eye demonstrated edema of the 
eyelid, hyposphagma and the other eye structures 
were preserved (Fig. 5.1–1). Funduscopy of the 
left eye was normal (Fig. 5.1–2), however, on the 
temporal retinal of the right eye a subretinal hem-
orrhage and choroidal rupture was identified (Fig. 
5.1–3). The cranial X rays showed the presence 
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of  an foreign body (Fig.  5.1–4). The 
 observation  was indicated  due to the object’s 
proximity to the optic nerve.

Case 2
A Male patient, 50 years old, reports low visual 
acuity in the right eye after penetrating trauma in 
his workplace. Scleral sutures were performed in 

another service and an orbital CT scan was 
requested to assess the possibility of intraocular 
foreign body. A 9.3 × 4.4 × 6.1 mm metallic for-
eign body, located in the right retro-orbital region 
inferior to optic nerve was visualized (Fig. 5.2). 
Ocular ultrasound was performed, which showed 
that the object had partially transfixed the sclera 
(Fig. 5.3).

a

d

b c

Fig. 5.1 (a) A 7-year-old boy with edema of eyelid, 
hyphosphagma; anterior chamber exam was normal. (b) 
Posterior pole of the right eye. (c) Subretinal hemorrhage 

and choroidal rupture resulting in the temporal retina. (d) 
Cranial X ray showing foreign body in posterior to the eye 
wall

Fig. 5.2 9.3 × 4.4 × 6.1 mm metallic foreign body, located in the right retro-orbital region inferior to the optic nerve

J. Mascato et al.
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The surgical procedure was delayed for 14 
days to allow for clot liquefaction.  PPV 
with  Phacoemulsification and intraocular lens 
implantation was indicated. Dense vitreous 
opacities can make it difficult to visualize the 
anterior capsule during capsulorexis. The use of 
accessory  posterior lighting facilitates capsular 
visualization by backlighting (moonlight capsu-
lorexis). Phacoemulsification was performed 
without complications; however, there was a 
lower temporal zonular disinsertion. Due to the 
possibility of removing the intraocular foreign 
body through the anterior chamber, it was 
decided not to implant the intraocular lens at the 
end of the vitrectomy.

PPV was perfomed, followed by shaving of 
the vitreous base. A dense plaque of inferior 
hemorrhage, which extended from the vitreous 
base to the posterior pole was observed, which 
was cautionsly removed.

The fibrotic membranes were removed at its 
periphery with the aid of retinal forceps, without 
causing iatrogenic  tear or  retinal detachment. It 

was impossible to visualize the foreign body, 
which was probably lodged in the sclera. The 
removal attempt was aborted to avoid iatrogenic 
damage to the eye. Endolaser was performed at 
the edges and in the center of the lesion, and the 
IOFB was left in place since it was not the the 
intraocular space.

The three-piece intraocular lens was implated 
without complications in the ciliary sulcus. Fluid- 
air exchange was carried out and it was not nec-
essary to add a tamponade agent, such as silicone 
oil or gas (Fig. 5.4).

Case 3
A male patient, 35 years old, admitted to our 
emergency room, after a blunt traumatic acci-
dent in the left hemiface. On ophthalmological 
examination, he presented laceration of the 
lower eyelid and left lower temporal sclera. 
During surgical exploration of the lower eyelid 
region, a 6 × 13 mm metallic foreign body was 
detected and removed, followed by eyelid 
reconstruction (Fig.  5.5). Shortly thereafter, 

Fig. 5.3 Partial detachment of posterior hyaloid and 
adhesions in the papilla, equator in nasal meridians and in 
the periphery of temporal meridians. Hemorrhagic and/or 
inflammatory vitreous and subhyaloid process. Image 

showing inferior temporal juxtapapillary metallic IOFB 
(7:00 am meridian), which partially transfixes the ocular 
wall (sclera and choroid)
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conjunctival peritomy and exploration of the 
extent of the lesion was performed and scleral 
suture made. It evolved on the first postopera-
tive day with an important hyphema, making it 
impossible to evaluate the posterior segment, 
and intraocular pressure of 12 mmHg. We opted 
for conservative management through the use of 
topical corticosteroids, cycloplegics, topical 
antibiotics, and serial ultrasounds. Ocular ultra-
sound revealed hyperreflective echoes in the vit-
reous cavity (probable vitreous hemorrhage) 
with retinal detachment and retinal incarcera-
tion in the lower temporal region (laceration 

site) (Fig.  5.6). A new surgical approach was 
performed 14 days after the trauma, in which 
the anterior chamber was washed, comprising 
of  phacoaspiration associated with posterior 
pars plana vitrectomy.

At the surgery beginning, a corneal paracen-
tesis was performed and an infusion line  was 
placed in the anterior chamber. As the blood was 
not clearing  with  online the saline irrigation, 
it was decided to cut and aspirate the clot with 
vitrectomy probe. After that, the ocular  media 
became clear. Phacoemulsification was per-
fomed, and hydrophobic acrylic intraocular lens 

a b

c d

Fig. 5.4 (a) Removal of vitreous membranes. (b) Dissection of the adherent vitreous. (c) Endolaser enclosing the entire 
trauma area. (d) Air fluid exchange
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was  implant in the capsular bag.  The  infusion 
line  was placed in the vitreous cavity. After 
entering the vitreous cavity, blood adhered to a 
fibrous membrane, was visualized and an orifice 
was created in this region, in order to visualize 
the dissection plane. The retina was incarcer-
ated in the scleral wall, through the primary 
trauma wound. 360º retinectomy was perfomed 
to removed the retina from the incarceration. 
Perfluorocarbon liquid was  placed, flattening 
the entire retina. Endolaser was them performed 
and silicone oil implanted at the end of the sur-
gery (Fig. 5.7).

Case 4
An 85-year-old woman presented with low 
visual acuity and pain after a complicated cata-
ract surgery. During the procedure, the patient 
had posterior capsular rupture, with dropped lens 
fragments. A PPV was perfomed to remove the 
lens fragments, and at the end of the procedure, 
after IOL positioning in the ciliary sulcus, 
the  surgeon noticed a  red reflex  loss immedi-
ately suturing the corneal incisions (Fig. 5.8–1). 
An ocular ultrasound evidenced retinal and cho-
roidal detachment almost forming “kissing cho-
roidals.” Anterior chamber  aspiration and 
drainage of the choroidal detachment was indi-

cated after 14 days of the first surgery. After the 
AC aspiration with an anterior chamber infusion 
(Fig. 5.8–2), limbal conjunctival peritomy was 
performed and traction sutures placed in the rec-
tus muscles. Scleral flaps were constructed 
8 mm from the limbus, in the region of the most 
bullous choroidal detachments  (Fig. 5.8–3). 
Once the sclerotomy was done, liquefied blood 
flowed out the incision (Fig. 5.8–4). PPV was 
perfomed to attach the retina, and silicone was 
left as tamponade.

a b c

Fig. 5.5 (a) Laceration of the lower eyelid and left lower temporal sclera. (b, c) During surgical exploration of the 
lower eyelid region, a 6 × 13 mm metallic foreign body was detected and removed followed by eyelid reconstruction

Fig. 5.6 Ocular ultrasound revealed hyperreflective 
echoes in the vitreous cavity (probable vitreous hemor-
rhage) with detachment and retinal incarceration in the 
lower temporal region (laceration site)
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a b c

d e
f

Fig. 5.7 (a, b) Total AC clot and its removal. (c, d) PPV and visualisation of dissection plane. (e, f) Retinectomy of the 
edges. Flattening of the entire retina. Endolaser 360º performed and silicone oil implanted

a

c d

b

Fig. 5.8 (a) Hyphema in the anterior chamber with hem-
orrhagic choroidal detachment secondary to filtering sur-
gery. (b) AC lavage with irrigation maintainer. (c) “kissing 

choroidals” detachment. (d) 0-0 cotton thread to exposure 
scleral flap region
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5.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures, or 
Postoperative Treatment 
for Complications

It is important to define the mechanism of the 
trauma (whether blunt, penetrating, or perforat-
ing), the extent of the damage (if it has damaged 
extraocular structures), and the presence of risk 
factors for bleeding (use of anticoagulants, for 
example).

A complete anamnesis and physical examina-
tion are always necessary, especially in elderly 
patients, in whom a mild head trauma can lead to 
subdural hematoma and progressive lowering of 
the level of consciousness [26].

Visual acuity and pupillary examination can 
provide evidence of visual prognosis, such as 
traumatic optic neuropathy, suprachoroidal hem-
orrhage, and occult scleral rupture. Imaging 
exams are used to assess the integrity of the eye-
ball and its adjacent structures, as well as the 
presence of a foreign body [27].

Computarized Tomography (CT Scan)  is the 
exam of choice, as it can be used safely both to 
detect a foreign body location and to assess adja-
cent eye structures, even when it is compromised. 
Despite being of great value for metallic objects, 
wooden or plastic components are difficult to 
visualize  in the CT Scan. Magnetic Resonance 
Imaging (MRI) is not recommended for primary 
trauma assessment. If there is a metallic IOFB, 
MRI can cause its movement and lead to iatro-
genic damage. However,  if mettalic IOFBs are 
discarded, MRI is the best exam to locate IOFBs 
made of wood or plastic [27].

Ultrasonography is not indicated as the first 
complementary exam in the Emergency 
room, because the ocular manipulation involve-
din the aquisition of the images in cases of pene-
trating or perforating trauma, can lead to extrusion 
of intraocular content. However, it is useful in the 

evaluation of vitreous hemorrhage, retinal 
detachment, or choroidal detachment, after the 
first week of primary repair [28].

5.5  Personal Experience 

Surgical treatment of trauma-induced intraocular 
hemorrhage requires great expertise from the sur-
geon in view of the challenges that may arise in 
each case, which sometimes are not previously 
identified. We opted, in most cases, to perform 
the reconstruction of the eyeball, with cor-
neal and/or scleral suture as a primary procedure, 
if needed.

Posteriorly, usually in 14 days, we perform the 
vitrectomy of cases with dense vitreous hemor-
rhage  and retinal detachment. We also wait to 
perform the choroidal drainage of liquefied blood 
in cases of   hemorrhagic choroidal detachment, 
after performing serial ocular ultrasonography. In 
the presence of an intraocular foreign body, it is 
preferable to perform vitrectomy earlier, to avoid 
retinal induced IOFB toxicity, associated with 
reconstruction of the eyeball, if necessary.

The exact location of the foreign body remains 
obscure, even with imaging exams, the exact 
location of the foreign body (intra ocular, 
orbital  or mixed location) may be discovered 
only during the surgical procedure for removal. 
Objects that are mobile in the vitreous are 
removed easiely than those that are attached to 
the sclera. In some cases, it is debatable if  the 
IOFB should or not be removed, especially when 
retro orbital or close to the optic nerve and macu-
lar area.

Prognosis orientation to the patient and family 
is important.  We  avoid eviscerate the eyeball at 
first. The attempt to preserve the eye and possible 
future complications, such as endophthalmitis and 
sympathetic ophthalmia, are discussed. The visual 
result depends not only on the preservation of the 
anatomy, but also on the quality of the remaining 
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tissue. Multiple surgeries may be necessary, 
despite of the good initial recovery.

5.6   Specific Challenges

The intraocular pressure  increase results from a 
possible secondary glaucoma, that  can elevate 
the chance of expulsive hemorrhage, specially if 
not handled correctly. This should be identified 
as early as possible and requires the ability to fin-
ish the surgery quickly with sutures of the 
incisions.

Intense intraocular hemorrhage may occur, 
requiring maneuvers such as the use of endolaser 
or endodiathermy to cauterize the bleeding focus, 
if possible. In addition, the increased infusion 
pressure or the use of perfluorocarbon can assist 
in this process and reduce bleeding, even if 
temporary.

The presence of extensive subretinal hemor-
rhage in the macular region implies a poor prog-
nosis. Its removal can be done with an extensive 
retinectomy and aspiration of the blood with vit-
reophage or by a less aggressive management, 
such as injection of subretinal tissue plasminogen 
activator, for example, according to the extent of 
the bleeding or the surgeon’s preference. 
Choroidal tears or Berlin edema can compromise 
visual acuity despite good bleeding resolution 
and surgical outcome.
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Open Globe Injury with Choroidal 
and Retinal Detachment

S. Natarajan, Sneha Makhija, and Astha Jain

Abstract

Traumatic retinal detachments can result from 
blunt or penetrating trauma. Suprachoroidal 
hemorrhage is a painful condition often seen 
in association with trauma. Diagnosis of reti-
nal and choroidal detachments often requires a 
Bscan ultrasonic examination as vitreous 
hemorrhage precludes the view of the poste-
rior segment and thus the clinical diagnosis. 
The presence of a retinal detachment along 
with choroidal detachment in the case of open 
globe injury is an indication for early 
intervention.
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6.1  Introduction

The international society of ocular trauma in 
their BETTS classification [1] classifies open 
globe injuries into rupture and laceration. Both 

of these may be associated with devastating 
complications of choroidal and retinal detach-
ments. The reported incidence of retinal detach-
ment in patients with rupture injuries stands at 
42% [2]. Lacerations are further divided into 
Penetrating injuries, Intraocular foreign body, 
and Perforating injuries. Nineteen percent of 
laceration injuries are associated with traumatic 
retinal detachment, of which perforating inju-
ries have the maximum chances of having a 
retinal detachment associated with it [2]. The 
crude incidence rate of retinal detachment after 
open globe trauma was 29% [2]. In a study 
done on 210 patients with open globe injuries, 
91 (43.33%) patients showed choroidal detach-
ment [3]. These were further divided into serous 
choroidal detachment, hemorrhagic choroidal 
detachment, and kissing choroidal detachment, 
serous detachments being the most common of 
these.

6.2  Definition

Traumatic retinal detachments can result from 
blunt or penetrating trauma. In literature, retinal 
detachments are said to be present at presentation 
in 3.4–35% of the cases [4–12]. Stryjewski TP 
et al. [2] reported that of the 255 cases of retinal 
detachments that they studied, only 27% were 
identified within the first 24 h of injury. A total of 
47% were identified within 1 week and 72% 
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within 1 month. Five percent detachments 
occurred 1 year after injury. 9% of the ones diag-
nosed were on the table in the operating room at 
the time of vitrectomy for another indication, 
such as nonclearing hemorrhage. Rhegmatoge-
nous type of retinal detachment is most com-
monly associated with trauma.

The suprachoroidal space is normally virtual 
as the choroid is in close apposition to the sclera. 
Accumulation of serous fluid or blood in this 
space is called choroidal effusion or suprachoroi-
dal hemorrhage, respectively. Suprachoroidal 
hemorrhage is a painful condition often seen in 
association with trauma or intraoperatively in 
some patients.

Diagnosis of retinal and choroidal detach-
ments often requires a Bscan ultrasonic examina-
tion as vitreous hemorrhage precludes the view 
of the posterior segment and thus the clinical 
diagnosis.

Pieramici DJ et al. [13] had classified ocular 
injuries into three zones. A zone I injury is iso-
lated to the cornea (including the limbus), a zone 
II injury involves the sclera no more than 5 mm 
posterior to the limbus, and a zone III injury 
involves the sclera more than 5 mm posterior to 
the limbus (Fig. 6.1).

Eyes presenting with vitreous hemorrhage, 
zone III injuries, low visual acuity of light per-
ception, or no light perception are reported to 

have a notably high risk of detachments [2, 11, 
14, 15].

6.3  Case Report

A 47-year-old male with a history of road traffic 
accident causing blunt trauma to his right eye 
presented to the emergency care unit of the oph-
thalmology department with complaint of pain, 
redness, diminution of vision, and bleeding from 
the right eye. On examination, the visual acuity 
of the right eye was the perception of light. Slit- 
lamp examination showed a corneoscleral tear 
along with uveal tissue prolapse. The lens status 
and posterior segment were not visualized. A 
right lower lid laceration was also noted. Left eye 
examination was within normal limits. He was 
taken up for emergency corneoscleral tear repair 
with anterior vitrectomy with intracameral anti-
biotic injection.

Postoperative anterior segment examination 
showed total hyphema with intact corneal sutures. 
Intraocular pressure was digitally high, and 
 posterior details were not visualized. The lid 
wound was found to be healing well. Postoperative 
B-scan showed evidence of traumatic retinal 
detachment with choroidal detachment. The 
suprachoroidal space appeared to have a fluid 
with high reflectivity and irregular internal struc-

ZONE I

ZONE II

ZONE III

ZONE I

ZONE II

ZONE III

Fig. 6.1 Schematic representation of three zones of ocular injury [13]
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ture with low to moderate spikes on A-Scan sug-
gestive of liquified blood. The vitreous cavity 
also showed multiple echoes with low to moder-
ate spikes on the A-scan suggestive of vitreous 
hemorrhage. Lens echo was present (Fig.  6.2). 
Topical and systemic antibiotics, steroids, and 
cycloplegic agents were continued.

He underwent an anterior chamber wash with 
choroidal drainage with 23G Pars plana vitrec-
tomy with silicone oil injection with intravitreal 
and sub-tenon steroid injection under local anes-
thesia. Medical and superior recti were tagged. 
Anterior chamber wash was done, followed by 
placing an anterior chamber maintainer. 
Choroidal drainage was done supero-nasally 
where there was maximum choroidal detach-
ment. A scleral window was made to drain the 
choroidals. Pars plana vitrectomy was done to 
clear the vitreous hemorrhage. Severe prolifera-
tive vitreoretinopathy changes were noted. Fluid 
air exchange was carried out, followed by sili-
cone oil injection. Poor posterior segment visual-
ization due to corneal haze made the surgical 
maneuvering challenging.

Postoperatively, anterior segment examination 
revealed a well-formed anterior chamber 
(Fig. 6.3). The posterior segment was not clearly 

visible. At 1-month follow-up post-surgery, 
visual acuity of the right eye was the perception 
of light. Corneal sutures were removed and a cor-
neal scar was noted; the anterior chamber was 
clear and well formed (Fig.  6.4). The retina 
appeared attached. Left eye examination was 
unremarkable.

Take away messages from this case:

 1. Traumatic retinal + choroidal detachment has 
a poor prognosis in most cases.

Fig. 6.2 B-scan in a case of blunt trauma showing evi-
dence of vitreous hemorrhage with retinal detachment 
with hemorrhagic choroidal detachment with low to mod-
erate spikes on A-Scan suggestive of liquified blood

Fig. 6.3 Anterior segment photo showing repaired cor-
neal tear with corneal sutures

Fig. 6.4 At the final visit: corneal sutures were removed 
and a corneal scar was noted, the anterior chamber well 
formed
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 2. The patient must be counseled about the need 
for multiple surgeries.

 3. The presence of a concurrent corneal scar can 
make visualization of the posterior segment 
difficult.

 4. Realistic expectations about the outcome of 
such a condition must be borne in mind by the 
patient, their relatives, and the treating team.

6.4  Approach to a patient with 
Traumatic Choroidal and 
Retinal Detachment

6.4.1  Preoperative Evaluation

6.4.1.1  History
A detailed history is of utmost importance while 
examining a patient of trauma. The circum-
stances of the injury in terms of the time since 
injury, mode of injury, use, and breakage of 
spectacles, any projectiles to the eye, prior medi-
cation or treatment taken elsewhere help plan 
and prognosticate the injury. It is also important 
to rule out and associated head or bodily injuries. 
One must notify the local police in case of assault 
or road traffic accidents, or any medicolegal 
cause of injury.

6.4.1.2  Examination
Examination of a patient of trauma starts with the 
patient entering the clinic. Watching the patient’s 
gait, ability to maneuver around the place, ability 
to open the eye can give some signs to the oph-
thalmologist about the nature, severity, and 
urgency of the condition. A general systemic 
examination must be done to rule out an altered 
sensorium secondary to an associated head injury.

After taking a detailed history and a brief 
torchlight examination, the patient’s visual acuity 
must be assessed. In cases where the lids are 
swollen, or conjunctival chemosis is present, one 
must mechanically retract the lids gently to 
record the visual acuity and examine the patient.

On slit-lamp examination, one must assess the 
extent of the injury and look for the extent of the 
corneal or scleral tear present. The status of the 
crystalline lens must be noted if possible.

The posterior segment examination may not 
always be possible in the presence of open globe 
injuries. Hence B-Scan may be helpful.

6.4.2  Imaging

Ultrasonography can be used in the office by the 
ophthalmologist and aids in planning the further 
course of treatment. In case of an open globe 
injury, one must be extremely careful about per-
forming a sterile and gentle B-scan. Some authors 
believe it is best deferred until after a primary 
repair has been done. A retinal detachment on 
B-scan is seen as a membrane attached to the 
optic disc with limited after movements. The 
A-scan shows a corresponding high amplitude 
peak. A giant retinal tear may be seen as inward 
rolling of the retina with an associated retinal 
detachment. In long-standing cases or cases of 
glaucoma, a deep optic cup can be visualized on 
B-scan as a bean pot-like configuration.

Multiple mobile point echoes on B-scan are 
suggestive of vitreous hemorrhage. The ampli-
tude on A-scan of these echoes is usually mild to 
moderate. It is important to keep the gain in the 
optimal setting(around 70 decibels) as high gains 
(100 decibels) result in many echoes even in nor-
mal eyes and may give a false impression of vit-
reous hemorrhage.

A highly mobile membrane not attached to the 
optic nerve head is suggestive of posterior vitre-
ous detachment.

A choroidal detachment is visualized as a 
round mound that is limited by the strong adhe-
sions at the scleral spur, vortex veins and optic 
nerve. It has limited mobility. The corresponding 
peak on A-scan is a double-peaked or an “M 
shaped” peak. The suprachoroidal space may 
show mild to moderate amplitude point echoes 
on A-Scan suggestive of hemorrhagic fluid. 
When the two domes of the choroidal detachment 
touch each other, it is known as “kissing choroi-
dals.” These cases may lead to permanent adhe-
sion and are an indication for urgent surgical 
intervention. A B-scan also notes clot lysis, and 
the location of the suprachoroidal hemorrhage 
guides the site of drainage.
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An ultrasound biomicroscopy can detect very 
small effusions over the ciliary body without 
clinically detectable choroidal detachment. A 
detached ciliary body may also be picked up on 
this imaging modality.

Lastly, a computed tomography scan can also 
demonstrate a retinal or choroidal detachment 
when done in cases of complex head and neck 
trauma.

6.4.3  Management

The presence of a retinal detachment along with 
choroidal detachment in the case of open globe 
injury is an indication for early intervention. It 
can be done as a two-staged procedure with pri-
mary repair of the open wound carried out first 
followed by management of retinal and choroidal 
detachment.

The presence of a choroidal detachment with 
retinal detachment makes the management more 
challenging. Drainage of choroidals is under-
taken first. In the case of a pseudophakic or apha-
kic eye, an anterior chamber maintainer is placed. 
In the case of a phakic eye, a 6 mm infusion can-
nula can be used 2–2.5  mm behind the limbus 
with an entry that is perpendicular to the sclera. 
The crystalline lens may have to be removed at 
times if one is dealing with anterior PVR.

Choroidal drainage can be done by either a 
scleral cut down or a trocar insertion. The area of 
maximum choroidals is identified, and peritomy 
is done in that quadrant. A bridle suture is passed 
through the rectus muscle in that quadrant. A 
radial sclerotomy is created around 8 mm poste-
rior to the limbus. The choroidal space can then 
be entered by a bent needle or an MVR blade. 
When the suprachoroidal space is reached, a 
gush of liquefied hemorrhage appears. A cyclo-
dialysis spatula can be inserted in the supracho-
roidal space to keep the cut down open, the 
anterior lip of the wound can be pressed, and a 
cotton-tipped applicator can be used to massage 
the globe to maximize the egress of fluid. 
Alternatively, a 23G non-valved cannula can be 
positioned in the suprachoroidal space at around 

20 degree. The procedure can be repeated in a 
different quadrant if significant choroidal detach-
ment persists.

Vitrectomy is then carried out to manage the 
retinal detachment. If there is persisting choroi-
dal detachment, PFCL can be used to displace the 
choroidals anteriorly. Retinal detachment in such 
severe eye injuries is usually associated with pro-
liferative vitreoretinopathy changes. Meticulous 
membrane dissection needs to be carried out. 
Brilliant blue dye can be used to stain the mem-
branes to ensure complete removal. Relaxing 
retinotomy may be required in cases of retinal 
incarceration or shortening. Silicone oil or gas 
can be used as a tamponading agent.

6.5  Prognosis and Long-Term 
Outcome

The presence of open globe injury with choroidal 
detachment and retinal detachment makes the 
visual and anatomical prognosis very poor. These 
eyes stand a high risk of going into phthisis 
despite bet of efforts. In a study of 242 cases of 
globe rupture, the presence of closed-funnel reti-
nal detachment, proliferative vitreoretinopathy 
grade C or more, and choroidal damage were the 
risk factors for unfavorable outcomes [16]. 
Another study on 33 traumatized eyes with no 
light perception, presence of ciliary body dam-
age, see intraocular hemorrhage, closed-funnel 
RD, and choroidal damage was associated with 
poor visual and anatomical prognosis [17].

6.6  Specific Challenges 
from Personal Experience

 1. One must have a high index of suspicion for 
retinal and choroidal detachments in open 
globe trauma.

 2. A B-scan ultrasonography must be done in all 
cases of trauma with conditions such as a cor-
neal tear, corneal edema, hyphema, or vitre-
ous hemorrhage that preclude posterior 
segment examination.
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 3. The presence of a coexisting corneal tear 
makes the visualization of the posterior seg-
ment difficult.

 4. These cases have high chances of postopera-
tive hypotony due to coexistent ciliary body 
damage.
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Choroidal and Retinal Detachment 
Combined with Cyclodialysis 
in Open Globe Injury

Su Jin Park and Dong Ho Park

Abstract

Open globe injury (OGI) is defined as a full- 
thickness defect of the cornea or sclera. 
Depending on the severity of the trauma, the 
involvement of vitreoretinal lesion varies, and 
examination may be difficult. Therefore, to 
better understand the patient’s severity before 
surgery, various examination methods such as 
computed tomography, B-scan ultrasonogra-
phy, gonioscopy, and anterior segment optical 
coherence tomography should be appropri-
ately used. In most cases of OGI, the primary 
suture is performed immediately after the 
trauma, and the secondary surgery is planned. 
In this chapter, we reviewed the retinal detach-
ment, choroidal detachment, and cyclodialysis 
that could accompany open globe injury and 
summarized the diagnosis, treatment and post-
operative complications.
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7.1  Introduction

Ocular trauma causing open globe injury (OGI) 
is an important cause of vision loss, and more 
than 200,000 OGI occur worldwide every year 
[1]. In OGI, vitreoretinal involvement causes 
significant vision loss or blindness. However, 
depending on the severity of the trauma, the 
examination may be difficult, especially pre-
dicting hidden wounds. Therefore, in this chap-
ter, among the various event that may 
accompany OGI, we will discuss particularly 
retinal detachment (RD), choroidal detachment, 
and cyclodialysis.

7.2  Definition

According to the Birmingham Eye Trauma 
Terminology (BETT) criteria [2], an OGI is 
defined as a full-thickness defect of the cornea or 
sclera. According to the injury mechanism, the 
OGI is divided into ruptures or lacerations: rup-
tures are caused by blunt objects and lacerations 
are caused by sharp ones. Lacerations are further 
subdivided into penetrating injury, intraocular 
foreign body (IOFB) injury, and perforating 
injury. A penetrating injury has only an entrance 
wound, an IOFB injury has an entrance wound 
and a retained IOFB, and a perforating injury has 
an entrance and an exit wound. According to the 
location relative to the limbus, injuries are 
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divided into three zones: a zone I injury is iso-
lated to the cornea (including the limbus), a zone 
II injury involves the sclera no more than 5 mm 
posterior to the limbus, and a zone III injury 
involves the sclera more than 5 mm posterior to 
the limbus [3].

Severe globe rupture caused incarcerated ret-
ina to the lesion site. The residual retina was 
detached and funnel-like detachment will result 
in poor visual acuity and severe proliferative vit-
reoretinopathy (PVR). Retinal dialysis is the 
most common cause of traumatic RD.  Retinal 
tears are the second-most common predisposing 
lesion, responsible for about 20% of the trau-
matic RD [4].

A cyclodialysis cleft is the most common 
complication in closed globe injuries, with an 
incidence of 1–11% [5]; it occasionally occurs in 
open globe injuries and iatrogenic injuries. A 
cyclodialysis is the disinsertion of the longitudi-
nal ciliary muscle fibers from the scleral spur 
resulting in a cleft [6]. One of the consequences 
of cyclodialysis is the opening of communication 
between the anterior chamber and the supracho-
roidal space. Then, ocular hypotony occurs, 
which is accompanied by choroidal detachment 
and chorioretinal folds, which affect the macula 
and cause visual loss [7].

A choroidal detachments are rare conditions 
that occur when there is an accumulation of fluid 
or blood in the suprachoroidal layer, located 
between the choroid and sclera [8]. The patho-
genesis of traumatic ciliochoroidal detachment is 
an increase in the permeability of the ciliary ves-
sels after blunt injury, leading to extravascular 
leakage of the plasma components [9].

7.3  Case

A 43-year-old male visited the emergency room 
because of a traumatic right eye injury by a metal 
hook. The initial best-corrected visual acuity 
(BCVA) was hand motion (HM) in the right eye 
and 20/50 in the left eye. Slit-lamp examination 
showed that scleral laceration of about 1 cm or 
more in length and uveal and vitreous tissues pro-

lapsed from the lesion site. The anterior chamber 
was collapsed, and iris defect was accompanied 
from 12 to 3 o’clock (Fig. 7.1). Since fundus was 
not visible, B-scan ultrasonography and com-
puted tomography (CT) were additionally per-
formed (Figs.  7.2 and 7.3). B-scan and CT 
showed hemorrhagic choroidal detachment and 
no IOFB.

Under the diagnosis of scleral laceration with 
iridodialysis and suprachoroidal hemorrhage, the 
patient had an emergency operation. After uveal 
reposition, the scleral wound was sutured with 
8-0 ethilon, and the anterior chamber was irri-

Fig. 7.1 Slit-lamp photograph of the right eye. Scleral 
laceration with prolapse of vitreous and uveal tissue on 
the nasal side of the eye

Fig. 7.2 B-scan ultrasonography showed hyperecho-
genic lesions in the suprachoroidal space, indicating hem-
orrhagic choroidal detachment
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gated with antibiotics, including vancomycin and 
ceftazidime.

At 1 month after the surgery, though supra-
choroidal hemorrhage disappeared on the B-scan, 
the fundus was not observed due to traumatic 
cataract, and visual acuity was HM (Fig.  7.4). 
The second operation of cataract surgery was 
completed by putting the intraocular lens in the 
bag with normal fundus findings. One month 

after the second surgery, BCVA was 20/100  in 
the right eye.

7.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures, and 
Postoperative Treatment 
for Complications

Due to the severe pain, clinical examination of 
traumatic injuries is more difficult than other dis-
eases. The factors that make the posterior seg-
ment examination difficult are as follows: anterior 
segment injury, including hyphema, corneal 
edema, or opacification, and posterior segment 
pathology, including vitreous hemorrhage.

7.4.1 Important signs

The OGI is accompanied by many signs, includ-
ing hyphema, which is the most common sign on 
admission (76.7%), iris prolapse (57.9%), vitre-
ous hemorrhage (52.2%), laceration on the eyelid 
and/or eyebrow (34%), and retinal detachment 
(29.6%) [10]. Hongsheng et al. reported that 
among the patients with rupture injuries, 17.3% 
had a ciliary injury, 62.7% had choroidal injuries, 
and ciliary and choroidal injuries were both 
detected in 20% of patients[11].

Fig. 7.3 Axial computed tomography of paranasal 
sinuses. Hyperdense lesions involving the periphery of 
the right orbit, but with sparing the posterior third on the 
axial image

Fig. 7.4 Slit-lamp photograph and B-scan ultrasonography image 1 month after surgery. Traumatic cataract and iris 
defects are seen on a slit-lamp examination, and posterior vitreous detachment is confirmed by B-scan
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7.4.2 Examination and Diagnosis

7.4.2.1  Slit-Lamp Examination
When patients with trauma visit, the slit-lamp 
examination is performed first. At this time, dam-
age to the vitreoretinal area should be suspected 
if there are signs such as severe hemorrhagic che-
mosis, shallow anterior chamber, prolapsed uvea 
and vitreous, and eccentric pupil.

7.4.2.2  Computed Tomography
The CT scan should be performed to determine 
the IOFB and occult OGI.  In case of traumatic 
ocular injury, the findings that can be observed on 
CT are as follows: change in globe contour, vol-
ume loss, intraocular air, change in anterior 
chamber depth, dislocated or absent lens, vitre-
ous hemorrhage, and retinal or choroidal detach-
ment [12].

Ora serrata is an inferred reference point in 
distinguishing between RD and choroidal 
detachment on imaging. On the axial plane, ora 
serrata is located at the 2 and 10 o’clock position 
of the globe immediately posterior to the ciliary 
bodies [13].

RD with bilateral V-shaped leaflets converging 
towards the optic disc. Importantly the anterior 
margin of the leaflets does not extend beyond the 
ora serrata reference point at the 2 and 10 o’clock 
position. However, choroidal detachment with 
convex lens shape leaflets anteriorly extending 
beyond the ora serrata reference point and posteri-
orly limited by insertions of the vortex veins [14].

7.4.2.3  B-Scan Ultrasonography
B-scan ultrasonography is an important diagnos-
tic tool for providing information on diagnosis 
and prognosis in OGI. In particular, RD and cho-
roidal detachment are mainly diagnosed by 
B-scan ultrasonography when the funduscopic 
examination is not possible due to hemorrhage. 
In OGI, the first b-scan is performed the day after 
primary closure of the globe due to ocular insta-
bility. However, most retinal detachments (53%) 
were not diagnosed until a week after the trauma. 
Considering the delayed occurrence of RD, care-
ful follow-up is necessary after the primary clo-
sure of the OGI [15].

In partial detachment, thin and mobile linear 
echogenic membrane is observed and usually 
extends to the optic nerve head, but not across it. 
In the case of total RD, it is observed in the vitre-
ous cavity in a “V” shape because the retina is 
attached to the ora serrata anteriorly and the optic 
nerve head posteriorly. On the other hand, thick 
and rigid echogenic bands are observed in the 
choroidal detachment and protrude convexly into 
the vitreous. These end at the level of the exit 
foramina of the vortex veins and do not extend to 
the optic disc [16] (Fig. 7.5).

7.4.2.4  Gonioscopy, Ultrasound 
Biomicroscopy and Anterior 
Segment Optical Coherence 
Tomography

A slit lamp gonioscopy is useful in cases with 
clear media. However, cyclodialysis clefts are 
often missed gonioscopically for various reasons 
such as hyphema, iris bowing, extreme hypotony, 
distorted anatomy or Descemet’s folds [17, 18]. 
Ultrasound biomicroscopy (UBM) has been 
described in these situations as supplementing 
gonioscopic findings. UBM is a noninvasive 
method that uses high-frequency (50–60  MHz) 
transducers to image anterior segment structures 
[19] (Fig. 7.6).

However, since UBM also requires an anes-
thetic gel and needs to be in contact with the 
patient’s eyes, it is difficult to use immediately 

Fig. 7.5 Choroidal detachment with retinal detachment 
in B-scan ultrasonography. By courtesy of professor Hua 
Yan from Tianjin Medical University, China
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after OGI. Therefore, in open injuries, anterior 
segment optical coherence tomography 
(AS-OCT) can be usefully used in that contact 
is not required. AS-OCT provided high-resolu-
tion images of iridocorneal angle abnormalities 
in the presence of abnormal anterior segment 
anatomy [20].

7.4.3  Treatment

Multiple operations are required for patients with 
OGI. In the open-wound state, the eye is soft, and 
the intraocular tissues are mostly prolapsed. 
Therefore, first, primary suture and intraocular 
tissue reposition are required. The prolapsed iris 
and choroid should be repositioned after com-
plete irrigation, and the prolapsed vitreous body 
can be removed.

The second surgery is usually planned accord-
ing to the condition of the eye after the first 
emergency surgery. Because the OGI is charac-
terized as a multiple damaged state, meticulous 
and thorough examinations at each step are 
required to plan the most effective and the least 
invasive surgery.

7.4.3.1  Treatment for Retinal 
Detachment and Choroidal 
Detachment

In most cases, patients with OGI underwent pri-
mary closure immediately. However, the timing 
of vitreoretinal intervention is varied. In addition, 

the type of vitreoretinal intervention varies 
depending on the condition of the eye. Several 
authors report early vitreoretinal intervention to 
be performed between 3 and 14 days after OGI 
[21–26]. In animal study, posterior vitreous 
detachment occurred at 1–2 weeks after injury, 
and retinal detachment occurred between 7 and 11 
weeks [27]. In a histological study, PVR forma-
tion was found between 1 and 2 weeks after severe 
penetrating trauma in eyes with an RD [28]. 
Therefore early vitreoretinal intervention reduces 
the risk of the formation of extensive PVR

7.4.3.2  Cyclodialysis Treatment
Cyclodialysis in small sizes can be treated with 
medical management such as 1% atropine or 
laser photocoagulation. If medical or laser treat-
ment does not respond, several surgical treat-
ments can be considered: transscleral diathermy, 
cryotherapy, and direct cyclopexy [17]. The prin-
ciple of surgical repair includes the obliteration 
of the cyclodialysis space and apposition between 
the sclera and the wall of the ciliary body [29].

Recently, several reports have proposed alter-
native novel techniques. Portney and Purcell pro-
posed the idea of anterior buckling using a 
silicone rod under a partial thickness scleral flap 
[30]. Meanwhile, methods of using a capsular 
tension ring (CTR) or haptics of large IOLs for 
internal apposition (internal cerclage) of the cili-
ary body to sclera have been reported [31–33].

7.4.4  Postoperative Treatment 
for Complication

There are several postoperative complications of 
OGI repair. The delayed presentation was an 
important risk factor for endophthalmitis, micro-
bial keratitis and postoperative wound leak [34]. 
Possible complications can be divided according 
to the anatomical wound position. Traumatic cat-
aracts and corneal scarring were the most preva-
lent vision-limiting complications in patients 
with zone I (cornea-only) lacerations. The most 
common vision-limiting factors in eyes with 
zones II and III lacerations (involving sclera) 
were cataracts and RD detachments [35].

Fig. 7.6 A cyclodialysis cleft confirmed by ultrasound 
biomicroscopy. Expansion of suprachoroidal space due to 
detachment of the ciliary body. By courtesy of professor 
Hua Yan from Tianjin Medical University, China
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Several studies reported complications fol-
lowing vitreoretinal surgery for traumatic 
RD. Surgery mostly accompanies cataracts in the 
phakic eyes [36–38]. Secondary glaucoma was 
also a significant complication and, in some 
cases, required surgical intervention [39, 40]. 
Patients developed phthisis bulbi, with up to 30% 
of patients experiencing this complication in cer-
tain studies [36, 39, 41–43]. PVR was a signifi-
cant finding postoperatively, as it was found in up 
to 56% of patients [40–43].

Very high IOP may follow after successful 
cyclodialysis cleft surgery. In most cases, the IOP 
can be controlled through medical treatment, and 
long-term treatment is not usually required if 
glaucoma has not been present [29].
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Repairment of Traumatic 
Choroidal Tear

Yuntao Hu and Mengda Li

Abstract

Choroidal injury is a common and serious 
complication of ocular trauma, which can 
occur not only in blunt ocular trauma, but also 
in laceration injuries. Any form of traumatic 
injury to the eye can result in choroidal inju-
ries. A comprehensive understanding of the 
classification, presentation, and treatment of 
choroidal injury is necessary to the prognosis 
of the disease. The first chapter briefly reviews 
the anatomy of the choroid, and then the 
causes, classification, and mechanism of cho-
roidal injury are summarized in the second 
chapter. The clinical presentation and treat-
ment of choroidal injury are presented in the 
third and fourth chapter, respectively.

A choroidal rupture is a break in the cho-
roid, the Bruch membrane, and retinal pig-
ment epithelium (RPE). The wound of 
choroidal ruptures requires no treatment. 
However, the most troublesome chronic com-
plication of choroidal rupture is choroidal 
neovascularization (CNV) that can lead to 
hemorrhagic or serous macular detachment. 
Therefore, during one to several years after 
injury, patients should have regularly exami-

nations to detect CNV, and should be treated 
in time if necessary.

Choroidal detachment can be categorized 
in to serous choroidal detachment and hemor-
rhagic choroidal detachment based on the 
type of fluid that accumulates in the space 
between the choroid and the sclera, which can 
be distinguished by B-scan ultrasonography. 
Most cases occur due to post-operative hypot-
ony, and will resolve spontaneously as the 
intraocular pressure (IOP) rising. Conservative 
management, such as cycloplegics and ste-
roids, leads to better visual outcomes.

Expulsive choroidal hemorrhage is the 
acute nature of a suprachoroidal hemorrhage 
that breaks through the choroid, expulses the 
intraocular contents, and often results in total 
loss of vision. When it occurs, the key to sav-
ing the eye is to stop the bleeding which is 
achieved by immediate wound closure; the 
IOP elevates and the bleeding soon tampon-
ades itself. Most retinal surgeons will wait 
7–14 days for the choroidal hemorrhage to liq-
uefy and perform a drainage surgery, or com-
bined vitrectomy.

Choroidal avulsion is a serious subtype of 
choroidal injury, defined as a severe separa-
tion of choroid from the sclera and irregular 
choroidal residuals on the scleral wall. It 
should be managed by surgery to reduce the 
incidence of the intraocular low pressure, and 
to facilitate the reattachment of retina. We 
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recommend a simple technique, internal con-
tinuous mattress suture, to repair the choroi-
dal avulsion.

Keywords

Choroidal injury · Choroidal rupture  
Choroidal detachment · Expulsive choroidal 
hemorrhage · Choroidal avulsion

8.1  Anatomy of the Choroid

The choroid is the posterior segment of the uveal 
tract, between the retinal pigment epithelium 
(RPE) and the sclera. Anteriorly, the choroid 
joins with the ciliary body, and posteriorly, it is 
firmly attached to the margins of the optic nerve. 
The thickness of the choroid is probably depen-
dent on blood flow dynamics and has a diurnal 
variation, being approximately 220μm at the pos-
terior pole and 100μm anteriorly. Histologically 
the choroid consists of Bruch’s membrane, the 
choriocapillaris, the vascular layer, and the supra-
choroid. The choroid is composed of three layers 
of choroidal blood vessels: large, medium, and 
small. The deeper the vessels are placed in the 
choroid, the wider their lumens.

8.1.1  Bruch’s Membrane

It is a connective tissue layer with 2–4μm, and 
histologically appears as an acellular glassy 
membrane beneath the RPE.  It comprises five 
layers: the RPE basal lamina, an inner collage-
nous zone, a middle elastic layer, an outer col-
lagenous zone, and the basement membrane of 
the endothelial cells in the choriocapillaris.

8.1.2  Choriocapillaris

The internal portion of the choroid vessels is 
known as the choriocapillaris, which is highly 
anastomosed and fenestrated on the retinal aspect 

to facilitate efficient metabolic exchange with the 
outer retina. The choriocapillaris is fed from the 
arterioles from the medium vessel layer (Sattler’s 
layer) in a lobular pattern. Smooth muscle cells 
are not usually present in this layer.

8.1.3  Vascular Layer

This layer lies beneath the choriocapillaris and 
can be subdivided into an inner layer of medium 
vessel (arterioles and venules, Sattler’s layer) and 
an outer layer of large vessel (major arteries and 
veins, Haller’s layer).

8.1.4  Suprachoroid

It is the transitional zone between the choroid and 
the sclera, consisting of numerous fibrous lamel-
lae of varying thicknesses, melanocytes, and flat-
tened processes of fibroblasts. The anterior and 
posterior ciliary vessels and ciliary nerves tra-
verse through the suprachoroidal space. The ves-
sels have no branch in this space; however, the 
nerves have branches and form networks. In 
pathological conditions, suprachoroid may be 
separated by fluid and blood.

8.1.5  Blood Supply of the Choroid

The choroidal vasculature is supplied by both the 
long and short posterior ciliary arteries of the 
ophthalmic artery. Venous drainage occurs via 
the vortex veins (usually four, but may be up to 
six), each draining a sector of the choroid into the 
superior and inferior ophthalmic veins, and ulti-
mately ending up in the pterygoid plexus and 
cavernous sinus.

8.1.6  Nerve Supply of the Choroid

The sensory, sympathetic, and parasympathetic 
nerves of choroid are innervated by the long and 
short ciliary nerves.
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8.1.7  Physiological Function 
of the Choroid

The aggregate of choroidal blood vessels serves 
to nourish the outer portion of the underlying 
retina. The capillaries are very permeable to glu-
cose and amino acids, which support the trans-
port of nutrients across the retinal pigment 
epithelium and Bruch’s membrane. The high 
concentration of protein causes a high oncotic 
pressure gradient which may be responsible for 
transporting fluid out of the retina and the eye. It 
also acts as a conduit for vessels traveling to 
other parts of the eye and may also have a ther-
moregulatory role. Furthermore, absorption of 
light by choroidal pigment aids vision by pre-
venting unwanted light from reflecting back 
through the retina. The regulation of blood flow 
in the choroid may also influence intraocular 
pressure by affecting perfusion rates of the ciliary 
processes.

8.2  Causes, Classification, 
and Mechanism of Choroidal 
Injury

8.2.1  Causes of Choroidal Injury

According to the Birmingham Eye Trauma 
Terminology System classification, mechanical 
eye injuries were classified into closed globe 
injuries and  open globe injuries based on the 
integrity of the eyewall (sclera and cornea). Open 
globe injuries (OGIs) were categorized into 
 ruptures or lacerations depending on the mecha-
nism of injury. Ruptures are caused by blunt 
objects; lacerations are caused by sharp ones. 
Lacerations were further classified as penetra-
tions when there was an entrance wound alone, as 
intraocular foreign bodies (IOFBs) when there 
was an entrance wound and part or all of the lac-
erating object remained in the eye, and as perfo-
rations when the lacerating object resulted in 
entrance and exit wounds [1].

Choroidal injury is a common and serious 
complication of ocular trauma, which can occur 

not only in blunt ocular trauma, but also in lac-
eration injuries. Any form of injury to the eye can 
result in choroidal injuries, for example, hitting 
the eye on the floor, sports injuries, traffic acci-
dents, gun-shot-related injuries, etc. [2]. 
Choroidal injuries may also occur during ocular 
surgeries, for example, penetrating keratoplasty, 
cataract surgery (especially extracapsular cata-
ract extraction), and trabeculectomy [3].

8.2.2  Classification and Mechanism 
of Choroidal Injury

A choroidal injury can be classified into three 
types; choroidal rupture, choroidal detachment, 
and choroidal avulsion depending on the differ-
ent injury mechanisms and clinical manifesta-
tions. Choroidal detachment is further 
categorized into hemorrhagic choroidal detach-
ment and serous choroidal detachment based on 
the type of fluid that accumulates in the space 
between the choroid and the sclera. According 
to the extent of hemorrhage, hemorrhagic cho-
roidal detachment can be subdivided into lim-
ited suprachoroidal hemorrhage and expulsive 
choroidal hemorrhage.

8.2.2.1  Choroidal Rupture
Choroidal rupture is a break in the choroid, Bruch 
membrane, and retinal pigment epithelium 
(RPE), which was first described by von Graefe 
in 1854. Choroidal ruptures have been reported in 
up to 5–10% of cases of blunt ocular trauma but 
can also occur in the setting of penetrating or per-
forating injuries [2].

In blunt ocular trauma, choroidal rupture may 
be direct, occurring at the site of impact, or indi-
rect, occurring remotely from the site of impact 
(countercoup). Eighty percent of choroidal rup-
tures are indirect. In direct injuries, the choroidal 
rupture produces ruptures that are located anteri-
orly and oriented parallel to the ora serrata. 
Indirect injuries produce ruptures that are located 
distant from the strike site-more posteriorly and 
often concentric to the optic disc in a crescent 
shape. Any of the three layers of the eyeball can 

8 Repairment of Traumatic Choroidal Tear



66

rupture, but commonly only the choroid ruptures. 
The retina is often spared due to its inherent elas-
ticity, whereas the sclera is spared due to its great 
tensile strength [2, 4].

The predominant theory regarding the mech-
anism of choroidal rupture attributes to a 
mechanical injury. During high-speed orbital 
injuries, the protective ocular reflexes position 
the eye in an elevated and abducted position. At 
this point in time, the anteroposterior compres-
sive forces on to the globe create an eccentri-
cally positioned circle of damaging currents 
along the posterior ocular coats against a rela-
tively static optic nerve. Because of this eccen-
tricity, a longer radius of curvature is expected 
to lie along the temporal half of the globe lead-
ing to an elastic recoil of the retinal and scleral 
layers and a fracture along the RPE–Bruch’s–
Choriocapillaris complex manifesting clinically 
as choroidal rupture [5].

Histopathology of ruptures reveals early 
hemorrhage, followed by fibrovascular tissue 
proliferation and RPE hyperplasia, accom-
plished within 2–3 weeks after the trauma, 
leading ultimately to a well-defined scar in the 
area of the choroid–RPE–Bruch membrane 
defect. In some cases, the scar tissue extends 
into the subretinal space, the retina, and occa-
sionally even as far as the inner retina and/or 
vitreous. Atrophy and thinning of the retina 
may occur, in an outer to inner retinal sequence. 
There is often hyperplasia of RPE at the mar-
gins of the rupture [2, 6, 7].

8.2.2.2  Choroidal Detachment
Choroidal detachment is defined as a separation 
of the choroid from the sclera; the choroid is only 
loosely connected to the sclera at the sites of 
scleral spur, vortex veins, and posterior pole [8]. 
The common cause of choroidal detachment 
includes ocular injury, open globe surgery, 
inflammation, infection, drug-induced processes, 
and growth of neoplasms. In ocular injury or sur-
gery, the detachment is mainly caused by serous 
or hemorrhage [9].

Serous choroidal detachment is a result of 
effusion through an unruptured vessel wall. It has 
been associated with ocular trauma, intraocular 

surgery, hypotony, systemic hypertension, glau-
coma, and inflammation [10]. Serous choroidal 
detachment has been shown in a multicenter ran-
domized clinical trial to be as frequent as 11% 
after trabeculectomy [11].

The main significance of choroidal effusion is 
that it may lead to hemorrhagic choroidal 
detachment, which is defined as the accumula-
tion of blood between the choroid and the sclera 
[12]. It has been reported to occur in 3.1% of 
intracapsular cataract extractions [13], in 2.2% 
of extracapsular extractions [14], in 1.9% of pars 
plana vitrectomy [15], and in 30% open globe 
injuries [16]. If adequate measures are not taken, 
the limited suprachoroidal hemorrhage is able to 
rapidly develop into expulsive choroidal hemor-
rhage [12].

Expulsive choroidal hemorrhage is the acute 
nature of a suprachoroidal hemorrhage that 
breaks through the choroid, expulses the intraoc-
ular contents, and often results in total loss of 
vision. It is one of the most dramatic, catastrophic 
complications of intraocular surgery [17].

The most common element in serous or hem-
orrhagic choroidal detachment development is 
hypotony. The normal environment for choroidal 
vessels is intraocular pressure (IOP) exceeding 
the atmospheric pressure by 15  mmHg to 
18 mmHg, which can force blood from the cho-
roid into the draining vortex veins. A sudden drop 
of this external pressure in intraocular surgeries 
or ocular injuries therefore can cause an increase 
in permeability of the choroidal capillaries, and 
this subsequently leads to a positive flow of fluid 
out of the capillaries and into the suprachoroidal 
space and leads to serous choroidal detachment. 
As the IOP drops to zero once the globe is 
opened, there is anterior displacement of the ret-
ina and choroid, placing traction on the already 
weakened posterior ciliary arteries at their point 
of emergence from the intrascleral canals and 
rupturing them, leading the occurrence of hemor-
rhagic choroidal detachment [12, 18]. Histological 
reports confirm the necrotic posterior ciliary 
arteries are responsible for the hemorrhage [19, 
20]. This occurs because the length of the arterial 
connections between the choroid and the sclera is 
short [17, 21].
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If appropriate measures on the surgeon’s part 
are not taken and blood keeps on accumulating in 
the suprachoroidal space, it causes a choroidal 
detachment that progressively enlarges, pushing 
the choroid and the retina centrally and then ante-
riorly. Eventually, the opposing retinal surfaces 
meet, giving rise to clinical condition called kiss-
ing choroidal detachment. As the vitreous is 
pushed toward the surgical wound, it extrudes the 
iris, and, if present, the crystalline lens or the 
intraocular lens, and the retina. Vitreous hemor-
rhage is probably a marker for a more severe and 
explosive hemorrhage, since the blood probably 
gains access to the vitreous cavity by breaking 
through retina or ciliary body [22, 23]. The supra-
choroidal blood can break through and present in 
the surgical incision. Bleeding, however, does not 
necessarily offer protection against retinal extru-
sion [12].

A rabbit experimental model was used to 
determine the sequence of histopathologic events 
that lead to expulsive choroidal hemorrhage. The 
right eyes were proposed, and the central cornea, 
lens, and anterior vitreous were removed. After 
surgery, all eyes developed choroidal effusion, 
choroidal hemorrhage, or expulsive hemorrhage. 
Histologic examination revealed four sequential 
stages of expulsive hemorrhage as follows: (1) 
There was engorgement of the choriocapillaris. 
(2) Suprachoroidal effusion occurred mainly near 
the posterior pole. (3) As the effusion enlarged, 
stretching and tearing of choroidal vessels as well 
as tearing of the vessels and attachments at the 
base of the ciliary body occurred. (4) Massive 
extravasation of blood, primarily from the torn 
vessels at the ciliary body base, resulted in supra-
choroidal hemorrhage and expulsion of blood 
through the surgical wound [17].

8.2.2.3  Choroidal Avulsion
Choroidal avulsion is a serious subtype of choroi-
dal injury, defined as a severe separation of cho-
roid from the sclera and irregular choroidal 
residuals on the scleral wall, usually accompanied 
by the detachment or avulsion of ciliary body at 
the corresponding quadrant, caused by a sudden 
external force burst [24]. Choroidal avulsion is 
also described as “choroidodialysis”, “choroidal 

separation”, and “ruptured choroidal detach-
ment”. The inner surface of scleral always can be 
seen during surgery in choroidal avulsion eye.

During the severe ocular trauma, based on the 
principle of the external force delivery along the 
eyeball wall, when an external force leads to a 
drastic deformation of the eyeball, the maximal 
tension will focus on the peripheral part of the 
optic disc and vitreous base, resulting in an avul-
sion or even a retro-equatorial detachment of the 
choroid from the sclera. This detachment will 
lead to an immediate damage of the choroidal 
blood supply. Depending on a vast number of 
capillaries and the abundant interstitial substance 
it has, as well as the participation of outer choroi-
dal brown lamina and the inner choroidal pig-
ment epithelia into the tissue repair, a good many 
fibrous connective tissues were produced during 
the repair, leading to a choroidal atrophy or scle-
rosis, which hinders the choroidal reattachment 
(Even heavy water and scleral buckling cannot 
fulfill the attachment of choroid to the sclera). 
Therefore, the outcome of the choroidal avulsion 
will be determined by the treatment timing, 
method, and technique [25].

8.3  Clinical Presentation 
of Choroidal Injury

8.3.1  Choroidal Rupture

Clinical Findings
Consistent with most traumatic ocular injury, 
80% choroidal ruptures occur in male [26]. 
Visual acuity at presentation can range from 
20/20 to light perception, depending on the loca-
tion of the rupture, the degree of associated vit-
reous, subretinal, or choroidal hemorrhage, 
hemorrhagic detachment of the pigment epithe-
lium, macular hole formation, and other associ-
ated ocular injuries [27, 28]. Typically, a 
subretinal hemorrhage obscures the rupture early 
on (Fig. 8.1a). With resorption of the blood, the 
choroidal rupture is subsequently noted, which 
clinically appears as white to yellow-red lesions 
1–5 disc diameters in length and one-fifth to 
one-third of a disc diameter in width with tapered 
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or forked ends (Fig.  8.1d) [27]. Direct injuries 
typically produce peripheral ruptures parallel to 
the ora, whereas indirect injuries result in cres-
cent-shaped lesions concentric to the disc. 
Ruptures are more commonly located temporal 
to the disc than nasal. In most instances ruptures 
are single, but about 25% of affected eyes will 
contain multiple ruptures [27]. A wide range of 
visual field defects may be noted. The defects 
may correspond to the location of the rupture, or 
to nerve fiber layer damage, or due to an associ-
ated traumatic optic neuropathy [30–32].

Choroidal neovascularization (CNV)
Studies reported that 10–20% patients developed 
CNV anywhere after choroidal rupture, which is 
the most troublesome chronic complication of 
choroidal rupture that can lead to hemorrhagic or 
serous macular detachment [28, 33]. This most 
frequently occurs during the first year (81.2%) 
after the injury but has been reported up to 5 

years after injury [4, 33]. CNV mostly develops 
in the foveal or macular area, which may be asso-
ciated with the regional imbalance in secretion of 
pro-angiogenic and anti-angiogenic cytokine 
[34]. There can be a spontaneous involution of 
the CNV within weeks following injury, but, 
unfortunately, in some eyes, the CNV is aggres-
sive or gets reactivated, subsequently leading to 
visual loss in about 5% of ruptures [29, 35]. Risk 
factors for development of CNV include macula 
involving, longer length of ruptures, ruptures 
closer to the center of the fovea, and those occur-
ring in those of older age [29, 35]. In most cases, 
the CNV appeared consistent with a subretinal 
(type 2) CNV [36].

Fundus Autofluorescence
In choroidal ruptures, fundus autofluorescence 
reveals a well-defined linear hypoautofluorescent 
defect, which is surrounded by a hyperautofluo-
rescent rim that is indicative of RPE hyperplasia 

a

b c e f

d

Fig. 8.1 A 48-year-old woman sustained a blunt injury to 
her left eye, decreasing visual acuity to finger counting. 
Examination revealed submacular hemorrhage with an 
underlying choroidal rupture (a). Spectral-domain OCT 
demonstrated diffuse subretinal hyperreflective material 
associated with hyperreflective protrusion (asterisk) from 
disruption (arrow) of the retinal pigment epithelium 
(RPE)–Bruch membrane complex (b and c). Six months 

later her vision was 20/100, and examination showed cho-
roidal rupture with resolution of submacular hemorrhage 
(d). Spectral-domain OCT demonstrated partial loss of 
the ellipsoidal zone and external limiting membrane and 
RPE migration (arrowhead) adjacent to the hyperreflec-
tive fibrotic tissue (e and f). Green boxes indicate areas of 
magnification [29]
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during healing. In some cases, near-infrared 
autofluorescence may better delineate ruptures 
through hemorrhage [34, 37].

Fluorescein Angiography (FA)
Typical findings on FA include early hypofluo-
rescence due to disruption of the choroid and 
choriocapillaris in the area of the rupture. The 
normal choriocapillaris near the margin of the 
rupture subsequently leaks into the scar, which 
eventually becomes hyperfluorescent due to 
staining [30]. Findings of CNV include early 
leakage of dye near the area of rupture, which 
increases and persists into the late phases of the 
angiogram [27] (Fig. 8.2).

Indocyanine Green Angiography (ICG)
ICG typically exhibits hypofluorescence at the 
rupture site throughout all phases. ICG can iden-
tify ruptures that are imperceptible clinically or 
on FA [39]. CNV on ICG shows a late hyperfluo-
rescence [39].

Optical Coherence Tomography (OCT)
Two distinct tomographic patterns of choroidal 
ruptures can be identified on OCT. The first type 
is a forward protrusion of the retinal pigment epi-

thelium–choriocapillaris (RPE-CC) layer with an 
acutely angled pyramid or dome shape. This was 
associated with either a small loss of continuity 
of the retinal pigment epithelium layer or ele-
vated RPE-CC projection accompanied by a sig-
nificant quantity of subretinal hemorrhage 
(Fig. 8.1b, c, e, f). The second type observed was 
a larger area of disruption of the RPE-CC layer, 
photoreceptor inner segment/outer segment junc-
tion, and external limiting membrane, with a pos-
teriorly directed concave contour depression at 
that area and downward sliding of tissues into the 
defect. CNV presents subretinal hyperreflectivity 
on OCT, and a well-defined high-flow neovascu-
lar network on OCTA [40].

8.3.2  Choroidal Detachment

There are two recognized forms of choroidal 
detachment: serous and hemorrhagic. Serous 
choroidal detachments occur when there is leak-
age of serum from the choroidal blood vessels 
into the suprachoroidal space. Hemorrhagic cho-
roidal detachments occur when there is abnormal 
blood accumulation in the suprachoroidal space 
secondary to rupture of a ciliary blood vessel. 

Fig. 8.2 (Left) Digital intravenous fluorescein angiogra-
phy of a 16-year-old patient showing choroidal neovascu-
larization (CNV) secondary to traumatic choroidal 

rupture. (Right) After two photodynamic therapy treat-
ments, leakage from the CNV had ceased [38]
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The most common cause of choroidal detach-
ment is secondary to open globe surgery, which 
always occur between the second and fifth day 
after surgery [22]. Trauma has also been docu-
mented to cause choroidal detachment. 
Retrospective studies found choroidal detach-
ment occurring in 18–38% open globe trauma 
cases [41, 42].

Risk factors of choroidal detachment include: 
hypotony, topical use of antimetabolites (such as 
mitomycin C) [43], nanophthalmos and high 
hypermetropia [44], increased age, arterial hyper-
tension, tachycardia, atherosclerosis and diabetes 
[22, 45], anti-hypertensive medications [46], anti-
platelet and anticoagulant medications [47, 48].

Serous choroidal detachment
Patients with small, peripheral serous detachments 
mostly occur postoperatively, and may be com-
pletely asymptomatic, or display a small myopic 
shift, and angle closure from anterior displacement 
of the ciliary body, lens, and iris. Typically, there 
may be up to four smooth lobes of fluid accumula-
tion which characteristically extend up to the vor-
tex veins, as the vortex veins are firmly attached to 
the choroid and sclera. Hypotony maculopathy 
may also be present, with subretinal fluid, macula 
striae, and retinal vessel distortion [9].

Hemorrhagic choroidal detachment
Individuals experiencing a hemorrhagic choroi-
dal detachment may have sudden decreased 
visual acuity and onset of pain due to stretching 
of the ciliary nerves, which is always companied 
by headache, nausea, and vomiting. The lobes of 
hemorrhagic detachments do not transilluminate 
as is seen with serous detachments [45, 49].

Post-operative hemorrhages are usually lim-
ited, and not associated with any expulsion of 
intraocular contents, as these occur within an 
enclosed eye, but may eventually lead to apposi-
tion of the retina in the posterior chamber if 
severe. The pathophysiology for intraoperative 
and post-operative suprachoroidal hemorrhages 
is the same but the visual outcomes differ due to 
the open or closed nature of the eye [45].

Expulsive suprachoroidal hemorrhage (ESH)
Intraoperative or open globe traumatic hemor-
rhagic detachments are referred to as expulsive 
suprachoroidal hemorrhages. In a study on eyes 
undergoing drainage for suprachoroidal hemor-
rhage 33% of the cases were caused by trauma 
and 60% occurred during open globe surgery 
[50]. The visual acuity is usually poor or even 
no light perception (NLP). The IOP at presenta-
tion is low due to destruction of the eyewall; and 
it may maintain at a low, normal, or high range 
after the wound or incision water-tight closure 
[16, 51]. It can be complicated by progressive 
corneal edema, iris incarceration, vitreous incar-
ceration, pupillary block, lens damage, lens- 
cornea touch, chorioretinal apposition to the 
posterior lens capsule, central retinal apposi-
tion, giant retinal tear, rhegmatogenous retinal 
detachment, retinoschisis, retinal incarceration, 
vitreous base avulsion, vitreous hemorrhage, 
complete disorganization or herniation of intra-
ocular contents, intraocular foreign body, and 
phthisis [12].

During the ocular  surgery, the early signs of 
expulsive choroidal hemorrhage include: 
patient’s complaint of severe pain of the eye; tac-
tile of the eyeball is firmness because of the ele-
vated IOP; dark mounds of the choroid can be 
seen through the pupil; loss of red reflex; anterior 
chamber bleeding/shallowing; bulging of lens, 
etc. It is important for the surgeon to be alert for 
the early signs of an expulsive hemorrhage, 
because the eye frequently can be saved if the 
wound can be closed [12].

During a choroidal detachment, a shallow 
anterior chamber is commonly seen. The shallow 
anterior chamber can be caused by a sagittal 
compression of the vitreous from the anterior dis-
placement of the choroid, which then causes a 
blockage of the pupil by the vitreous or lens, and 
anterior rotation of the ciliary body base due to 
the detachment. Accumulation of fluid in the 
supraciliary space appears to be the main cause 
of an associated secondary angle closure, and this 
observation has been supported with ultrasound 
biomicroscopic studies [22, 52].
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B-scan ultrasonography
It can be used to document not only the location 
and height of the detachment, and is useful in 
differentiating between serous and hemorrhagic 
choroidal detachment. The fluid in a serous 
detachment is much less echo-dense than blood 
[45] (Figs.  8.3 and 8.4). In expulsive hemor-
rhagic choroidal detachment, massive dome-
shaped or “kissing” choroidal hemorrhage with 
high reflection occupying the eye ball can be 
detected in the ultrasonography (Fig.  8.5). It 
can also be used to determine the dynamics of 
blood liquefaction to determine proper timing 
for drainage. Initially, fresh blood and clots are 
imaged as a large mass of highly reflective 
material. Over time, as the blood in the supra-
choroidal space begin to liquefy, the reflections 
on ultrasonography become lower and more 
regular, eventually ending up with diffuse low 
reflective opacities that may be observed to 
move on dynamic examination. The average 
time of blood liquefaction is 15 days [45, 51, 
53, 54].

Orbital Magnetic resonance imaging (MRI) 
and computed tomography scan (CT)
Orbital MRI and CT may also be used to deter-
mine the presence and underlying cause of cho-
roidal detachment; however, they may be less 
accurate than B-scan ultrasonography and ultra-
sound biomicroscopy [9, 55].

8.3.3  Choroidal Avulsion

Choroidal avulsion is usually secondary to a 
severe ocular trauma, particularly an open one. It 
can be caused by explosive injury, blunt object 
injury, sharp object injury, and traffic accident.

Ophthalmic examination shows low visual 
acuity ranges from NLP to LP; low intraocular 
pressure; corneal striae; disarrangement of intra-
ocular structure; massive vitreous or choroidal 
hemorrhage; detachment of the retina and/or cho-
roid, and/or cyclodialysis. Intraoperative findings 
of choroidal avulsion indicate severe separation 
of choroid and several choroid residuals with dif-
ferent densities attached on the sclera at the cho-
roidal detachment area [25, 56] (Fig. 8.6).

B-scan ultrasound of choroidal avulsion 
reveals subretinal sonographic signal emerging 
from the ocular wall and extending into the  center 
of the vitreous cavity, with or without connection 
with the ciliary body [25, 56].

8.4  Treatment of Choroidal 
Injury

8.4.1  Choroidal Rupture

For the treatment of choroidal rupture, there are 
currently no medications or surgical procedures 
available that particularly effective. However, a 

Fig. 8.3 B-scan ultrasonography of serous choroidal 
detachment after glaucoma surgery. (Left) Preoperative 
B-scan ultrasonography of an appositional bullous serous 
choroidal detachment with low echo-dense. The case was 

drained with anterior chamber infusion and transconjunc-
tival cannula placement at the suprachoroidal space. 
(Right) 1 week postoperatively the choroidal detachment 
was completely resolved [53]
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few case reports have suggested that the intravit-
real injection of expandable gases, such as SF6 or 
C3F8, or along with tissue plasminogen activator 
can have a positive therapeutic effect on treating 
choroidal ruptures with newly incurred subretinal 
hemorrhage [57–59]. This treatment is performed 
in the hope that the expandable gas in combina-
tion with the prone position would push the hem-
orrhage beneath the macula to the periphery of 
the eye in order to restore the patient’s central 
vision [57].

The wound of choroidal ruptures requires no 
treatment. Fibrovascular proliferation seals the 
rupture, and a hyperplastic pigment epithelial 
scar forms [6]. Neovascularization occurs in the 
area of rupture, but should regress over the first 
few weeks. The healing process is complete in 3 
weeks. Instead, during one to several years after 
injury, patients should have regularly scheduled 
fluorescein examinations to detect CNV, after 
which one or more of several treatment modali-
ties may be considered [4].

Laser Photocoagulation
Laser  was used in the treatment of extrafoveal 
CNV from choroidal ruptures as early as the 
1970s. The limited case reports in the literature, 
however, point to early resolution of subretinal 
fluid and hemorrhage, followed by a high rate of 
recurrence [2, 60–62]. The majority of CNVs 

were subfoveal, making laser photocoagulation 
less attractive as a treatment.

Photodynamic Therapy (PDT)
In a study of 26 young patients with CNV follow-
ing traumatic choroidal rupture, PDT shows 
encouraging results in stabilizing CNV with 
absence of leakage on FFA, and improving visual 
acuity with a follow-up period of 30 months [38] 
(Fig.  8.2). However, several case reports and 
small case series consistently demonstrate that 
PDT produces a short-lived resolution of leakage 
and CNV regression, with subsequent recurrent 
CNV, resulting frequently in vision loss over the 
long term [28, 63].

Pharmacologic Therapies
The advent of anti-vascular endothelial growth 
factor (VEGF) agents in ophthalmology offered 
a novel approach to the treatment of choroidal 
rupture- related CNV. But there was no standard-
ized protocol for initiation or re-treatment with 
injections. Studies reported that monoclonal 
anti- VEGF (bevacizumab) intravitreal injection 
can produce an improvement in visual acuity and 
resolution of leakage within the posterior pole 
during the follow-up period of 6-month and 
2-month, 6-week, respectively [64–66]. A case 
series reported that 8 of 101 eyes developed 
CNV after choroidal ruptures were treated with 

Fig. 8.4 (Left) B-scan ultrasonography of limited hemorrhagic choroidal detachment after trabeculectomy with highly 
reflective material. (Right) The choroidal detachment was almost resolved 10 days after drainage surgery
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intravitreal anti-VEGF injections (either bevaci-
zumab or aflibercept). The mean follow-up inter-
val was 2.9 years. Patients responded well 
anatomically and vision remained stable after a 
median of two intravitreal anti-VEGF injections 
[36]. Early intravitreal anti-VEGF injection 
could also be an effective treatment option for 
patients with vision loss associated with trau-

matic choroidal rupture and subretinal fluid 
within the posterior pole before development of 
CNV [67]. Although there are no reports of more 
long-term follow-up, the limited data suggest 
that anti-VEGF agents may increase the likeli-
hood of photoreceptor recovery and may pro-
duce a more durable response when compared 
with laser or PDT [2, 68].

Fig. 8.5 B-scan ultrasonography of expulsive supracho-
roidal hemorrhage (ESH) after cataract surgery. (Top left) 
Preoperative B-scan ultrasonography showed massive 
dome-shaped choroidal hemorrhage with high reflection 
occupying the eye ball. Suprachoroidal injection of tPA 
was performed on the 6th day of ESH. (Top right) One 
day postoperatively the blood liquefied, and the reflec-
tions on ultrasonography become lower and more regular, 
so drainage surgery combined with vitrectomy was per-

formed. (Bottom left) 10 days after the drainage surgery, a 
small range of hemorrhagic choroidal detachment still left 
in the inferior quadrant, a secondary drainage surgery was 
conducted for a more complete removal of the hemor-
rhage. (Bottom right) The hemorrhage decreased remark-
ably 1 month postoperatively. The visual acuity improved 
from light perception at the base line to 0.2, 8 months after 
the surgery
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Surgery
Limited case reports and case series report some 
successful surgeries (pars plana vitrectomy, 
access retinotomy, and extraction of subfoveal 
CNV membrane) for CNV with associated sub-
retinal hemorrhage. Visual acuities can be stable 
at 20/15–20/50 up to 7–39 months after surgery 
[28, 69–71].

Prognosis
Certain factors have been identified that adversely 
affect visual recovery in patients with choroidal 
ruptures. Associated macular hole, macular pig-
mentary disturbance, choroidal neovasculariza-
tion, and optic atrophy generally result in lesser 
amounts of visual recovery [28, 69–71]. 
According to the Massachusetts Eye and Ear 
Infirmary study of 111 cases, most patients with 
traumatic choroidal rupture do not achieve final 
VA of 20/40 or better [28].

8.4.2  Choroidal Detachment

Conservative Treatment for Serous Choroidal 
Detachment and Limited Hemorrhagic 
Choroidal Detachment
Most serous choroidal detachments and limited 
hemorrhagic choroidal detachments occur due to 

post-operative hypotony. If post-operative hypot-
ony is secondary to a wound leak, Seidel’s test 
should be performed to confirm the presence and 
location of the aqueous leak. If it is a mild leak, 
the wound will likely self-resolve. If it is a mod-
erate wound leak, but the anterior chamber is still 
of adequate depth, a bandage contact lens can be 
applied to promote reepithelialization and pre-
vent lid interaction with the cornea [49, 72]. If the 
anterior chamber is shallow, or the intraocular 
pressure continues to be low despite treatment, 
surgical repair is essential [9].

Post-operative choroidal detachments are usu-
ally localized and have little effect on visual acu-
ity. They will resolve spontaneously as the 
intraocular pressure (IOP) rises. Management is 
usually conservative and includes cycloplegics 
and steroids [23, 73]. Cycloplegia is used to pre-
vent iridocorneal interactions from an anteriorly 
shifted lens–iris diaphragm, as well as to rotate 
the ciliary body posteriorly to deepen the anterior 
chamber [9, 49]. Topical steroids are used to 
reduce inflammation and stop transudation of 
fluid from choroidal capillaries in to the supracho-
roidal space [74]. Oral steroids may be com-
menced if the topical therapy does not improve 
the condition, or if it is a severe detachment [9]. In 
some cases of hemorrhagic detachments, intraoc-
ular pressure may be elevated and thus topical 

Fig. 8.6 (Left) Fundus picture taken during the surgery 
showed temporal choroidal avulsion ranged from 8 to 11 
o’clock and close funnel-like retinal detachment after 
ocular rupture of the right eye by traffic accident. The 
patient underwent choroid suture combined with vitrec-

tomy and silicone oil tamponade. (Right) Fifteen months 
after the surgery, the choroid and retina reattached well, 
and the best visual acuity improved from no light percep-
tion to 0.05
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beta blocker and oral carbonic anhydrase inhibitor 
medications are recommended [45]. Most cases 
will resolve within 7–10 days as the  intraocular 
pressure normalizes [46]. Conservative manage-
ment leads to better visual outcomes [75].

Surgery for choroidal drainage is indicated 
when there is non-resolving detachment with 
conservative management, when severe anterior 
chamber shallowing occurs, or when vitreous or 
retinal incarceration is present [50, 76, 77] 
(Figs. 8.3 and 8.4).

Emergency Management of Expulsive 
Choroidal Hemorrhage
When expulsive choroidal hemorrhage occurs in 
open globe injury or during ocular surgery, the 
key to saving the eye is to stop the bleeding which 
is achieved by immediate wound closure; the IOP 
elevates and the bleeding soon tamponades itself 
[12]. Several methods can be conducted to close 
the eye. Suture the wound if there is time for the 
introduction of sutures [18]. If there is no pre-
placed suture and no time to introduce sutures, 
apply digital pressure or use strong forceps to 
approximate the wound lips. Temporary kerato-
prosthesis can be used to close even large wounds, 
such as penetrating keratoplasty [12]. Ideally 
wound closure should be water-tight without tis-
sue incarceration. If incarceration exists, it is 
advisable to defer repositioning of ocular tissues 
until the time of secondary repair. Primary drain-
age of hemorrhagic choroidal detachment should 
be avoided if possible [78]. High-dose systemic 
and topical corticosteroids are beneficial during 
the immediate post-operative period, which may 
decrease ocular inflammation and may help pre-
vent permanent apposition of the retina to the iris 
and other anterior structures [79].

Drainage Surgery and Vitrectomy of Serous 
and Hemorrhagic Choroidal Detachment In 
eyes with serous choroidal detachments, the indi-
cations for drainage were persistent (≥3 months) 
and nearly appositional serous choroidal detach-
ments [53]. As for hemorrhagic choroidal detach-
ment, although the optimal timing for secondary 
drainage is controversial, most retinal surgeons 
will wait 7–14 days for the choroidal hemorrhage 
to liquefy, which can be determined by B-scan 

ultrasound [78]. Too early drainage prevents 
thrombus formation and may exacerbate the con-
dition [12]. For patients with severe open globe 
injuries, 7–14 days after the injury is also an opti-
mal timing, which gives the advantage of per-
forming vitrectomy in a quite eye mostly with a 
clear cornea, posterior hyaloidal detachment, less 
proliferative vitreoretinopathy, and without any 
new hemorrhage and leakage [80].

We prefer a suprachoroidal injection with tis-
sue plasminogen activator (tPA) (10μg/0.2 ml) at 
the site of hemorrhagic choroidal detachment 1 
day before the drainage surgery for a complete 
hemorrhagic liquefication [81].

An important principle in the management of 
serous or hemorrhagic choroidal detachment is 
the avoidance of hypotony and the maintenance 
of constant infusion pressure in the eye. Often the 
infusion port cannot be placed through the pars 
plana site because of choroidal edema and ante-
rior displacement of the retina. The infusion port 
usually is moved anteriorly to the limbus. The 
optimal site of draining is at the highest point of 
choroidal detachment, as determined by echogra-
phy. The traditional method to drainage the 
suprachoroidal liquid is through an adequate 
radial scleral incision. Vitrectomy can be con-
ducted at the limbus or through the par plana. 
Liquid perfluorocarbon could be used to expand 
the intraocular space, and its specific gravity 
allows drainage of the hemorrhage to proceed 
from posterior to anterior for a more complete 
drainage of the hemorrhage. If necessary, a new 
infusion port can be placed through the pars plana 
for further vitrectomy [12, 78] (Fig. 8.7).

With the development of surgical technique, 
transconjunctival drainage of serous or hemor-
rhagic choroidal detachment with a 20-gauge, 
23-gauge, or 25-gauge trocar/cannula system 
seems to be a feasible and simple surgical option 
with minimal scleral and conjunctival damage.

Tommaso et al. placed an infusion line in the 
anterior chamber and a 23-gauge vitrectomy can-
nula in 3.5 mm from the limbus. The cannula was 
inserted along the meridians where the ultra-
sound showed the most prominent choroidal 
detachment and to angle them as much as possi-
ble in the insertion maneuver. As the blood flowed 
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out, the choroidal detachment visibly recessed. 
At this point, 23G vitrectomy can be performed 
through the limbus, and then through the pars 
plana when the choroidal detachment almost 
resolved, while the drainage cannula is left open 
to drain any additional choroidal blood. 
Perfluorocarbons was used for further complete 
drainage, and finally, the vitreous cavity was 
filled with silicone oil [51].

To avoid the potential risks of pars plana 
drainage to the retina and choroid, Flavio A. et al. 
used 25-gauge cannulas for serous choroidal and 
20-gauge cannulas for hemorrhagic choroidal 
detachment drainage, respectively. They chose to 
place them further posteriorly (7.0 mm from lim-
bus), guided by ultrasonography, to achieve a 

more complete drainage without the need for 
pars plana vitrectomy and use perfluorocarbons/
silicone oil to push fluid/hemorrhage posteroan-
teriorly. In this manner, they assure that the pars 
plana is reattached and only need to then perform 
pars plana incisions in cases that have other con-
comitant comorbidities that require vitrectomy. 
They suggest that 23-gauge may work just as 
well as the 25-gauge system for serous drainage; 
but in eyes with hemorrhagic choroidal detach-
ment, 20-gauge can be used to benefit a wider 
section and to allow a better flux and easier 
release of small clots compared with 23- and 
25-gauge cannulas [53].

Combined vitrectomy and additional proce-
dures are indicated when there is vitreous or retinal 

Fig. 8.7 tPA assisted vitrectomy in expulsive choroidal 
hemorrhage complicating cataract surgery. (Top left) tPA 
(10μg/0.2 ml) was injected into the suprachoroidal space; 
Surgery was performed the next day after tPA injection. 
(Top right) Sclerotomy was performed at the highest point 
of choroidal detachment to drain the liquefied hemorrhage 

with anterior chamber maintainer. (Below left) Vitrectomy 
was conducted with a pars plana infusion, fundus exami-
nation showed hemorrhagic choroidal detachment left in 
the inferior quadrant. (Below right) Sclerotomy at a new 
site was conducted for a more complete drainage of the 
hemorrhage
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incarceration, vitreous hemorrhage, retinal breaks, 
and rhegmatogenous retinal detachment, etc.

Prognosis
An expulsive choroidal hemorrhage has a histori-
cally poor prognosis, much worse than a post- 
operative serous or limited hemorrhagic choroidal 
detachment has. In globe traumatic ruptures com-
plicated by massive choroidal hemorrhage, uveal 
prolapse and retinal detachment, visual acuities 
sometimes can improve from LP preoperatively 
to 20/70–1/200 postoperatively after treated with 
choroidal hemorrhage drainage combined with 
vitrectomy and silicone oil injection [82].

8.4.3  Choroidal Avulsion

Choroidal avulsion should be managed by sur-
gery to reduce the incidence of the intraocular 
low pressure, and to facilitate retinal reattach-
ment, which is essential for visual improvement 
and appearance of the eyeball.

Repairment of choroidal avulsion can be con-
ducted at the same time as the pars plana vitrec-
tomy at 7–14 days after the injury. At this time, 
the choroid is not atrophic and stiff. However, the 
detached choroid could not be mobilized and 
could not be reattached to the inner surface of the 
sclera, either by intraocular perfluorocarbon liq-
uid or by scleral buckling. Several methods were 
reported to reattach the choroid. According to the 
scope of the avulsion, Jin M et  al. conducted 
scleral incisions involving the whole scleral 
layer, and sutured the avulsive choroid back to 
the inner surface of the sclera using 10-0 nylon 
suture before the scleral incision was closed. 
Then perfluorocarbons and silicone oil are 
injected into the vitreous cavity for further retinal 
and choroidal reattachment [25].

YR Jiang et al. injected fibrin glue (TianXiu 
Co., Guangzhou, China) into the suprachoroidal 

space between the detached choroid and the 
sclera after an air-fluid exchange was performed 
to prevent the glue from overflowing from the 
suprachoroidal space into the vitreous cavity. 
Five minutes later, when the fibrin clot started to 
form, silicone oil was injected into the vitreous 
cavity to attach the retina and to indirectly press 
the choroid against the sclera [56].

We use a simple technique, continuous mat-
tress suture to repair the choroidal avulsion. 
During pars plana vitrectomy, a 27-gauge nee-
dle with a 10-0 suture enters the vitreous cavity 
from pars plana on the opposite side of the cho-
roidal avulsion, and passes through the area of 
avulsive choroid and sclera to outside of eyeball 
wall. The top of the 10-0 suture is pulled and 
held. The needle tip is pulled back into vitreous 
cavity and then passes through the choroid and 
sclera repeatedly with half o’clock interval. In 
every procedure of threading the 10-0 suture 
forms a loop, and top of the suture passes 
through the loops continuously. When choroidal 
and scleral suturing finished, the locking-suture 
loop is adjusted and tied. More than one suture 
entrance from the pars plana maybe need if the 
scale of choroidal avulsion larger than three 
quarters. However, this method is difficult to 
reattach avulsing choroid in posterior, because it 
is difficult to get the needle out at the posterior 
pole (Fig. 8.8).

For patients with cornea opacity, such as cor-
nea blood staining, choroidal and ciliary body 
suture also can be conducted under direct vision 
or under temporary keratoprosthesis before pen-
etrating keratoplasty (Fig. 8.8 bottom right).

Prognosis
Choroidal avulsion is still a severe condition in 
ocular trauma. There is no perfect method to 
repair serious choroidal avulsion yet. Low IOP is 
always an annoying situation after choroidal 
avulsion repairment.
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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.

Keywords
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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

9 Complicated Ocular Trauma with Corneal Opacity



86

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

9 Complicated Ocular Trauma with Corneal Opacity



88

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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Traumatic Giant Macular Hole

Tingkun Shi, Qi Zhang, and Haoyu Chen

Abstract

Traumatic giant macular hole is the full- 
thickness defect of fovea caused by blunt 
trauma and with a diameter of more than 
1500 μm. The pathogenesis may be vitreofo-
veal traction caused by global expansion dur-
ing contusion, or the inflammation and 
necrosis of the retina after injury. Optical 
coherence tomography can confirm the diag-
nosis and quantitatively measure the diameter. 
Traumatic giant macular hole is difficult to 
close, even after surgery. Several surgical 
techniques, including inverted internal limit-
ing membrane (ILM) flap, autologous ILM 
transplant, autologous platelet implantation, 
amniotic membrane plug, and autologous reti-
nal transplant have been shown to promote the 
closure of giant macular hole.

Keywords

Giant macular hole · Traumatic macular hole  
Optical coherence tomography · Internal 
limiting membrane flap

10.1  Introduction

Traumatic giant macular hole is a rare clinical con-
dition. It usually refers to the macular hole caused 
by blunt trauma and with a diameter of more than 
1500 μm. Traumatic giant macular hole is difficult 
to close spontaneously, even after an operation. 
Several surgical techniques may promote the clo-
sure of a traumatic giant macular hole. But the 
visual outcome may still be not improved, which 
remains a challenge. This chapter discusses the 
definition, clinical manifestation, diagnosis, and 
management of traumatic giant macular hole.

10.2  Definition

Macular hole is the full-thickness neurosensory 
retina defect at the fovea. Although most macular 
hole patients are idiopathic, there are several 
causes of secondary macular hole—ocular 
trauma, high myopia, proliferative diabetic reti-
nopathy, Alport syndrome, etc. Most traumatic 
macular hole cases occur in ocular contusions; a 
small number of cases happened in open globe 
injury, laser and solar damage [1–3]. Unlike idio-
pathic macular hole, traumatic macular hole 
more commonly occurs in adolescents, more 
male than female, with age ranges from 15- to 36 
years old, mean 22 years. Most of the injuries are 
small spherical subjects, such as tennis, badmin-
ton, plastic bullets, and golf balls. It may occur 
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either at the time of injury or following the reso-
lution of commotio retinae [4]. The mechanism 
of traumatic macular hole from a blunt ocular 
trauma was theorized that a sudden compression 
and expansion of the globe that produces signifi-
cant stress on the fovea, which would lead to 
severe traction from vitreous to the fovea, and 
formation of the macular hole [5]. Another pos-
sible mechanism was thought due to inflamma-
tion and necrosis of the retina after blunt 
contusion. They are often concurrent with other 
changes, such as choroidal rupture, contusions of 
the retinal neurosensory and pigmentary epithe-
lial layers, subretinal hemorrhage, equatorial 
breaks, and retinal dialysis [6].

The size of a macular hole is an important 
parameter that affects the visual acuity and the 
outcome after surgical intervention. The larger 
the diameter, the more difficult the macular hole 
closes after surgical intervention. However, there 
was no consistent definition of “large macular 
hole.” Some articles used >400 μm as the criteria 
[7], while some others used >700 μm [8]. Also, 
the definition of a giant macular hole is not con-
sistent. Few articles used the basal diameter as 
the measurement [9], but most accepted opinion 
is the minimal diameter of the hole should be 
measured and used as the criteria. In an article by 
Dr. Lyu, minimal diameter ≥700 μm was used to 
define a giant macular hole [10]. While some 
other articles used the criteria of 1500 μm [11, 
12]. In our opinion, minimal diameter >1500 μm 
is a good definition for a giant macular hole. The 
optic disc’s diameter is about 1500 μm, and it can 
be easily used as a reference.

Giant macular hole is a rare condition. There 
are no large case series, but only some case reports 
in the literature. The cause of giant macular hole 
in the case reports includes Alport syndrome [11], 
choroiditis [13], retinal pigment epithelial tear 
[14], and blunt trauma [9, 12, 15–17].

10.3  Symptoms and Signs

The patient sustained with traumatic macular 
hole mostly complained of severe decreased or 
loss of central vision, metamorphopsia or central 

darkness and combined other traumatic symp-
toms, such as pain, photophobia, tears, and 
blepharospasm. On biomicroscopic examination, 
macular hole is a round or oval hole with sharp 
edges in the fovea. But some traumatic macular 
holes have more irregular edges and sharp bound-
aries [5]. If the macular hole’s size is larger than 
the optic disc, it is likely a giant macular hole. 
The bottom of the hole is crimson (the color of 
deep choroidal vascular). Light band interruption 
can be visible under the ophthalmoscope with slit 
light, and a white halo around the hole can be 
seen when subretinal fluid is present. Optical 
coherence tomography (OCT) provides in  vivo 
high-resolution cross-sectional images of retinal 
tissues’ microstructure. OCT can not only dem-
onstrate the full-thickness defect at the fovea, but 
also quantitatively measure the diameter and 
show the accompanied changes such as intrareti-
nal cyst and commotio retinae.

10.4  Diagnosis

The diagnosis criteria mainly depend on the his-
tory of trauma or exposure to solar or laser and 
full thickness of neurosensory retina defect at the 
fovea. OCT could confirm the diagnosis and 
measure the minimal diameter of the macular 
hole. When the minimal diameter ≥1500  μm, 
giant macular hole can be diagnosed.

10.5  Treatment

 1. Follow-up and observation

It was reported that a significant proportion of 
traumatic macular holes could close spontane-
ously (25–66.7%) [18–21]. Our previous study 
found that 37% of traumatic macular holes closed 
spontaneously. Smaller minimal diameter and 
fewer intraretinal cysts are the predictive factors 
for spontaneous closure. Therefore, the giant 
macular hole cannot close spontaneously. There 
was no literature report on this case.

While, on the other hand, a giant macular hole 
is difficult to close even after surgery. Therefore, 
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some doctors choose not to operate [16]. If there 
is no retinal detachment, observation may be a 
good option for a giant macular hole. However, 
some giant macular hole may develop to retinal 
detachment [17]. Therefore, the patients should 
be followed up and informed of the risk of retinal 
detachment. And in case retinal detachment 
occurs, vitreoretinal surgery is recommended to 
prevent the development of phthisis bulbi.

 2. Drugs

Inflammation and macular edema play a role 
in the pathogenesis of macular hole formation. 
Therefore, modalities to reduce inflammation 
and eliminate edema may promote the closure of 
the hole. There are some case reports that macu-
lar hole closed after topical corticosteroid [22], 
non-steroidal anti-inflammatory drugs [23], and 
carbonic anhydrase inhibitor [24], peribulbar ste-
roid injection [25] treatment. However, these 
cases are small. Giant macular holes are unlikely 
to close with these drugs. There was no report of 
giant macular hole treated with medicine.

 3. Surgery

Since giant traumatic macular hole cannot 
close spontaneously or by medicine, vitreoretinal 
surgery is the only way to close the hole. 
Traditionally, the macular hole surgery approach 
includes posterior vitreous vitrectomy, ILM peel-
ing, gas tamponade, and face-down position. 
However, the anatomical and functional outcome 
of this technique for large macular hole is lim-
ited. Additional approaches have been applied to 
close large or refractory macular holes. Since a 
giant macular hole is rare, it is difficult to recruit 
enough cases for clinical trials. Therefore, the 
evidence from large or refractory macular hole 
was adopted.

Michalewska et  al. [26] compared inverted 
ILM flap with standard 3-port pars plana vitrec-
tomy and found that inverted ILM flap technique 
improved the closure rate (98% vs 86%) and 
postoperative visual acuity (Mean 0.17 vs 0.28) 
in macular holes with a diameter greater than 

400 μm. They hypothesized that the inverted ILM 
flap technique stimulates the proliferation of glial 
cells that fill macular holes, thereby enhancing 
closure and improving postoperative visual acu-
ity. This is a very useful technique and can be 
used in large or giant macular hole cases. It was 
reported that a macular hole with 2845  μm in 
diameter was closed by the inverted ILM flap 
technique [27].

Inverted ILM flap may be difficult in the 
cases with macular neurosensory retinal atro-
phy or previous macular surgery whose foveal 
ILM was already removed. ILM transplantation 
can be used in these situations. Morizane et al. 
[28] reported that autologous transplantation of 
ILM may contribute to improved anatomic and 
visual outcomes in the treatment of refractory 
macular holes caused by idiopathic or traumatic 
or other etiologies.

Autologous platelet implantation is another 
strategy to promote the closure of macular hole. 
It was reported that 62 macular holes operated 
with autologous platelet-rich plasma closed com-
pared to 11  in 152 macular hole remains open 
after the conventional technique [29]. There was 
a report of chronic and giant traumatic macular 
hole with a base diameter of 3000 μm closed with 
autologous platelet implantation [9]. Another lit-
erature reported a giant traumatic macular hole 
with retinal detachment closed with a combina-
tion of inverted ILM flap, autologous platelet 
implantation, and silicone oil tamponade [17].

Besides, the human amniotic membrane plug 
was also used to treat failed macular holes 
resulting in closure and visual improvement in 
36/36 (100%) patients [30]. But there was no 
report of an amniotic membrane plug for giant 
macular hole.

Recently, autologous retinal transplant was 
used to treat macular holes and results in 89.2% 
closure [30]. It was even reported that the autol-
ogous retinal transplant vascularization and 
reperfusion were observed using optical coher-
ence tomography angiography for giant macu-
lar hole [31]. There was a case report using 
autologous retinal graft to close a giant macular 
hole [15].
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10.6  Case

A 34-year-old female presented to our hospital 
emergency department with sudden decreased 
vision and pain after hit by a fist in her left eye 
2  h ago. On examination, her left eye best- 
corrected visual acuity was HM, and her right eye 
was 0.5 after corrected by −22.0 DS/−2.5 DC × 
180. Anterior segment and intraocular pressure 
were normal in both eyes. Fundus examination 
revealed mild vitreous hemorrhage and a 
1836  μm diameter full-thickness macular hole 
with surround retinal detachment confirmed by 
spectral-domain optical coherence tomography 
in the left eye (Fig.  10.1). Fundus examination 

was normal in the right eye except for extensive 
tessellated changes.

Surgical repair was performed with 23-gauge 
pars plana vitrectomy, posterior hyaloid detach-
ment. Liquid perfluorocarbon (PFCL) was 
injected over the macular area, and peripheral vit-
reous was removed. The flap of the inner limiting 
membrane was inverted and covered the macular 
hole, air-fluid exchange was applied to remove 
the PFCL, and silicone oil tamponade.

Postoperative topical use of 0.5% ofloxacin 
eye drops to prevent infection and anti- 
inflammatory treatment with 1% prednisone ace-
tate eye drops four times a day for 2 weeks. Prone 
poisoning was strictly maintained at the first 
week after surgery. One week after the surgery, 

a b

c d

Fig. 10.1 High myopia patient with traumatic macular 
hole. (a) Color fundus photograph shows a giant full 
thickness and irregular circle macular hole combined with 
posterior retinal detachment; (b) Optical coherence 
tomography confirmed the giant macular hole; (c) Color 

fundus photograph shows the macular hole closed and 
retinal reattached tamponade with silicone oil 1 week 
after the vitreoretinal surgery. (d) Corresponding optical 
coherence tomography shows the retinal reattached and 
the macular hole closed

T. Shi et al.
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the macular hole had closed with the retina reat-
tached under silicone oil. After 10 months, her 
best-corrected visual acuity was improved to 
0.16 and the macular hole remained closed.

10.7  Personal Experience

The counseling before the operation should be 
detailed. The doctors should provide the follow-
ing information to the patient: (1) The incidence 
of giant traumatic macular hole is low. And there-
fore, there is no strong evidence in the literature 
on any treatment of natural history; (2) Although 
about 1/3 of traumatic macular hole may close 
spontaneously, giant traumatic macular hole is 
unlikely to heal itself; (3) Giant macular hole 
may progress to retinal detachment; (4) Drug is 
unlikely effective on giant macular hole; (5) 
Operation may close the macular hole and 
improve visual acuity, but the larger the macular 
hole is, the lower possibility of macular hole clo-
sure after operation; (6) The patient needs to keep 
a prone position for some time after operation; 
(7) There may be intraoperative and postopera-
tive complications. Then, discuss whether he/she 
receive a vitreoretinal operation to close the hole 
with the patient. If the patient decides not to 
receive an operation, he/she should be followed 
up, and when there is retinal detachment, opera-
tion is indicated.

Several techniques may promote the closure of 
the macular hole. Peeling of the inner limiting 
membrane can release the centrifugate tangential 
traction force. It may be difficult peeling of ILM in 
traumatic giant macular hole due to the ILM adhe-
sion to neurosensory retina tightly after injury, 
especially the cases with neuroretina atrophy. 
Staining with indocyanine green (ICG) or brilliant 
blue G can facilitate ILM peeling. However, cau-
tion must be taken to avoid the toxicity of the dye, 
especially ICG. Use of perfluorocarbon liquid or 
viscoelastic may prevent the contact of dye with 
retinal pigment epithelium. Besides ILMP, several 
techniques can be used to provide a bridge for the 
proliferation of retinal glia to heal the macular 
hole, including inverted ILM flap, free ILM flap, 
posterior capsule, and amniotic membrane patch. 

In our opinion, the inverted ILM flap is recom-
mended because it is relatively easier and unlikely 
to dislocate during the following procedures and 
after the operation. Other techniques can be used if 
the ILM around the macular hole has been removed 
or very difficult to peel. Retinal transplant is a 
recently introduced technique and has shown 
promising efficiency.

The tamponade at the end of surgery would be 
performed using C3F8 or air or silicone oil. For 
traumatic giant macular holes, we prefer silicone 
oil tamponade. Silicone oil can last a longer time, 
sufficient for the long time duration of giant mac-
ular hole healing. The patients are instructed to 
keep a prone position after the operation. The 
duration of the prone position is controversial in 
the literature. We suggest monitoring the mor-
phology of the macular hole after operation using 
OCT. When OCT found that the macular hole has 
closed, the patient does not need to keep the 
prone position.

10.8  Specific Challenges

Most macular holes can be closed with the advan-
tage of surgical techniques, even some giant mac-
ular holes. However, the visual outcome is still a 
challenging problem in giant macular hole. Some 
patients may get functional improvement, while 
some may still suffer a central scotoma. There are 
some possible explanations. First, the retinal tis-
sue may be insufficient to heal the giant macular 
hole, especially the photoreceptor. The hole is 
healed mostly by the proliferation of retinal glia. 
Second, the free ILM flap inside the macular hole 
may prevent the complete recovery of the photo-
receptor. Third, the dye used for ILM staining 
may cause toxicity of retinal pigment epithelium 
and photoreceptor. Forth, ILM peeling may dam-
age the retinal nerve fiber layer.

Retinal transplant may provide sufficient reti-
nal tissue to the macular hole. And a case report 
showed that there was vascular reperfusion of the 
graft. However, we still do not know how the 
graft’s neuron reconnect with the surrounding 
retinal tissue. And therefore, the functional recov-
ery may still be limited.

10 Traumatic Giant Macular Hole
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Posterior Polar Ocular  
Perforating Injury
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Abstract

Posterior pole perforating ocular injury 
(PPPOI) is a special type of POI in which the 
exit wound is located at the posterior pole, and 
the suturing of the small exit wound is virtu-
ally impossible due to its location and associ-
ated bad outcomes. The most severe 
complications caused by PPPOI are the direct 
damages to the macular and optic nerve, or the 
sequelae of the intraorbital foreign body, that 
may result in the ultimate irreversible visual 
impairment or blindness. The important issues 
in regard to PPPOI management include tim-
ing of vitrectomy and the disposal of exit 
wound and intraorbital foreign body. These 
issues are discussed in more detail based on 
our experience in this case-series report. The 
main controversies of PPPOI treatment 
appeared to be focused on whether to suture 
posterior pole exit wounds and the removal of 
retained intraorbital foreign body. In this 
chapter, we report a case-series study in order 

to better illustrate the clinical features, surgi-
cal techniques as well as the relative prognos-
tic factors of PPPOI.

Keywords
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Emergency · Vitrectomy · Foreign body  
Suturing

11.1  Introduction

Perforating ocular injury (POI) refers to the pres-
ence of an entrance and an exit wound, and both 
wounds were caused by the same object. Although 
the incidence of POI has been shown to be 0.2–
2.9% in open globe injuries, the injury typically 
resulted in severe ocular complications and poor 
prognosis [1–3]. One option for the treatment of 
PPPOI was to place an autologous tenon capsule 
patch in the posterior exit wound. One common 
postoperative complication of that treatment was 
subretinal membrane proliferations which then 
result in traction with fixed retinal folds around 
the patch [4]. In an attempt to achieve better 
treatment outcomes of PPPOI, we explored new 
ways and surgical techniques to deal with prob-
lems associated with the posterior pole exit 
wound, timing of vitrectomy, and management of 
the intraorbital foreign body. Most of the previ-
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ous POI studies were case reports with no in- 
depth analysis of the clinical characteristics, 
treatment approaches, prognosis, and relative 
risk factors in PPPOI [5–9]. The main controver-
sies of PPPOI treatment appeared to be focused 
on whether to suture posterior pole exit wounds 
and the removal of retained intraorbital foreign 
body. In this chapter, we report a case-series 
study in order to better illustrate the clinical fea-
tures, surgical techniques as well as the relative 
prognostic factors of PPPOI.

11.2  Definition

Posterior pole perforating ocular injury (PPPOI) 
is a special type of POI in which the exit wound 
is located at the posterior pole, and the suturing 
of the small exit wound is virtually impossible 
due to its location and associated bad outcomes.

11.3  Case (Brief Case Report 
Based on Figs. 11.1, 11.2, 11.3, 
and 11.4)

In this retrospective, noncomparative, and con-
secutive case series study, 22 patients with PPPOI 
who underwent combined vitrectomies in Tianjin 
Medical University General Hospital and Xiamen 
Eye Center from November 2010 to December 
2019 were enrolled. In all 22 patients, 20 (90.9%) 
were male and 2 (9.1%) were female. The age 
ranged from 15 to 63 years old with an average of 
41.5 ± 12.1 years. Twenty-one patients presented 
in the emergency within 24  h, and only one 
patient delayed 5 days after injury due to misdi-
agnosis in the local hospital. All patients had dif-
ferent levels of proliferative vitreoretinopathy 
(PVR) after PPPOI which included grade B in 8 
eyes and grade C in 14 eyes. The follow-up 
period ranged from 1 month to 30 months with a 
mean of 6.7 ± 6.6 months.

The diagnosis and classification were per-
formed according to Birmingham Eye Trauma 
Terminology System and Ocular Trauma 
Classification Group [10, 11]. Informed consent 
forms were obtained from all patients, and the 
approval of the Ethics Committee of Tianjin 

Medical University General Hospital and Xiamen 
Eye Center was carried out.

Clinical data including reasons of PPPOI, 
visual acuity, intraocular pressure (IOP), location 
and size of the entrance and exit wounds, con-
comitant damages of intraocular tissues, treat-
ment, outcomes, and postoperative complications 
were collected from the Eye Injury Register of 
Tianjin Medical University General Hospital and 
Xiamen Eye Center in patients with PPPOI.

11.3.1  Case 1

Patient 1 with long iron nail penetrating the eye 
after posterior pole perforating ocular injury. (A, 
B) A 44-year-old man was injured by an iron nail 
on the right eye with the vision of hand move-
ment, and the long iron nail penetrated the eye 
from the cornea to orbit confirmed by CT. (C) The 
slight exudates in the anterior chamber was 
observed 2 days after emergency surgery for 
suturing corneal wound. (D) A large amount of 
vitreous hemorrhage was observed by ocular 
B-scan ultrasonography. (E) The delayed vitrec-
tomy was performed 10 days after primary sur-
gery, and an exit wound was found proximity to 
fovea with hemorrhage overlying and sclera expo-
sure during vitrectomy. (F, G) The injured cornea 
healed well, the scleral scar exposed at the poste-
rior wound, and the optic nerve was atrophy 5 
months after vitrectomy (white arrow). The final 
vision was finger counting at the last follow-up.

11.3.2  Case 2

Patient 2 with final retained intraorbital foreign 
body after posterior pole perforating ocular 
injury. (A) A 43-year-old man was injured by an 
iron dust on left eye during mechanical work 
with the vision of light perception. Slit-lamp 
examination revealed a 3  mm full-thickness 
irregular corneal laceration inferotemporal with 
iris incarcerated in the corneal wound. (B) The 
emergency orbital CT demonstrated a metallic 
foreign body in the orbit of the left eye. (C) The 
corneal wound healed well with posterior syn-
echia of the iris 10 days after the emergency sur-
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gery. (D) The dense vitreous hemorrhage was 
shown by an ocular B-scan examination. (E) 
Delayed vitrectomy was performed 11 days after 
primary surgery, and a self-sealed exit wound 
was observed inferotemporal to the fovea with 
hemorrhage overlying and partial sclera exposure 
during vitrectomy. (F, G, H, I) The injured cornea 
healed smoothly, the retina attached and the pos-
terior wound healed with the scleral scar exposed 
(white arrow), the vitreous cavity was clear, and 
the foreign body lodged in the orbit without 
infection confirmed by orbital CT 5 months after 
vitrectomy. The final best-corrected visual acuity 
(BCVA) was 0.4.

11.3.3  Case 3

Patient 3 with final retained intraorbital foreign 
body after posterior pole perforating ocular 
injury. (A) A 23-year-old man was injured by an 
iron dust on right eye with the vision of no light 
perception. Slit-lamp examination revealed an 
8 mm full-thickness irregular corneal laceration 
from 3:00 directly extending to 7:00, and was 
sutured closely in emergency surgery. (B) The 
emergency orbital CT demonstrated a metallic 
foreign body in the orbit of the right eye. (C) 
The dense vitreous hemorrhage was seen by 
ocular B-scan examination 12 days after repair-
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Fig. 11.1 (a, b) A 44-year-old man was injured by an 
iron nail on the right eye with the vision of hand move-
ment, and the long iron nail penetrated the eye from cor-
nea to orbit confirmed by CT. (c) The slight exudates in 
the anterior chamber was observed 2 days after emer-
gency surgery for suturing corneal wound. (d) A large 
amount of vitreous hemorrhage was observed by ocular 

B-scan ultrasonography. (e) The delayed vitrectomy was 
performed 10 days after primary surgery, and an exit 
wound was found proximity to fovea with hemorrhage 
overlying and sclera exposure during vitrectomy. (f, g) 
The injured cornea healed well, the scleral scar exposed at 
the posterior wound, and the optic nerve was atrophy 5 
months after vitrectomy (white arrow)

11 Posterior Polar Ocular Perforating Injury
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ing surgery. (D) Delayed vitrectomy was per-
formed 13 days after primary surgery, and a 
self-sealed exit wound was observed proximity 
to fovea with hemorrhage covering and partial 
sclera exposure during vitrectomy. (E, F, G) The 
cornea was clear with neovascularization grow-
ing into the scar, the retina attached and the 
scleral scar exposed with the posterior wound 
healed (white arrow), and the retained orbital 
foreign body was stable without infection 30 
months after vitrectomy. The final BCVA 
improved to 0.1.

11.3.4  Case 4

Patient 4 with an iron foreign body penetrating 
the eye after posterior pole perforating ocular 
injury. (A) A 26-year-old woman was injured 
by an iron foreign body in her right eye for 8 h 
on the right eye with the vision of no light per-
ception. And the iron foreign body penetrated 
the eye from cornea to orbit confirmed by CT. 
(B) Slit- lamp examination revealed a 6  mm 
full-thickness irregular corneal laceration from 
4:00 directly extending to 6:00, and was 
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Fig. 11.2 (a) A 43-year-old man injured by an iron dust on 
left eye during mechanical work with the vision of light per-
ception. Slit-lamp examination revealed a 3 mm full-thick-
ness irregular corneal laceration inferotemporal with iris 
incarcerated in the corneal wound. (b) The emergency 
orbital CT demonstrated a metallic foreign body in the orbit 
of the left eye. (c) The corneal wound healed well with pos-
terior synechia of iris 10 days after the emergency surgery. 
(d) The dense vitreous hemorrhage was shown by ocular 

B-scan examination. (e) Delayed vitrectomy was performed 
11 days after primary surgery, and a self-sealed exit wound 
was observed inferotemporal to the fovea with hemorrhage 
overlying and partial sclera exposure during vitrectomy. 
(f–i) The injured cornea healed smoothly, the retina attached 
and the posterior wound healed with the scleral scar exposed 
(white arrow), the vitreous cavity was clear, and the foreign 
body lodged in the orbit without infection confirmed by 
orbital CT 5 months after vitrectomy
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sutured closely after emergency surgery. (C) 
The dense vitreous hemorrhage was shown by 
ocular fundus examination. (D) The vitreous 
hemorrhage was cleared 2 weeks after a 
delayed vitrectomy was observed by ocular 
B-scan ultrasonography. (E) The foreign body 
was removal confirmed by CT. The final BCVA 
improved to 0.4. (F) The fundus image obtained 
2 months after removement of the FB. The ret-
ina was attached and fibrous membrane tied to 
the injured retina.

11.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures, or 
Postoperative Treatment 
for Complications

11.4.1  Pre- and Post-operative 
Examinations and Diagnosis

The diagnosis and classification were performed 
according to Birmingham Eye Trauma 
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Fig. 11.3 (a) A 23-year-old man was injured by an iron 
dust on right eye with the vision of no light perception. 
Slit-lamp examination revealed an 8 mm full-thickness 
irregular corneal laceration from 3:00 directly extending 
to 7:00, and was sutured closely in emergency surgery. 
(b) The emergency orbital CT demonstrated a metallic 
foreign body in the orbit of the right eye. (c) The dense 
vitreous hemorrhage was seen by ocular B-scan examina-
tion 12 days after repairing surgery. (d) Delayed vitrec-

tomy was performed 13 days after primary surgery, and a 
self-sealed exit wound was observed proximity to fovea 
with hemorrhage covering and partial sclera exposure 
during vitrectomy. (e–g) The cornea was clear with neo-
vascularization growing into the scar, the retina attached 
and the scleral scar exposed with the posterior wound 
healed (white arrow), and the retained orbital foreign 
body was stable without infection 30 months after 
vitrectomy

11 Posterior Polar Ocular Perforating Injury
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Terminology System and Ocular Trauma 
Classification Group [10, 11]. The pre- and post-
operative examinations mainly included visual 
acuity, slit-lamp examination, ocular fundus, and 
IOP.  Ocular computerized tomography (CT) 
scanning was performed in all eyes for determin-
ing the foreign body before repairing surgeries in 
an emergency. Ocular B-scan ultrasonography 
was carried out to identify the changes of the pos-
terior segment after the entrance wound sutured.

11.4.2  Surgical Procedures

11.4.2.1  Emergency Repairing 
Surgery

The emergency repairing surgery was performed 
under local anesthesia by retrobulbar and peribul-
bar injections of 2% lidocaine (Tianjin Jinyao 
Pharmaceutical Company, Tianjin, China) in all 
PPPOI patients. In cases of uveal prolapse, an 

attempt was made to reposit the uveal tissue after 
irrigation with balanced salt solution. The globe 
was then closed and secured with nylon suture. 
The orbital foreign bodies were removed by an 
electromagnet in three eyes just after the wound 
closure, and the foreign bodies across the eyewall 
were directly removed by forceps in two eyes 
(Fig. 11.1). Prophylactic intravitreal injection of 
vancomycin (Eli Lilly Italia S.P.A, Italy) 
1 mg/0.1 ml was administered at the end of the 
repairing surgery to prevent the occurrence of 
endophthalmitis. Systemic antibiotics was given 
for 3 days postoperatively, and antibiotic com-
bined with corticosteroid eye drops were used 
three times a day for 1 week postoperatively. The 
postoperative ocular examinations were per-
formed routinely every day for 1 week.

11.4.2.2  Timing of Vitrectomy
The average interval time from primary repair-
ing surgery to delayed vitrectomy was 9.8 ± 5.3 
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Fig. 11.4 (a) A 26-year-old woman was injured by an 
iron foreign body in her right eye for 8 hours on right eye 
with the vision of no light perception. And the iron foreign 
body penetrated the eye from cornea to orbit confirmed by 
CT. (b) Slitlamp examination revealed an 6 mm full-
thickness irregular corneal laceration from 4:00 directly 

extending to 6:00, and was sutured closely after emer-
gency surgery. (c) The dense vitreous hemorrhage was 
shown by ocular fundus examination. (d) The vitreous 
hemorrhage was cleared two weeks after a delayed vitrec-
tomy observed by ocular B-scan ultrasonography. (e) The 
foreign body was removal confirmed by CT
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days with a range from 1 to 21 days. Only one 
patient received early vitreoretinal surgery 1 day 
after repairing surgery for traumatic endophthal-
mitis, and two eyes for suspicious intraocular 
foreign bodies.

11.4.2.3  Vitrectomy
All 23-gauge vitrectomies were performed under 
local anesthesia. Anterior segment reconstruc-
tion was performed by removal of papillary 
membranes, lenticular remnants and condensed 
anterior vitreous. After the vitreous hemorrhage 
had been excised, the retinal tissue and posterior 
wound were exposed, and 0.1 ml triamcinolone 
acetonide (TA) (40 mg/ml, Kungming Jida phar-
maceutical company, Kung Ming, China) was 
injected into eyes to clearly visualizing the tiny 
residual vitreous gel and proliferative mem-
branes [12, 13]. The hemorrhage and prolifera-
tion on the surface of the posterior wound were 
dissected carefully and completely by a vitrec-
tomy cutter. In eyes with the retina incarceration 
or retinal rugosity at the exit wound, prophylac-
tic retinectomy was performed to avoid the post-
operative PVR and tractional retinal detachment 
[14, 15]. Laser photocoagulation was not applied 
routinely if the retina around the posterior wound 
self- sealed and attached well; otherwise, it was 
conducted after air-fluid exchange. In patients 
with concomitant retinal tears besides the poste-
rior wound, laser was performed simultaneously. 
Intravitreal reinjection of 0.1 ml TA (40 mg/ml) 
was performed to prophylactic inhibition of pro-
liferation at the end of the surgery. Silicone oil 
was instilled in eyes with retinal detachment. 
The orbital foreign bodies were taken out by 
electromagnet in four eyes intraoperatively. 
Patients with silicone oil filling were instructed 
to keep face-down position for 2 weeks. In all 
patients, 18 eyes (81.8%) filled with silicone oil, 
2 (9.1%) filled with C3F8, 2 (9.1%) with the bal-
anced salt solution according to the retinal sta-
tus. The antibiotic and corticosteroid eye drops 
were used three times a day for 1 week postop-
eratively. Follow-up was performed daily during 
the first postoperative week, then every week for 
1 month, and every 3 months up to 1 year after 
surgery. Follow-up visits then were performed 

every 6–12 months. Silicone oil removal was 
usually performed around 3 months postopera-
tively, and the intraocular lens (IOL) implanta-
tion was considered simultaneously if 
best-corrected visual acuity (BCVA) was better 
than 0.1 [16].

For the 19 patients complicated with traumatic 
cataract, 15 eyes underwent lensectomy, 4 eyes 
underwent phacoemulsification simultaneously 
during vitrectomy, and 2 eyes performed second-
ary IOL implantation after 5–6 months. Laser 
photocoagulation was applied in 11 eyes around 
the posterior wound due to the local retinal 
detachment among which 2 eyes had prophylac-
tic retinectomy.

11.4.3  Characteristics of Wounds 
in Posterior Pole Perforating 
Ocular Injury

The entrance wounds were located on the cornea 
in 10 eyes (45.5%), on the sclera in 5 eyes 
(22.7%), on the limbus in 2 eyes (9.1%), and 
across the cornea and sclera in 5 eyes (22.7%). 
The average length of the entrance wound was 
4.7 ± 1.3 mm with a range from 3 to 8 mm. Iris 
laceration was observed in four eyes (18.2%).

The detailed information of the exit wounds 
was documented during the vitrectomy. After 
removing the posterior vitreous cortex, the poste-
rior wounds appeared covered with a large 
amount of blood and little fibrous membranes. 
When the hemorrhage and proliferative 
 membrane around the irregular retinal wound 
were carefully cleared away, the irregular exit 
wound presented with a scleral scar covered. The 
unsutured posterior wound sealed very well with-
out any leakages except in two eyes with early 
vitrectomies (Figs.  11.1, 11.2, and 11.3). The 
average length of the posterior wound was 
2.5 ± 0.7 papilla diameter (PD) with a range of 
1–4  PD.  The posterior wounds located at the 
fovea in 4 eyes (18.2%), proximity to the fovea in 
8 eyes (36.4%), and others in 10 eyes (45.5%).

The posterior wound leakage was only found 
in two eyes who underwent early vitrectomy 1 
day after primary surgeries for removing the sus-
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picious intraocular foreign bodies, and the imme-
diate air-fluid exchange was conducted to prevent 
further leakage and waited for the delayed 
vitrectomy.

11.4.4  Visual Acuity

The BCVA ranged from no light perception 
(NLP) to 0.12  in all eyes after PPPOI.  It was 
0.12 in one eye, 0.06 in one eye, finger counting 
(FC) in two eyes, hand movement (HM) in six 
eyes, light perception (LP) in eight eyes, and 
NLP in four eyes. Postoperatively, the final 
BCVA ranged from NLP to 0.6. The vision 
improved in 14 of 22 eyes (63.6%), remained 
stable in 5 eyes (22.7%), and decreased in 3 
eyes (13.6%). In 19 eyes with traumatic cata-
racts, only 2 eyes received secondary IOL 
implantation 5–6 months after vitrectomy, and 
the BCVA improved from 0.06 to 0.6 and from 
HM to 0.4 respectively with IOLs well-centered 
at the last visit.

11.4.5  Management of Intraorbital 
Foreign Bodies

Of the 18 eyes with intraorbital foreign bodies, 
the foreign bodies were extracted by an electro-
magnet in 3 eyes (16.7%) during primary sur-
gery, and in 4 eyes (22.2%) during delayed 
vitrectomy, and retained in 11 eyes (61.1%) for 
hard to be removed.

11.4.6  Anatomic Outcomes

The irregular corneal and scleral wounds healed 
well. All eyes (100%) had a final retinal attach-
ment. Four eyes (18.2%) had recurrent retinal 
detachments which underwent successful 
repeat vitrectomies. Scar tissue with the flat 
edge of the attached retina exhibited around the 
posterior wound in all eyes (100%) (Figs. 11.1, 
11.2, and 11.3). The posterior wounds healed in 
all cases.

11.4.7  Intraocular Pressure

The mean postoperative IOP was 12.0 ± 
3.7 mmHg with a range from 7.1 to 20 mmHg at 
the final follow-up. There was no hypotony or 
elevated IOP.

11.4.8  Comparisons of Factors 
Related to the Final Vision

Fisher’s exact test was used to analyze the factors 
related to a postoperative vision which included 
age, presenting vision, iris laceration, hyphema, the 
anterior wound site and size, the posterior wound 
site, traumatic cataract, PVR, timing of vitrectomy, 
and situation of foreign bodies. The result illus-
trated that the posterior wound located in the fovea 
(P = 0.0000) and PVR at Grade C (P = 0.0001) 
were the related factors to final poor vision.

11.4.9  Postoperative Complications

The postoperative complications mainly included 
secondary glaucoma and optic nerve atrophy in 
one eye (4.5%), and recurrent retinal detachment 
in four eyes (18.2%) which were required repeat 
vitrectomies. There was no incidence of infection 
in retained intraorbital foreign body cases. No 
cases of endophthalmitis and sympathetic oph-
thalmia were noted.

11.5  Personal Experience or 
Matters Need Attention

The most severe complications caused by PPPOI 
are the direct damages to the macular and optic 
nerve, or the sequelae of the intraorbital foreign 
body, that may result in the ultimate irreversible 
visual impairment or blindness. The important 
issues in regard to PPPOI management include 
timing of vitrectomy and the disposal of exit 
wound and intraorbital foreign body. These issues 
are discussed in more detail based on our experi-
ence in this case-series report.
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11.5.1  Timing of Vitrectomy

The purpose of primary surgery is to restore the 
structural integrity of the globe as early as possible 
and to prevent endophthalmitis and further pro-
lapse of intraocular contents in treating POI. We 
had performed all emergency surgeries within 
24 h except one delayed surgery for 5 days due to 
the misdiagnosis of outside referring hospital. 
Vitrectomy plays a crucial role in treating 
POI.  Although the optimal timing of vitrectomy 
remained controversial for the treatment of ocular 
trauma, most of the surgeons advocated an interval 
time of 7–14 days to prevent severe intraocular 
hemorrhage, inflammatory reaction, and over-
whelmed PVR formation [17, 18]. Therefore, the 
factors such as exit wound healing and avoiding 
PVR formation should be considered when PPPOI 
was treated with vitrectomy. In our study, the mean 
interval time between primary surgery and delayed 
vitrectomy was 9.8 ± 5.3 days. All 23-gauge vit-
rectomies were performed under local anesthesia, 
due to the posterior wound healed around 1 week 
after primary surgery. The prompt vitrectomy has 
resulted in better clinical outcomes of exit wound 
healing and less severe PVR formation.

11.5.2  Dealing with the Scleral 
Wound

Is the suturing of a small exit wound necessary 
in PPPOI? Usually, the wound of the eyewall 
should be sutured in time to prevent endo-
phthalmitis or sympathetic ophthalmia in open 
globe injures [19, 20]. However, suturing the 
exit wound is a technical challenge in PPPOI 
due to the unique location at the posterior pole 
of the eye. The improper management of the 
exit wound may result in secondary devastating 
sequels such as traction damage of the optic 
nerve, more prolapse of intraocular contents, or 
even rapid collapse of the globe. It is often nec-
essary to temporarily dissect rectus muscles 
and overstretch the globe to suture the exit 
wound which will then cause possible intraocu-
lar hemorrhage and prolapse of intraocular con-
tents. Since most of the posterior wound is 

small, it is possible to heal without suturing by 
pinning of the orbital tissue. Therefore, we rec-
ommend that suturing of the small exit wound 
is not necessary during emergency surgery and 
vitrectomy. In our study, the average size of the 
exit wound was 2.5  ±  0.7  PD and was not 
sutured in all eyes without any evidence of 
postoperative hypotony.

The posterior wound healed very well without 
any leakages in non-sutured eyes around 1 week 
after primary surgery. We observed the exit reti-
nal wound sealed spontaneously with the sclera 
exposed and retina attached during vitrectomy. 
The possible mechanism of exit wound healing 
was the effect of pinning from intraorbital tissue 
on the sclera side. The blood clot and inflamma-
tory reaction at the posterior wound easily allow 
for the tissue adhesion of retina, RPE, and sclera 
by associated factors of platelet-derived growth 
factor (PDGF), transforming growth factor 
(TGF), insulin-like growth factor (IGF), vascular 
endothelial growth factor (VEGF) released by the 
activated platelet [21].

11.5.3  A Special Paragraph 
to Discuss the Specific 
Challenges

Vitrectomy for PPPOI is a great challenge in con-
sideration of the potential leakage from the exit 
wound, disposal of exit retinal wound and possi-
ble intraoperative bleeding, and use of tampon-
ade and laser photocoagulation.

The intraoperative IOP should be controlled 
normally during and at the end of vitrectomy so 
as to avoid the wound dehiscence and leakages of 
intraocular fluid or tamponades from the poste-
rior wound. Yonekawa [22] suggested to keep 
IOP  <  30  mmHg during POI vitrectomy. Kuhn 
[23] considered only about a half or two-thirds 
silicone oil tamponade that the eye would usually 
require is sufficient in order to manage the dehis-
cence of exit wound temporarily and timely sus-
pending surgery is always needed at this time.

The complete posterior vitreous detachment 
(PVD) during vitrectomy is indispensable for the 
cause of the vitreous remnants could potentially 
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provide a scaffold for fibroblastic proliferation in 
open globe injuries [24]. However, the vacuum of 
vitrectomy should be controlled very well to 
avoid the excessive traction at the retinal wound 
that makes the healed retina reopened during 
PVD. Sufficient shaving of the hemorrhage and 
epiretinal proliferation should be conducted from 
the peripheral to the center around the exit retinal 
wound area until the sclera and the edge of retina 
tear are exposed.

The laser photocoagulation was unnecessary 
in PPPOI patients with already attached retina 
around the exit wound during vitrectomy; other-
wise, it should be applied. The reason is that the 
superfluous laser exacerbates intraocular cellular 
proliferation around the exit retinal wound that 
could induce possible traction or damage to the 
retina. In the present study, 11 eyes (50%) 
appeared local retinal detachment or elevated 
retinal margins around the exit retinal wounds, 
and endolaser were applied. However, the poste-
rior wounds showed scar tissue with flat retina 
edge and without leakage and hypotony in eyes 
without laser photocoagulation at the final visit. 
As we know from previous studies, laser photo-
coagulations at the attached exit retina site are 
controversial [25–27].

TA was used in all eyes in our study for pre-
venting post-traumatic PVR. Usually, intravitreal 
TA injection during vitrectomy can assist the 
completed PVD, hemostasis, and staining the 
tiny remaining vitreous and proliferative mem-
brane on the retina, which is helpful to facilitate 
the vitrectomy procedure [13]. With the use of 
TA during vitrectomy, the successful rate of ret-
ina attachment was 81.8% after one vitrectomy 
procedure in this study.

Traumatic PVR is a crucial cause for visual 
loss of the severely injured eye and also leads to 
the anatomical loss of the eyeball. In PPPOI 
patients with retina incarceration or retinal rugos-
ity at the exit wound, prophylactic chorioretinec-
tomy was performed to prevent the development 
of PVR that could result in tractional retinal 
detachment [14, 15]. There were two eyes that 
received retinectomy at the exit retinal wound in 
our study, and the outcomes were favorable with 
the retina attached.

The intraorbital foreign body is not always 
removed due to its special position in some of the 
POI patients. Fulcher [28] established a simpli-
fied but comprehensive protocol, when complica-
tions of strabismus, infection, or fistula formation 
arise, the surgery should be performed. The 
severity of intraorbital foreign body complica-
tions is highly depending on the location, mate-
rial, and size. Therefore, long-term follow-up of 
the complications relative to intraorbital foreign 
body retaining is needed. Foreign bodies like 
metal or glass are well tolerated, and it may be 
left in situ if not causing any abnormal symptoms 
or signs [29]. However, organic matters like 
wood and vegetable are poorly tolerated and lia-
ble to elicit fungal infection which should be 
removed as soon as possible [28, 30–34]. In this 
series of cases, 11 eyes without removal of the 
intraorbital iron foreign body received close fol-
low- up, and there was no endophthalmitis, orbital 
abscess, or orbital cellulitis finally.

Investigations on the risk factors associated 
with poor visual outcomes in PPPOI is of great 
importance which can predict the prognosis and 
provide some suggestion on the management of 
PPPOI. Our results indicated that the risk factor 
of poor postoperative vision is the site of exit reti-
nal wound and PVR though this is not a study on 
a large sample. That means the closer the poste-
rior wound is located to the fovea, the worse 
vision will be. In our study, four eyes (18.2%) 
had a retinal wound at fovea with the final vision 
of NLP. So far, few studies focus on the prognosis 
of PPPOI.  Marcus’s study concluded that both 
sites of entrance and exit wounds were the best 
predictors of functional and anatomic success in 
their patients [35].

PPPOI usually resulted in the worst prognosis 
due to damage of the macular and optic nerve 
[36]. By using our innovative surgical technique 
such as non-suturing of a small posterior scleral 
wound and without laser photocoagulation at the 
attached retinal wound, we achieved an encour-
aging outcome of 63.6% eyes with improved 
vision and 36.4% eyes with BCVA 0.1 or better. 
There was no endophthalmitis, sympathetic oph-
thalmia, hypotony or phthisis eventually. These 
outcomes compare favorably to the previous 
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reports [6, 7, 35]. In this present study, we also 
performed the treatment of four eyes with NLP, 
and final vision was 0.1  in one eye, and hand 
movement in one eye.

To our knowledge, there are few previous 
studies on detailed analysis of the clinical fea-
tures, surgical interventions and prognosis of 
PPPOI in the Chinese population. Although our 
study is a small sample size case-series report 
and limited because of the heterogeneity of surgi-
cal management options, we draw a limited con-
clusion that combined vitrectomy is a safe and 
effective method in PPPOI without suturing the 
small exit wound. Further studies on a larger 
scale with longer follow-ups are warranted in 
order to confirm our findings.
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Giant Intraocular Foreign Body

S. Natarajan, Astha Jain, and Sneha Makhija

Abstract

IOFBs are an important cause of blindness 
and visual morbidity especially in the working 
age group. Metallic foreign bodies are the 
most common. Ocular imaging lays an impor-
tant role while evaluating a case of IOFB. The 
imaging modalities commonly used are 
B-scan ultrasonography (USG), X-ray, and 
computed tomography. Three port pars plana 
vitrectomy (PPV) with removal of IOFB 
through limbal or scleral incision is the most 
common approach. Silicone oil tamponade is 
used in cases with retinal detachment, prolif-
erative vitreoretinopathy, or endophthalmitis.
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12.1  Introduction

Intraocular foreign bodies (IOFBs) occur in 
18–41%of open trauma [1]. IOFBs are an 
important cause of blindness and visual mor-

bidity especially in the working age group [2]. 
Due to variations in the clinical presentation, 
associated complications and outcomes, man-
agement of IOFB presents a major challenge to 
the ophthalmologist. The injury to the eye could 
be due to mechanical effect, associated infec-
tion, or specific reaction [3]. IOFB can be chips 
of iron or steel, stone, glass, lead pellets, cop-
per, spicules of wood, etc. Of these, metallic 
IOFBs are most common followed by organic 
material and nonmetallic material [1]. Visual 
prognosis is dependent on several factors such 
as age, length of wound, time between injury 
and repair, and complications such as relative 
afferent pupillary defect (RAPD), retinal 
detachment and endophthalmitis.

12.2  Case Report

A 34-year-old male presented with the history of 
penetrating ocular trauma with gun pellet in the 
right eye. He had undergone primary corneal tear 
repair with iris reposition and anterior chamber 
wash locally in his right eye. He was currently 
using topical antibiotics, lubricants, cycloplegics, 
and systemic antibiotics.

On examination, right eye vision was hand 
movement close to face and left eye was 6/6 on 
Snellen’s chart. On slit lamp examination, cor-
neal sutures were in place and rest of the cornea 
appeared clear. Anterior chamber was well 
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formed and showed +2 cell reaction, posterior 
synechiae was noted from 9 to 11 o’ clock. A 
traumatic cataract with pigments on the anterior 
lens capsule was noted. Posterior segment was 
not visible in the right eye due to the traumatic 
cataract (Fig.  12.1). The ocular examination of 
the other eye was within normal limits.

B-scan ultrasonography of the right eye 
showed multiple hyperechoic reflections in the 
vitreous cavity suggestive of vitreous hemor-
rhage (Fig. 12.2). Computed tomography scan of 
the orbit revealed a metallic foreign body in the 
right eye near the optic nerve head (Fig. 12.3). 
Flash electroretinogram showed right-sided 
marked diffuse reduction in photoreceptor func-
tion and pattern ERG findings were suggestive 
of reduced function of right macular photorecep-
tors (Fig.  12.4). The patient was underwent 
phacoemulsification with posterior chamber 
intraocular lens implantation with 23 Gauge pars 
plana vitrectomy with IOFB removal with sili-
cone oil injection with endolaser under local 
anesthesia. Extremely guarded visual prognosis 

and need for possible multiple surgeries were 
explained to the patient. IOFB was removed 
through a superior pars plane sclerotomy using a 
basket type IOFB forcep.

On first postoperative day, hand movement 
vision was present in the right eye. Intraocular 
lens was seen in situ. Retina was attached with an 
oil filled vitreous cavity. At 1 month follow-up, 
the vision in the right eye had improved to finger 
counting at 1 m, the cornea was clear, intraocular 
lens was in place, and the retina was attached 
(Figs. 12.5 and 12.6). No emulsification of sili-
cone oil was noted. The patient was advised close 
follow-up.

12.3  Preoperative Evaluation

12.3.1  History

A detailed history is important while evaluating a 
patient with IOFB. Details about the time from 
injury to presentation, mechanism of injury 
which would help in identifying the type of 
IOFB, presence of visual symptoms, and any 
prior treatment should be obtained. Assessment 
of any concomitant, potentially life threatening 
condition is also crucial. For medicolegal pur-
poses, it is also important to note if the injury 

Fig. 12.1 Anterior segment photograph showing sutured 
corneal entry wound with posterior synechiae and trau-
matic cataract

Fig. 12.2 B-scan ultrasonography suggestive of vitreous 
hemorrhage

Fig. 12.3 CT scan of right orbit showing metallic intra-
ocular foreign body
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occurred in the workplace and if protective eye-
wear was used at the time of injury.

12.3.2  Examination

After proper history taking, documentation of 
visual acuity and RAPD should be done. 
Intraocular pressure measurement is usually 

deferred in cases of open globe injuries. 
Examination of the periocular area must be done 
to look for any laceration, superficial FB, orbital 
fractures, etc. Slit lamp evaluation of the anterior 
segment should then be performed. Any lacera-
tion of the conjunctiva, cornea, or sclera should 
be noted. Anterior chamber should be evaluated 
for presence of hypopyon, hyphema, fibrin, cells, 
or lens material. Presence of peaked pupil is sug-
gestive of an open globe injury. Lens should be 
examined for zonular dialysis, cataractous 
changes, and breach in the lens capsule. Fundus 
evaluation should be done to look for any pathol-
ogy such as vitreous hemorrhage, retinal tear, 
retinal detachment, choroidal detachment, cho-
roidal rupture, or presence of posterior exit 
wound. IOFB can be located in the vitreous, cili-
ary body, retina, choroid, or the posterior sclera 
and hence these areas must be carefully exam-
ined. However, scleral depression should be 
avoided if globe rupture is suspected to avoid 

1_Pattern-ERG (M)

P50

P50

Normals
Channel
1 R-1 48 min
3 R-1 48 min
2 L-2 48 min
4 L-2 48 min

25-45
N35 [ms]
29.9
31.0
20.1 (!)
20.1 (!)

40-60
P50 [ms]
56.7
46.5
38.4 (!)
50.7

85-105
N95 [ms]
90.9
52.5 (!)
83.8 (!)
58.1 (!)

1.00µV-8.00µ
N35-P50
3.42µV
1.29µV
3.46µV
3.63µV

2.00µV-10.00µ
P50-N95
1.06µV (!)
805nV (!)
4.45µV
1.90µV (!)

N35 N95
3

N35

P50

N95

N95

P50

N35

4

2

N35

N95 1

20.0ms/div

Right Eye Left Eye5.00µv/div

Fig. 12.4 Pattern ERG showing reduced P50 and N95 responses as compared to the left eye

Fig. 12.5 Anterior segment photograph on 1 month post-
operative follow-up
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expulsion of intraocular contents. Presence of 
media opacities such as hyphema, cataract, and 
vitreous hemorrhage can obscure the view of the 
fundus. Imaging modalities are needed in such 
cases to detect the presence of IOFB.

12.3.3  Imaging

Ocular imaging lays an important role while 
evaluating a case of IOFB. The imaging modali-
ties commonly used are B-scan ultrasonography 
(USG), X-ray, and computed tomography (CT).
The modality of imaging used to appropriately 
visualize the foreign body depends on its 
composition.

Plain X-ray can be used to identify several 
IOFB materials such as metal, glass, and slate. 
However they do not provide the exact localiza-
tion of the IOFB.  Therefore, non-contrast CT 
with thin cuts (1  mm) and axial, coronal, and 
sagittal views is the preferred imaging modality. 
It provides the exact localization of the IOFB 
and also provides information about other 
trauma sequale such as orbital fracture, retro-
bulbar hemorrhage, and any intracranial injury. 
CT scan can identify most IOFBs well. Wooden 
and plastic foreign bodies are poorly identified 
[1]. Wooden IOFBs are hypodense and may be 
mistaken for air or fat [4]. Magnetic resonance 
imaging should be avoided in cases of open 
globe injury due to the concern for a ferromag-
netic IOFB.

12.4  Preoperative Care

Appropriate preoperative management is required 
to prevent spread of infection. Tetanus immuni-
zation history should be obtained, and tetanus 
toxoid or tetanus immune globulin should be 
administered if necessary. Broad-spectrum sys-
temic and frequent topical antibiotics should be 
started. Oral levofloxacin is known to have ade-
quate ocular concentration and hence can be used 
in such cases [5].While awaiting surgery a rigid 
ocular shield (fox shield) should be placed over 
the injured eye to prevent further damage. IOFBs 
should be removed as soon as possible (within 
24 h) to reduce the risk of endophthalmitis and 
PVR.  However, studies from Iraq have shown 
that primary closure of wound with systemic 
antibiotic and delayed removal of IOFB can 
result in similar visual outcomes [6].

12.5  Surgical Management

The first step in the management is the closure of 
the primary wound. Corneal wounds are easily 
identified and closed with 10-0 nylon suture. 
Scleral wounds can be concealed by the overly-
ing conjunctiva. Presence of dense subconjuncti-
val hemorrhage may point towards underlying 
scleral tear. Exploration is needed during surgery 
to identify the area of scleral tear.

Three port pars plana vitrectomy (PPV) with 
removal of IOFB through limbal or scleral incision 

Fig. 12.6 Posterior segment photograph on 1 month postoperative follow-up
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is the most common approach. 20G or 23G PPV 
can be performed. However port sites may need to 
be enlarged in small gauge surgeries as both the 
foreign body forceps and intraocular magnets 
require 19G ports. An encircling band may be used 
to decrease the risk of postoperative PVR [7].

Complete vitreous removal is the first step to 
prevent any retinal traction during IOFB removal. 
Triamcinolone assisted PVD induction can be 
performed. Vitreous around the IOFB and port 
site vitrectomy should be meticulously performed. 
Only when all the vitreous is removed, should one 
attempt to remove the IOFB. Perfluorocarbon liq-
uid can be injected over the macula to prevent any 
iatrogenic damage.

Cases with coexisting lenticular damage or 
cases with IOFB lodged in the pars plana may 
require a pars plana lensectomy. Such cases can 
have the IOFB removed through a limbal inci-
sion. In cases where lens is preserved, IOFB can 
be removed by enlarging an existing sclerotomy. 
IOFB removal should be attempted after creating 
the wound for removal.

Metallic IOFB can be removed by intraocular 
magnet. Non-magnetic foreign bodies can be 
removed by forceps. Attempt should be made to 
grasp and align the IOFB in a way that its thin-
nest part is removed through the sclerotomy. A 
thorough peripheral retinal examination is 
 essential after removal of IOFB to look for any 
tears. Laser should be performed at the site of the 
IOFB and any other retinal tear. Gas or oil tam-
ponade can be used.

12.6  Postoperative Complications

12.6.1  Endophthalmitis

Vitreous culture should be performed if endo-
phthalmitis is noted before or during surgery. 
Broad-spectrum intravitreal antibiotics such as 
vancomycin and ceftazidime should be used. In 
case of an organic IOFB, antifungals may be 
added. Silicone oil tamponade is preferred in 

patients with endophthalmitis. Prophylactic 
intravitreal antibiotics in the absence of endo-
phthalmitis at the time of surgery may be consid-
ered as they have shown to decrease the rate of 
traumatic endophthalmitis [8].

12.6.2  Retinal Detachment

Retinal detachment is one of the serious compli-
cations of IOFB removal surgery. Risk factors for 
postoperative RD are endophthalmitis and IOFB 
larger than 4 mm in size [9]. Patients with RD at 
the time of IOFB removal surgery are also at an 
increased risk of postoperative RD due to 
increased chances of iatrogenic retinal break [1]. 
Silicone oil tamponade is preferred in such cases 
because of increased risk of PVR.

12.6.3  Proliferative 
Vitreoretinopathy

Proliferative vitreoretinopathy is one of the most 
common causes of secondary retinal detachment. 
Risk factors for PVR include size of IOFBs, size 
and number of retinal tears, and associated vitre-
ous hemorrhage or choroidal detachment [1].

12.6.4  Sympathetic Ophthalmia

Sympathetic ophthalmia (SO) is a granulomatous 
panuveitis which occurs days to months after 
penetrating ocular injury or surgery in one eye. 
The incidence of SO is 0.2–0.5% after penetrat-
ing injury and 0.01% after intraocular surgery 
[10, 11]. Current treatment with steroids and 
immunosuppressive agents allow control of dis-
ease and retention of good visual acuity in the 
fellow eye [12]. Due to small risk and effective 
available treatment for SO, attempt should be 
made to defer enucleation and plan surgical 
repair after appropriate patient counseling, even 
in eyes with no light perception.
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12.7  Personal Experience

The timing of surgery is important. Removal of 
IOFB should be undertaken at the earliest possi-
ble. It is also important to decide the site of 
removal of the IOFB. If lens is being spared, the 
sclerotomy may need to be enlarged to remove 
the IOFB. However in case of large and irregular 
IOFB, lens may need to be sacrificed to remove 
the IOFB through the limbal incision. Silicone oil 
is the tamponade of choice in IOFBs associated 
with retinal detachment.

12.8  Specific Challenges

Removal of large IOFB should be targeted in a 
way to minimize damage to other intraocular 
structures. Damage to retina due to slippage of 
large irregular IOFB can be prevented by use of 
PFCL.  Management of concurrent retinal dam-
age is also challenging. Retinectomy may be 
required at times due to presence of PVR. Any 
iatrogenic break should be identified and treated.
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Orbital Foreign Bodies

Jayanta Kumar Das and Gangadhara Sundar

Abstract

Orbital foreign bodies are uncommon, can be 
vision threatening, cause serious conse-
quences and often poses a great challenge not 
only to diagnose but for management as well. 
Although they may occasionally be missed, 
they are frequently diagnosed based on clini-
cal suspicion and appropriate imaging. A con-
ceptual approach to clinical examination, 
appropriate imaging and interpretation, deter-
mining the timing and threshold to intervene, 
and techniques of removal are discussed in 
the chapter below.

Keywords

Orbit foreign bodies · Orbital trauma  
Orbitotomy · Orbital foreign bodies · Metallic 
foreign bodies · Non-metallic foreign bodies  
Organic foreign bodies

13.1  Introduction

Any foreign or particulate material trapped 
within the orbital region is referred to as the 
orbital foreign body. Orbital injuries in general 
and foreign bodies in particular are an important 
cause of ophthalmic morbidity, especially among 
the young population, the significance of which 
is sometimes poorly recognised.

The wound of entry can be either through the 
eyelids, through the globe, or sometimes, in 
rare cases as in blast injuries, can be through 
the orbital walls [1]. The presence of an orbital 
foreign body can either be “overt” where the 
wound of entry is obvious and the history is 
suggestive, or “latent,” especially with self-
sealing wounds and unwitnessed injuries. 
Foreign bodies may either be completely 
embedded within the orbit, partially extruding 
or less commonly penetrating into the adjacent 
intracranial cavity or paranasal sinuses, labeled 
as transorbital foreign bodies.

The vast majority of affected patients are 
males owing to their occupation, mode of trans-
portation, and high-risk behavior—assaults, alco-
hol consumption, etc. High-velocity injuries are 
generally devastating visually, especially in the 
presence of open globe injuries, traumatic optic 
neuropathy or associated intracranial injuries at 
presentation.

It should be remembered that patients with 
globe ruptures, severe relative afferent pupillary 
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defect (RAPD), poor or no light perception at 
presentation, delayed presentations with infec-
tions, etc., may signify a poorer final visual prog-
nosis and should be attended to immediately.

13.2  Classification

Orbital Foreign bodies can be classified accord-
ing to the material, location, nature and severity 
of impact [2, 3].

Material: Based on type, it can be broadly 
divided into Metallic and Non-Metallic.

1. Metallic foreign bodies may be ferromag-
netic (iron, steel, etc.) or non-ferromagnetic (cop-
per, lead, etc.). They may arise from industrial 
injuries, striking hammer on chisel, assaults or 
pellets and splinters related to grenade or bomb 
blasts.

2. Non-metallic foreign bodies may be further 
divided into Organic or Inorganic FBs.

 (a) Organic FBs may be vegetative matter (plant, 
wood, etc.) or rarely animal substrate.

 (b) Inorganic foreign bodies may be made of 
plastic (spectacle lenses, toys, etc.) and glass 
(e.g., windshield, bottles etc.).

Location: Based on the location, they may be 
classified into Intraorbital and Transorbital for-
eign bodies.

 1. Intraorbital FBs may be either penetrating and 
perforating.

 (a) Penetrating FBs—some part of the FB 
will be outside the septum with the other 
end embedded within the orbit.

 (b) Embedded FBs—the whole of the FB 
will be inside the orbital boundary. These 
may be Occult or Latent.

 2. Transorbital FBs extended beyond the bony 
orbit and lodged partially within the cranium 
or paranasal sinuses. These are commonly 
associated with bony orbital disruption. They 
can be termed as.

 (a) Transorbital cranial foreign bodies [4]
 (b) Transorbital sinus foreign bodies

Nature and Severity of Impact: According to 
the nature of the impact, clinical consequences 
and ease of access, orbital foreign bodies can be 
divided into simple and complex.

Isolated, well-delineated, and anteriorly 
located FBs, which may be directly and easily 
accessed and extracted with minimal conse-
quences, may be considered Simple foreign bod-
ies (Fig.  13.1). Multiple, contaminated and 
organic foreign bodies that may be missed, easily 
fragmented with a high risk of residual material, 
especially if lodged deeply within the orbit 
against vital structures in the orbit, and the brain 
may be considered Complex foreign bodies 
(Fig. 13.2).

Fig. 13.1 CT scan axial view showing radio-opaque 
metallic foreign body in the left anterior and inferomedial 
orbit

Fig. 13.2 CT scan axial view showing pellet foreign 
body lodged in the retrobulbar space abutting the left optic 
nerve
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High-velocity and blast injuries are most 
destructive as apart from orbital involvement, the 
patient might suffer facial injuries including frac-
tures, extensive soft tissue damage, cervical spine 
with airway injuries or intracranial injuries.

13.3  Etiopathogenesis

Sources of injury predisposing to orbital foreign 
bodies include road traffic accidents, industrial 
accidents, assaults, blast injuries, pellet injuries 
from accidental or intentional release from weap-
ons such as rifles and guns, which may be 
encountered in regions of social unrest or border 
wars. In urban environments and high-income 
countries, most injuries are industrial, road traffic 
accidents or assault-related. Affected patients 
often have a definite history of trauma, and stud-
ies have shown that more than 75% of the patients 
are young working males [4–7]. Domestic acci-
dents and school injuries are often associated 
with plastic or wooden orbital foreign bodies, 
where the history may be unreliable. In rural 
areas, especially in low-income countries, 
organic orbital FBs are common as manual agri-
culture is prevalent.

In law and order disturbed regions and in 
regions with border conflicts or warzones, FBs 
encountered maybe pellets (lead, rubber bullets, 
etc.) or related to a grenade or bomb blasts. 
Penetrating orbital injuries with retained FB is 
more common in people involved in military ser-
vices. In such situations, multiple foreign bodies 
should be suspected as they are commonly 
encountered.

13.4  Clinical Presentation

Most patients present with a history of injury to 
the face and periorbital region. Findings at clini-
cal presentation depend on the mode of injury, 
size and velocity of impact and the type of for-
eign body. A detailed history of the nature of the 
injury, the geographical location and circum-
stances, the severity of the injury, including 
objects involved at the site of impact, both from 

the patients and witnesses, should be obtained 
and documented [5].

Patients may present with variable pain, swell-
ing, visual loss, double vision or in late presenta-
tions, even severe infection. Not infrequently in 
rural accidents and following severe trauma, 
organic orbital foreign bodies may be discovered 
late in the convalescence period, especially when 
the patient is unconscious at presentation or in 
unwitnessed injuries. In situations where the 
patient is unable to recall the nature of the injury, 
an orbital injury with the retained foreign body 
often presents a confusing and critical clinical 
picture, especially when the initial entry wound 
was small and self-sealing or when a foreign 
body had been partially removed earlier [6, 7].

Depending on the duration and nature of the 
injury, clinical signs include subconjunctival 
hemorrhage, chemosis, orbital hematoma, ocular 
dysmotility, proptosis, and varying visual acuity. 

High-velocity injuries are most destructive, as 
in such cases, apart from orbital involvement, the 
patient might suffer facial injuries including 
facial fractures, extensive soft tissue damage, 
cervical injuries with airway obstruction, or even 
intracranial injuries (Fig.  13.3). In unconscious 
and critically ill patients, the diagnosis and man-
agement maybe even more challenging, as the 
orbits and the facial injuries may get attention 
only after life-saving interventions.

Rarely atypical presentations of orbital or 
intracranial foreign bodies include secondary 
consequences presenting as orbital cellulitis or 
even an orbital abscess. Occasionally, a traumatic 
Carotico-cavernous fistula with an acute presen-
tation of proptosis, erythema, etc., may be mis-
taken for underlying orbital cellulitis and 
mismanaged, as shown below (Fig. 13.4).

13.5  Evaluation

Assessment of life-threatening situations, associ-
ated polytrauma, head, neck, and intracranial 
injuries should be performed first. A suspected 
open globe should be shielded (not patched) from 
further injury. Patients should be given adequate 
analgesia or even sedation as indicated to facili-
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tate a better clinical examination and prevent fur-
ther injury from a traumatic examination. 
Evaluation of the orbital injury includes obtain-
ing a detailed history, performing a meticulous 
examination with a high suspicion for foreign 
body presence complemented by appropriate 
imaging studies. History should also include the 
time, location, nature, and circumstances, emer-
gency interventions, if any, and interval changes 
from initial injury to the time of presentation.

As part of a general head and neck examina-
tion, a comparison to the unaffected contralateral 
face and  orbit should be made. A quick and 
focused ophthalmic examination including crude 
visual acuity, inspection for intactness of the 
globe and pupillary evaluation should be per-
formed atraumatically. Periorbital soft tissue 
assessment for eyelid and canalicular lacerations, 
subcutaneous emphysema, foreign bodies, orbital 

rim step off, or tenderness and periorbital hyper 
or hypoesthesia should be looked for. A palpable 
thrill, if present, is suspicious for high flow 
carotid-cavernous fistula. Gentle finger insinua-
tion may also be considered once globe injury 
and orbital compartment syndrome has been 
ruled out, to feel for embedded foreign bodies.

The rest of the ophthalmic examination 
should include assessment of globe movement 
limitation, gaze-evoked amaurosis [8], anterior 
segment and dilated posterior segment examina-
tion. In patients with visual loss and intact 
globe, a detailed posterior segment examina-
tion, including for the presence of vitreous hem-
orrhage, retinal detachment, choroidal rupture 
or signs of optic neuropathy, should be looked 
for and documented. Where globe injuries are 
present, appropriate documentation using the 
BETT terminology system with the calculation 

Fig. 13.3 Young patient following motorcycle accident with multiple periorbital lacerations and embedded orbital 
foreign body seen on axial CT scan

Fig. 13.4 A high flow carotid-cavernous fistula post-trauma managed as orbital cellulitis following orbital trauma. CT 
scan showing dilated right superior ophthalmic vein
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of the Ocular Trauma Score (OTS) [9, 10] 
should be performed. It should be remembered 
that an essential part of the initial assessment is 
maintaining an accurate electronic medical 
record with good photographic documentation 
as well.

13.6  Investigations

13.6.1  Imaging

Radiological investigations play a very important 
and often decisive role to avoid misdiagnosis of a 
retained intraorbital or intracranial FB [11], par-
ticularly if the history is unreliable or injury is 
unwitnessed [12]. This is true, especially in chil-
dren and patients who are unconscious or intoxi-
cated at presentation.

In general, plain X-ray and ultrasonography 
have a limited role in the diagnosis and manage-
ment of orbital FB owing to low sensitivity and 
limited localisation. Plain X-rays may, however, 
serve as a screening tool in the emergency room 
not only to recognize gross facial skeletal disrup-
tion but also to identify potential radiopaque 
 foreign bodies prior to further Magnetic 
Resonance neuroimaging MRI (Fig. 13.5).

Non-contrast CT scan remains the imaging 
modality of choice for studying the bony skeleton 
and the orbital, facial and intracranial soft tissues 

in trauma [13]. In addition to detectingandchar-
acterizing orbital and orbitofacial fractures, it 
helps detect the presence of foreign bodies and 
also aids in characterizing and localizing them, 
including extension into the paranasal or intra-
cranial spaces [7, 14], and thus guide manage-
ment. Ideally, CT imaging should be performed 
with the Imaging Guidance Study (IGS) protocol 
with sub-mm fine cuts, which can be viewed in 
axial, coronal, and sagittal planes (Fig. 13.6a–c). 
The radiodensity of foreign bodies often provides 
reliable clues on the nature of the material by 
assessment of the Hounsfield Units (HU), shown 
in Table 13.1. Cone beam CT scans (CBCT) may 
also be considered in special situations, partly to 
diagnose, monitor, and assess for residual radi-
opaque foreign bodies, which may also minimize 
cost and radiation exposure [15].

A CT Angiogram of the head and neck region 
may also be performed as an emergency  screening 
tool in cases of severe head and neck injuries to 
provide preliminary bony, soft tissue and vascu-
lar anatomy of the patient, especially in the 
unconscious patient suspected to have an intra-
cranial bleed.

Likewise, when diagnosing and planning 
management of orbital and orbitofacial fractures, 
the presence of intraocular or intraorbital foreign 
bodies plays a key role in prioritization, timing, 
and approach to removal of such foreign bodies. 
A useful mnemonic “ABCDEFGH” used in the 
management of such orbitofacial fractures is 
shown in Table  13.2 where “F” stands for 
Intraocular or Orbital Foreign Body [16].

Although CT scans provide quick, cost- 
effective, and very useful information about bones 
and soft tissues, MRI provides more accurate 
information about the soft tissues, including the 
brain, optic nerve-sheath complex and in detect-
ing radiolucent torganic foreign bodies invisible 
to CT scans (Fig. 13.7a–c) guiding re-exploration 
and foreign body removal (Fig. 13.7d, e). In addi-
tion to the detection of embedded organic foreign 
bodies [17, 18], it is also useful in detecting plas-
tic and “unleaded” glass foreign bodies. It should 
be remembered that  MRI is contraindicated in 
acute situations, especially when ferromagnetic 
metallic FB has not been ruled out along with its 

Fig. 13.5 Plain x-ray lateral view demonstrating radi-
opaque foreign body of inferior orbit
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limitation of movement artefacts in an agitated 
patient.

In summary, imaging not only helps to detect 
FBs but also aids localization and its proximity to 

radiologic landmarks and vital structures within 
the orbit and the brain.

13.6.2  Perimetry

Visual field testing when possible is often useful 
for baseline documentation, assessment, and 
severity of intraocular/optic nerve injury. Apart 
from confrontational visual fields and red-dot 
perimetry, automated perimetry, where possible, 
should be performed to assess the severity of 
optic nerve and /or intracranial injury in alert and 
cooperative patients.

13.6.3  Electrophysiological Tests

Visual evoke potential (VEP) recordings provide 
information about the status of the optic nerve. It 
is very helpful to detect early optic nerve injury 

Table 13.1 Hounsfield Units of various orbital soft tis-
sue structures and foreign bodies

Material Hounsfield unit (HU)
Metal 4000
Glass 2407
Wood 60
Stone 1876
Acrylic resin 193
Graphite 742
Tooth 1881
Bone 700 to 3000
Muscle 71
Blood 45 to 65
Hematoma 40 to 90
Plastic 112 to 133
Air −932 to −1000
Water 0

a

c

b

Fig. 13.6 (a, b, c) CT scan bone windows: Axial, Coronal, and Sagittal bone windows aiding in three-dimensional 
localization of left anterior orbital radiopaque foreign body
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as even in cases of normal visual acuity, the VEP 
may be altered. Likewise, when the clinical 
examination is normal, but patient complains of 
profound visual loss, electroretinography (ERG) 
along with VEP may be useful to differentiate 
organic from non-organic causes of visual loss.

13.7  Management

Management of the patient with traumatized 
orbit and foreign body depends on the severity of 
the injury, visual morbidity and the general fit-
ness of the patient. It may thus range from con-
servative management to complex surgery [19]. 
Initial management of trauma is the stabilization 
of systemic conditions and proper control of 
bleeding. Broad-spectrum antibiotics, systemic 
anti-inflammatory agents and analgesics play a 
very important role in the management of orbital 
trauma with a retained foreign body. 
Corticosteroids may be used judiciously when 
indicated once infections have been ruled out.

Indications and timing of removal of orbital 
foreign bodies depend on the nature of the injury, 
type of foreign body (material, size, and loca-

tion), as well as other associated conditions 
related to the injury.

Most small inorganic and inert orbital foreign 
bodies may be left alone if inaccessible without 
significant subsequent morbidity. Anteriorly 
located inorganic foreign bodies may be explored 
and easily removed with good preoperative local-
ization (Fig.  13.8a−c). Posteriorly located for-
eign bodies, especially against vital structures, 
e.g., optic nerve, superior orbital fissure, optic 
canal, may either be observed or, if indicated, be 
removed with meticulous atraumatic approach 
with good preoperative and intraoperative local-
ization. Intraconal lesions may be accessed by 
disinsertion of the corresponding extraocular 
muscle(s) (Fig. 13.9). In the case of firearm and 
blast injury, apart from removing the foreign 
bodies, the tract containing gun powder and 
debris should also be removed where possible as 
they may cause severe postoperative inflamma-
tion (Fig. 13.10).

Retained wooden orbital foreign bodies often 
shows a tendency to fragment during attempted 
removal, especially in case of old injury 
(Fig. 13.11). To overcome all intraoperative dif-
ficulties of FB removal along with residual 

Table 13.2 Patient modifiers regarding the impact of foreign bodies in orbitofacial trauma management

Patient modifiers in orbital and orbitofacial trauma
Age Infant, child, young adult, elderly Urgency, the timing of intervention
Bilateral or 
Unilateral

Prioritizing unilateral or bilateral repairs Need for simple techniques vs. advanced 
technology, e.g., treatment planning, 
intraoperative navigation, etc.

Complex or Simple 
orbital fractures

Oculoplastic or multidisciplinary 
approach

Simple vs. multidisciplinary, multiple incisional 
approaches, complex implants

Displaced or 
non-displaced 
fractures

Threshold for intervention

Entrapment or not Orbital soft tissues (EOM-IMS Complex), 
globe, etc.

Urgency of intervention, larger incisions

Foreign body 
presence

Intraocular, Intraorbital or both Antibiotics, localize and plan early removal

Globe and/or optic 
nerve injuries

Management closed or open globe injury, 
prevent additional damage

Address after life-threatening injuries before 
specific orbital interventions

High-risk patient or 
not

Low-risk patients: young healthy, adults 
or children without intracranial injuries/
polytrauma
High-risk patients: elderly, comorbidities, 
intracranial injuries/polytrauma

Multispecialty approaches with life 
preservation and if indicated delayed orbital 
intervention.
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debris, a special technique is to use a gauze piece 
as a fishing net. The saline-soaked gauze piece 
with dilute adrenaline is passed along the tract to 
extract the foreign body along with the debris 
minimizing soft tissue trauma while ensuring 
complete removal of the foreign body along with 
particulate material. Complete removal is con-
firmed by a clean gauze coming out of the FB 
tract, which can be verified by endoscopy along 
the tract. After the removal of FB, the specimen is 

sent for microbial assessment of culture and sen-
sitivity from the surface of the foreign body, 
which can guide further antimicrobial therapy.

An unusual but very serious type of 
injury  causing orbital foreign bodies are blast 
injuries. These may occur from landmines, 
quarry blasts, riots and crowd control situations 
from firecracker injuries as well. More often than 
not, multiple foreign bodies are present despite 
maximal removal of foreign bodies.

a b

c

e

d

Fig. 13.7 Young male with previous orbital exploration 
with foreign body removal (a, b). MRI for recurrent lower 
eyelid abscess showed a residual foreign body against the 

left lateral rectus (c), which was extracted with a transcon-
junctival orbitotomy (d, e)

J. K. Das and G. Sundar
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a

c

b

Fig. 13.8 (a–c) Anteriorly palpable linear glass foreign body visualized on MRI removed through an anterior orbitot-
omy approach

Fig. 13.9 Orbital foreign body removed after globe injury repair followed by orbital exploration with disinsertion of 
the lateral rectus
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Fig. 13.10 Late presentation as chronic inflammation in 
an elderly old bomb blast injury victim. Plain x-ray fol-
lowed by CT scan demonstrating the lodged radiopaque 
foreign body in the lateral wall of the orbit. 

Transconjunctival orbitotomy with foreign body removal 
including the tract showing siderotic tissue changes on 
Perl’s stain

J. K. Das and G. Sundar
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13.8  Complications

Despite advances in the recent era, sometimes a 
proper diagnosis is challenging, and patients may 
land up with poor outcomes due to missed for-
eign bodies, chronic infections and inflamma-
tions with residual fibrosis and globe limitation 
causing intractable diplopia and visual loss. The 
final outcome depends on various factors like ini-
tial visual acuity, the involvement of the optic 
nerve, location of the FB, the time elapsed 
between the injuries and reporting time and the 
expertise of management.

13.9  Prevention

To avoid blast and grenade injury, reforms of law 
and order situation along with the socio- 
economic development in that disturbed areas is 

probably the best way to prevent. Regarding 
orbital injury following road traffic accidents, 
the best possible prevention is the strict obedi-
ence of traffic rules and by introducing compul-
sory seat belt legislation. Airbags have gained 
extensive popularity in the recent era for the pre-
vention of orbital trauma as well as morbidity 
and mortality of victims. Protective shatter-proof 
eye goggles and face shields go a long way in 
preventing shrapnel and projectile foreign bod-
ies of the eyes and orbit.

13.10  Conclusion

A proper history, clinical examination with suspi-
cion of foreign bodies, imaging followed by the 
appropriate threshold, timing and technique of 
foreign body extraction protecting the globe and 
other vital structures go a long way in the optimal 
management of afflicted patients.

Fig. 13.11 Recurrent draining left orbital wound as a sentinel sign of retained residual or incompletely removed the 
organic foreign body

13 Orbital Foreign Bodies
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Traumatic Glaucoma

Zhiliang Wang, Xin Che, Jing Jiang, 
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Abstract

Glaucoma resulting from trauma is termed as 
traumatic glaucoma. Traumatic glaucoma is a 
brunch of secondary glaucoma, so it should be 
called traumatic secondary glaucoma. 
Traumatic secondary glaucoma can be caused 
by penetrating, blunt, chemical, or other inju-
ries of eye. Unlike primary glaucoma, the 
pathogenesis of traumatic secondary glau-
coma is always complicated and the treatment 
is difficult. Traumatic glaucoma can be classi-
fied in different ways, but generally it is sorted 
by etiology. This chapter is about to introduce 
traumatic glaucoma induced by intraocular 
hemorrhage, lens dislocation, rupture of lens 
capsule, malignant glaucoma, neovascular, 
angle recession, cornea perforation, iris colo-
boma, and uveitis.

Keywords

Blunt trauma · Post-surgery · Intraocular 
hemorrhage · Lens causes · Angle lesion · 
Cornea perforation

14.1  Introduction

Glaucoma resulting from trauma is termed as trau-
matic glaucoma. Traumatic glaucoma is a brunch 
of secondary glaucoma, so it should be called trau-
matic secondary glaucoma. Traumatic secondary 
glaucoma can be caused by penetrating, blunt, 
chemical, or other injuries of eye. Unlike primary 
glaucoma, the pathogenesis of traumatic secondary 
glaucoma is always complicated and the treatment 
is difficult. Traumatic glaucoma can be classified in 
different ways, but generally it is sorted by etiol-
ogy. This chapter is about to introduce traumatic 
glaucoma induced by intraocular hemorrhage, lens 
dislocation, rupture of lens capsule, malignant 
glaucoma, neovascular, angle recession, cornea 
perforation, iris coloboma, and uveitis.

14.2  Glaucoma Secondary 
to Traumatic Intraocular 
Hemorrhage

Anterior chamber hemorrhage is the leading 
cause of traumatic ocular hypertension.

14.2.1  Hyphema

14.2.1.1  Etiology
Hyphema usually occurs after ocular blunt 
trauma with blood mainly coming from iris. The 
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intraocular pressure elevates due to obstruction 
of angle by blood cells, so it is a type of second-
ary open-angle glaucoma.

14.2.1.2  Clinical Manifestation
Hyphema often manifests as massive bleeding in 
the anterior chamber (Fig. 14.1) and a significant 
rise of IOP.  In general, the IOP will not reach 
30 mmHg when the blood level is under half of 
the anterior chamber, but the risk of glaucoma 
increases when rehemorrhage occurs in 20% of 
patients 5d after injury because of: a) severe iris 
damage and loss of ciliary body; b) blood in the 
posterior chamber and vitreous flowing into the 
anterior chamber.

14.2.2  Hemosiderin Glaucoma

14.2.2.1  Etiology
Repeated bleeding in the anterior chamber, vitre-
ous, and retina. Usually caused by hemosiderin 
leading to sclerosis and obstruction of the trabec-
ular meshwork, or iron deposits caused by the 
long-term retention of iron.

14.2.2.2  Clinical Manifestations
This type of glaucoma progress slowly. Brown 
iron particles are visible on the corneal paren-
chyma, lens, and retina (Fig. 14.2).

14.2.3  Hemolytic Glaucoma

14.2.3.1  Etiology
Hemolytic glaucoma is usually caused by vitre-
ous hemorrhage which comes from eyeball per-
foration, contusion, and foreign body injury. 
When it occurs, the erythrocytes enter the vitre-
ous body and erupted under the pressure of oxy-
gen and carbon dioxide. The hemoglobin is 
swallowed by macrophages and entering the 
anterior chamber blocking the trabeculae, result-
ing in obstruction of the outflow of aqueous 
humor and a sudden increase in IOP.

14.2.3.2  Clinical Manifestations
It usually occurs about 1  week after vitreous 
hemorrhage (Fig.  14.3). Patients suddenly feel 
headache, eye pain, and sudden increase in 
IOP. Pigments and macrophages can be seen in 
anterior chamber angle.

14.2.4  Ghost-cell Glaucoma

14.2.4.1  Etiology
Ghost-cell glaucoma is an uncommon condition 
that occurs in association with intraocular hemor-
rhage. In this entity, erythrocytes degenerate in 
the vitreous, migrate forward to the anterior 
chamber through a disrupted anterior hyaloid 

Fig. 14.1 Blunt injury, hyphema 1/3

Fig. 14.2 Intraocular iron foreign body. Six months after 
trauma, brown iron particles were deposited in the angle, 
the posterior surface of the cornea and the anterior surface 
of the lens, lens opacity
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face, and then obstruct the trabecular meshwork 
and cause an increase in IOP.

The RBCs in the vitreous degenerate to tan- 
colored spheres (ghost cells), which appear 
empty except for clumps of denatured hemoglo-
bin called Heinz bodies. The ghost cells are more 
rigid than are normal RBCs and thus are less able 
to pass through the trabecular meshwork.

14.2.4.2  Clinical Manifestations
IOP depends on the number of ghost cells in the 
anterior chamber. Numerous brown particles can 
be seen in the anterior chamber. Similar to hemo-
lytic glaucoma, but the content of aqueous humor 
is different.

14.2.5  Treatment

Glaucoma caused by intraocular hemorrhage is 
open-angle glaucoma. The principle is to remove 
intraocular hemorrhage, degenerated blood cells, 
and inflammatory cell components by anterior 
chamber irrigation or vitrectomy. Drugs can help 
lower the IOP.

14.2.5.1  Drug Treatment
β-Receptor blockers, α-receptor agonists, car-
bonic anhydrase inhibitors, hypertonic agents 
can be used for lowering IOP. Miotics are not rec-
ommended. Mydriatic should be used for pre-
venting posterior synechiae.

14.2.5.2  Anterior Chamber Irrigation
Anterior chamber irrigation can be used to wash 
out the blood of hyphema, also the inflammatory 
cell components such as hemosiderin, ghost cells, 
and macrophages.

Vitrectomy
For patients whose IOP cannot be well-controlled 
through medication and anterior chamber irriga-
tion, especially those with vitreous hemorrhage, 
vitrectomy is necessary.

14.2.5.3  Glaucoma Drainage Surgery
For patients with long-term intraocular hemor-
rhage caused by trabecular meshwork degenera-
tion and complete obstruction of the angle 
outflow tract, glaucoma drainage surgery is 
required to control IOP.

14.3  Secondary Glaucoma by 
Lens Dislocation

14.3.1  Etiology

 1. Dislocated lens in the anterior chamber 
(Fig. 14.4), causing open-angle glaucoma due 
to pupillary block by the synechia of lens and 
anterior iris.

 2. Dislocated lens into the vitreous cavity 
(Fig.  14.5) makes vitreous body obstructing 
the anterior chamber.

 3. Dislocated lens incarcerated in pupil 
(Fig.  14.6), causing angle-closure glaucoma 

Fig. 14.3 Ocular contusion, vitreous hemorrhage for 
1  week, hemocyte / Denatured hemoglobin in anterior 
chamber Fig. 14.4 Dislocated lens in the anterior chamber
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due to elevated pressure of the posterior 
chamber.

 4. Dislocated lens hitting ciliary body, causing 
excessive secretion of aqueous humor and 
secretory glaucoma.

14.3.2  Clinical Manifestation

 1. Visual loss is the main symptom and iridodo-
nesis is the typical sign. Complete lens dislo-
cation into anterior chamber usually shows as 
deepened anterior chamber retroposed iris, 
rising IOP by vitreous body incarcerated in 
pupil. Narrowed or closed angle will be seen 
when the pupillary block occurs, which is 

similar to primary angle-closure glaucoma 
(PACG) in acute stage.

 2. Repeated IOP trace is needed for diagnosis of 
secretory glaucoma, showing as high IOP, 
normal outflow facility, and vast aqueous fluid 
generation.

14.3.3  Treatment

 1. Mydriasis should be performed rather than 
myosis.

 2. IOP-lowering medication. Local use of beta- 
blocker, alpha receptor agonist, systemic use 
of hypertonic agent such as mannitol, and oral 
administration of carbonic anhydrase inhibi-
tor are all optional according to the IOP level 
and clinical manifestations.

 3. Surgery. The principle of surgery is to rebuild 
the aqueous humor drainage from the poste-
rior chamber to the anterior chamber, by 
removing the dislocated lens and vitreous 
body obstructed in the anterior chamber. 
Based on our experience, IOL fixation to 
sclera without suturing (Fig.  14.7) is 
recommended.

14.3.4  Surgical Procedures  
(Video 14.1)

A 23-gauge vitrectomy is performed under retro-
bulbar anesthesia.

The conjunctiva is cut open 3.0  mm at 2 
o’clock and 8 o’clock.

A 2.8 mm clear corneal incision (CCI) is made 
at 11 o’clock.

Two 3.0 mm long limbal parallel scleral tun-
nels (counterclockwise) of approximately 50% 
scleral thickness are created 2 mm from the lim-
bus using a disposable syringe needle and dis-
sected 1.0 mm from 1 side at the beginning of the 
scleral tunnels.

Two clockwise scleral incisions (besides the 
tunnel) are made using a 23-gauge needle at an 
angle 30 degrees above the scleral. The 2  incisions 
are 180 degrees from each other (usually at 2 
o’clock and 8 o’clock).

Fig. 14.5 Dislocated lens in the vitreous cavity

Fig. 14.6 Lens subluxation

Z. Wang et al.



133

3-Piece IOL is inserted into the anterior 
chamber.

The leading haptic is held with a forceps and 
then pulled out of the eye through the scleral 
incisions.

The trailing haptic is held with a forceps and 
both haptics are externalized onto the sclera.

The haptics are inserted approximately 2.0 mm 
into the scleral tunnel; the IOL is centered.

At the completion of surgery, the infusion can-
nula is removed, and all sclerotomy sites are 
inspected for wound leakage.

14.4  Glaucoma Secondary 
to Traumatic Rupture 
of the Lens Capsule

14.4.1  Lens Allergic Glaucoma

14.4.1.1  Etiology
Lens injury may cause allergic reaction to lens 
substance (protein) and fibrin exudates block the 
angle of the chamber. Or the fibrous exudative 
membrane forms membrane closure to exhibit the 
posterior aqueous humor entering into the anterior 
chamber, resulting in intraocular hypertension.

14.4.1.2  Clinical Manifestation
Inflammation can occur within hours or days, or 
as late as a few months. Uveitis can be mild or 
severe, with a large number of hyphema and lens 

fragments in the anterior chamber. When clinical 
signs are suspected to be allergic inflammation or 
severe uveitis, diagnosis of anterior chamber 
aspiration and diagnostic vitreous body should be 
performed.

14.4.2  Lens Particle Glaucoma

14.4.2.1  Etiology
It may be due to particles (phagocytosis of lens 
protein by macrophages), or the lens cortex and 
capsule fragments block the angle.

14.4.2.2  Clinical Manifestation
There are white lens cortex and transparent cap-
sule fragments circulating in aqueous humor, 
which can also deposit on the corneal endothe-
lium with aqueous flare and hyphema.

14.4.3  Phacolytic Glaucoma

14.4.3.1  Etiology
Secondary open-angle glaucoma is caused by sol-
uble crystalline blocking the angle after trauma.

14.4.3.2  Clinical Manifestation
Red eye, pain, corneal edema, progressive 
increase of intraocular pressure, aqueous flare, 
large transparent cells (macrophages) phenome-
non, small particles circulating in aqueous humor.

Scleral tunnel

Piercing knife channel

IOL loop

IOL

2 mmFig. 14.7 Pattern 
diagram of IOL fixation 
to sclera without 
suturing
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14.4.3.3  Treatment
On the basis of hormone and antiglaucoma drugs/
IOP-lowering medicine, surgical treatment 
should be performed as soon as possible to 
remove damaged cortex and nucleus.

14.5  Traumatic Malignant 
Glaucoma

14.5.1  Etiology

 1. Post-glaucoma, cataract, and other intraocular 
surgery, ciliary body swells and adheres with 
lens, causes ciliary block. As a result, aqueous 
humor flows into the vitreous cavity, and 
increases the pressure, which further pushes 
forward the lens-iris diaphragm, making the 
anterior chamber become shallow, and IOP 
rises sharply (Figs. 14.8 and 14.9).

 2. Ciliary block glaucoma is secondary to ocular 
chemical injury, contusion, and perforation. 
Ciliary body adheres to lens due to inflamma-
tory edema and spasm.

 3. Vitreous hemorrhage, opacity, and liquefac-
tion of traumatic vitreous are one of the con-
ditions for aqueous humor to accumulate in 
vitreous body.

 4. Traumatic vitreous hemorrhage, turbidity, or 
liquefaction is one of the conditions of aque-
ous humor accumulation in vitreous.

14.5.2  Clinical Manifestation

 1. Abnormal anatomical structures of the affected 
eye: Short axis, shallow anterior chamber, 
large lens thickness, loose suspensory liga-
ment, and relatively anterior lens position.

 2. Persistent high intraocular pressure(IOP) is an 
important sign. Mydriasis will increase rather 
than decrease the IOP. So it is called adverse 
glaucoma.

 3. Obvious iris bombe and closed angle.

14.5.3  Treatment

 1. The treatment of ocular trauma according to 
the different causes.

 2. Treatment of malignant glaucoma:
 (a) IOP-lowering drugs: Atropine: dilate the 

pupil and prevent adhesion; hypertonic 
agents, carbonic anhydrase inhibitors: 
reduce IOP; corticosteroids: reduce inflam-
matory reaction. Surgery is necessary.

 (b) Laser iridotomy: promote aqueous humor 
drainage into the anterior chamber, but it does 

Fig. 14.8 Pattern diagram of malignant glaucoma Fig. 14.9 Disappear of anterior chamber
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not relieve the pressure of lens-iris diaphragm 
forward. Moreover, iridotomy is easy to be 
blocked by inflammatory exudates.

 3. Anterior vitrectomy

The principle of treatment is to reverse the 
aqueous humor drainage from vitreous body, lens 
suspension ligament, and iris terminal. Reverse 
the lens-iris diaphragm to anatomical position to 
make the posterior aqueous humor can enter the 
anterior chamber, and reopen the angle.

 4. Glaucoma drainage

For patients with complete angle occlusion 
caused by malignant glaucoma, glaucoma drain-
age surgery should be performed on the basis of 
anterior vitrectomy to control IOP.

We improved the success rate of anterior vit-
rectomy significantly through local minimal 
invasive vitrectomy.

14.5.4  Case Presentation

The patient was treated for “eye pain with visual 
loss for 2 months after trabeculectomy in the both 
eyes.”

14.5.5  Ophthalmic Examination

VOD: 0.15, VOS: LP TOD:30  mmHg, TOS:27 
mmHg, Ocular axis: R 20.04 mm, L: 20.06 mm.

Anterior chamber disappeared, the pupil was 
irregular, the lens was opacity, optic papilla was 
pale in both eyes, C / D = 0.8 (Figs. 14.10, 14.11, 
14.12, and 14.13).

14.5.6  Surgical Procedure  
(Video 14.2)

 1. Partial PPV

After the routine disinfection and retrobulbar 
anesthesia, a 23-gauge vitrector was inserted into 
the vitreous cavity via a self-healing incision 

about 3.5 mm after limbus on the same median of 
preexisting peripheral iridectomy. No infusion or 
illumination was needed. Then partial vitrectomy 
was performed until approximately 0.5 ml vitre-
ous was removed from the anterior vitreous cav-
ity just behind the position of iridectomy.

Fig. 14.10 Malignant glaucoma: pupilloplegia, anterior 
synechia (right eye)

Fig. 14.11 Anterior chamber disappears (left eye)

Fig. 14.12 UBM shows that anterior chamber is very 
shallow, the lens-iris diaphragm moves forward, iris 
bombe, the anterior synechia, the angle closed (the right 
eye, the left eye)
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 2. Phacoemulsification and IOL implantation
 3. Zonulohyaloidectomy and posterior 

capsulectomy

The partial vitrectomy was performed again 
to confirm that vitreous behind the peripheral 
iridectomy was cutted. Then the tip of the cutter 
was introduced carefully through this iridec-
tomy incision forward the anterior chamber to 
achieve a zonulohyaloidectomy. Finally, in the 
central zone, the posterior capsular of about 
4 mm in diameter was cut with the help of vit-
rector to prevent the occurrence of posterior 
capsular opacity.

In all eyes, we realized the significant deepen-
ing of the anterior chamber by the flow of aque-
ous fluid forward. Dexamethasone 2  mg was 
given by subconjunctival injections and a topical 
treatment of tropicamide was applied for 2 weeks.

14.6  Traumatic Neovascular 
Glaucoma

14.6.1  Etiology

Be common in diabetic retinopathy (DR), retinal 
vein occlusion (RVO), Eales disease, and other 
retinal ischemic diseases. Some cases were 
caused by trauma. Neovascularization promotes 
the formation of peripheral anterior synechia 
(PAS) and pulls the iris to the cornea. Sometimes 
the neovascularization membrane covers and 
blocks the angle (Fig. 14.13).

14.6.2  Clinical Manifestations

 1. Usually a late complication of trauma, but 
maybe advanced when traumatic uveitis is 
severe.

 2. Secondary to severe vascular injury, recurrent 
fundus hemorrhage and uncontrollable trau-
matic uveitis, or serious lens injury and resid-
ual cortex.

 3. The main basis of diagnosis is the history of 
ocular trauma, persistent intraocular hyper-
tension, and rubeosis of iris. Gonioscopy 
showed angle adhesion and vascular mem-
brane formation.

14.6.3  Treatment

 1. IOP-lowering medication
 2. Intravitreal injection of anti-VEGF drugs: 

promote the regression of NV, reduce intra-
ocular pressure (IOP), and create conditions 
for subsequent surgery.

 3. Glaucoma drainage surgery (Fig. 14.14): due 
to severe inflammatory reaction, trabeculec-
tomy, which may cause scar adhesion is not 
recommended. The short-term effect of glau-
coma valve implantation is better. 
Cyclocryosis is one of the effective methods 
at present in recent years, but it causes 
damage.

 4. Treatment of disease causes: Vitrectomy or 
panretinal photocoagulation (PRP) and other 

Fig. 14.13 Whole iris neovascularization
Fig. 14.14 Neovascularization disappeared post- 
operative, Valve pipe is visible
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treatments to reduce the ischemic state of 
intraocular tissue.

14.7  Glaucoma Secondary 
to Traumatic Angle 
Recession

Angle recession is quite often(81%–93%) in ocu-
lar contusion. Incidence of angle recession glau-
coma accounts for 2%–10% of the total.

14.7.1  Etiology

Traumatic angle recession is mainly caused by 
ocular contusion, with the separation between 
the circular and longitudinal muscles of the 
ciliary body (Fig. 14.15). While the longitudi-
nal muscle is still attached to the scleral pro-
cess, so the angle of the chamber is widened 
and deepened.

14.7.2  Clinical Manifestation

Gonioscopy showed the ciliary body band (CBB) 
widened. The peripheral anterior chamber was 
deepened, and the terminal of iris moved 
backward.

14.7.3  Treatment

 (1) IOP-lowering.
 (2) Glaucoma drainage surgery: trabeculectomy 

is the first choice; mitomycin C can be used 
to reduce the scar formation of filter valve.

14.8  Low IOP Glaucoma 
Secondary to Traumatic 
Cyclodialysis

14.8.1  Etiology

Due to the detachment of the whole ciliary body 
from the sclera after ocular contusion (Fig. 14.16). 
The adverse flow of aqueous humor into the supe-
rior ciliary cavity leads to ciliary body detachment, 
secondary low intraocular pressure glaucoma, 
macular edema, and other complications.

14.8.2  Clinical Manifestations

Pupil deformation, peripheral anterior chamber 
deepening, intraocular pressure lower than nor-
mal, retinal edema and thickening, macular 
edema can cause visual loss. Gonioscopy shows a 
gap between iris and sclera, which is distin-
guished from ciliary body detachment.

External force External force

Scleral spur

Cornea

Artery ring
Circular muscle Ciliary muscle tear

angiorrhexis

Trabecular injury

Traumatic angle recession

Line oblique muscle

Longitudinal muscle

Fig. 14.15 Pattern diagram of traumatic angle recession
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14.8.3  Treatment

Local therapy can be applied to patients with 
mild ciliary body detachment and without signifi-
cant visual loss. Surgery is necessary if macular 
edema happens (Fig. 14.17).

14.8.3.1  Medication
Corticosteroid eye drops, especially dexametha-
sone can help increase IOP and reduce intraocu-
lar inflammation. Mydriasis also helps to 
increase IOP.

14.8.4  Surgical Procedure  
(Video 14.3)

The surgery is performed under retrobulbar 
anesthesia.

After preoperative marking of the location 
of the cleft at the limbus, the conjunctiva is 
opened at the limbus with this peritomy extend-
ing 30° beyond both ends of the cyclodialysis 
cleft.

The infusion cannula is first set to maintain 
the intraocular pressure.

External force External force

Scleral spur

Cornea

Artery ring

Circular muscle

Aqueous enters the suprachoroidal
space

Traumatic cyclodialysis

Line oblique muscle

Longitudinal muscle

Fig. 14.16 Pattern diagram of traumatic cyclodialysis

2 mm posterior margin of sclera

Cyclodialysis

16

14

15

12

13

10

11

8

9

6 7

4
5

2

3

1

Fig. 14.17 Pattern 
diagram of the suture of 
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Phacoemulsification is performed under low 
flow rate (infusion bottle height 30 cm).

A 13-mm Morcher Type 1 L CTR, a modified 
Cionni type CTR with 1 eyelet, is then inserted 
into the capsular bag.

A foldable posterior chamber intraocular lens 
(IOL) (AR40e, AMO) is implanted in the capsu-
lar bag through the corneal tunnel.

Then a three-port pars plana vitrectomy is 
performed.

After removal of the vitreous body, one of 
the two long curved needles of a double-
armed 10/0 polypropylene thread is pierced 
into the eye through the sclera 2 mm from the 
limbus and passing from the inside of the eye 
through the ciliary body and sclera to the out-
side of the globe.

The continuous and cerclage sutures are paral-
lel to the limbus and we do every 3 sutures/
quadrant.

After all the cyclodialysis clefts are repaired, 
the sutures on both ends of the cleft are fixed on 
the sclera.

The knots of the suture are placed on the sur-
face of the sclera and are covered by conjunctiva. 
The length of the thread ends is longer than 3 mm 
so that the thread ends are located tensionless 
under the conjunctiva without great risk of pierc-
ing through the conjunctiva.

After re-fixation of the ciliary body, the retina 
is carefully checked and to address a retinal 
detachment if present.

At the completion of surgery, the infusion can-
nula is removed.

The conjunctival incisions are closed with 8–0 
absorbable sutures.

14.9  Glaucoma Secondary 
to Corneal Perforation

14.9.1  Etiology

Corneal perforation with serious iritis is prone to 
peripheral anterior synechia (PAS) (Figs.  14.18 
and 14.19). Iris prolapse caused by corneal 
 perforation can cause adhesive corneal leukopla-

kia if not handled properly, causing secondary 
angle closure glaucoma.

14.9.2  Clinical Manifestation

 1. Be similar to the symptoms of acute angle 
closure glaucoma attack.

 2. Intraocular hypertension; corneal leukopla-
kia, corneal scar will affect the results of IOP.

 3. PAS and anterior chamber angle occlusion.

14.9.3  Treatment

 (1) IOP-lowering medications.
 (2) Partial iridectomy or filtering operation was 

selected according to the synechia.

Fig. 14.18 Sharp injury, iris prolapses, and incarcerates 
into the cornea

Fig. 14.19 Sharp injury, hyphema

14 Traumatic Glaucoma
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14.10  Glaucoma Secondary 
to Traumatic Iris Defect

14.10.1  Etiology

Blunt injury, sharp injury, iridectomy, and exces-
sively broken iris are the main reasons. When the 
iridodialysis is over 180 degrees, iris may be 
curled and sinks into the angle and lead to Iris 
tissue necrosis, decomposition, and absorption 
(Figs. 14.20 and 14.21).

14.10.2  Pathogenesis

The residual iris in the aqueous humor, which lacks 
of elasticity and tension, is easy to adhere to 
trabeculae.

14.10.3  Clinical Manifestation

Acute angle-closure glaucoma can be secondary 
to iris defect. The patient had a sudden onset of 
headache, eye pain, nausea, and vomiting. 
Conjunctival swelling or mixed congestion, cor-
neal edema, stubborn ocular hypertension.

14.10.4  Treatment

 1. IOP-lowering medications.
 2. Glaucoma drainage surgery such as goniot-

omy and trabeculectomy.

Male, 27-year old, left eye pain and blurred 
vision for 1  month after the blunt ocular 
trauma(Figs. 14.22 and 14.23).

Ophthalmic examination: VOS: 0.4, TOS: 
36 mmHg.

14.10.5  Treatment

Surgery: Repair of iris injury; suture the broken 
pupillary sphincter.

Iridodialysis: Sewing machine suture of iris at 
the posterior border of corneal limbus (Figs. 14.24 
and 14.25).

Fig. 14.20 Iridodialysis occurred after blunt trauma

Fig. 14.21 Iris atrophy occurred one month after blunt 
trauma

Fig. 14.22 Iridodialysis, pupillary deformation, and lens 
opacity

Z. Wang et al.
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14.10.6  Case Presentation

Male, 27-year old, severe eye pain with blurred 
vision, 3 days after blunt trauma.

Examination: VOS: HM/BE, TOS: 36 mmHg, 
mixed congestion, whole iridodialysis (Fig. 14.26).

Diagnosis: Glaucoma and cataract after trauma.

14.10.7  Surgical Procedure  
(Video 14.4)

The surgery is performed under retrobulbar 
anesthesia.

A single 23-gauge port for infusion cannula to 
maintain IOP.

Cutting the conjunctiva along the limbus.
Making 0.5  mm sclera incision every 15° 

about 1.75 mm–2 mm behind the limbus.
Viscoelasticity into the anterior chamber.
Fixation of the defected iris through the sclera 

with 8–0 absorbable sutures (Vicryl) (suture 
impaction).

Cataract surgery
At the completion of surgery, the infusion can-

nula is removed.
The conjunctival incisions are closed with 8–0 

absorbable sutures.

14.11  Glaucoma Secondary 
to Traumatic Uveitis

14.11.1  Etiology

Ocular contusion, perforating injury, and chemi-
cal injury can cause severe uveitis with serious 
exudates, resulting in a series of iridocyclitis, 
such as posterior synechia, Peripheral anterior 
synechia (PAS), pupillary occlusion, and iris 
bombé (Figs. 14.27, 14.28, and 14.29).Fig. 14.23 UBM: Anterior chamber exudates, iris curl-

ing iris detachment

Fig. 14.24 Pattern diagram of sewing machine suture

Fig. 14.25 Our experience of suture impaction
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14.11.2  Occurs In

 1. Intraocular infection due to trauma.
 2. The disappearance of anterior chamber, 

delayed formation of anterior chamber, and 
wound leakage caused by trauma, lead to PAS 
and secondary angle closure glaucoma.

 3. Traumatic lens rupture and residual cortex 
after lens extraction.

 4. Chemical ocular trauma.

14.11.3  Clinical Manifestation

An acute eye pain, headache, blurred vision 
based on ocular trauma. Conjunctival congestion, 
corneal edema, shallow anterior chamber, iris 
bombé, PAS, intraocular hypertension.

14.11.4  Treatment

 1. Medications: In accordance with uveitis.
 2. Surgery: Treatment of primary causes.

14.12  Glaucoma Secondary to 
Intraocular Foreign Body

Intraocular foreign bodies, including iron, cop-
per, zinc, and other metals, cause oxidation reac-
tion in the eye, and damage of the angle of the 
eye leads to open-angle glaucoma (Fig.  14.30). Foreign body should be removed immediately if 

it damages the visual function.

Fig. 14.26 Iridodialysis and cataract after blunt trauma

Fig. 14.27 About 2  months after blunt injury, lens 
opacity

Fig. 14.28 About 1  month after blunt injury, PAS, iris 
nodules

Fig. 14.29 About 3 days after sharp injury, hypopyon

Z. Wang et al.
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Fig. 14.30 Brain MRI shows: Hyper-reflective in the eyeball of both eyes

14 Traumatic Glaucoma
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Traumatic Endophthalmitis
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Abstract

Post traumatic endophthalmitis is a serious 
complication of open globe injures. It carries a 
poorer prognosis compared to postoperative 
endophthalmitis due to the presence of more 
virulent organisms and delay in diagnosis and 
treatment. The diagnosis of endophthalmitis is 
clinical and is supported by the smear and cul-
ture of the vitreous and/or aqueous fluid. The 
threshold for vitrectomy in cases of posttrau-
matic endophthalmitis is low. Vitrectomy 
should be performed if there is no response to 
intravitreal antibiotics within 24 h or if associ-
ated with complications like retinal detach-
ment or intraocular foreign body.

Keywords
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Vitrectomy

15.1  Introduction

Post traumatic endophthalmitis is a serious com-
plication of open globe injures. The reported 
incidence of endophthalmitis following open 
globe injuries ranges from 0 to 12% [1–3]. Risk 
factors for endophthalmitis in cases of open globe 
injury include delayed primary globe repair, 
presence of intraocular foreign body (IOFB), 
large wound size, prolapse of ocular tissue, lens 
rupture which gives the microorganisms direct 
access to the vitreous cavity, and trauma in rural 
settings due to higher chances of soil contamina-
tion [4]. Post traumatic endophthalmitis are asso-
ciated with poorer visual outcome when 
compared to postoperative endophthalmitis 
which could possibly be due to presence of more 
virulent organisms and delay in diagnosis and 
treatment [5].

15.2  Case Report

A 24-year-old male presented with history of 
injury to the right eye by a stone prior to presen-
tation with complain of diminution of vison in 
the eye and whitish appearance of the front of the 
eye. He gave history of a primary corneal tear 
repair that was done locally 3  days after the 
injury. On examination, visual acuity of the right 
eye was perception of light and left eye was 6/6 
on Snellen’s chart. Extraocular movements of 
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both eyes were normal. Severe congestion and lid 
edema were present in the right eye. Slit lamp 
examination of anterior segment revealed a total 
corneal abscess, corneal sutures in place, and 
conjunctival congestion (Fig.  15.1). Lens, iris, 
and posterior segment details were not visible. 
The findings of the other eye were unremarkable. 
Right eye B-scan ultrasound sonography revealed 
multiple hyperechoic shadows in the vitreous 
cavity suggestive of vitreous exudates, lens echo 
was noted, and choroidal thickening was present 
suggestive of endophthalmitis. The patient was 
started on systemic and topical antibiotic and 
cycloplegic eye drops.

He underwent right eye penetrating kerato-
plasty with 23G pars plana vitrectomy with 
intravitreal antibiotic injections. Local anaesthe-
sia in the form of peribulbar anaesthesia was 
given in the right eye. A Flieringa ring was 
sutured in place to stabilize the eye. Corneal but-
ton was excised, lens was expulsed, and a tempo-
rary keratoprosthesis was sutured in place for 
better visualization of the posterior segment 
(Fig. 15.2). 3 23 Gauge ports were put and vit-
rectomy was done to remove the exudative mate-
rial from the posterior chamber. The ports and 
temporary KPRO were removed. A large full 
thickness graft was sutured using 10–0 nylon 
sutures. Intravitreal vancomycin, ceftazidime, 
and voriconazole were injected and the eye was 
patched. The corneal button and vitreous tap 
were sent for culture and sensitivity.

Post operatively an edematous corneal graft 
was noted. The edema precluded a definite pos-
terior segment evaluation. However, the retina 
appeared attached. The KOH smear of the sam-
ples sent to microbiology department showed 
fungal filaments so the patient was started on 
topical natamycin and voriconazole eye drops 
and itraconazole tablet. In 48 h, the vitreous tap 
showed no growth on culture; however, the cor-
neal button showed growth of some black 
coloured fungus. He was started on fortified 
amphotericin B eye drops and was given intra-
vitreal amphotericin B injection for the same. 
On 2 weeks follow-up, perception of light was 
present in the right eye. On anterior the edema 
in the corneal graft had decreased and corneal 
sutures were in place. No exudates or hyphema 
was noted in the anterior chamber. However, 
vascularization was noted in the angles. 
Posterior segment showed retina attached. The 
patient was started on topical steroid drops to 
prevent graft rejection.

15.3  Microbiology

Identification of the causative organism forms an 
important part of the management. Positive cul-
ture depends on the method of sample collection, 
previous medical therapy, and the method of 
inoculation and culture medium used. In a large 

Fig. 15.1 Anterior segment photograph of a case of trau-
matic endophthalmitis showing total corneal abscess with 
corneal sutures in place, conjunctival congestion, and 
chemosis

Fig. 15.2 Intraoperative photograph showing use of a 
Flieringa ring for stabilization and support and a tempo-
rary keratoprosthesis for better posterior segment 
visualization

S. Natarajan et al.
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retrospective series of post traumatic endophthal-
mitis, only 38.1% cases were found to be culture 
positive [6]. Smear test with Gram and Giemsa 
staining helps in identifying the causative organ-
ism even when cultures are negative. Mixed bac-
terial infection is commonly seen. Both Gram 
positive and Gram negative organisms can be 
seen. Coagulase negative Staphylococcus species 
followed by Gram negative bacilli like pseudo-
monas are the most commonly found organisms. 
IOFBs are found to be positively associated with 
S. epidermidis [7]. Bacillus infections are fulmi-
nant and can be associated with a ring abscess 
and are found particularly in the setting of 
IOFB.  Fungal infections are less common and 
usually seen in cases of trauma with vegetative 
matter or open globe injuries with soil contami-
nation. Aspergillus is the most common species 
followed by yeast like organisms [8].

15.4  Antibiotic Susceptibility

Intravitreal vancomycin and ceftazidime have 
been commonly used to provide a broad spec-
trum coverage of both Gram positive and Gram 
negative organisms. However increasing resis-
tance to antibiotics is being reported. Common 
use of topical fluoroquinolone drops has led to 
increased resistance among conjunctival flora 
specially coagulase negative staphylococcus [9].

While a 20  year retrospective data between 
1990 and 2009 showed that both Gram positive 
and Gram negative organisms were highly sus-
ceptible to ceftazidime [6], a recent 15  year 
review of post traumatic endophthalmitis con-
ducted between 2004 and 2019 found the suscep-
tibility of Gram negative bacilli to ceftazidime 
decrease over time [10]. According to this study, 
Gram positive organisms showed greatest sus-
ceptibility to vancomycin followed by fluoroqui-
nolones. Gram negative organisms were most 
susceptible to levofloxacin followed by merope-
nem. Susceptibility of both Gram positive and 
negative organisms to trimethoprim- sulfame-
thoxazole (TMP-SMX) was shown to increase 
over time. Another recent study from India found 
increasing resistance of pseudomonas to ceftazi-

dime, fluoroquinolones, and amikacin [10]. 
Intravitreal imipenem 50 microgram/0.1 ml has 
been used in cases of ceftazidime resistance 
Gram negative endophthalmitis [11].

15.5  Diagnosis

The diagnosis of endophthalmitis is clinical and 
is supported by the smear and culture of the vitre-
ous and/or aqueous fluid. Ocular signs of post 
traumatic endophthalmitis are similar to that of 
any other infectious endophthalmitis and include 
anterior chamber cells and flare, hypopyon and 
vitreous exudates. Aqueous tap can be obtained 
through a paracentesis using a 25-27G needle. 
0.1 ml of aqueous is sufficient for microbiologi-
cal examination. Vitreous sample can be obtained 
by aspiration through a needle or by vitreous 
biopsy as a part of the therapeutic vitrectomy. 
0.2–0.3 ml of sample can be collected. Sometimes 
a “dry tap” may be obtained because of difficulty 
in aspirating the gel. It is important to collect an 
undiluted sample of the vitreous at the start of the 
vitrectomy to be sent for culture. Vitreous diluted 
by the irrigating solution can also be collected as 
“washings” and sent for culture.

15.6  Treatment

15.6.1  Prophylaxis

Oral and intravenous antibiotics have been used 
in cases of open globe injuries to prevent the 
onset of endophthalmitis. Oral ciprofloxacin has 
been found to be as effective as intravenous 
cefazolin or gentamicin [12]. Prophylaxis with 
intravenous cefazolin and oral ciprofloxacin or 
oral ciprofloxacin and oral cefuroxime for 
3 days from admission was found to be equally 
effective in one of the studies [13]. Use of intra-
cameral or intravitreal antibiotic reduces the 
risk of endophthalmitis in open globe injuries 
[14]. Intraocular gentamicin and clindamycin 
were found to be effective in preventing post-
traumatic bacterial endophthalmitis in cases 
with retained IOFB [15]. Broad spectrum intra-
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vitreal antibiotics like vancomycin and ceftazi-
dime provide coverage against both Gram 
negative and Gram positive organisms including 
methicillin resistant Staphylococcus aureus [16] 
and have shown to reduce the risk of posttrau-
matic endophthalmitis [17]. Definitive antibiot-
ics can be started after getting the culture and 
sensitivity reports.

15.6.2  Vitrectomy

The threshold for vitrectomy in cases of posttrau-
matic endophthalmitis should to be low. In cases 
with visual acuity better than hand motion with 
adequate visualization of retina, intravitreal anti-
biotics can be tried. However, if there is no 
improvement within 24 h, or if associated with 
complication such as retinal detachment, imme-
diate vitrectomy should be performed.

23G transconjunctival vitrectomy can be 
performed. A vitreous biopsy should be per-
formed before starting the infusion cannula to 
collect an undiluted ample of vitreous. An ante-
rior chamber infusion line can be used in cases 
where there is no visibility of the posterior seg-
ment. Corneal epithelial scraping may be 
required in cases with corneal edema. Exudates 
and fibrin are removed from the anterior cham-
ber. It can be done using microforceps or by 
doing a limbal vitrectomy. Care must be taken 
to avoid damage to iris tissue. Synechiae may 
have to be released to allow pupillary dilata-
tion. In cases of traumatic cataract, lensectomy 
may have to be performed. A thorough core vit-
rectomy followed by detachment of posterior 
vitreous and shaving of vitreous skirt should be 
performed. Intravitreal antibiotics can be used 
depending on the vitreous culture report if 
available or a broad spectrum antibiotic cover-
ing both Gram positive and Gram negative 
organisms such as vancomycin with ceftazi-
dime can be used. Intravitreal dexamethasone 
can be used if fungal infection is not suspected. 
Although intravitreal steroids help in early 
reduction of inflammation, it has no effect on 
the final visual outcome [18]. Silicone oil is 
found to have bactericidal and fungistatic prop-

erties [19]. Therefore, silicone oil tamponade is 
the preferred tamponading agent especially in 
severe cases, cases with retinal breaks or large 
areas of retinal necrosis, or cases associated 
with retinal detachment. Endoscopic vitrec-
tomy can be used in cases of poor posterior seg-
ment visualization due to anterior segment 
opacification [20, 21].

15.6.3  Personal Experience

Risk factors for endophthalmitis such as delayed 
wound closure, contaminated wound, presence of 
IOFB should be kept in mind while dealing with 
a case of open globe injury. With slightest of sus-
picion, intravitreal antibiotics should be given at 
the time of primary repair. In cases of confirmed 
endophthalmitis, vitrectomy should be done 
within 24 h of diagnosis.

15.6.4  Specific Challenge

Presence of large corneal tears or corneal abscess 
may make visualization of the posterior segment 
difficult. Hence one may have to do an open sky 
vitrectomy or use a temporary keratoprosthesis 
or do an endoscopic vitrectomy.
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Permanent Silicone Oil 
Tamponade

Xixuan Ke and Haoyu Chen

Abstract

Although long-term tamponade of silicone oil 
may have several complications, permanent 
silicone oil tamponade may be needed in some 
eyes with severe ocular trauma. Removal of 
silicone oil in these eyes would lead to phthi-
sis bulbi. Proliferative vitreoretinopathy and 
persistent hypotony are two major reasons 
requiring permanent silicone oil tamponade in 
severe ocular trauma. The complications of 
silicone oil tamponade include migration of 
silicone oil to the anterior chamber and sub-
retinal space, band keratopathy, silicone oil 
emulsification, secondary glaucoma, and optic 
nerve atrophy. Several strategies should be 
adopted during silicone oil tamponade to pre-
vent the complications. The patients should be 
followed up and potential complications 
should be managed. This chapter discusses the 
definition, pathogenesis, clinical manifesta-
tions, examination, and management of per-
manent silicone oil tamponade.

Keywords

Permanent silicone oil tamponade  
Proliferative vitreoretinopathy · Persistent 
hypotony · Complication

16.1  Introduction

Severe ocular trauma involving the posterior seg-
ment usually complicates with retinal detachment 
and proliferative vitreoretinopathy (PVR). There 
may also be damage to the choroid and ciliary 
body, which aggravating posterior and anterior vit-
reoretinal proliferation. Furthermore, the damage 
of the ciliary body may lead to reduced secretion 
of aqueous humor and hypotony.

Vitrectomy can remove vitreous hemorrhage 
and proliferation, reattach the retina, and seal 
retinal break. Silicone oil tamponade is usually 
required in addition to vitrectomy for these cases. 
Although the advance of vitreoretinal surgery has 
significantly improved the outcome of compli-
cated ocular trauma, there is still a significant 
proportion of patients requiring permanent sili-
cone oil tamponade, which is also called silicone 
oil-dependent eye.

Long-term silicone oil tamponade may 
have several complications, such as migration 
of silicone oil to the anterior chamber, subreti-
nal space, band keratopathy, silicone oil emul-
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sification, secondary glaucoma, and optic 
nerve atrophy. Therefore, the prevention and 
management of these complications are 
important.

16.2  Definition

There was no well-established definition for per-
manent silicone oil tamponade in the literature. 
There were some articles reporting the long-term 
results of silicone oil tamponade, which were 
more than 12 months [1–3]. But permanent sili-
cone oil tamponade means that the silicone oil is 
left inside the eye without a plan of removal. 
Removal of silicone oil in these eyes would lead 
to phthisis bulbi, evisceration, or enucleation. 
Silicone oil-dependent eye is defined as one of 
the following: 1. The eyes whose retina cannot be 
reattached even when silicone oil tamponade and 
need numbers of reoperations; 2. The eyes whose 
retina is reattached, but the intraocular pressure is 
lower than five mmHg last for more than three 
months [4].

16.3  Pathogenesis 
and Mechanisms

 1. PVR is the leading cause of the retinal re- 
detachment and requirement of permanent 
silicone oil tamponade.

Severe ocular trauma involving the posterior 
segment usually complicates with retinal detach-
ment and PVR.  Several preoperative indepen-
dent risk factors have been found were associated 
with PVR post-trauma, such as delayed vitrec-
tomy for more than two weeks from injury, 
severe vitreous hemorrhage, total retinal detach-
ment, the types of injuries (open globe injuries 
have a higher risk than closed globe injuries) [5]. 
In Blackford’s study, injuries caused by an 
IOFB, macular hemorrhage, or unsuccessful 
repair were significant risk factors for PVR 
development [6]. In Han’s report, Zone 3 Injury, 
Zone 3 retinal laceration, massive vitreous hem-
orrhage, retinal disorder, the timing of vitrec-

tomy, and type of injury were identified as the 
risk factors for PVR [7].

The mechanism of PVR in ocular injury is a 
proliferative reaction to the injury. The injuries 
induce inflammation, activate cellular prolifera-
tion, and form fibrovascular membranes, which 
would heal the wound caused by the injury. 
However, the inflammation after an ocular injury 
is usually excessive and interferes with physio-
logic wound healing. Therefore, the severer the 
injury, and severer the PVR. The zone 3 injury 
and other injuries involving the retina, RPE, and 
choroid would have more severe PVR because 
the healing process would take place on these tis-
sues and induce proliferative membrane on these 
tissues. Furthermore, the choroid is rich with 
blood vessels, and more inflammatory cells will 
be recruited when the choroid is injured.

Besides the ocular injury condition, surgical 
intervention is also an important factor of PVR in 
ocular injury. As mentioned above, delayed sur-
gical intervention is a risk factor for PVR. Because 
the cellular proliferative reaction takes time, 
early intervention, removal of the intraocular 
hemorrhage, and vitreous, inflammatory cells can 
prevent PVR or reduce its severity. Furthermore, 
surgical procedures can also affect postoperative 
PVR. Retinotomy and excessive retinal cryother-
apy could lead to extensive area pigment epithe-
lium exposure and promote retinal pigment 
epithelial cells’ diffusion into the vitreous cavity. 
Weller et al. [8] found that the quality of the pri-
mary surgical handling of retinal detachment is 
the most important prognostic factor for subse-
quent PVR development. Complete removal of 
vitreous and relieve retinal traction is the key to 
reducing the occurrence of PVR.

The proliferation and contraction of the fibral 
tissue not only take place at the vitreoretinal 
interface but also inside and beneath the retina. 
Contraction of these proliferative membranes 
mechanically tracts the neurosensory retina from 
RPE. Furthermore, traction may also cause new 
retinal breaks, which is also a significant cause of 
retinal re-detachment.

In some cases, PVR is too severe that the trac-
tion cannot be removed entirely by vitreoretinal 
surgery. The injury caused by the operation 
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induced further proliferation and led to the recur-
rence of retinal detachment. In these cases, sev-
eral procedures have been tried to reattach the 
retina, but there may be early or late failure or 
retina re-detachment after silicone oil removal. 
These cases require permanent tamponade of sili-
cone oil.

 2. Hypotony is another important cause of per-
manent silicone oil tamponade.

The intraocular pressure is maintained by the 
balance of aqueous humor secretion and absorp-
tion. Severe and persistent hypotony may lead to 
phthisis bulbi and silicone oil is required to main-
tain the intraocular pressure. There may be sev-
eral mechanisms of hypotony in ocular injury.

First, in severe ocular injury, the ciliary body’s 
function of aqueous humor secretion may be 
severely impaired, caused by direct and indirect 
mechanical damage, long-term detachment of the 
ciliary body, and anterior PVR.  Zone 2 injury 
would directly damage the ciliary body. The indi-
rect mechanical impact would also cause damage 
to the ciliary epithelium.

Second, detachment of the ciliary body and 
choroid from the sclera would increase the out-
flow of aqueous humor. Ciliary detachment may 
be a result of mechanical contusion, cyclodialysis, 
and traction of anterior PVR.  Mechanical com-
pact can result in the ciliary body and choroidal 
detachment by itself or cyclodialysis cleft. 
Cyclodialysis results from the separation of the 
longitudinal ciliary muscle fibers from the scleral 
spur, which creates an abnormal pathway for 
aqueous humor drainage that may lead to ocular 
hypotony [9]. Anterior PVR is an important cause 
of hypotony. There may develop some fibral 
membrane at the ciliary body and cause traction 
force on the ciliary body. The traction prevents the 
reattachment of the ciliary body [10]. Furthermore, 
hypotony, ciliary and choroidal detachment, and 
intraocular inflammation can aggregate each other 
and develop a vicious circle.

Third, in some severe cases, the scleral wound 
may not be closed completely. The leakage from 
the inadvertent fistula would also cause hypotony 
[11, 12].

Persistent hypotony may lead to choroidal 
fold, hypotonic maculopathy, intraocular inflam-
mation, and corneal edema. The eyeball with 
hypotony looks smaller compared to the contra-
lateral eye.

For persistent hypotonic eyes, it is important 
to identify the cause of hypotony and used medi-
cine or surgery to treat the causes, such as corti-
costeroid, cycloplegia, repairing cyclodialysis 
cleft and remove anterior PVR membrane. 
However, in severe cases, silicone oil is required 
to maintain the intraocular pressure even after 
several procedures have been tried.

16.4  Symptoms and Signs

 1. Anterior segment
Silicone oil may migrate to the anterior 

chamber and cause corneal endothelial dam-
age, including band keratopathy, corneal 
decompensation, and degenerative changes. 
Patients often present with foreign body sen-
sation, irritation, and tearing. There may be 
chronic anterior uveitis. Posterior synechia, 
seclusion of the pupil, and complicated cata-
ract are common clinical features in perma-
nent silicone oil tamponade eyes. Silicone oil 
emulsification is another common feature of 
long-term silicone oil tamponade. It usually 
presents as some small white droplet at the 
superior anterior chamber, as an inverse pseu-
dohypopyon. There may be secondary glau-
coma due to the blockage of trabecular 
meshwork by the emulsified silicone oil.

 2. Posterior segment
The commonly used silicone oil has a lower 

density than water, and its floating effect has 
better oppression on posterior and superior 
breaks. Therefore, most retinal detachment is 
located at inferior in oil tamponade eyes, with 
mild bulge and slowly progressive. Few cases 
of retinal detachment happened at the superior 
or posterior pole. The reopening of the original 
retinal tear, the formation of new tears, and 
PVR are the leading causes of retinal detach-
ment in silicone oil tamponade eyes. Fundus 
examination can reveal small white crystal 
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particles formed by the emulsification of sili-
cone oil on the surface of the retina, the oil–
liquid interface when the inferior vitreous 
cavity is insufficiently tamponade with sili-
cone oil, proliferative membrane and strand at 
the base of vitreous, annular contraction and 
tract the retina forward, a gray-white hyper-
plastic membrane forms on the surface of the 
retina, rigid retina, and even total retinal 
detachment.

16.5  Examinations

Wide-field scanning laser ophthalmoscopy can 
demonstrate the posterior segment if the optical 
media is clear. It has the advantage of viewing the 
peripheral retina even when the pupil is small. 
Optical coherence tomography (OCT) can show 
the high-resolution cross-sectional structure of 
the retina. It may demonstrate preretinal prolif-
eration, retinal detachment, subretinal mem-
brane, and other disorders, especially those 
located at the macula.

Although ultrasound B scan images can be 
disturbed by silicone oil, it still can show whether 
there is retinal detachment, choroidal detach-
ment, or PVR. Especially, it is useful in the pres-
ence of severe refractive medium opacity or tiny 
pupil. Ultrasound biomicroscope (UBM) can be 
used to examine the anterior segment and periph-
eral fundus to know the severity of anterior PVR 
and/or ciliary body detachment.

16.6  Management 
of Complication 
in Permanent Silicone Oil 
Tamponade

Since the silicone oil tamponade is required per-
manently, there may be various complications. 
Management of these complications would help 
to improve the symptoms and even visual acuity.

 1. Anterior chamber migration of silicone oil
Silicone oil is lighter than water. Therefore, 

silicone oil may migrate to the anterior cham-

ber when the patients sleep in the supine posi-
tion. It usually happens in aphakic eyes with a 
ruptured or absent capsule. In these eyes, the 
vitreous cavity is connected directly with the 
anterior chamber. If there is an iris, a six 
o’clock peripheral iridectomy should be per-
formed, allowing the aqueous humor circuit to 
the anterior chamber via the iridectomy and 
pushing the silicone oil back with a prone 
position. However, in the cases with iris 
defect, sutures with a grid pattern may pro-
vide a barrier for silicone oil [13].

Silicone oil migration to the anterior cham-
ber may also happen in phakic eyes, pseudo-
phakic eyes, or aphakic eyes with an intact 
capsule because there is zonular dialysis. For 
phakic and pseudophakic eyes, an operation 
to remove the silicone oil from the anterior 
chamber is needed. Hyaluronate sodium can 
help the removal safely. While for aphakic 
eyes with an intact capsule, laser capsulec-
tomy and six o’clock iridectomy would be 
able to push the silicone oil back.

 2. Silicone oil emulsification
Emulsification is common in long-term 

silicone oil tamponade. It does not need man-
agement if it is mild, and the intraocular pres-
sure is normal. However, in severe cases, the 
patients may feel vision decrease in a supine 
position when the emulsified silicone oil 
droplet moves to the central anterior chamber 
and block the visual axis. The patients may 
have secondary glaucoma. In these cases, 
removal of silicone oil and reinstallation of 
new silicone oil are needed.

 3. Retinal re-detachment and subretinal migra-
tion of silicone oil

Different operations would be chosen accord-
ing to the condition of retinal detachment. If there 
is a shallow detachment located in the peripheral 
retina without the involvement of the macula, 
laser photocoagulation can be applied to the pos-
terior edge of the detachment zone. If there is 
macula detachment, reoperation can be per-
formed. Anterior or posterior PVR is often seen 
in retinal detachment in oil tamponade eyes. 
Scleral encircling buckle could relieve the rigid 
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retina and traction. After removing oil, carefully 
check the vitreous base and pars plana by com-
pression scleral and clear residue vitreous. The 
preretinal or subretinal proliferative membrane 
must be peeled. If all the above procedures still 
cannot reattach the retina, retinectomy should be 
considered. Hocaoglu and associates [14] report 
the outcomes of patients with retinal detachment 
following penetrating injury underwent com-
bined 360-degree retinotomy, anterior flap reti-
nectomy, and radial retinotomy for the 
management of advanced proliferative vitreoreti-
nopathy, and the complete retinal reattachment 
rate was 75% after 51.5 months follow-up.

 4. Hypotony

Some patients may still have hypotony even in 
the presence of silicone oil tamponade. It is usu-
ally due to anterior PVR, cyclodialysis cleft, pos-
terior PVR and retinal re-detachment, or scleral 
fistula. Identify the cause of ocular hypotony and 
treat the cause can improve this condition. It was 
reported that endoscopy-assisted vitrectomy could 
dissect the ciliary body membrane in anterior PVR 
and improve hypotony [15]. Cyclodialysis cleft 
can be repaired using laser, direct cyclopexy, 
scleral buckling, or sulcus capsular tension ring or 
three-piece intraocular lens [9].

16.7  Case of Retinal Detachment 
in Silicone Oil 
Tamponade Eye

A 38-year-old man presented to the ophthalmol-
ogy emergency department with pain and redness 
in his left eye after being wounded by an iron 
block. The best-corrected visual acuity was hand 
motion, and the intraocular pressure was 7 mmHg 
in his left eye. On slit-lamp biomicroscope exam-
ination of the left eye, there was nasal conjunc-
tiva hyperemia and massive dark red 
subconjunctival hemorrhage. The cornea was 
transparent. There was Tyndall (+), cell (+) in the 
anterior chamber. There is posterior capsule 
opacity at the lens. The vitreous hemorrhage was 
+++, and the retina cannot be visualized 

(Fig.  16.1a). His right eye uncorrected visual 
acuity was 1.0, and intraocular pressure was 
12 mmHg. Computed tomography at orbit indi-
cated a metal foreign body retained in the vitre-
ous cavity of the left eye. The patient was 
diagnosed with open globe injury with intraocu-
lar foreign body, traumatic cataract, and vitreous 
hemorrhage in the left eye based on the history 
and examinations.

After exclusion of intracranial injury, an emer-
gent operation was performed: corneal laceration 
sutured, lens aspiration, vitrectomy to remove 
vitreous hemorrhage, removal of the intraocular 
foreign body through the limbal incision, the reti-
nal wound was photocoagulation by laser and 
vitreous tamponade with silicone oil after gas-
liquid exchange. Prone positioning was 
instructed, and topical steroid and antibiotic 
drops were used during postoperative follow-up. 
Ultra-wild-angle fundus photography shows reti-
nal attached, minor preretinal hemorrhage at the 
posterior pole, superonasal gray-white lesion sur-
rounded by laser spot when the patient was dis-
charged three days postoperation (Fig.  16.1b). 
Five months later, the patient corrected visual 
acuity improved to 0.5, and intraocular pressure 
was 11 mmHg. Slit-lamp examination of the left 
eye revealed transparent cornea and quiet ante-
rior chamber with aphakia, dilated funduscopic 
revealed attached retina, a small piece of white 
proliferative membrane locates at the inferior 
equatorial retina, and there were pigmented laser 
spots at the superonasal retina (Fig.  16.1c). 
Silicone oil was removed, proliferative  membrane 
peeled, and the intraocular lens was fixed in the 
ciliary sulcus.

Two weeks later, the patient presented with 
sudden visual acuity loss in the left eye. The best- 
corrected visual acuity was HM in the left eye. 
Anterior segment examination was unremark-
able. Fundus examination showed almost total 
retinal detachment, and the inferior retina was 
elevated highly (Fig. 16.1d). The patient under-
went the third operation. During the operation, a 
new retinal break was found at the inferior retina, 
and then the retina was flattened with perfluoro-
carbon liquids. Laser photocoagulation was 
applied to the retinal break, and a direct 
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perfluorocarbon- silicone oil exchange was con-
ducted (Fig. 16.1e). Topical eye drops and prone 
positioning were required. Three months later, 
the nasal-inferior retinal detached with preretinal 
and subretinal membrane proliferation. 
Complementary laser photocoagulation was 
applied to prevent further detachment of the ret-
ina. The retina remained stable six months after 
the photocoagulation was performed, and the 
best-corrected visual acuity was 0.3 (Fig. 16.1f).

16.8  Personal Experience

Silicone oil tamponade has a better effect on the 
superior retina but less effect on the inferior ret-
ina. And there is usually some space filled with 
aqueous humor but not silicone oil at the inferior 
vitreous cavity. And this space has a high concen-
tration of inflammatory factors and cells. 
Therefore, the inferior retina is at higher risk of 
PVR. In this case’s management, a timely inter-
vention with laser photocoagulation would pre-
vent the progression of inferior retinal detachment 
to the fovea and keep good visual acuity in the 
presence of silicone oil permanent tamponade.

16.9  Specific Challenges

The challenges for permanent silicone oil eyes 
are silicone oil-associated complications, such as 
keratopathy, glaucoma, and emulsification. 
Although several methods can be tried to manage 
these complications, some complications are 
intractable, and the patients may need to receive 
many operations.

Therefore, seeking or inventing better vitre-
ous substitutes has been conducted decades ago. 
Foldable capsular vitreous body (FCVB) is a 
promising substitute. It is a capsule implanted in 
the vitreous cavity, and the silicone oil is 
injected into the capsule. Therefore, the silicone 
oil would not migrate to the anterior chamber 
and damage the corneal endothelium. There are 
some publications reporting the results of FCVB 
in the management of silicone oil-dependent 
eyes [16, 17]. But more studies with a larger 
sample size and longer time follow-up are 
needed to investigate the effectiveness and 
safety of FCVB.

FCVB can avoid silicone oil-related compli-
cations, but it cannot solve persistent hypotony 

a b c
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Fig. 16.1 (a) Photograph of the anterior segment after 
perforating injury with an intraocular body; (b) Ultra- 
wide- angle photograph seven days after the first surgery 
tamponade with silicone oil shows attached retina with 
mild preretinal hemorrhage; (c) The retina was flat before 

removal of silicone oil; (d) Retinal detachment two weeks 
after the silicone oil removal; (e) The retina was reat-
tached after the second time silicone oil tamponade; (f) 
Complementary laser photocoagulation applied to prevent 
inferior retinal detachment from progressing
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caused by ciliary body dysfunction. There is an 
insufficient aqueous secretion of the ciliary body 
caused by direct trauma or anterior PVR. Even 
after silicone oil tamponade or artificial vitreous 
implantation, some eyeballs would gradually 
develop into phthisis bulbi.
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Traumatic Optic Neuropathy

Haydée Martínez

Abstract

Traumatic optic neuropathy is a rare pathol-
ogy caused by an acute injury of the optic 
nerve secondary to trauma. The diagnosis is 
mainly clinically based on history and oph-
thalmic signs. Images sometimes show a 
direct lesion but most frequently the mecha-
nism is indirect and affects the intracanalicu-
lar portion of the nerve. Incidence is higher in 
young males. Different treatments have been 
proposed including corticosteroids and sur-
gery but the data in the literature to date has 
not shown any treatment to be superior to 
observation. Moreover, 40–60% of TON have 
spontaneous recovery, excluding severe cases.

Keywords

Trauma · Direct, indirect mechanism  
Multifactorial · Spontaneous recovery

17.1  Introduction

Traumatic optic neuropathy (TON) refers to an 
acute injury of the optic nerve secondary to 
trauma. The diagnosis of TON is made clinically, 

based on history and ophthalmic signs. Like other 
optic neuropathies, patients with TON may have 
decreased central visual acuity (VA), decreased 
color vision, an afferent pupillary defect, and/or 
visual field (VF) defects.

17.2  Definition

TON is an optic nerve (ON) injury as a result of 
trauma, which results in total or partial loss of 
function, which may be transient or permanent. 
Trauma can lead to direct or indirect aggression 
to the nerve, the latter being the most common.

It may be due to severe, moderate, or even 
mild head trauma. The gravity varies according 
to different series; 43 to 56% have a severe 
visual loss, but we must keep in mind that mild 
and/or spontaneously improved cases are often 
not reported. A vast majority are unilateral, but it 
can be bilateral if it involved major trauma. Since 
it involves head trauma, management should be 
carried out by a multidisciplinary team that 
includes emergency room doctors, head and neck 
surgeons, neurosurgeons, and ophthalmologists. 
Ophthalmological assessment should be carried 
out at the first possible opportunity, after stabili-
zation of vital functions [1, 2].
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17.3  Incidence: Etiology

Is a rare pathology; it occurs in 1 to 5% of closed 
traumas. Its highest incidence is in young males: 
in the International optic nerve trauma study, the 
average age of involvement was 34  ±  18  years 
and 85% were male.

The most common cause is accident with 
motor vehicles or bicycles (49%), falls (27%), 
and aggression (13%). In pediatric series, the 
most common cause are falls (50%) followed by 
traffic accidents (40%). The most common clini-
cal form is indirect form.

17.4  Classification

In accordance with the mechanism of action:

• Direct: There is a significant anatomical alter-
ation of the optic nerve, for example, by a pro-
jectile that penetrates orbit at high speed, or as 
a result of avulsion of the optic nerve, which 
usually occurs with severe visual loss.

• Indirect: Forces that occur during the blow 
are transmitted from a distant site to the ON, 
which occurs in 0.5 to 2.5% of all closed head 
trauma, without any manifest damage to the 
structures of the surrounding tissues. The 
deforming tension transmitted to the skull of 
closed trauma is concentrated in the optic 
channel region.

According to the site of the injury:

• Head of the ON
• Intraorbital
• Intracanalicular
• Intracranial

The intracanalicular portion is the most 
likely to be injured in closed trauma, as the upper 
half of the nerve in the canal is strongly attached 
to the periosteum by the fusion of the nerve with 
the nerve sheath, and therefore has very reduced 
mobility making it especially susceptible to 
trauma. Direct nerve damage or ischemic damage 
due to vascular injuries may occur. Imaging stud-

ies, particularly computed tomography, show 
variable results—up to 50% according to some 
series—in relation to detecting fractures in the 
optical channel that are difficult to highlight. 
Sometimes it is possible to detect small bone 
fragments that can completely or partially section 
the nerve, or compress it.

The intracranial part of the ON begins at the 
optic channel output and reaches the chiasma. 
The sickle dural fold is very close and also fused 
to the nerve sheath, so injury may occur at this 
level. It is the second most common location of 
TON. The chiasmatic region is the third in fre-
quency of involvement.

In accordance with the commitment of  
Fundus Oculi - FO-:

• Previous neuropathy: Lesions prior to the 
entry of the central artery of the retina into the 
ON, about 1 cm from the back of the eyeball, 
cause alterations in the FO: hemorrhage or 
edema, due to arterial or venous compromise. 
Optical nerve avulsion may also be observed 
in severe trauma.

• Subsequent neuropathy: FO is normal which 
makes diagnosis difficult. If the trauma causes 
definitive damage, partial, or total paleness 
will become apparent late, within a variable 
period of 3 to 6 weeks.

17.5  Pathophysiology

In direct TON the mechanism is evident and neu-
roimaging usually shows direct damage to the 
optic nerve or compression by a bone fragment or 
hematoma [3].

In indirect TON the mechanism is usually 
multifactorial with a combination of mechanical 
and vascular events. The biomechanical response 
of cranial content to trauma is an important com-
ponent of the mechanisms that are generated. 
Holographic studies with laser interferometry of 
the orbital cavity have shown that biomechanical 
forces triggered by trauma are transmitted 
through the wall of the orbital cavity and produce 
maximum deformity at the vertex level. Elastic 
deformation of sphenoids is manifested by the 
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appearance of canal fractures. The complex 
arrangement of collagen fibers in the ON pods 
and their firm bonding to the canal allow stress 
forces to be transmitted to the nerve, with a lon-
gitudinal orientation. When intense, they cause 
stretching of nerve fibers. In addition, there is 
compression and rupture of the nutrient vessels in 
their journey through the scissor pattern of the 
collagen fibers of the dura mater, when shearing 
forces are generated, resulting in the appearance 
of microinfarctions and microhemorrhages with 
edema; this, in turn, further compromises the 
blood supply in an inextensible space such as the 
bone walls of the canal [4].

Primary damage occurs to axons in ganglion 
cells, which are irreversibly injured with conse-
quent cell degeneration. Secondary mechanisms 
of edema, especially significant ischemia within 
the narrow optic channel are also triggered. This 
creates a compartment syndrome and a vicious 
circle between the two mechanisms involving 
multiple metabolic pathways—release of free 
radicals, alteration of calcium metabolism, alter-
ation of vasoregulatory mechanisms—leading to 
death by apoptosis of affected ganglion cells. 
Postulated treatments aim to try to curb this sec-
ondary damage.

Diffuse axonal damage should also be con-
sidered as an underlying mechanism in indirect 
TON.  Axon deformations occur in brain white 
tissue tracts that damage the axonal cytoskeleton 
resulting in impaired axoplasmic transport.

On the other hand, ophthalmologic controls 
should be maintained because visual decrease 
may not occur immediately to trauma but over 
time, due to the development of intraorbital 
hematomas or in the sheath of the optic nerve. 
Orbital hemorrhage results in compartment syn-
drome with increased orbital pressure that com-
promises the circulation of the ON.  Orbital 
emphysema, after fractures, is usually a benign 
condition. However, cases have been reported in 
which a valve mechanism is generated, with a 
large increase of intraorbital pressure and ON 
compression, although it is an extremely rare 
form of TON.

The least common variant of TON is ON 
avulsion. It usually occurs after closed-balloon 

trauma and can be total or partial. Three likely 
production mechanisms have been proposed:

• Sharp increase in intraocular pressure from 
traumatic compression that disinserts the 
ON. It behaves similarly to an eye rupture at 
the level of an anatomically weak site in the 
eye wall.

• Increased orbital pressure with balloon protru-
sion, resulting in a stretching of the nerve, 
until it is avulsed from its scleral insertions.

• Extreme rotations of the globe with disruption 
of the laminar region.

17.6  History

Clinical history is, of course, fundamental. The 
type of trauma, the time of evolution, whether or 
not there was loss of consciousness, and the dura-
tion of the trauma should be recorded. If there 
was a visual loss, if it was perceived immediately 
or deferred. If the patient has received any treat-
ment or surgery.

In mild cases, the patient may have difficulty 
referring trauma as he/she does not link it to late 
visual damage. In severe cases, particularly loss 
of consciousness, it is difficult to obtain both a 
history and the patient’s examination.

A complete ophthalmological examination 
should always be performed for signs and 
symptoms that may accompany TON: 
edema—bruising—exophthalmos—obvious 
wounds or fractures—commitment to motil-
ity—and, except contraindication, FO with 
dilation to rule out, for example, retinal detach-
ment, vitreous hemorrhage, intraocular foreign 
body, choroid ruptures, or crystalline disloca-
tion. A history consistent with TON would be 
vision loss after blunt or penetrating trauma 
that could not be explained by slit lamp or 
dilated fundus findings.

In physical examination, it is essential to feel 
the orbital rim to look for signs of fractures. 
When orbital compartment syndrome is sus-
pected, the existence of resistance to eye back-
pulsion and intraocular pressure should be 
explored which, if elevated, point to such diagno-
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sis. The ocular globe and its annexes should be 
examined for concomitant eye disturbances.

 1. Decreased Visual Acuity: The compromise 
is variable and ranges from non-light percep-
tion to minimum or imperceptible loss. Up to 
40–60% of patients have a severe loss. Direct 
TON with very small VA has a worse progno-
sis. In the case of indirect injuries, recovery 
may be greater, and the initial VA has proven 
to be the most important prognostic factor: the 
higher the initial VA the greater the chance of 
improvement.

 2. Afferent pupillary defect: Pupil evaluation 
is critical and should always be recorded in 
clinic history, particularly in cases with nor-
mal FO where the patient refers to marked 
visual disorder. On the other hand, in a patient 
with severe head trauma the onset of uni- or 
bilateral mydriasis implies the possibility of 
brain herniation with life risk. In bilateral 
cases, we can find diminished or abolished 
pupillary reflexes.

 3. Alteration in chromatic vision: The blue–
yellow axis can be affected with good VA and 
respected VF or red–green axis, when there is 
great visual affectation and damage of the 
central VF. Diffuse defects without a defined 
axis may also occur, and when the VA is 
severely affected, it is not possible to evaluate 
color vision correctly [5].

 4. Variable campimetric defects: Lower hemi-
anopsia (by involvement of upper pial vessels 
in the optic canal) and central dense scotomas 
are common.

 5. Fundus oculi: The compromise is variable 
depending on the location of the insult. It is 
noteworthy again that a normal FO does not 
rule out TON as paleness takes time to become 
apparent.

17.7  Complementary 
Examinations

• Visual field.
• OCT: Allows follow-up injuries. When there 

is FO damage, it will show the thickness 

increasing of the RFNL and/or macula by 
edema and bleeding and its subsequent evolu-
tion toward normalization or atrophy.

• In indirect TON, defects will not become evi-
dent for 3 or 4  weeks, when a reduction in 
thickness in the peripapilar RFNL can be seen. 
The loss will stabilize at 20 weeks [6].

• Orbital ultrasound has limited utility 
restricted to anterior lesions.

• Visual Evoked Potentials (VEPs) are gener-
ally of limited utility because of the impossi-
bility of mobilization in most cases. In patients 
with amaurosis and normal FO, highly altered 
or non-recordable VEPs allow to establish the 
extent of the damage; the possibility of visual 
recovery is highly unlikely.

• NEUROIMAGES: They are fundamental.
• Computed Tomography (CT) allows better 

detection of cranial fractures, and in particu-
lar, those that affect the optic channel. It is the 
most accessible and easiest study to perform 
even in severe traumas with loss of conscious-
ness. It also allows to discard metallic foreign 
bodies, emphysema, bone fragments and, 
although with less definition, hematomas.

• Magnetic Resonance Imaging (MRI) allows 
for better assessment of brain matter, (pres-
ence of edema or stroke), as well as its prog-
nosis when performing diffusion and perfusion 
techniques; it also detects signs of intracranial 
hypertension syndrome in particular cerebro-
spinal fluid in the optic nerve sheath.

17.8  Differential Diagnosis

• Posterior ischemic optic neuropathy
• Optic neuritis
• Nonorganic vision loss
• Pre-/intra-/subretinal hemorrhage
• Choroidal rupture
• Commotio retinae

17.9  Treatment

It remains controversial and targets the recovery 
of secondary axonal damage mechanisms. The 
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main current options are corticosteroids and sur-
gical decompression, both non-risk-free and 
without clear evidence in trials.

Moreover, 40–60% of TON have spontaneous 
recovery, excluding severe cases [7–9].

17.10  Corticosteroids

There is no standardized dose. It is based on small 
retrospective series, anecdotal cases, and extrapo-
lations from studies on brain and spinal trauma.

The doses used may be moderate (60–100 mg 
oral prednisone), high (1 g/day intravenous meth-
ylprednisolone), or megadoses (30 mg/kg IV fol-
lowed by 5.4 mg/kg/h for 24 h) [10–12].

The NASCIS 2 (National Acute Spinal Cord 
Injury Study) compared placebo, naloxone, and 
methylprednisolone, and only showed some 
superiority of the latter if administered within the 
first 8 h after trauma: significant improvement in 
spinal cord motor and sensory function. However, 
the design of this study showed numerous gaps 
that detract from its conclusions [13–15].

The CRASH (Corticosteroid Randomization 
After Significant Head Injury) study, which used 
steroid megadoses, concluded that they should 
not be routinely used as the treated group had 
higher mortality than untreated [16, 17].

17.11  Surgical Treatment

Decompressive optical channel surgery is the 
most commonly used procedure. It can be per-
formed with endoscopic techniques—less inva-
sive—or extracranial. One of the drawbacks is 
that the general condition of the patient some-
times forces to differ surgery so it could lose 
effectiveness. Some of the risks of the procedure 
are CSF leaks and meningitis; both have 
decreased with the use of endoscopic techniques: 
they allow good visualization of the orbital vertex 
and facilitate a faster recovery with better aes-
thetic results. It is discussed whether it should be 
performed after 48 h of corticosteroid, so there is 
less edema, or immediately, without studies 
allowing a conclusion to be drawn [18, 19].

Some authors recommend it when bone frag-
ments exist in the optical channel, while others 
argue that their presence already implies that 
there may have been direct, difficult-to-recover 
axonal injury, even if the fragment is removed. 
The IONTS study endorses this view.

The fenestration of ON is another reported 
surgical procedure. Indicated in hematomas of 
the optic sheath, in N2 portion. A correct preop-
erative MRI evaluation is vital in these cases, 
which requires the exact location of the hema-
toma, because there is no evidence of its success 
in interstitial hematoma.

In patients with depressed lateral wall fractures 
or orbital subperiostic hematomas that compress 
the ON, the best option seems to be to perform 
an Orbitotomy, which allows the reduction of the 
fracture or the evacuation of the hematoma 
respectively. On the other hand, if an orbital hem-
orrhage is demonstrated that compromises the 
function of the nerve, the immediate realization of 
a Cantotomy that allows the expansion of the 
orbital content is a priority. If this does not pro-
vide sufficient relief, Decompressive Orbital 
Surgery should be performed.

The IONTS (International Optic Nerve 
Trauma Study 1999), designed specifically to 
evaluate the treatment of TON, compared obser-
vation to decompressive surgery and corticoste-
roids, but its methodological defects were 
numerous. The end result was that there was no 
significant difference between the visual recovery 
of the three groups. That is, between treating and 
not treating independently of the type of 
treatment.

TONTT (Traumatic Optic Neuropathy 
Treatment Trial 2017), compares the use of eryth-
ropoietin (EPO) vs corticosteroid treatment vs 
observation. There were no significant differences 
in the final VA between the 3 groups and, it should 
be noted, that the 3 groups showed significant 
improvement. Risk factors for poorer recovery 
were the initial VA of Light Perception and Late 
Treatment (after 3 days) [20–23].

From the evidence presented, we conclude 
that no therapy of those employed to date in 
TON can be considered superior to the rest, 
even compared to mere observation of the 
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patient. The decision of using or not steroids 
will depend on the evaluation of each particular 
case, with the most widespread pattern being 
1 g of methylprednisolone for 3 days followed 
by oral prednisone in the following days. As 
well as the possibility of combining medical and 
surgical treatment, which is suggested in 
patients who initially have marked VA 
commitment.

A recent study “Surgical Decompression or 
Corticosteroid Treatment of Indirect Traumatic 
Optic Neuropathy: A Randomized Controlled 
Trial” (Ann Plast Surg 2020) would confirm this 
trend. In this trial, all patients (30 enlisted 
patients) were treated: 12 with surgery and 18 
with corticoids, without finding significant differ-
ences in outcome between the two groups except 
in cases of initial VA of Light Perception or 
Amaurosis that would benefit primarily from sur-
gery. Other recent studies with neuroprotective 
factors such as amniotic membrane derivatives 
have shown promising results, but do not yet 
have clinical application and are still in the exper-
imental stage.

17.11.1  Prognosis

• It is poor in direct lesions where there is par-
tial or total damage from the optic nerve.

• In indirect lesions, a percentage of spontane-
ous recovery—40 to 60%—is observed. It 
does not appear to be any significant differ-
ence to date between treating and not treating, 
although it will depend on individual consid-
eration in each case. For example, the pres-
ence of large edema justifies the use of 
corticosteroids, or an important orbital hema-
toma, surgery.
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Complex Orbital Fractures

Gangadhara Sundar

Abstract

Complex orbital fractures are those that 
involve multiple orbital walls, often involve 
the adjacent facial skeleton (orbitofacial frac-
tures), often with severe visual, structural and 
esthetic consequences. Management of such 
fractures not only depends on the type of the 
fracture but also upon the various patient 
modifiers—designated by the ‘ABCDEFGH’ 
mnemonic detailed below. The following 
fractures: combined orbital floor-medial wall 
fractures, zygomatico-maxillary complex 
fractures, naso-orbito-ethmoidal fractures, Le 
Fort fractures, Cranio-orbital and cranioorbi-
tofacial fractures, panfacial fractures, revi-
sion orbital fractures, and finally orbital 
fractures with globe injuries, optic neuropa-
thy or foreign bodies, are discussed in detail 
in the chapter below.

Keywords
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18.1  Introduction

Orbital fractures are common, seen in children, 
young adults, middle-aged, and the elderly [1]. 
While ophthalmologists commonly encounter 
blowout fractures, more commonly they occur in 
association with midfacial and other facial 
trauma. Most pure orbital blow out and blow in 
fractures are managed by ophthalmologists 
which may be either managed conservatively or 
by surgical intervention, with standard practice 
guidelines of surgical approach, implant design, 
and placement. However, there is a large group of 
orbital fractures that are considered complex—
either from a clinical and surgical decision- 
making perspective, surgical approach, implant 
design and placement, intraoperative confirma-
tion, monitoring, and managing postoperative 
outcomes including morbidity, if any.

Shown below is a practical classification of 
Orbital & Orbitofacial Fractures of use to the 
ophthalmologist and the orbital surgeon 
(Table  18.1) [2] and approximate frequency in 
our institution.
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In addition, patient-specific factors shown in 
Table  18.2 remembered by the mnemonic 
ABCDEFGH, help formulate decision making 
regarding the threshold for intervention, timing 
of intervention including delaying surgery to 
address underlying globe and optic nerve inju-
ries, coexisting orbital foreign bodies, involv-
ing additional surgical subspecialties and 
considerations regarding additional risks from 
anesthesia and surgery in medically high-risk 
patients.

Not infrequently, in addition to the compre-
hensive classification system shown above, there 
are several other clinical scenarios where clinical 
diagnosis and surgical management are fraught 
with pitfalls resulting in delays, intraoperative 

complications, and postoperative morbidity with 
suboptimal outcomes. These complex orbital 
fracture scenarios are listed in Table 18.3.

A brief overview of the nature of the complex-
ity of fracture and principles of management of 
each of the complex orbital fracture scenarios is 
described below with illustrative examples.

18.2  Combined Orbital Floor: 
Medial Wall Fractures

Indications for repair: Significant displacement 
of orbital contents from disruption of the infero-
medial orbital strut with or without other orbital 
wall fractures with resultant enophthalmos, 

Table 18.1 Practical classification of orbit and orbitofacial fractures

“Simple”/Pure orbital fracture “Complex” orbitofacial fracture
1. Linear fractures
2. Blow out fractures
    a. 1 wall fractures (21%)
     i. Floor blow out fractures
     ii. Medial wall blow out fractures
     iii. Roof blow out fractures
     iv. Trapdoor fracture
    b. 2 wall fractures (10%)
     v. Floor and medial wall blow out fractures
3. Blow in fractures.

1.  Zygomatico-maxillary complex fractures (ZMC) Type 
I-III (18%)

2. Naso-orbito-ethmoidal fractures (NOE) Type I-III (3%).
3. Cranio-orbital fractures (10%)
4. Orbitofacial fractures
    Le Fort II fracture (5%)
    Le Fort III fracture (14%)
5. Cranio-orbitofacial fracture (14%)
6. Panfacial fracture (5%).

Table 18.2 Patient modifiers in orbital and orbitofacial fractures

Patient factor Definition Clinical implication
Age Infant, child, young adult, elderly Urgency, timing of intervention
Bilateral or 
Unilateral

Prioritizing unilateral or bilateral repairs Need for simple techniques vs. advanced 
technology, e.g., treatment planning, 
intraoperative navigation, etc.

Complex or Simple 
orbital fractures

Oculoplastic or multidisciplinary 
approach

Simple vs. multidisciplinary, multiple incisional 
approaches, complex implants

Displaced or 
non-displaced 
fractures

Threshold for intervention

Entrapment or not Orbital soft tissues (EOM-IMS Complex), 
globe etc.

Urgency of intervention, larger incisions

Foreign body 
present or not

Intraocular, Intraorbital or both Antibiotics, localize and plan early removal

Globe and/or optic 
nerve injuries

Management closed or open globe injury, 
prevent additional damage

Address after life-threatening injuries before 
specific orbital interventions

High-risk patient 
or not

Low-risk patients: young healthy, adults 
or children without intracranial injuries/
polytrauma
High-risk patients: elderly, comorbidities, 
intracranial injuries/polytrauma

Multispecialty approaches with life preservation 
and if indicated delayed orbital intervention.
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globe/orbital displacement, and motility 
disorders.

Principles of management: Ensure inferior 
orbital rim is intact or well reconstructed. A wide 
exposure to the orbital floor with a swinging eye-
lid approach (inferior transconjunctival incision 
with lateral canthotomy and inferior cantholysis) 
is important for good exposure of the orbital floor 
with visualization of the posterior ledge. 

Beginners are advised to extend the incision 
medially with a retrocaruncular incision preserv-
ing the Horner-Duverney muscle posterior to the 
lacrimal sac. The inferior oblique muscle may be 
elevated subperiosteally to obtain wide and con-
tinuous exposure. The orbital contents are then 
reduced into the orbital cavity. A prebent prefabri-
cated anatomic plate based on the Angle of 
Inferomedial Orbital Strut (AIOS) (Fig.  18.1a) 
made either of anodized MatrixORBITAL® pre-
formed titanium plates (Fig. 18.1b, c) or a com-
posite titanium—porous polyethylene (TITAN®) 
implant, is then guided along the floor and medial 
wall. It is placed over the posterior ledge along the 
floor and medial wall, confirmed either by direct 
visualization or with intraoperative navigation 
with repeat forced duction test, prior to closure. In 
select patients, a prebent bioresorbable plate may 
be used as well, with good bony healing in 18–24 
months (Fig.  18.2a, b). A postoperative scan is 
often recommended to ensure good positioning of 
the orbital implant as not infrequently these com-
plex fractures are poorly reconstructed (Fig. 18.3).

Table 18.3 Complex orbital fracture scenarios

Type of complex orbital & orbitofacial fracture
1. Combined orbital floor—medial wall fractures
2. Zygomatico-maxillary Complex Fracture
3. Naso-orbito-ethmoidal fracture
4. Le Fort II & Le Fort III Fractures
5. Cranio-orbital & Cranio-orbitofacial fracture
6. Panfacial Fractures
7. Orbital fractures with Globe injuries—Open 

and Closed Globe injuries
8. Orbital fractures with traumatic optic 

neuropathy
9. Orbital fractures with foreign body
10. Revision Orbital fractures

a b c

Fig. 18.1 (a−c) Preoperative and postoperative CT Scan showing left orbital combined floor-medial wall fracture with 
a prebent prefabricated anatomical titanium implant

a b

Fig. 18.2 (a, b) Preoperative and late postoperative coronal CT scan of right orbital floor-medial wall fracture repaired 
with bioresorbable implant (RapidSorb®) demonstrating complete bone healing and implant resorption
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18.3  Zygomatico-maxillary 
Complex (ZMC) Fractures

These are the second most common midfacial 
fractures, commonly from falls and assaults. 
Zingg [3] classified these fractures similar to 
Manson’s low, mid, and high impact injuries into 
Type I: single suture disarticulation with minimal 
displacement and easy repair , Type II: multiple 
site disarticulation with more challenging repair 
(Fig.  18.4a, b) and Type III: comminuted dis-
placed fractures from high impact injuries, which 
requires multiple and wide exposure with 3 point 
fixation along the frontozygomatic suture, the 
zygomaticomaxillary buttress, the inferior orbital 
rim (Fig. 18.4c, d) and when necessary the zygo-
matic arch. Associated displaced fractures of the 
orbital floor and medial wall may also need to be 
reconstructed. A good landmark of accurate 
orbital reduction with reconstruction is the align-
ment of the zygomatico-sphenoid suture of the 
lateral wall of the orbit (Fig. 18.5).

18.4  Naso-orbito-ethmoid (NOE) 
Fractures

These are uncommon yet highly challenging 
fractures to manage, typically arising from high- 
velocity injuries to the central midfacial skeleton. 
It may be unilateral or bilateral and may be asso-

ciated with other midfacial and skull base frac-
tures. The Manson–Markowitz classification [4] 
is as follows: Type I—single fragment displace-
ment with intact medial canthal tendon, Type 
II—multiple comminuted butterfly segment with 
medial canthal tendon, and Type III—severely 
comminuted and displaced medial butterfly frag-
ment commonly with avulsion or detachment of 
the medial canthal tendon.

Indications for repair: All displaced NOE 
fractures unilateral or bilateral especially in 
young healthy patients should be repaired as 
early as possible, after ruling out and managing 
CSF leaks and underlying brain/globe injuries.

Principles of management: Adequate expo-
sure is usually obtained using a coronal approach 
and when necessary bilateral transoral facial 
degloving approach. Fractured segments are 
reduced and either fixated using a miniplates 
(Type I NOE fracture) (Fig.  18.6a, b) or using 
transnasal intercanthal wiring with mild overcor-
rection placing the medial canthus posteriorly 
and superiorly [5]. The nasolacrimal ducts may 
also be intubated in suspected fractures at risk of 
nasolacrimal duct obstructions from postopera-
tive manipulations.

18.5  Le Fort II and III Fractures

These are common orbitofacial fractures that 
involve the mid-face. Le Fort II fractures involve 
the maxilla, the medial wall, and floor of the 
orbit (pyramidal fractures) and Le Fort III frac-
tures, the lateral wall of the orbit as well (cra-
niofacial dysjunction) [6]. Frequently 
asymmetrical, they may be associated with 
other facial fractures such as NOE, craniofacial 
or panfacial fractures.

Principles of management: After stabilization 
of life and vision, displaced fractures often will 
require open reduction and internal fixation 
through a buccal, transconjunctival, and occa-
sionally a coronal approach with degloving of the 
facial skeleton for better exposure and reduction 
of the fracture fragments (Figs.  18.7a, b and 
18.8a, b). The nasolacrimal drainage system may 
require prophylactic stenting if involved.

Fig. 18.3 Poorly reconstructed orbital floor—medial 
wall fracture
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18.6  Cranio-orbital and Cranio- 
orbitofacial Fractures

These are from high impact injuries which may 
be seen in children, young adults, and the 
elderly from falls or direct frontal injuries. The 

orbital roof which forms the skull base adjacent 
to the anterior cranial fossa may be involved, 
sometimes along with the temporal bone and 
with pneumocephalus, orbital tissue prolapse 
into the anterior cranial fossa, dural tears with 
CSF leak with increased risk of meningitis and 
occasionally herniation of intracranial contents 
[7]. An increased risk of traumatic optic neu-
ropathy is also encountered.

Principles of management: This will often 
require co-management with a Neurosurgeon 
with the urgent repair of dural tears/CSF leak 
through a craniotomy approach. Open fractures 
must be immediately addressed to minimize the 
risk of meningitis. Orbital and midfacial fractures 
may be repaired primarily or secondarily after 
stabilizing the patient. Isolated orbital roof frac-
tures may be repaired either through a transcra-
nial approach or an eyelid crease approach if 
minimally displaced and the dura is intact 
(Fig. 18.9a−d).

a b

c d

Fig. 18.4 (a, b) Preoperative axial and coronal CT scan showing left orbito-zygomatic complex fracture. (c, d) 
Postoperative axial and coronal CT scan showing reconstructed left ZMC fracture

Fig. 18.5 Poorly reconstructed right lateral orbital wall 
in zygomatico-maxillary complex fracture
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18.7  Panfacial Fractures

These are fractures that involve the upper, mid, 
and lower face thereby requiring not only airway 
stabilization and good primary management of 
polytrauma if associated, but also a meticulous 
and detailed evaluation of the neurologic and 
ophthalmologic status before considering a 
repair. Depending on the complexity of the frac-

tures with associated vital structure involvement, 
a single-stage or multiple-staged approach may 
be pursued.

Principles of management: Life and neuro-
logic assessment, globe evaluation and stabili-
zation, followed by fracture repair. Meticulous 
preoperative planning is essential. Fractured 
fragments are to be accurately reduced and fix-
ated to the stable bone in a “top-to-bottom” or 

a b

Fig. 18.6 (a, b) Axial bone window CT scans showing a preoperative and well-reconstructed postoperative bilateral 
naso-orbito-ethmoidal fracture

a b

Fig. 18.7 (a, b) Le Fort II fracture: Preoperative and postoperative coronal CT scans
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“bottom to-top” sequence—along with an out-
side–inside approach for the midface including 
the orbits (Fig. 18.10) [8]. Intraoperative navi-
gation may be essential if fragments are 
severely comminuted and displaced [9]. 
Preoperative treatment planning may be per-
formed based on the contralateral side for accu-
racy of reduction and placement of orbital 
implants.

18.8  Orbital Fractures with Globe 
Injuries

A high proportion of isolated orbital fractures 
and orbitofacial fractures are associated with 
globe injuries [10]. However, the risk of open 
globe injuries is relatively low, owing to the 
“shock absorber effect” and the buckling of the 
orbital walls minimizing globe dehiscence. It is 
only after globe injury management and stabili-
zation should orbital reconstruction be 
performed.

Principles of management: Close collabora-
tion between the ophthalmologist and orbital/cra-
niomaxillofacial surgeon is important to plan the 
sequence, timing and also ensure globes are ade-

quately protected during the orbital repair. 
Secondary interventions to the globe may also be 
necessary after orbital and facial fractures have 
been repaired. In extreme situations where the 
globe is irreparable or becomes phthisical, a sec-
ondary ocular enucleation with orbital implant 
and customized prosthesis may be necessary for 
structural, esthetic, and psychosocial rehabilita-
tion (Fig. 18.11a–d).

18.9  Orbital Fractures 
with Traumatic Optic 
Neuropathy

While any orbital fracture may be associated with 
globe and/or optic nerve injury, typically high- 
impact injuries especially to the medial wall and 
orbital roof have a higher incidence, especially in 
adults. Preoperative ophthalmic examination 
including the pupils and visual fields is therefore 
essential before embarking on orbital and facial 
fracture repairs. This has both medical and medi-
colegal consequences.

Principles of management: Intravenous cor-
ticosteroids may be considered despite the lack 
of strong clinical evidence if no contraindica-

a b

Fig. 18.8 (a, b) Le Fort III fracture: preoperative and postoperative coronal CT scan images
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a b

c d

Fig. 18.9 (a, b) Coronal and sagittal bone window CT scan showing comminuted displaced right cranio-orbital frac-
ture. (c, d). Coronal and sagittal bone window CT scan showing well-reconstructed right cranio-orbital fracture
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tions such as intracranial injuries or concurrent 
 infections are present. Orbital fracture recon-
struction should be delayed until the definitive 
visual prognosis is known and well understood 
by the patient. In partially sighted patients, a 
conservative approach or less aggressive orbital 
dissection and reconstruction may be 
recommended.

18.10  Orbital Fractures 
with Foreign Bodies

Penetrating and blast injuries of the eye and orbit 
may be associated with foreign bodies [11]. 
These may be classified into overt and latent for-
eign bodies and may also be labeled as radioo-
paque and radiolucent foreign bodies. Rarely 
organic foreign bodies may be missed by routine 
CT scans and may be detected only on MRI.  It Fig. 18.10 Panfacial fracture demonstrating principle of 

reconstruction sequence

a b

c d

Fig. 18.11 (a, b) Cranioorbitofacial fracture with severe globe injury. (c, d) Post reconstruction of left orbitofacial 
skeleton and anophthalmic socket reconstruction
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should be remembered that large or high-velocity 
foreign bodies may involve the paranasal sinuses 
and/or intracranial cavity as well and thus should 
be appropriately managed (Fig. 18.12).

Principles of management: As there is a high 
incidence of visual morbidity and infection from 
intraocular and orbital foreign bodies, 
 prophylactic antibiotics should be followed by 
foreign body extraction as early as possible. 
While large, contaminated, and vegetative for-
eign bodies should be mandatorily removed, fine 
particulate or small inert foreign bodies espe-
cially near vital structures at the orbital apex may 
be conservatively managed. Orbital reconstruc-
tion may be delayed when an underlying orbital 
infection is suspected.

18.11  Revision Orbital Fractures

Several factors play a role in the poor manage-
ment of orbital fractures. These include extreme 
complexity from multiple orbital wall involve-
ment, severely comminuted and displaced mid-
facial and panfacial fracture not providing stable 
bone for fixation, lack of availability of dedi-
cated orbital-anatomical or patient-specific 
implants, poor patient health precluding meticu-
lous and staged repair, absence of an orbital sur-
geon as part of the craniomaxillofacial team and 
finally limited or poor training and experience 
of the surgeon [12]. It should be remembered 

that revision surgeries are often riskier in terms 
of visual loss, induced diplopia with residual 
soft tissue deformities, which may require addi-
tional revision or enhancement procedures over 
time.

Principles of management; This involves a 
detailed soft tissue assessment and study of the 
deformed orbitofacial skeleton along with the 
implant position either against vital structures or 
within the adjacent spaces and cavities. A multi-
disciplinary approach should be adopted with 
good preoperative treatment planning, atraumatic 
removaling of existing implants, good reduction 
of orbital soft tissues followed by identification 
of bony landmarks. Orbital rim reconstruction 
should be performed first followed by orbital 
wall reconstruction with optimal placement of 
prebent anatomical orbital implants or patient-
specific implants. Wide incisions, with adequate 
intraoperative visualization and where possible 
intraoperative navigation and even intraoperative 
radiologic imaging go a long way in ensuring the 
best possible reconstruction with the least post-
operative morbidity (Fig. 18.13a–d).

A detailed overview of all the complex orbital 
and orbitofacial fractures including their defini-
tion, challenges in management, surgical 
approaches, implant considerations, the role of 
ancillary technologies including potential pitfalls 
and complications is summarized in Table 18.4.

18.12  Summary

Orbital fracture reconstruction and secondary 
management can be challenging, yet rewarding. 
Determination of complexity of orbital recon-
struction, building multidisciplinary relation-
ships, detailed preoperative evaluation, 
meticulous surgical planning and execution along 
with realistic informed consent go a long way in 
the optimal management of these challenging 
orbital fractures.

Fig. 18.12 Gunshot wound to the face with multiple pel-
let foreign bodies and right orbital floor fracture
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c

s

a b

d

Fig. 18.13 (a, b) Comminuted displaced Le Fort III frac-
ture referred post initial repair with a poor reconstruction 
of the orbit and the face (c, d) Post revision orbitofacial 

fracture repair under navigation guidance with titanium 
mesh implants and miniplates
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Traumatic Globe Luxation

Wei Zhang, Yanming Huang, Haibo Li, 
Yuanyuan Liu, and Hua Yan

Abstract

Increased orbital pressure such as trauma, 
hemorrhage, and tumors drives the eyeball 
forward and out of the palpebral fissure. 
Highly prominent eyeballs and blepharospasm 
are more likely to occur, which is called Globe 
Luxation, also known as Globe Luxation (lux-
ation of the eyeball) from orbital cavity. 
Traumatic eyeball luxation is often caused by 
sudden orbital shocks, violent beats, or a large 
foreign body acting between the eyeball and 
the orbit, and the sudden reflex movement of 
the head in the opposite direction, which 
causes the eyeball to protrude toward the 
orbital position. According to the degree of 
eyeball luxation, it can be divided into semi- 
luxation and total luxation. Traumatic eyeball 
luxations are relatively rare in clinical prac-

tice, most of which are severe and have a poor 
prognosis. This chapter aims to explore the 
pathogenesis, clinical manifestations, and 
management principles of traumatic Globe 
Luxation.

Keywords

Traumatic Globe Luxation · Pathogenesis  
Emergency · Suturing · Risk factors

19.1  Introduction

Luxation of the eyeball is caused by a variety of 
reasons that increase the orbital pressure, which 
drives the eyeball forward and out of the palpe-
bral fissure. The most common cause of globe 
luxation is a variety of ocular trauma [1]. Other 
rare causes include thoracic trauma, orbital cav-
ernous hemangioma, intraorbital venous heman-
gioma, spontaneous bleeding, hemophilia, 
Engelmann Disease (abnormal backbone devel-
opment), etc., [2–5]. Traumatic luxation of the 
eyeball is relatively rare in clinical practice. It is 
often caused by sudden violent shocks, violent 
beats, or a large foreign body acting between the 
eyeball and the orbit, and the sudden reflex move-
ment of the head in the opposite direction, which 
causes the air entering into the gap of orbital tis-
sues or the orbital fracture site, and the orbital 
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pressure suddenly increases, causing the muscles, 
nerves, and other tissues suddenly break or lose 
tension, so that the eyeball protrudes to the orbital 
orifice.

According to the degree of luxation of the eye-
ball, it can be divided into sub-luxation of the eye-
ball and total luxation of the eyeball. Sub- luxation 
of the eyeball refers to the part of the eyeball 
caught outside the palpebral fissure, and the equa-
tor of the eyeball is located outside the vertical line 
of the palpebral fissure. Total globe luxation means 
that the eyeball detaches from the orbital orifice, 
and can even enter the maxillary sinus. The patient 
may have the history of trauma and no history of 
primary disease (referring to hemophilia, orbital 
tumors, or hyperthyroidism, etc.), traumatic ocular 
luxation can be easily differentiated from diseases 
such as enlarged eyeballs, Graves ophthalmopa-
thy, and eyelid retraction [6–9].

19.2  Definition

Traumatic luxation of the eyeball is relatively 
rare in clinical practice. It is often caused by sud-
den violent shocks, violent beats, or a large for-
eign body acting between the eyeball and the 
orbit, and the sudden reflex movement of the 
head in the opposite direction, which causes the 
air entering into the gap of orbital tissues or the 
orbital fracture site, and the orbital pressure sud-
denly increases, causing the muscles, nerves, and 
other tissues suddenly break or lose tension, so 
that the eyeball protrudes to the orbital orifice.

19.3  Case (Brief Case Report 
Based on the Figures)

A 75-year-old male was brought to the emer-
gency department of our institute, with history of 
loss of sight for 2 h after being hit by a cart in the 
right eye. Two hours before admission, the right 
eye was injured by the hand of a trolley. He 
immediately suffered severe pain in the right eye, 
with bleeding, and tears. The vision suddenly 
dropped to invisible things. No coma, dizziness, 
headache, nausea, vomiting, etc. Physical exami-

nation: the right eye had no light perception, mul-
tiple lacerations on the upper and lower eyelids, 
the eyeball protruded out of the orbit (Fig. 19.1). 
Computerized tomography (CT SCAN) imaging 
showed the laceration of optic nerve and hemor-
rhage behind the eyeball (Fig. 19.2).

After admission, the examination was com-
pleted. Under local anesthesia, we performed the 
right eye sclera debridement suture, extraocular 
muscle reduction and anastomosis, eyeball rein-
statement, eyelid debridement sutured, intraop-
erative exploration. All four rectus muscles were 
cut off at 5 mm away from the end of the muscle 
posteriorly. The rectus muscles were fixed and 
sutured to the corresponding deep orbital rim. 
Postoperative anti-inflammatory and infection 
prevention treatments were performed. Then his 
condition was getting better (Fig. 19.3).

One day post trauma, the right eye had no per-
ception of light, the cornea was hazy and avascu-
lar. The conjunctiva re-epithelized (Fig.  19.4a). 
The dense vitreous hemorrhage and retinal 
detachment were shown by ocular B-scan exami-
nation (Fig. 19.4b).

One month post trauma, the right eye had no 
perception of light, the cornea continued to be 
avascular and hazy (Fig. 19.5a). The dense vitre-
ous hemorrhage and retinal detachment were also 
shown by ocular B-scan examination (Fig. 19.5b).

The right eye was atrophy three months after 
trauma (Fig.  19.6a). The right eye was atrophy 

Fig. 19.1 A 75-year-old male was brought to the emer-
gency department of our institute, with history of loss of 
sight for 2 h after being hit by a cart in the right eye
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was also shown by ocular B-scan examination 
(Fig. 19.6b).

19.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures, or 
Postoperative Treatment 
for Complications

19.4.1  Traumatic Eyeball Luxation 
Examinations and Diagnosis

The treatment principle of eyeball luxation 
actively deals with the primary disease (such as 
orbital tumor, frontal sinus tumor, hemophilia, 

Fig. 19.2 CT scan showed the laceration of optic nerve and hemorrhage behind the eyeball

Fig. 19.3 Under local anesthesia, we performed the right 
eye sclera debridement suture, extraocular muscle reduc-
tion and anastomosis, eyeball reinstatement, eyelid 
debridement sutured, intraoperative exploration. All four 
rectus muscles were cut off at 5 mm away from the end of 
the muscle posteriorly. The rectus muscles were fixed and 
sutured to the corresponding deep orbital rim

ba

Fig. 19.4 One day post trauma, the right eye had no per-
ception of light, the cornea was hazy and avascular. The 
conjunctiva re-epithelized (a). The dense vitreous hemor-

rhage and retinal detachment were shown by ocular 
B-scan examination (b)
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etc.) [10–12]. For traumatic eyeball luxation, the 
first is to restore the integrity of the eyeball and 
actively deal with the scleral laceration that may 
be combined. The second is to restore the eyeball 
and make it anatomically reset to reduce tissue 
edema and damage to the optic nerve. The last is 
to restore visual function and appearance (such 
as treatment of strabismus, orbital wall fractures, 
eyelid deformities, broken lacrimal ducts).

Traumatic luxation of the eyeball is due to the 
eyeball is highly protruding and the eyeball loses 
the protective barrier of the eyelid [13–16]. It is 
necessary to carefully wash and remove foreign 
bodies, and pay attention to protect the cornea. 
Globe luxation can be combined with scleral lac-
erations, and severe scleral lacerations can even 
be difficult to suture. When the scleral laceration 
is hidden, the wound is small or located behind, it 

may be diagnosed by CT or B-ultrasound. 
Patients with massive hemorrhage under the bul-
bar conjunctiva, even if the intraocular pressure is 
normal. Scleral laceration can be combined with 
intraocular hemorrhage and blood clots in the 
wound, and is wrapped by the bulbar conjunctiva 
and eyeball fascia, resulting in possible post- 
injury intraocular pressure not low or even high. 
Scleral wound exploration should also be carried 
out while still receiving the eyeball to confirm the 
integrity of the eyeball and avoid misdiagnosis.

19.4.2  Surgical Procedures 
for Traumatic Eyeball Luxation

The method of eyeball restoring can firstly use 
hypertonic agents (such as mannitol) and hemo-

a b

Fig. 19.5 One month post trauma, the right eye had no perception of light, the cornea continued to be avascular and 
hazy (a). The dense vitreous hemorrhage and retinal detachment were also shown by ocular B-scan examination (b)

a b

Fig. 19.6 The right eye was atrophy three months after trauma (a). The right eye was atrophy was also shown by ocular 
B-scan examination (b)
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static agents to reduce intraorbital pressure [17–
20]. Partially dislocated eyeballs can be restored 
by conservative methods; if conservative treat-
ment fails, no compression method or lateral 
canthal incision method can be used to accom-
modate eyeballs. Luxation of the eyeball can 
accompany a fracture of the orbital wall. Sub-
luxation of the eyeball combined with orbital 
wall fracture, all received the eyeballs restored 
surgically and the prognosis was poor (no light 
perception after the operation). Orbital wall frac-
ture could be treated with medication to restore 
the eyeball, and the temporal light perception 
could be preserved after the operation, indicat-
ing that the luxation of the eyeball combined 
with the orbital wall fracture may be more severe 
and the prognosis worse.

Luxation of the eyeball can also be combined 
with extraocular muscle injury, skin laceration, 
and canaliculus injured. During the operation, the 
stump of the extraocular muscles should be found 
as much as possible and anatomically reduced. If 
the medial stump is not detected, the muscle can 
be fixed to the inside of the eyeball fascia sac as 
far back as possible, so that the eyeball can reach 
the upright position. Lacrimal canaliculus rup-
ture can decide whether to perform a one-stage 
anastomosis depending on whether the patient’s 
general condition is stable or not.

An important issue of globe luxation is 
whether the eyeball is removed. For luxations of 
the eyeball caused by non-traumatic factors, such 
as orbital tumors and frontal sinus tumors, a cer-
tain degree of vision can be restored after reposi-
tioning the eyeballs [20–23]. Therefore, the 
primary disease should be actively treated. For 
the total luxation of the eyeball caused by trau-
matic factors, serious ocular muscle and optic 
nerve damage will inevitably occur, and even 
optic nerve avulsion and partial or complete ocu-
lar muscle rupture will occur. Therefore, even if 
the eyeball is successfully repositioned, the 
visual function and movement of the injured eye 
will often suffer difficulties, which is also consis-
tent with the pathological examination of the dis-
located eyeball. For sub-luxation of the eyeball 
caused by trauma, the ocular muscles and optic 
nerve may be damaged to varying degrees, and 

may also be combined with orbital wall fractures 
and scleral lacerations.

Ocular sub-luxation was a kind of severe ocu-
lar trauma, and combined with orbital wall. In the 
literature, a considerable proportion of patients 
can recover useful vision [24–27], the visual acu-
ity of some injured eyes after surgery can reach 
1.0 or 1.5, which shows that traumatic luxation of 
the eyeball does not mean optic nerve avulsion 
and amaurosis. In addition, the eyeball may have 
no light perception even for those without scleral 
laceration. Preserving the eyeball is of great sig-
nificance to the patient’s appearance and psy-
chology, even if to the development of the orbital 
curettage of children [28–30]. Therefore, the eye-
ball cannot be easily removed, and the eyeball 
should be repositioned as much as possible. If the 
dislocated eyeball has no light perception and is 
associated with serious infection, the structure of 
the eyeball is severely damaged, and more than 
three eye muscles are completely broken. Even if 
the injured eye is surgically repositioned, it is 
inevitable that the anterior segment of the eyeball 
will be ischemia. Therefore, it is inevitable that 
the dislocated eyeball will be removed.

19.5  Personal Experience or 
Matters Need Attention

Traumatic globe luxations are mostly caused by 
violent violence on the orbital wall. It spreads 
rapidly into the orbital area, and the orbital pres-
sure suddenly rises. This series of mixed mechan-
ical makes the eyeball suddenly undergo a 
high-speed movement in the opposite direction 
[30–33]. The muscles, nerves, intraorbital liga-
ments, fascia, and other tissues which restrict the 
eyeball movement suddenly rupture or loss of 
tension, causing the eyeball to protrude toward 
the orbital. This may be similar to physics 
hydraulic transmission mechanism: applying a 
force to an object, using Pascal’s original Reason 
to make this force larger, so as to play the effect 
of lifting heavy objects. Traumatic globe luxa-
tions are often accompanied by serious damage 
to other tissues of the eye, such as orbital wall 
fractures, skin splits injury, tear duct injury, 
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extraocular muscle injury, scleral laceration, 
optic nerve injury or even broken, and so on. 
Most traumatic eyeballs with severe damage to 
the extraocular muscles and optic nerve luxation, 
even if the reposition of the eyeball is successful, 
the visual function and movement of the injured 
eye are often affected and suffer irreversible 
damage.

The primary problem in the treatment of trau-
matic luxation of the eyeball is whether the eye-
ball needs to be removed [34–36]. We believe 
that the treatment should first protect the cornea 
and try to accommodate the eyeball, that is pre-
serve the appearance and psychology of the eye-
ball to the patient, especially for children. The 
development of the orbit of children is of great 
significance, so do not remove the eye easily. If 
the dislocated eyeball has no light perception, 
combined with severe infection, the eyeball 
structure is severe damaged, it is inevitable to 
remove the eyeball. In addition, surgery is 
required as soon as possible. In summary, the 
treatment of traumatic luxation of the eyeball 
should first restore the eyeball. Orthopedics 
actively deal with scleral lacerations that may 
merge and try to accommodate the eyeballs to 
make them anatomical reduction, and then the 
restoration of visual function and appearance.
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Complicated Blepharal Trauma
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Abstract

As the key function of an eyelid is to protect 
the eye from drying out and from injury, 
blepharal involvement is common in ophthal-
mic trauma. Complicated blepharal trauma 
poses frustrating challenges not only to diag-
nosis but for management as well. Some inju-
ries are insidious and can be missed if not 
thoroughly examined. Adaptation of general- 
principle is important for optimal treatment in 
unique cases [1]. This chapter includes the 
essentials of approaches of evaluation and 
treatment of marginal eyelid laceration, cana-
licular lacerations, eyelid foreign bodies, eye-
lid burns, and traumatic ptosis. Special 
attention is addressed toward avoidance of 
complications.
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20.1  Full-thickness Eyelid 
Laceration

20.1.1 Introduction

Full-thickness eyelid lacerations are most com-
monly associated with trauma to the entire orbital 
area. Since the skin of the eyelid has little under-
lying subcutaneous fat, it is susceptible to con-
tracture if not well treated after a traumatic injury. 
Thus, well management in the acute phase is 
essential to anatomical and functional restoration 
of a full-thickness eyelid laceration.

20.1.2  Definition

Eyelid lacerations is the commonest blepharal 
trauma due to blink reflex as a protective mecha-
nism. The extent of eyelid laceration can vary 
greatly. Scar formation in the sub-acute phase 
during the healing process can lead to lagoph-
thalmos, eyelid malposition, and blepharon 
deformities. The key to satisfactory repair of a 
full-thickness eyelid laceration is precise reap-
proximation of the eyelid margin.
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20.1.3  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures and 
Skills, or Postoperative 
Treatment for 
Complications

The extent of eyelid laceration is variable from 
minor to major. Trauma history is important to 
help to estimate the existence of globe and orbit 
injuries. The involvement of the lacrimal system 
must be evaluated, especially when the medial 
eyelid is affected. CT scanning is required if 
other injuries or foreign bodies are suspected.

Local anesthesia generally offers satisfactory 
effect unless special cases with poor patient 
cooperation, such as children, or patient who is 
unconscious. Because of the sufficient blood sup-
ply, the eyelid tissue is usually allowed to be pre-
served even if it seems devitalized. Thus, tissue 
debridement is not recommended in eyelid lac-
eration. Copious irrigation and meticulous clo-
sure of the wound are promptly required.

The key to satisfactory repair of a full- thickness 
eyelid laceration is precise reapproximation of the 
tarsal plate [2]. The laceration of the tarsal plate 
itself is usually linear. Expose the tarsal plate with 
skin hooks to retracted the anterior lamella, then 
apposed the tarsal plate with interrupted 5-0 Vicryl 
sutures without passing full- thickness through the 
posterior surface of the eyelid. The placement of 
the lid margin suture is performed next. Skin and 
orbicularis are closed with 6-0 sutures. Make sure 
the lid margin is slightly eversion after the closure 
of the wound to allow scar contracture during the 
healing process.

Tetanus immunization must be up to date. 
Antibiotic ointment is instilled and a patch may 
be applied. The skin and marginal sutures can be 
removed at 7–10 days. Skin scars formed during 
the process can be managed almost after 6 months 
when they are stable.

20.1.4  Case 1

A 28-year-old female came to the oculoplastic 
clinic with the chief complaint of improving her 
appearance of the lower eyelid in the left eye. She 

had an eyelid laceration in a traffic accident one 
year ago and underwent wound management 
immediately after the trauma. Figure 20.1 shows 
a cicatricial contracture in her left lower eyelid. 
The cicatricial contracture in the left eye was 
released, and the morphology of the lower eyelid 
was restored. She was satisfied with the results of 
the reconstruction surgery (Fig. 20.2).

20.2  Canalicular Laceration

20.2.1  Introduction

Injury of the lacrimal drainage system, usually 
the canaliculus, is often encountered with medial 
eyelid trauma. Since the dense fibrous tissue of 

Fig. 20.1 The cicatricial contracture in the lower eyelid 
of the left eye one year after an eyelid laceration and sur-
gical suture. A transverse notch is along the lid margin 
which caused lower lid ectropion

Fig. 20.2 The cicatricial contracture was released, and 
the lower eyelid of the left eye was reconstructed in a 
repair surgery, with satisfactory results
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the tarsal plate is significantly stronger than the 
medial canthal tendon, any avulsing force placed 
along the lid margin is more likely to tear the 
medial soft tissue and result in damage to the lac-
rimal canaliculus [3].

20.2.2  Definition

Any cut or tear in the medial portion of the upper 
or lower eyelid must be evaluated for a canalicu-
lar laceration, no matter how superficial or minor 
it appears. Probing of the canalicular system 
when canalicular laceration is suspected.

20.2.3  Case 2

A 42-year-old female reported with a history of 
trauma to her right eye by a stick 2  h back. 
Figure  20.3 Shows a 0.8  cm laceration in the 
medial portion of the lower eyelid, with the lower 
canaliculus and medial canthus ligament 
involved. Visual acuity in the right eye was 20/20. 
No specific finding of the eyeball was observed 
after the slit-lamp examination. A bicanalicular 
silicone tubing intubation was performed to 
repair the lower canaliculus (Figs. 20.4 and 20.5). 
The medial canthus tendon was adequately reap-
proximated, and laceration was interrupted 

sutured with 6-0 Vicryl. In this case, the tubing is 
left in the lacrimal system for 3 months.

20.2.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment for 
Complications

The medial eyelid is the weakest area of the eye-
lid. Any medial eyelid laceration should be pre-
sumed to involve the lacrimal canaliculi, no 
matter how superficial or minor it appears. Both 
upper and lower lacrimal canaliculi can be 

Fig. 20.3 Canalicular laceration. Any cut or tear in the 
medial portion of the upper or lower eyelid should be pre-
sumed to involve the lacrimal canaliculi. In this case, the 
laceration involved the lower canaliculi although the cut 
was minor

Fig. 20.4 A bicanalicular silicone tubing intubation was 
performed to repair the lower canaliculus. The ends of the 
silicone tubing in the nose were tied to form a continuous 
loop

Fig. 20.5 The tension of the silicone tubing was adjusted 
with care, avoiding subsequent punctal erosion
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involved, since trauma history varied from blunt 
force, dog bites, to sharp objects. Clear trauma 
history and probing of the lacrimal system help to 
make the diagnosis.

Primary surgical repair with anastomosis of 
the canalicular ends and intubation of the lacri-
mal system is preferred. The key to satisfactory 
repair of a canalicular laceration is to identify the 
distal (medial) cut end of the canaliculus. The 
farther the laceration is medially from the lacri-
mal puncta, the more difficult it is to locate the 
distal cut end. Loupes or an operating microscope 
are usually required.

Depending on the severity of the injury and 
the patient’s cooperation, general or nerve block 
anesthesia is preferred. A well-performed infra-
orbital nerve blockage prevents patient discom-
fort during the operation and reduces the need for 
local anesthetic, which may result in tissue swell-
ing and distal end of the canaliculus being 
obscured.

With dry operative field and sufficient expo-
sure, the distal cut end of the canaliculus is usu-
ally possible to be identified. A bicanalicular 
silicone tubing intubation is preferred in our 
experience. The silicone tubing serves to align 
the cut ends and maintain the lumen during the 
healing phase. The silicone tubing was first 
passed through the punctum and proximal seg-
ment of the injured canaliculus, then introduced 
through the identified distal cut end and 
advanced until it abuts the medial wall of the 
lacrimal sac. Then similarly incubate the sili-
cone tubing through the opposing canaliculus. 
Once the laceration has been bridged, special 
attention should be paid to exactly reapproxi-
mate the medial canthal tendon structures when 
dealing with the deeper and more medial lacera-
tion. Closure of the canaliculus is then carried 
out using 8-0 Vicryl interrupted sutures without 
penetrating the canalicular epithelium. After 
reformation of the canaliculus and the medial 
canthal tendon structures, the overlying skin 
orbicularis can be closed with interrupted fine 
sutures. The ends of the silicone tubing in the 
nose are tied to form a continuous loop, taking 
care to adjust the tension to avoid subsequent 
punctal erosion.

The silicone tubing is usually left in place for 
6 weeks to 6 months, depending on the severity 
and the individual practition.

20.3  Eyelid Foreign Body

20.3.1  Introduction

Foreign bodies of the eyelid can have a diverse 
range of clinical presentations, depending on the 
size and feature of the objects, as well as the posi-
tion of the affected area. Careful examination and 
appropriate treatment are essential to reduce 
complications and avoid secondary injury.

20.3.2  Definition

Foreign bodies of the eyelid are usually followed 
with blepharal trauma, most of which is obvious 
while sometimes is latent. The foreign bodies can 
be variable, including stone, metal, wood, and 
rarely, other objects [4]. Detailed present history, 
ocular examination, and CT or ultrasound scan 
all can be of diagnostic usefulness.

20.3.3  Case 3

A 43-year-old male presented with the chief 
complaint of trauma to his left eye by a fish-
hook occurring approximately 2  h back. To 
avoid secondary injury, the artificial bait was 
tied and reinforced to his forehead with adhe-
sive tape during transferring. The eyeball was 
luckily not involved (Fig. 20.6). After meticu-
lous evaluation, the bait was retrieved with for-
ceps, and the wound was irrigated and closed 
under local anesthesia (Fig. 20.6).

20.3.4  Case 4

A 34-year-old female showed blepharon defor-
mity with a pink scar in the left upper eyelid. She 
had a traffic accident and underwent immediate 
debridement and suturing operation 3  months 
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prior to her visit. At the first examination, we felt 
a firm lump inferior to the left brow (Fig. 20.7). 
Further CT scan also revealed a positive retained 
foreign body in the left upper eyelid (Fig. 20.8). 
The patient did not show ptosis at that time. The 
mass was removed via a skin incision under local 
anesthesia. Six months after the removal of the 
glass, the patient did not show any complications, 
including ptosis (Fig. 20.9).

20.3.5  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment 
for Complications

According to the slit-lamp examination and aux-
iliary examination, combined with the ocular 

trauma history, the general diagnosis of eyelid 
foreign body is not difficult. However, a foreign 
body can be insidious in some cases. It is of the 

Fig. 20.6 The artificial bait was present on the patient’s 
left eyelid. The band and shank were outside the eyelid, 
while the point was not visible. After retracting the upper 
eyelid, the eyelid was found not perforated. Visual acuity 
in the left eye was 20/20. No specific finding of the eye-
ball was observed after the slit-lamp examination

Fig. 20.7 A patient who had a history of trauma and 
debridement operation showed blepharon deformity with 
a pink scar in the left upper eyelid. A firm lump with a size 
of 4 mm*6 mm could be felt inferior to the left brow

Fig. 20.8 Further CT scan confirmed a positive retained 
foreign body in the left upper eyelid, with a clear edge and 
no artifacts
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most importance to not missing concealed or 
small foreign bodies. Retained foreign bodies 
following ocular injury may lead to serious com-
plications, including inflammation or infection.

Foreign body located in the subconjunctival 
space is rare while most likely to be missed, for 
example, rigid gas permeable (RGP) contact lens 
had been reported to migrate into subconjunctival 
space superior to the upper tarsus after blunt 
blepharon trauma [4]. Special attention should be 
paid in cases of penetrated eyelid trauma. Take 
extra effort to carefully inspect the corresponding 
site on the eyeball to the perforation site on the 
eyelid to exclude any foreign body on the cornea, 
conjunctiva, or sclera. In cases where foreign bod-
ies are suspected, imaging methods such as CT 
and ultrasonography should additionally be per-
formed to identify the size, property, and location.

Local anesthesia usually provides satisfactory 
patient cooperation in cases of superficial eyelid 
surgery. A prompt, appropriate primary surgical 
intervention is crucial for a good outcome with 

fewer complications including blepharon deformi-
ties and traumatic ptosis. The technique should be 
carefully chosen by taking into account the type, 
the depth, and the relationship between the foreign 
body and related ocular tissue. In case 2, we used 
an eyelid plate to protect the eyeball and a back-
out technique to remove the fishhook after enlarg-
ing the entry wound to avoid secondary injury 
during the operation. In cases with deep and con-
taminated wounds, copious irrigation is the most 
effective treatment to decrease the risk of infec-
tion. Tetanus immunization must be up to date.

20.4  Eyelid Burns

20.4.1  Introduction

Eyelid burns are usually associated with burns 
over a large percentage of the body unless they 
are electrical or chemical. Compared to the initial 
ocular surface injury, sustained eyelids injury can 
be more challenging, which leads to secondary 
complications such as lagophthalmos, exposure 
to keratopathy, and trichiasis. Appropriate early 
and sustained management is vital to improve the 
prognosis.

20.4.2  Definition

Eyelid burns are generally associated with other 
facial or body burns unless the etiology is electri-
cal or chemical. Facial burns are commonly caused 
by thermal trauma with ocular involvement. Burns 
of the eyelid vary in depth and severity. All burns 
take days to weeks for full tissue death and necro-
sis. With time, the eyelids will scar, resulting in 
poor closure and more corneal exposure. 
Reconstruction can be very difficult because of 
poor vascularization and lack of normal tissue.

20.4.3  Case 5

A 55-year-old male presented with right upper lid 
burns, total corneal epithelial cell loss with stro-
mal edema, and early corneal neovascularization 

Fig. 20.9 After incising the skin, releasing the scar, and 
sufficiently isolating, a piece of glass was found without 
the fibrous capsule or granulation tissue above the orbital 
septum. The patient did not show any complications one 
week post the operation, including ptosis
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13 days after molten aluminum burns to his right 
eye and lids (Fig. 20.10). There was no view of 
the anterior chamber. Visual acuity in the right 
eye was counting fingers. Besides medicine, an 
amniotic membrane graft and lateral tarsorrha-
phy were performed to encourage healing of the 
epithelial defect and prevent further injury caused 
by secondary trichiasis. Surgical intervention for 
trichiasis of the upper eyelid is required when 
scar formation stabilized.

20.4.4  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment 
for Complications

20.4.4.1  Evaluation
Most ocular complications are secondary to the 
development of eyelid deformities, which are 
potentially preventable with adequate and prompt 
initial treatment [5]. The depth and extent of 
injury should be assessed as soon as possible for 
patients with facial burns. The depth of burn 
depends on the intensity and duration of expo-
sure, and the thickness of the epidermis and der-
mis. Since periocular skin is thin with no 

subcutaneous fat, burns can be deeper in these 
areas. It takes weeks for the total amount of tissue 
necrosis to manifest with electrical burns, while 
less time with thermal burns.

Special attention should be addressed to 
exclude any eyelid, ocular, intraocular, or intraor-
bital foreign body especially in cases of explo-
sion injury. Bell’s phenomenon should be 
documented as a protective mechanism to help to 
prevent corneal epithelial defect in the presence 
of lagophthalmos.

20.4.4.2  Initial Treatment
Head elevation may be helpful in preventing fur-
ther swelling around the eyelids. The basic prin-
ciples of wound management for eyelid burns are 
assessment, cleansing, and protection followed 
by re-surfacing for deeper burns. Singed or 
scorched eyelashes are recommended to be 
removed with fine scissors to relieve symptoms 
of ocular surface discomfort as well as conjuncti-
val hyperemia. The eyelids should be cleaned of 
any debris as soon as possible. Foreign bodies 
should be removed with copious irrigation and 
cotton swabs, including careful sweeping of con-
junctival fornix, if any.

Burn patients often have reduced tear produc-
tion, blink reflex, and eyelid mobility or excur-
sion. Thus, the first concern is to protect the 
cornea with lubrication during the initial phase. 
Prompt prophylactic lubrication appears to have 
a beneficial effect in preventing exposure to kera-
titis. Topical steroids should be avoided due to 
the risk of secondary infection.

In cases of developing epithelial defect and 
poor closure or poor Bell’s phenomenon, a tem-
porary suture tarsorrhaphy is preferred to improve 
eyelid closure and allow examination of the eye 
as well as topical installation. A bolster is used to 
support the eyelid and reduce the tension. If 
ectropion persists for months due to persistent 
eyelid shrinkage, a surgical tarsorrhaphy would 
need to remain the lid margin in place until scars 
mature for definitive ectropion repair.

In severely damaged eyelids where no viable 
tissue exists, the masquerade procedure can be 
carried out to close the eye until further recon-
struction can be accomplished. All necrotic tis-

Fig. 20.10 A 55-year-old male presented with right 
upper lid burns, total corneal epithelial cell loss with stro-
mal edema, and early corneal neovascularization 13 days 
after molten aluminum burns to his right eye and lids. 
There was no view of the anterior chamber. Visual acuity 
in the right eye was counting fingers
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sues are excised, a conjunctival flap is mobilized 
and sutured together to cover the ocular surface. 
A skin graft is then applied to cover the entire 
eyelid area, leaving a small gap nasally and tem-
porarily for tear drainage. The flap is divided 
horizontally approximately 1–3  months later to 
create new functioning lids.

20.4.4.3  Complications
As the burns heal, cicatricial changes become 
more prominent. Common complications include 
trichiasis, eyelid deformities, palpebral aperture 
stenosis. Severe burns may require multiple sur-
geries and staging skin grafts for eyelids and ocu-
lar surface reconstruction.

20.5  Traumatic Ptosis

20.5.1  Introduction

Traumatic ptosis cases can result from a broad 
range of insults including direct muscular injury, 
mass effect from scars or foreign bodies, and cra-
nial nerve damage. Appropriate intervention and 
timing according to the mechanism of ptosis will 
often contribute to a better prognosis.

20.5.2  Definition

A decreased height of the upper lid after an injury 
is considered as a “traumatic ptosis,” which is the 
second most common relative incidence of 
blepharoptosis subtypes. Based on the mecha-
nism of injury and ophthalmic findings, traumatic 
ptosis can be divided into subcategories as trau-
matic aponeurotic ptosis, traumatic myogenic 
ptosis, traumatic mechanical ptosis, traumatic 
neurogenic ptosis, and traumatic mixed mecha-
nism ptosis. According to the mechanism and 
severity of the injury, traumatic ptosis may be 
transient or permanent, the degree of which may 
range from mild to severe.

20.5.3  Important Signs, 
Examinations, Diagnosis, 
Surgical Procedures 
and Skills, or Postoperative 
Treatment 
for Complications

Traumatic aponeurosis ptosis is caused by dehis-
cence of the levator aponeurosis from the tarsal 
without severe injury of the levator, when the 
upper lid is pulled, stretched or lacerated. The 
degree of ptosis is usually mild, with fine levator 
function [6].

Traumatic myogenic ptosis is caused by direct 
injury to the levator and/or Müller’s muscle when 
a transverse laceration occurs in the upper lid. 
The degree of ptosis is mild to severe, with poor 
levator function.

Traumatic mechanical ptosis often results 
from scar tissue that either restricts lid excursion 
or creates a mass effect that weighs the lid down 
after an injury.

Traumatic neurogenic ptosis can occur sec-
ondary to third nerve injury, superior orbital fis-
sure syndrome, or traumatic facial nerve palsy, 
which may be accompanied by symptoms such 
as oculomotor defect and abnormality of the 
pupils.

Traumatic mixed mechanism ptosis exists for 
that a dominant subtype cannot be identified, 
which mostly is a combination of myogenic and 
mechanical when the upper lid is lacerating tra-
versed with direct levator injury and skin cicatri-
cial tethered.

The prognosis and management of traumatic 
ptosis depend on the underlying mechanism of 
injury [7]. Since partial spontaneous improve-
ment was appreciable in most cases of traumatic 
ptosis except for the neurogenic subgroup, ade-
quate time should be allowed for improvement 
prior to surgical intervention. It is recommended 
to evaluate and operate under local anesthesia to 
obtain better control of the muscular function 
with the patient’s cooperation. The observation 
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period without surgical intervention is usually 
6  months in traumatic aponeurotic ptosis cases 
for spontaneous improvement, as well as in trau-
matic myogenic, mechanical and mixed mecha-
nism ptosis cases for scar tissue stabilization. In 
traumatic neurogenic cases, surgery can be per-
formed if no progressive improvement is 
observed, otherwise wait until 6 months. Levator 
advancement or frontalis sling is recommended 
to improve lid height in traumatic ptosis cases 
depending on levator function and eyeball pro-
tection mechanism, including oculomotor and 
Bell’s phenomenon. Special attention should be 
addressed to some accompanying symptoms, for 
example, unbearable double vision caused by 
extraocular muscle injury should be treated prior 
to ptosis surgery.

20.6  A Special Paragraph 
to Discuss the Specific 
Challenges

The first concern when dealing with blepharal 
trauma is to perform a complete eye examination 
to rule out associated intraocular trauma. CT 
scanning is required to identify foreign bodies or 
fractures. If the medial eyelid is affected, the lac-
rimal system should be inspected for evidence of 
involvement. Because of the good blood supply, 

the eyelid and periocular tissue need not be 
debrided even apparently devitalized, as it will 
usually survive with appropriate management. 
Make sure of the status of the patient’s tetanus 
immunity.

In some complicated blepharal cases, multiple 
and staged surgeries may be required for eyelid 
morphological and functional reconstruction.
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Severe Ocular Chemical Injury

Weiyun Shi and Ting Wang

Abstract

Ocular chemical burns, usually caused by 
acids or alkalis, are serious emergencies in the 
eyes. The burns can bring about acute loss of 
vision and damage to the eye and may eventu-
ally result in severe visual and facial defects. 
The concentration of the chemical, the expo-
sure area, and the duration before treatment 
are the key factors relating to the severity of 
the injury and the prognosis. In this chapter, 
the authors discussed different kinds of chem-
ical injuries, especially alkali burns and acid 
burns, as well as their damage to the eyes and 
the possible treatment measures. In addition, 
fives classic cases are presented with brief 
descriptions, images, and management mea-
sures, aiming to provide a guide to the future 
diagnosis and treatment of ocular chemical 
injuries.

Keywords

Ocular chemical injury · Acid · Alkalis  
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21.1  Introduction

Ocular chemical injuries are true ophthalmic 
emergencies that can cause permanent corneal 
and intraocular damage leading to visual impair-
ment or even blindness [1, 2] (Figs.  21.1 and 
21.2). The list of responsible chemicals is very 
extensive including industrial and domestic clean-
ing agents, cement, plaster, fertilizers, lime, and 
fireworks [2]. Acids and alkalis are the agents 
most commonly associated with significant chem-
ical eye injuries and the severity of the injury 
depends on a number of factors including (1) con-
centration and pH of the solution, (2) the extent of 
ocular surface exposure, and (3) the duration of 
ocular exposure before treatment is instigated [3].

Common causes of alkali injury to the eye 
include: cement, ammonia, lye, lime, potassium 
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Fig. 21.1 Blindness caused by severe acid burns
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hydroxide, and magnesium hydroxide [4]. 
Stronger alkalis are associated with more rapid 
penetration and thus, higher pH agents such as 
ammonia and lye typically cause the most severe 
ocular injuries. pH changes of aqueous humor are 
observed within a few seconds after contact with 
ammonium hydroxide, and within 3–5 min after 
injury by sodium hydroxide [5, 6]. Fireworks may 
contain magnesium hydroxide, thus related ocular 
injuries are both chemical and thermal in nature.

Chemical injuries to the eye are associated 
with a wide range of acids, most commonly sul-
furic, sulfurous, hydrofluoric, acetic, chromic, 
and hydrochloric acids [2]. The strength of an 
acid depends on its ability to lose a proton; strong 
acids ionize completely in an aqueous solution. 
The ability of a chemical to penetrate the eye 
influences the severity of the subsequent ocular 
injury. Alkalis characteristically penetrate the eye 
more rapidly than acids [2, 5] and typically cause 
the most severe chemical injuries. However, very 
strong acids may penetrate as rapidly as alkalis 
and studies have shown no clinically significant 
differences in clinical course, and prognosis 
between severe acid and alkali burns [7].

21.2  Definition

21.2.1  Types of Chemical Injuries

 1. Acids: sulfuric acid, hydrochloric acid, nitric 
acid, phosphoric acid, etc.

 2. Alkalis: (1) alkali metals: lithium, sodium, 
potassium, rubidium, cesium, and francium. 
(2) alkaline earth metals: beryllium, magne-
sium, calcium, strontium, barium, and radium. 
(3) Ammonia: ammonium hydroxide, ammo-
nium chloride, etc.

 3. Nonmetallic corrosive agents, such as phos-
phorus and its chemical compounds.

21.2.2  Factors Influencing 
the Severity of Eye Chemical 
Injuries

The severity and prognosis of ocular chemical 
injuries are related to many factors, mainly 
including the nature of the chemical substance, 
the area of the injured region, and the prompt and 
appropriate first aid treatment.

 1. The time and range of chemical substances 
in the eye: Generally speaking, the longer 
the chemical substances become stuck in the 
eye, the greater the damages they will cause 
to the eye. The injured area will be larger 
and the damages to ocular tissues will be 
worse.

 2. Types of chemical substances and their prop-
erties: The penetration of acids and alkalis 
into the eye tissue is different because of their 
different chemical properties, so the degrees 
of ocular damages and prognosis are not the 
same. Alkali burns are far more harmful than 
acid burns.

 3. The severity is also related to the concentra-
tion of chemicals and the resistance of differ-
ent parts of the eye to acid–base substances.

21.2.3  The Main Pathological Lesions 
in the Late Stage of Anterior 
Segment Chemical Injuries

 1. Conjunctival damage: The damage of the con-
junctiva is mainly the massive destruction of 
stem cells and goblet cells in the limbal of the 
cornea, causing the normal conjunctival epi-
thelium to be replaced by fibroblasts with 

Fig. 21.2 Blindness caused by severe alkali burns
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abnormal hyperplasia. The conjunctiva loses 
its characteristics as normal translucent 
smooth mucosal tissue and is replaced by a 
large amount of hypertrophic fibrous connec-
tive tissue without normal conjunctival func-
tion. The loss of conjunctival goblet cells 
results in the destruction of the tear film. For 
example, when the area of necrosis in the con-
junctiva exceeds half of the limbal stem cells, 
the regeneration of corneal epithelium is slow, 
and the conjunctivalization of the cornea may 
occur, which is characterized by the opacity 
of the repaired epithelium and the presence of 
a large number of goblet cells and corneal 
pannus. In this case, abnormal goblet cells of 
the cornea can cause instability of the cornea, 
leading to abnormal conjunctiva of the ocular 
surface, even if the tear volume is normal.

 2. Corneal damage: The corneal epithelium can 
suffer the same damage as conjunctival epi-
thelial tissue. The corneal epithelium, after 
contact with alkaline substances, will be 
destroyed and come off, so the area of the epi-
thelial defects can directly reflect the location 
and area of corneal burns. The burn damages 
the corneal stroma lamellar collagen tissue 
and the abnormal immune response intensi-
fies the destruction. Eventually, the epithe-
lium is replaced by fibrous scar tissues. The 
loss of a large number of endothelial cells 
leads to a decline in the normal physiological 
functions, resulting in persistent corneal 
edema and new blood vessels ingrowth. In 
severe cases, the cornea may be completely 
vascularized and covered by tunica vasculosa 
tissue.

 3. Destruction of tear film: Due to the destruc-
tion of conjunctival goblet cells, accessory 
lacrimal glands (Krause’s glands and 
Wolfring’s glands) and the corneal epithe-
lium, the formation of the tear film is difficult. 
Under the fornix conjunctiva, there are acces-
sory lacrimal glands with tear secretion func-
tion. Some or all the lacrimal gland openings 
are damaged due to adhesion and scar forma-
tion; therefore, the amount of tear secretion is 
significantly reduced and the eye is substan-
tially dry, which is manifested as Schirmer 

tear secretion less than normal, unsuccessful 
formation of the tear film, abnormal tear film 
rupture time (BUT) (<10  s) and positive for 
rose bengal staining. Severe dry eye presents 
with corneal epithelium keratosis and dry and 
wrinkly conjunctiva.

 4. Corneal vascularization: In the eyes suffered 
from mild and moderate alkaline burns, new 
vessels grow into part or all the cornea; in 
eyes with severe alkaline burns, except for 
corneal vascularization, the cornea is covered 
by hyperplastic fibrous tunica vasculosa tis-
sues. There are two theories about the mecha-
nism of neovascularization: (1) Leukocyte 
mediated theory: It is believed that leukocyte 
infiltration occurs before neovascularization. 
(2) Neovascular growth factor theory: 
Neovascular growth factor is a general term 
for growth factors that stimulate neovascular-
ization, including fibroblast growth factor 
(FGF), platelet-derived growth factor (PDGF), 
transforming growth factor (TGF), etc. The 
mechanism of corneal neovascularization is 
still under intensive study.

 5. Symblepharon: In cases with mild burns, only 
partial symblepharon occurs, while in cases 
with serious burns, partial or complete adhe-
sion of the upper and lower eyelids and the 
eyeball may appear, leading to the complete 
fixation of the eyeball and symblepharon or 
even palpebral fissure closure.

 6. Other intraocular complications: Secondary 
glaucoma is a serious complication. As the 
destruction of the angle tissue may be charac-
terized by increased intraocular pressure, and 
most doctors only pay attention to abnormal 
external changes and ignore the intraocular 
pressure measurement, the patient may lose 
the chance of regaining vision due to optic 
atrophy even the time for anterior segment 
reconstruction arrives. Complicated cataract 
is also a complication, which can be treated 
with extracapsular cataract extraction (ECCE) 
and implantation of an intraocular lens during 
penetrating keratoplasty (PKP) or after 
PKP.  In view of the fact that when corneal 
edema and opacity and neovascularization 
occur, it is impossible to determine the ocular 
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condition of many patients before surgery, so 
whether to implant an IOL can only be deter-
mined during the surgery. As long as the iris is 
essentially healthy, intraoperative efforts for 
IOL implantation will be made.

21.3  Alkali Burn

Alkali burns are the most common but intractable 
chemical injuries. Understanding the histopatho-
logical process of alkali burns is very important 
for first aid and treatment after injuries.

21.3.1  Pathological Process

Alkali is fat-soluble. When it comes into contact 
with eye tissue, there are three aspects of dam-
ages: (1) Causing rapid coagulation of tissue 
protein and cell necrosis, and through the effect 
of dehydration, causing an imbalance of fluid 
inside and outside the cell and then accelerating 
cell necrosis. (2) Playing a role in saponification 
with the lipids in tissue, thereby destroying the 
structure of the cell membrane. Alkali saponifi-
cation creates a softened or liquefied environ-
ment in tissues, resulting in continuous alkali 
diffusion to the surrounding and deep tissues and 
damaging the adjacent or intraocular tissues. (3) 
Causing the thrombosis of normal blood vessels 
in the eye and tissue ischemia, leading to the 
insufficient nutrition of the corneal tissue and 
accelerating the destruction of the tissue while 
hindering the repair.

21.3.2  PH Value and Damage Degree

When the pH value exceeds 11, the matrix muco-
polysaccharides are rapidly destroyed and the 
collagen fibers swell. In NH3 burns, the pH value 
in the anterior aqueous humor increases within 3 
to 5 min after the burn, so the anterior chamber 
flushing should be performed as early as possible 
to be more effective.

21.3.3  Clinical Stage and Grade 
of Alkaline Chemical Injury 
of Anterior Segment

At present, there is no unified staging standard at 
home and abroad. Some concepts in the stands 
are vague and inconsistent with the concepts in 
clinical treatment. We recommend that alkaline 
chemical injuries be divided into 3 stages and 4 
degrees, and the injury time, injury condition, 
and treatment principles should be combined for 
unified consideration.

 1. Acute stage (early stage): In terms of patho-
logical damage, it means within 1 week after 
the injury. The symptoms are acute tissue 
necrosis and aseptic inflammatory exudation.

Clinical manifestations: The early stage of 
burns, also known as the acute phase, refers to the 
first week after burns. Due to the effect on lipids 
saponification, alkali destroys the cell membrane 
of corneal layers, the ciliary body, and the tra-
becular meshwork cell membrane. Limbal and 
conjunctival ischemia also occur. Corneal edema, 
foggy opacity, pale conjunctiva, or anterior 
chamber with a large number of fibrinoid exuda-
tion are common in injured eyes and some severe 
cases even get cataracts.

After severe burns, IOP will rise, possibly 
because of (1) the elevated prostaglandins in 
aqueous humor, (2) collagenous shrinkage of the 
cornea and surrounding sclera due to burns, and 
(3) obstruction or atresia of the drainage system 
of aqueous humor veins. Therefore, in the acute 
stage of burns, doctors should pay attention to the 
detection of IOP, and take measures to lower IOP.

 2. Repair and injury coexistence stage (middle 
stage): From the point of view of pathological 
damage, this stage is a coexistence period of 
inflammatory cell infiltration and tissue pro-
liferation and repair, but these processes are 
accompanied by further damage to visual 
function. It is generally considered to be 
between 2nd and 6th weeks after injury. The 
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main clinical manifestations are the replace-
ment of epithelial cells by fibrous tissue, the 
growth of new blood vessels into the cornea, 
the formation of tunicae vasculosa, the 
destruction of tear film and the resulting 
changes, corneal autolysis and perforation 
due to autoimmune reactions and increased 
collagenase, secondary bacterial infections, 
and other intraocular complications.

The procedure and duration of these lesions 
depend on the severity of the alkaline chemical 
injury and whether the treatment during the acute 
stage is appropriate. The treatment in this period 
is still focused on inflammation control and 
appropriate surgical treatment, mainly symptom-
atic management and treatment of complications, 
such as inhibition of collagenase activity, proper 
glucocorticoid application, prevention of bacte-
rial infection, prevention of excessive symbleph-
aron and secondary glaucoma.

Clinical manifestations: This period is charac-
terized by the coexistence of tissue necrosis and 
repair. 1st and 2nd degree burns: The corneal and 
conjunctival epithelium is repaired and new 
blood vessels begin to proliferate. In these cases, 
the stroma often remains transparent. Burns often 
involve the iris and cause iritis. If there is anterior 
chamber empyema or injury, the ciliary body is 
often affected. 3rd and 4th degree burns: The cor-
neal epithelium cannot be regenerated and the 
corneal stroma continues to be edema and turbid. 
The necrotic area of the corneal endothelium is 
replaced by the fibrocyte membrane. As the 
 limbal stem cells are damaged, the corneal epi-
thelium in the severely injured area cannot be 
repaired, resulting in the abnormal release of col-
lagenase and metalloproteins, leading to a cor-
neal stromal ulcer. In addition, fibrinogen is 
activated, causing the dissolution of the anterior 
corneal lamina fibers.

 3. Stable stage (late stage): From the pathologi-
cal point of view, after the above-mentioned 
tissue destruction and tissue reactive repair, 
the tissue trauma and repair process have been 

relatively stable, but leaving sequelae of alka-
line injury. This stage is about the 6th to 12th 
weeks after injury. The coming of the stable 
stage depends on the severity of the injury and 
whether the conditions and methods of the 
treatment in the early and middle stages are 
appropriate. Surgical treatment is the main 
method in this period. (Since conventional 
surgical procedures have not made much 
progress after nearly a hundred years of devel-
opment, we have first performed reconstruc-
tion engineering operations including tear 
film, conjunctiva, cornea, and even the ante-
rior segment of the eye.)

Clinical manifestations: Late-stage refers to 
burns after 3 months. 1st and 2nd degree burns: 
The burned area is completely healed without 
complications. 3rd- and 4th -degree burns: Except 
for persistent tear film abnormality, secondary 
glaucoma and cataract may occur. The main 
manifestations are continuous non-healing of 
corneal epithelium, corneal edema and turbidity, 
continuous expansion of corneal ulcers, and cor-
neal stromal neovascularization. At a later stage, 
eyeball adhesions, corneal neovascularization, 
and corneal pannus covering the entire burned 
area may appear. Corneal ulcers may progress 
and lead to autolysis and corneal perforation is 
not uncommon.

The selection of surgical treatment for the ante-
rior segment after alkaline injury at the later stage 
is based on the severity of the lesion. The princi-
ples of surgical selection are the same, except that 
the contents and complexity of the operation are 
different. Therefore, it is extremely important to 
grade the severity of lesions at this stage, as it is 
the basis for selecting surgical methods.

Reference conditions for “mild”: (1) 
Conjunctival limbus fibrosis ≤1/2 circumference. 
(2) Corneal neovascularization membranous tis-
sue (or pseudopterygium tissue) invading cornea 
≤1/2 corneal tissue. The thickness of the trans-
parent area of the cornea is basically normal 
under a slit lamp and the iris and pupil are faintly 
visible. (3) Schirmer test is in the normal range; 
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BUT is normal or abnormal; the rose bengal 
staining is partially positive or negative. (4) No 
intraocular complications.

Reference conditions for “moderate”: (1) the 
range of conjunctival fibrosis >1/2 circumference 
or accompanied by a small-scale symblepharon. 
(2) The cornea is completely vascularized or cov-
ered by thinner vascular membranous tissue, but 
the outline of the corneal limbus can be seen, and 
the thickness of the cornea cannot be completely 
determined under a slit lamp. Ultrasonic 
Pachymeter measures cornea and the thickness is 
not uniform. Some parts are thinner than the nor-
mal thickness while some parts or all the cornea 
are thicker than the normal corneal thickness. (3) 
Schirmer test is roughly in the normal range; 
BUT is abnormal; the rose bengal staining is pos-
itive. (4) Concurrent cataracts or secondary glau-
coma may occur and there are possibilities that 
no intraocular complications appear.

Reference conditions for “severe”: (1) all con-
junctiva fibrosis, with obvious symblepharon or 
upper and lower eyelid closure. (2) The cornea is 
completely covered by vascular membranous tis-
sues, and the corneal limbal contour cannot be 
identified, or the corneal perforation has formed 
adhesive scars or/and accompanies corneal fis-
tula, so the slit lamp cannot examine the intraocu-
lar tissues. The corneal thickness can be measured 
by ultrasonography. (3) Schirmer tear secretion 
test <5  mm; BUT is abnormal or no tear film 
appears. The rose bengal staining is strongly pos-
itive. (4) Concurrent cataracts and secondary 
glaucoma are possible intraocular complications. 
Some patients have inaccurate light perception, 
abnormal light projection, abnormal VEP and 
ERG during visual function measurement.

21.4  Acid Burn

Since acid is widely used in daily life, acid burns 
are not uncommon.

Pathological process: As the acid is water- 
soluble, it is not easy to penetrate the lipid-rich 
corneal epithelium, and its damage is generally 
limited to the exposed corneal epithelial tissues. 
Strong acid with very low pH often destroys the 

corneal epithelium and penetrates into the cor-
neal stroma, leading to irreversible degeneration 
of the corneal stroma and protein precipitation 
and then the formation of a barrier, which can 
prevent acid from penetrating deeper into the eye. 
Due to tissue coagulation, tissue edema and 
decomposition are relatively light, so the bound-
aries of the injured tissues are obvious. Acid 
burns are milder than alkaline burns and cause 
fewer complications.

Clinical manifestations: Acid burns and alkali 
burns have the same clinical stages and degrees, 
but the severity and complications of acid burns 
are less than those of alkali burns. Sulfuric acid 
burns are the most common. In addition to the 
acid damage to the eyes, sulfuric acid produces a 
lot of heat when it meets with water, so sulfuric 
acid burns are also accompanied by thermal 
burns. Therefore, sulfuric acid burns are very 
serious.

Hydrochloric acid is a weak acid with a com-
monly used concentration of 32% ~ 38%. It has 
poor penetrating power and often leaves a yellow 
turbid area on the burned cornea.

Hypochlorous acid is often used in cleaning 
solutions. Long-term exposure to the acid may 
cause chronic blepharitis. Hydrofluoric acid is 
the only acid that can cause severe burns. 
Although it is a weak acid, it has a strong pene-
trating ability and can dissolve cell membranes 
and then enter the tissues of the eye. Therefore, 
understanding the characteristics of various acids 
is conducive to clinical symptomatic treatment.

21.5  Treatment of Alkali 
Burns

21.5.1  Drug Therapy

21.5.1.1  Emergency Treatment
External eye flushing: Emergency management 
after chemical burns should be down within 3 min 
after the injury. The eye should be rinsed as soon 
as possible, which is effective for diluting the 
harmful chemicals in the eye. When flushing, if 
possible, surface anesthesia can be used for the 
conjunctival sac and then the eyelids are opened 
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to take foreign bodies out. Experimental studies 
have found that if the ocular surface is rinsed 
briefly after alkali burns, the pH value can only 
decline for a period of time and then rise again. 
Therefore, to be effective, eye flushing should last 
for more than 30 min, until the pH is neutralized. 
Eyelid retractor or eyelid opener is conducive to 
flushing. Flushing solution with 
0.01  ~  0.05%EDTA can be used for calcium 
hydrochloride (carbon) burns.

Anterior chamber puncture: Alkali penetrates 
into the anterior chamber within 3 min, but the 
condition will be stable within 1 ~ 3 h. Therefore, 
the anterior chamber puncture performed one day 
after the burn has no clinical significance.

Bulbar conjunctival incision: In the early 
stage, incision of the bulbar conjunctiva radially 
before flushing can dilute the alkaline liquid pen-
etrating into the conjunctiva.

Application of heparin: Chemical burns cause 
conjunctival vascular embolism and atresia. 
Heparin has a certain curative effect on dissolving 
limbal thrombus and restoring blood circulation. 
The author often instills a solution of 1000–
2000  units/ml frequently until the limbus blood 
vessels dilate and even bloody tears come out.

21.5.1.2  Application of Soft 
Contact Lens

Soft contact lens can promote the repair of 
exposed ulcer surface and epithelium, but it 
reduces the oxygen supply to the cornea and 
increases the chance of infection. Now, it is sel-
dom used.

21.5.1.3  Glucocorticoid
Glucocorticoid has obvious dual characters, that 
is, glucocorticoid has a good effect on anti- 
inflammatory, inhibiting capillary proliferation 
and reducing the hard ring of tissues, but it can 
also stimulate the activity of collagen and 
increase the dissolution of corneal tissues. 
Improper use of glucocorticoid can easily lead to 
corneal perforation. Therefore, physicians must 
understand the pathological process of chemical 
burns, and choose the appropriate time of medi-
cation to give full play to the advantages of glu-
cocorticoids and reduce the occurrence of 
complications. The author’s medication principle 

is: if there is no obvious corneal ulcer within 
1 week after the burn, glucocorticoid should be 
applied locally and systemically, and the dosage 
should be reduced or stopped depending on the 
situation after 1  week, and then non-steroidal 
drugs should be used instead.

21.5.1.4  Collagen Preparations
0.2% EDTA is a commonly used collagen prepa-
ration at present, which may prevent the dissolu-
tion of the corneal lamina.

21.5.1.5  Infection Prevention
Local and systemic combined antibiotic applica-
tion can prevent infection.

21.5.2  Surgical Treatment

Amniotic membrane transplantation is currently 
the most effective method for treating chemical 
burns. Early amniotic membrane transplantation 
is effective for all degrees of burns.

Surgical treatments of late complications 
include limbal stem cell transplantation, eyeball 
adhesion separation and formation, lamellar ker-
atoplasty, penetrating keratoplasty, penetrating 
keratoplasty combined with stem cell transplan-
tation and whole cornea transplantation com-
bined with limbal transplantation.

21.6  Case 1

A 46-year-old man presented to our hospital one 
hour after the low-concentration alkaline solution 
entered the right eye. He has rinsed the eye with 
plenty of water after being injured. Examination 
results: FC/10  cm visual acuity, corneal edema 
and turbidity, epithelial defect (Fig. 21.3). After 
flushing again, amniotic membrane transplanta-
tion was carried out immediately (Fig. 21.4). Two 
weeks later, the stitches and the amniotic mem-
brane were removed. The turbidity disappeared 
and corneal transparency was restored, but neb-
ula can be seen (Fig. 21.5). Visual acuity was 0.8. 
The burn was mild and timely measures have 
been taken, so the burn only affected the corneal 
epithelium.
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21.7  Case 2

A 43-year-old man presented to our hospital one 
hour after the low-concentration alkaline solution 
entered the left eye. He has rinsed the eye with 
plenty of water after being injured. Examination 
results: FC/10 cm visual acuity, corneal edema, 
epithelial defect (Fig. 21.6). After flushing again, 
amniotic membrane transplantation was carried 
out immediately. One week after the operation, 
the amniotic membrane was still attached, but the 
corneal epithelium was not healed (Fig.  21.7). 
Amniotic membrane transplantation was per-
formed again (Fig.  21.8). One week later, the 
amniotic membrane around the suture began to 
dissolve. Fluorescein staining was performed, 
but no corneal staining area was seen, indicating 

that the corneal epithelium has healed (Fig. 21.9). 
After 2 weeks, the sutures and the amniotic mem-
brane were removed. The cornea was almost 

Fig. 21.3 The corneal edema is cloudy and the epithe-
lium is defective

Fig. 21.4 The first day after amniotic membrane 
transplantation

Fig. 21.5 After removing the amniotic membrane, the 
nebula can be seen

Fig. 21.6 Acute alkali burn of the left eye

Fig. 21.7 One week after amniotic membrane 
transplantation
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transparent and the opacity disappeared one 
month after the operation (Fig. 21.10).

21.8  Case 3

A 56-year-old man came to our hospital one day 
after a strong alkaline solution burned his eyes. 
Examination results: intraocular pressure 
35  mmHg, all conjunctival ischemia, necrosis, 
total corneal opacity and edema, porcelain white, 
and intraocular loss of vision (Fig. 21.11). After 
admission, three times of amniotic membrane 
transplantations were performed to save the eye-

ball. Because the conjunctiva was almost necrotic 
and the stem cells were severely damaged, the 
healing is not satisfying. Five months later, eye-
ball adhesions appeared (Fig. 21.12).

21.9  Case 4

A 53-year-old male patient presented half a year 
after acid burns. He has lost sight. Examination 
results: visual acuity HM/BE, a large number of 
pannus in the whole cornea, the anterior chamber 
of the eye cannot be clearly seen (Fig.  21.13). 
After the first transplantation of amniotic mem-
brane cultured stem cells, the eyeball adhesion 
was cured (Fig. 21.14). After full lamellar kerato-
plasty (with corneoscleral limbus) combined 

Fig. 21.8 Amniotic membrane transplantation was per-
formed again as the corneal epithelium was not healed

Fig. 21.9 Seven days after the second transplantation, 
the amniotic membrane around the suture began to dis-
solve. Fluorescein staining was performed, but no corneal 
staining area was seen, indicating that the corneal epithe-
lium has healed

Fig. 21.10 The cornea was almost transparent one month 
after the operation

Fig. 21.11 All conjunctival ischemia, necrosis, total cor-
neal opacity and edema, porcelain white, and intraocular 
loss of vision
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with partial tarsorrhaphy, the corneal graft and 
bed were transparent and the pupil was visible 
(Fig. 21.15). The vision returned to 0.5.

21.10  Case 5

A 28-year-old man presented half a year after acid 
burns. He has lost sight. Examination results: 
visual acuity HM/BE, intraocular pressure 
18 mmHg, corneal neovascularization, white cor-
nea opacity, pupil about 7 mm in the eye can be 
seen, and lens opacity (Fig.  21.16). One month 
after surgical removal of the cataract and trans-
plantation with keratoprosthesis (Guangdong 
Brilliant Vision Biotechnology Co., Ltd.), the 
patient’s vision recovered to 0.5 (Fig.  21.17). 
Three months after surgery, the patient’s vision 
recovered to 0.8 (Fig. 21.18). The ocular surface 
fluorescein sodium staining is shown in Fig. 21.19.

Fig. 21.12 Symblepharon and a large number of pseu-
dopigium on the cornea

Fig. 21.13 A large number of pannus in the whole 
cornea

Fig. 21.14 After the first transplantation of amniotic 
membrane cultured stem cells, the eyeball adhesion was 
cured

Fig. 21.15 After full lamellar keratoplasty combined 
with partial tarsorrhaphy, the corneal graft and bed were 
transparent

Fig. 21.16 Corneal neovascularization, corneal white 
opacity, pupil about 7 mm, lens opacity
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21.11  Personal Experiences or 
Matters Need Attention

A double continuous suture is recommended for 
amniotic membrane transplantation, which has 
the advantage of less ocular surface line junction 
and alleviation of the patient’s irritation symp-
toms after operation. The amniotic membrane tis-
sue closely adheres to the ocular surface, 
conducive to epithelial growth after surgery. 
Regarding the question of whether to open the 
bulbar conjunctiva when the amniotic membrane 
is covered, the authors think that it depends on 
the condition of the patient’s eye injury during 
the operation. If extensive ischemic necrosis of 
the anterior segment of the eye is detected, the 
bulbar conjunctiva can be opened, after which, 
the surgeon can massage the blood vessels of the 

conjunctiva and sclera that are blocked by micro-
thrombi to restore the blood supply to the front of 
the eye, and then use conjunctival tissue to cover 
the surface of the cornea and sclera and cover the 
conjunctiva on the surface of the amniotic mem-
brane. If the anterior segment of the eye is not 
severely ischemia, it is not necessary to open the 
bulbar conjunctiva [8].

If the chemical injury is about to cause cor-
neal perforation, corneal transplantation is 
imperative. After the operation, attention should 
be paid to the abnormality of tears. Once the epi-
thelial healing is delayed, measures should be 
taken as soon as possible. In the stable chemical 
scarring stage, it is recommended to detect tears. 
The tears guarantee the healing of epithelium 
after transplantation; otherwise, the corneal graft 
will easily melt.
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Ocular Laser Burns
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Abstract

The frequency of laser-induced eye injuries 
has increased in recent years with the increase 
in laser product sales and laser cosmetic appli-
cations. Unfortunately, laser devices have 
become more powerful and cheaper, incor-
rectly labeled, and can be easily purchased on 
the Internet or in the marketplace.

In this chapter, we focused on prevention 
and management of the laser-related injuries 
from laser sources used in daily life. Also, 
pathophysiology, clinical manifestations, dif-
ferential diagnosis, and treatment of laser- 
induced eye injuries, especially on the 
posterior segment, were included, and sample 
cases were given.
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22.1  Introduction

Advances in laser technology and decreased pro-
duction costs have caused an increase in laser 
devices to enter daily life such as cosmetics, 
medicine, safety, communications, industry, and 
entertainment [1]. Many low-cost laser products, 
especially laser pointers, are available in the con-
sumer market and even on the internet [1, 2].

Ophthalmology has been on the frontline in 
the use of laser for therapeutic purposes. 
Ophthalmologists have been familiar with the 
laser-related ocular injuries since the use of 
Ruby laser in the late sixties and argon sources 
in the seventies [3]. Several ocular complications 
and/or inadvertent damage to the eye, mild to 
severe, leading to an asymptomatic burn to 
blindness, have been documented elsewhere [3]. 
This chapter excludes laser-related injuries from 
ophthalmic use of medical-grade laser(s) by the 
laser surgeon. In this study, we focused on pre-
vention and management of laser-related injuries 
from laser sources used in daily life. In this con-
text, ocular injuries from non-ophthalmic use 
rather than ophthalmic use were included; peri-
ocular use of laser, however, it was mentioned 
due mostly to social-media-driven misuse of 
laser for cosmesis.

Non-ophthalmic use of laser-related eye injury 
in the literature was first reported by Mensah 
et al. in 1998 [4]. At that time, documented laser 
complications were usually related to the anterior 
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segment such as punctate corneal epitheliopathy 
and most of them did not cause permanent vision 
loss [4, 5]. However, recent reports of laser- 
induced ocular injuries have become more fre-
quent, especially due to high-energy laser 
pointers and most of them have caused visual 
impairment with both anterior and posterior seg-
ment injuries [1, 2, 6–24]. It is well-known that 
the eye is one of the most vulnerable organs to 
laser radiation due to the eyelid skin is thin, and 
also iris and retinal pigment epithelium have 
some pigment-rich chromophores that can absorb 
laser energy.

22.2  Definition

The International Commission on Non-Ionizing 
Radiation Protection (ICNIRP), an independent 
organization of scientific experts, has set guide-
lines on laser radiation exposure limits [25]. 
These exposure limits provide a scientific basis 
for the hazard classification of laser devices by 
the International Electrotechnical Commission 
(IEC) based on accessible radiation characteris-
tics [26]. Laser sources that are highly mono-
chromatic with a very well-defined color have the 
ability to emit beams with extremely high energy 
with a very little deflection as a common feature 
[7]. The term laser is an acronym for light ampli-
fication by stimulated emission of radiation. The 
hazard level of laser is based on the exposure 
level, wavelength, emission duration, and angular 
subtense of the laser source. At the present time, 
lasers are classified into four classes according to 
the European standard (Table 22.1) [26]. Class 1 
is safe for eye if the device is used according to 
manufacturer recommendations. Since class 2 
cannot pass through the skin it cannot cause a 
damage to the eye if the person closes the eyes 
with the palpebral reflex. Class III can be danger-
ous to the eye, because the person can be directly 
exposed to radiation above the safety threshold 
level, until the eyelid is closed. And lastly, class 
IV exhibits risks for the eyes even if the eye is not 
directly exposed to the laser beam. There are sev-
eral subclasses in this classification related to the 
operating conditions of the laser system (1  M, 

Table 22.1 Laser classification according to the 
European standard [26]

Laser 
Class

Hazard or 
potential for 
injury

Typical output 
power (P) Typical use

1 Safe under 
reasonably 
foreseeable 
conditions

P < 0.4 mW Scanner 
checkouts, 
DVD 
players

1 M Hazardous to 
the eye when 
using 
telescopic 
optical 
instruments 
(otherwise as 
in class 1)

P < 0.4 mW; 
but the beam 
diameter is 
greater than 
7 mm

2 Direct 
intrabeam 
viewing must 
be avoided—
retinal injury 
is possible at 
intrabeam 
viewing times 
exceeding 
0.25 s

P < 1 mW Laser 
pointers, 
laser spirit 
levels

2 M Hazardous to 
the eye when 
using 
telescopic 
optical 
instruments 
(otherwise as 
in class 2)

P < 1 mW; but 
the beam 
diameter is 
greater than 
7 mm

3A Hazardous to 
the eye only 
when using 
telescopic 
optical 
instruments

P < 5 mW; but 
the beam 
diameter is 
greater than 
7 mm and the 
power density 
is related to the 
same pupil 
diameter as in 
class 2 lasers

3R Hazardous to 
the eye

P < 5 mW Show and 
projection 
lasers, 
material 
processing 
lasers

3B Always 
hazardous to 
the eye

P < 500 mW

4 Always 
hazardous to 
the eye and 
skin

P > 500 mW
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2  M, 3R, and 3B). Optical radiation power 
depends on two factors: Emission wavelength 
and pulse duration. The maximum limits of laser 
beam are the following: 0.4  mW for class I; 
1  mW for class 2; 5  mW for class 3R; and 
500 mW for class 3B. Values above 500 mW cor-
respond to class 4. The United Kingdom uses a 
similar classification of laser products which 
consists of 8 categories (Class 1, 1C, 1 M, 2, 2 M, 
3R, 3B, and 4) [27]. Food and Drug Administration 
(FDA) categorizes laser products into 6 (Class I, 
IIa, II, IIIa, IIIb, and IV) according to the power 
output and hazard potential (Table 22.2) [28].

It is remarkable that cosmetic laser procedures 
such as laser-assisted hair removal, CO2 laser 
facial resurfacing, and selective photothermoly-
sis are the second most common cause of ocular 
injury after laser pointers in the literature [29–
42]. Lasers have been used extensively for cos-
metic purposes for many years as an office 
procedure and after approving laser-assisted hair 
removal by the FDA, number of use has been 

increasing rapidly. However, these lasers operate 
at high emission levels and they are in the class 
3R and 4 categories. There are only a few reports 
on retinal complications due to laser epilation in 
the literature, mostly anterior segment complica-
tions such as corneal burns, iris injuries, pupillary 
distortion, anterior uveitis, and cataract have 
been reported [43].

The frequency of laser-induced eye injuries 
has increased in recent years with increase in 
laser product sales and laser cosmetic applica-
tions. Unfortunately, laser devices have become 
more powerful and cheaper, incorrectly labelled, 
and can be easily purchased on the Internet or in 
the marketplace [8]. According to the results 
obtained from the data of 19,765 Canadians, 
Qutob et al. determined that 48.1% of them use 
or have been exposed to a laser product in the 
previous 12  months [1]. This rate is really sur-
prisingly high. The authors also found that the 
majority of the reported injuries were to the eyes, 
and the remaining were to the skin. These injuries 
were caused by laser cosmetic treatments or laser 
pointers, and approximately 75% of injuries 
occurred while someone else was using the 
device [1]. The researcher who use, or those in 
manufacturing laser devices, and soldiers who 
use laser weapons or devices for monitoring are 
open to laser-induced ocular injuries.

Since most of the events would not be pub-
lished in the journals, estimates of the eye inju-
ries likely represent a small percentage of the 
total number of laser injuries that have occurred. 
The exact prevalence of laser-induced eye inju-
ries cannot be detected due to several reasons; a 
probable high number of unreported injuries, 
presence of asymptomatic or unnoticed cases, 
hiding the complaints of children who have laser- 
related eye injury from fear.

Laser effects on tissue are classified into three 
matters as follows: photocoagulation, photodis-
ruption, and photoablation. The absorption of 
laser light by the target tissue and denaturing the 
protein with the heat generated is photocoagula-
tion (e.g., retinal photocoagulation with argon 
laser). In photodisruption, laser light creates a 
great temperature rise and causes tissue rupture 
or perforation by producing an acoustic shock 

Table 22.2 Laser classification according to the FDA 
[28]

Laser 
Class Laser product hazard Product examples
I Nonhazardous; hazard 

increases if viewed with 
optical aids, including 
magnifiers, binoculars, or 
telescopes

Laser printers, 
CD/DVD players

II, 
IIa

Hazard increases when 
viewed directly for long 
periods or with optical aids

Barcode scanners

IIa Depending on power and 
beam area, can be 
momentarily hazardous 
when directly viewed or 
when staring directly at the 
beam with an unaided eye

Laser pointers

IIIb Immediate skin hazard 
from direct beam and 
immediate eye hazard 
when viewed directly

Laser light show 
projectors, 
industrial/
research lasers

IV Immediate skin hazard and 
eye hazard from exposure 
to either the direct or 
reflected beam; may also 
present a fire hazard

Laser light show 
projectors, 
industrial/
research lasers, 
lasers used in 
LASIK eye 
surgery
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wave (e.g., posterior capsulotomy with Nd:YAG 
laser). In photoablation, laser lights break the 
chemical bonds that hold tissue together, and 
vaporize the tissue without temperature rise (e.g., 
flap creation in refractive surgery with excimer 
laser). In general, short-wavelength (visible) 
lasers usually produce photocoagulation, long- 
wavelength (infrared, near-infrared) lasers pro-
duce either photodisruption or photocoagulation, 
whereas ultraviolet wavelength lasers produce 
photoablation.

Even ophthalmic use was considered, each of 
the mechanisms of action applied by the laser 
damages the intraocular tissues with the same 
mechanism, if used in the unstandardized proto-
col. In general, factors affecting eye injuries can 
be divided into 3 categories; laser-related factors, 
ocular-related factors, and protective factors 
(Table  22.3) [23, 36]. Lasers with an output 
power over 5 mW can easily cause an irreversible 
retinal damage despite the blink and aversion 
reflexes. It is obvious that a person who has a 
large pupil in the dark condition and does not 
wear protective glasses will suffer more damage 
than a person who has a small pupil in bright con-
dition and wears proper protective glasses even if 
they are exposed to the same laser pointer for an 
equal duration. The most striking example of this 
situation is the misuse of night vision goggles 
and laser devices used for military purposes in a 
dark environment [44].

Currently, there are numerous types of laser, 
including ruby laser with 694  nm wavelength, 
alexandrite laser with 755 nm, and 800 nm wave-
lengths, Nd:YAG laser with 1064 nm wavelength, 
diode laser with 800 nm wavelength, and intense 
pulse light laser between 590 and 1200 nm wave-

length [34]. Laser light in the visible to the near- 
infrared spectrum (400 nm–1400 nm wavelength) 
is the hazard region for the retina, whereas in the 
ultraviolet (290 nm–400 nm wavelength) or far- 
infrared spectrum (1400  nm–10,600  nm wave-
length) is known as the hazard region for the 
cornea and lens [36]. Robertson et al. found that 
green laser pointers that have 490–575 nm wave-
length are more damaging to the retina than red 
laser pointer which has 635–750 nm wavelength 
[45, 46].

Evaluation of microstructural changes after 
recreational use laser maculopathy was associ-
ated with visible dot-blot-like subretinal or sub- 
internal limiting membrane hemorrhage and 
protruding foveal edema in Muslubas et  al.’s 
series [47]. In optical coherence tomography 
(OCT) evaluation, however, full-thickness macu-
lar hole without a fluid-cuff or swelling of the 
surrounding retina may be presenting sign after 
Nd:YAG laser [48–50].

22.3  Cases

Case 1: A 28-year-old soldier who is a howitzer 
operator applied to our clinic with complaints of 
low vision and floaters in his right eye [44]. In 
his anamnesis; he stated that he accidentally 
looked at the emitted beam of the howitzer 
6  weeks ago. The best-corrected visual acuity 
(BCVA) of his right eye was 0.1 with Snellen 
chart. The anterior segment of the eye and vitre-
ous was normal. There was hemorrhage and 
edema in the macula in his right eye (Fig. 22.1a). 
Hyperfloresans compatible with window defect 
was detected in the macula by fundus fluorescein 
angiography (FFA) (Fig. 22.1b). The patient was 
only followed up without medication. After the 
fourth month, the BCVA increased to 0.5 in the 
right eye and the hemorrhage was completely 
resolved, but central scotoma was detected in the 
computerized vision field test. The window 
defect was still ongoing in FFA.

Case 2: A 22-year-old soldier applied to our 
clinic with the complaint of decreased vision in 
his right eye [44]. He stated that he looked at the 
light emitted by the telemeter for 30  seconds 

Table 22.3 Factors affecting eye injuries

Laser-related 
factors

Ocular-related 
factors

Protective 
factors

Wavelength of 
the radiation
Energy level of 
the beam
Exposure time
Pulse duration
Distance from 
the source

Pupil size
Degree of retinal 
pigmentation
Refractive status
Lens status
Eye color

Blink reflex
Use of 
protective 
eyewear
Aversion 
responses

U. Acar and G. Sobaci



217

3 weeks ago. The BCVA of his right eye was 0.2 
with the Snellen chart. The anterior segment of 
the eye and vitreous was normal. There were two 
well-circumscribed subretinal exudation yellow 
round lesions in the temporal of the macula 
(Fig.  22.2a). In FFA, these lesions appeared as 
hypofluorescence areas surrounded by a hyper-
fluorescent border (Fig. 22.2b). The patient was 
given 80 mg/day prednisolone peroral for 5 days 
and the drug was used in a tapered way for 
15  days and ceased. After the third month, the 
BCVA decreased to 0.1  in the right eye. There 
was hyperpigmentation in the form of scarring in 
the lesion areas of the macula and it appeared to 
be degenerated. A central scotoma was detected 
in the computerized vision field test.

22.4  Important Signs, 
Examinations, Diagnosis, 
and Management of Ocular 
Laser Injuries

Patients who underwent laser-related eye injuries 
can present to the eye clinics with different com-
plaints according to the location and severity of 
injuries. Since the radiation with visible wave-
length is not absorbed by the anterior segment of 
the eye, they do not cause the symptoms such as 
hyperemia, irritation, burning, stinging, or for-
eign body sensation; however, they may cause 
some symptoms related to posterior segment 
complications such as a sudden and sharp ocular 
pain, blurred vision, scotoma, or a black shadow.

a b

Fig. 22.1 (a) There was hemorrhage and edema in the macula in his right eye. (b) Hyperfloresans compatible with 
window defect was detected in the macula by FFA

a b

Fig. 22.2 (a) There were two well-circumscribed subretinal exudation yellow round lesions in the temporal of the 
macula. (b) In FFA, these lesions appeared as hypofluorescence areas surrounded by a hyperfluorescent border
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When laser exposure is mentioned in the med-
ical history, it will not be difficult to diagnose by 
an ophthalmologist. However, the diagnosis may 
be difficult or even missed, especially in children 
and delayed cases. It should not be forgotten that; 
laser exposure may result in a wide variety of 
clinical spectrum from asymptomatic to devastat-
ing sight-threatening complications such as cor-
neal scar, anterior uveitis, cataract, retinal burn, 
macular hole, or choroidal neovascularization.

Anterior and posterior segment examination 
should be done in detail, and laser pointer expo-
sure or cosmetic laser application should be ques-
tioned even if the patient does not say so. The most 
common location of laser-related posterior seg-
ment injuries is fovea because of the nature of ocu-
lar fixation. The fundoscopic view of laser injury 
varies widely from the normal or minimal pigmen-
tary change to macular hole or atrophic changes 
depending on the severity of the injury and the 
time elapsed. Advance OCT devices are very help-
ful to ophthalmologists to diagnose laser damage. 
Classically, in OCT imaging, a well-circumscribed 
and localized oval hyperreflective alteration 
extending from the retinal pigment epithelium sur-
face into the retina and damage in outer retinal lay-
ers under the fovea are observed [47]. However, 
OCT findings can vary from only a discrete break 
in the ellipsoid zone to greater disruption in this 
layer to a column of increased reflectivity within 
the outer nuclear layer.

In differential diagnosis of laser-related ocular 
injury, the history and the ocular findings are of 
special consideration. Especially in children, 
laser pointer-related macular damage can be mis-
diagnosed or confused with other conditions, 
including macular dystrophies, achromatopsia, 
macular telangiectasia and solar retinopathy [14, 
51]. De Silva et  al. recommend using the near- 
infrared autofluorescence (NIR-AF; with 787 nm 
wavelength) mode for improving the accurate 
diagnosis of retinal laser injuries [51]. Because 
the authors demonstrated that NIR-AF imaging 
obtains typical sharply demarcated lesions with 
increased signal at the center, and a reduced sig-
nal around the edge as a characteristic appear-
ance in all patients exposed to lasers. They also 
showed that the other imaging methods including 

color fundus photography, blue light AF (B-AF 
with 488  nm wavelength), and OCT were less 
consistent or specific for laser-related retinal 
injuries. Conventional B-AF signal that is mainly 
derived from lipofuscin provides an important 
clue about the health of the retinal pigment epi-
thelium, whereas the NIR-AF signal is mainly 
derived from melanin and melanolipofuscin in 
the retinal pigment epithelium and the choroid 
[51–53]. It is difficult to differentiate between 
malingering and occult maculopathy from the 
laser, especially in medicolegal conditions. In 
these circumstances, further evaluations with 
microperimetry and mfERG should be consid-
ered to disclose laser injury itself. All of these 
imaging modalities may also assist ophthalmolo-
gists in follow-up examinations and in determin-
ing prognosis.

Treatment options in laser-induced eye inju-
ries would vary depending on the severity and the 
location of the developed complications. 
Superficial and mild lesions to the cornea can be 
treated with topical antibiotics and artificial tear, 
whereas contact lens application or patching may 
be added for deeper and more severe abrasions. 
Amniotic membrane transplantation and topical 
and oral ascorbic acid therapy may also be 
required in cases of corneal and conjunctival 
burns. In cases where the corneal endothelium is 
mildly affected, topical corticosteroid therapy is 
sufficient, but in cases where it is severely 
affected, keratoplasty may be required. In cases 
with iritis and anterior uveitis topical corticoste-
roid and cycloplegic drugs should be used, intra-
ocular pressure must be followed closely.

Medical therapy for laser-related retinal injury 
is mainly limited to corticosteroid treatment. The 
aim is to minimize the cellular inflammatory 
response to injury [23]. The clinical course of 
laser-related retinal injury is usually characterized 
by a sudden visual acuity decrease because of 
foveal damage, followed by an increase in visual 
acuity thanks to spontaneous healing of damage 
within several weeks [6, 23]. However, no 
improvements may be seen in patients who have 
severe and extensive damage, and may result in 
long-term or permanent visual impairment. 
Although there are studies in the literature show-
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ing that systemic corticosteroid therapy had bene-
ficial effects such as enhancement in photoreceptor 
survival, rapid reestablishment of retinal layers, 
and decrease in vitreal accumulation of protein 
and prostaglandin E2 in experimental animal mod-
els with laser-induced retinal injury [54–56], there 
are no randomized controlled clinical studies in 
this regard. And, there is no consensus on the dose 
and duration of treatment, either. Since, the com-
monly favorable and spontaneous healing course 
of laser-related retinal injuries, it is difficult to 
judge whether corticosteroid or other treatment is 
effective, or not [6]. The close observation of the 
patient with laser-related retinal injuries seems to 
be the most common treatment option.

Vitreoretinal surgery can be performed in 
patients with nonhealing vitreous hemorrhage, 
subretinal or subhyaloid hemorrhage, macular 
hole, and epiretinal membrane as a surgical 
option. Indeed, most of the vitreoretinal hemor-
rhages are expected to resolve spontaneously 
within a relatively short time, from 2 weeks to a 
few months [23]. However, successful anatomi-
cal and functional results can be obtained when 
macular surgery with internal limiting membrane 
peeling was performed in the early period [47]. 
Intravitreal anti-vascular endothelial growth fac-
tor administration is recommended not only for 
the developed choroidal neovascularization sec-
ondary to Bruch’s membrane damage [24] but 
also acute macular edema [47].

It is obvious that the final visual acuity is 
dependent on the retinal lesion location and size.

22.5  Recommendations

Laser devices should have a warning sign on 
them.

Additional warning labels or information have 
to be included when the laser class is 2 and above.

It should not be left somewhere in the reach of 
children. Its batteries should be removed when 
not in use. Parents should be informed enough 
about this issue.

Uncontrolled sales via the Internet and con-
sumer market should absolutely be prohibited.

No laser pointers of any class are made avail-
able to children. Even low-energy laser pointers 
should not be sold to children as a toy.

Serious sanctions should be imposed for those 
who do not follow the rules.

Both the practitioner and the patient should 
wear protective glasses that have specific protec-
tive features to the laser wavelength used during 
all cosmetic laser treatments.

Nobody other than the patient and the ophthal-
mologist should be present in the operating room 
during ophthalmic laser procedures such as 
Nd-YAG laser capsulotomy, argon laser photoco-
agulation. In case of necessity, the accompanying 
person must wear protective glasses and her/his 
eyes must be closed.

The patient should be referred to an ophthal-
mologist immediately without hesitation, espe-
cially unconsciously or drunk exposed to the 
recreational laser, or child abuse with a laser 
pointer.

22.6  In Brief

In today’s world, many low-cost laser products, 
such as laser pointers, laser lights, and laser cos-
metic devices are used more than ever. History of 
laser injury to the macula is of special concern 
due only in differential diagnosis, but also conse-
quences of the macular injury Observation is suf-
ficient in most cases. Currently, symptomatic 
treatment is preferred and applied on the patient 
basis; if surgery is needed, the natural course of 
the disease should be considered.
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Pediatric Ocular Trauma

Hai Lu

Abstract

Children are vulnerable to trauma, due to their 
immature physical and psychological status. 
Ocular trauma is one of the most important 
causes of unilateral blindness in children. The 
clinical features of pediatric ocular trauma dif-
fer in many aspects from adult trauma. In this 
chapter, we focus on the clinical features of 
pediatric ocular trauma, the management, and 
the differences between pediatric and adult 
ocular trauma.
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23.1  Introduction

Children are vulnerable to trauma, due to their 
immature physical and psychological status. 
Ocular trauma is one of the most important 
causes of unilateral blindness in children. The 
clinical features of pediatric ocular trauma differ 
in many aspects from adult trauma.

 1. Eyeballs of children develop with age since 
birth. The ophthalmic structure and biological 
function may be profoundly influenced by 
trauma. Therefore, the process of visual devel-
opment may be altered permanently.

 2. Difficulties of office examination of children 
following ocular trauma: The medical history 
taking either from the parents or from chil-
dren themselves can be hard and inaccurate. 
Besides, most children especially younger 
kids will not cooperate with physical exami-
nations and other special equipment examina-
tions due to pain and fear.

 3. Ocular trauma to the eyeball may cause nega-
tive influences on ocular development. The 
changes of axial length caused by either 
trauma or surgical managements like encir-
cling procedure may somehow influence the 
development of the eyeball and orbit.

 4. The biological reaction of ocular tissue to 
either trauma or surgery may be more serious 
compared with those of adult patients, which 
is one of the factors of poor prognosis.

23.2  Epidemiology of Pediatric 
Ocular Trauma

The classification of pediatric ocular trauma is 
generally the same as that of adult [1]. Most cases 
have been caused predominantly by mechanical 
injuries [2–8]. The epidemiology of pediatric 
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trauma is relatively less, although there have 
been reports published [9, 10]. An epidemiology 
study in Maryland America 1990 revealed that 
15.2% of pediatric trauma patients were below 
15 years old [11], whereas 22% of the hospital-
ized patients were below 15  years old in a 
Scotland study [12]. Approximately 17% of sub-
jects with open globe eye injuries were children. 
The social-economic conditions of a family are 
one of the most important risk factors of eye 
trauma in children. As shown in some of the pub-
lished data, children under the age of 5 years in 
families of low social income were more vulner-
able to eye trauma in their family or living sur-
roundings [13].

23.3  Clinical Evaluation 
and Management 
of Pediatric Eye Trauma

The history taking of trauma can be hard and 
inaccurate in children, especially in those of low 
ages. The patient’s visit to the hospital is usually 
accompanied by the parents. The children are 
mostly incapable of describing the incidence of 
trauma in detail, or they may deliberately hide 
the truth duo the pain and fear, which may cause 
difficulties in making correct diagnoses and 
management.

Physical examination of the traumatized eye is 
not easy because of the pain and fear, so it is 
important for doctors to figure out ways to calm 
down the anxieties of both the patients and their 
parents.

Evaluation of visual function is the first thing 
to do at the primary visit. If the patients are unable 
to cooperate with visual acuity reading, other 
means like inducing reactions to flashlight or spe-
cial objects can also be helpful for judgment.

The eye examination is generally the same as 
that of adults, from external to internal, from 
anterior to posterior segment. For those children 
who are constantly crying and struggling, seda-
tion or general anesthesia may be needed to facil-

itate both physical and other equipment 
examinations, like B-scan and CT.

Checking of external eye should include the 
superficial skin damages, presence of foreign bod-
ies, rupture of lacrimal duct, intrusion or extrusion 
of eyeball and the eye movements. Early presence 
of eye movement problems may indicate possible 
orbital wall fragmentation and incarceration of the 
eyeball. In cases of a large foreign body in orbit, 
the possibility of intruding into the carinal cavity 
should be excluded before removal.

To avoid excessive fear of patients, the pri-
mary eyeball evaluation should be painless and 
non-contact. A flashlight can be used to deter-
mine the pupil reflex and anterior injury. 
Sedation or even general anesthesia are usually 
needed for more detailed inspection of eyeball 
or equipment examinations like B-scan or CT. In 
cases with open globe injury, intraocular pres-
sure should be felt with fingertips gently not to 
trigger the tissue loss.

Any evidence of conjunctiva and cornea break 
may imply the possibility of eyeball integrity 
problem. Subconjunctival hemorrhage may 
obscure the underlying rupture. CT scan is recom-
mended when younger patients are unable to 
cooperate with the conventional eye examination. 
A deep laceration of the cornea may cause leakage 
of aqueous humor and hypotony, which can be 
clarified with fluorescein staining. It is important 
to pay attention to possible presence of intracor-
neal foreign bodies, especially when the foreign 
bodies are transparent like glass or plastics.

Anterior chamber hemorrhage is common in 
close globe trauma. Minor hemorrhage can be 
observed for spontaneous resolution if the intra-
ocular pressure is normal or controlled with med-
ication. Massive and clotted hemorrhage in the 
anterior chamber may cause secondary glaucoma 
and cornea blood staining if left untreated, there-
fore surgical removal with anterior chamber irri-
gation is indicated.

The anterior chamber should also be checked 
carefully to exclude the presence of foreign bod-
ies, especially those that rest in the lower anterior 
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chamber angle. Once been found, surgical 
removal is needed by any necessary means.

Any defects of iris should be evaluated for 
related visual malfunctions like photophobia and 
blurred vision. Surgical repair to its utmost anat-
omy and histology is always recommended.

23.4  Emergency Management 
of Trauma

Following the primary office examination, 
emergency treatments should be done as soon 
as possible. A further detailed examination is 
still needed during the surgery to exclude the 
underlying or posterior rupture of eyeball. Any 
rupture or laceration that causes a leak should 
be sutured. Intraocular pressure should be 
maintained to its normal level. General anesthe-
sia is usually indicated, especially in patients of 
lower age.

23.5  Managements of Pediatric 
Traumatic Cataract

Traumatic cataract is common both in penetrat-
ing and in non-penetrating injury. When vision is 
impaired, amblyopia may happen if cataract 
removal is delayed in children. A detailed evalu-
ation of lens status should be done to determine 
the value of surgery. For those patients with par-
tial lens opacity beyond the visual axis, lens spar-
ing may retain the accommodation. Surgery is 
only indicated in a significant cataract that causes 
vision reduction or lens capsule rupture. The sur-
gery varies from simply ECCE or phaco to 
lensectomy combined with vitrectomy. Cataract 
in low-age patients can be removed with a 
 vitreous cutter of small gauge. It is still contro-
versial whether intraocular lens should be 
implanted simultaneously during pediatric trau-
matic cataract surgery. Due to the uncertainty of 
biometry and the postoperative reactions of 
trauma cases, simultaneous intraocular lens 

implants should be careful. There have been a 
number of reports of postoperative complications 
like iris synechia, secondary glaucoma, and pos-
terior capsule opacity. Improper lens implant in 
children may also increase the risk of posterior 
segment complications like retinal detachment 
and traction. Postoperative optical correction is 
needed with or without intraocular lens implant 
to avoid possible amblyopia.

23.6  Timing of Secondary 
Vitreous Surgery

For those patients with injuries like retinal 
detachment, vitreous hemorrhage and intraocular 
foreign bodies, modern minimal invasive vitre-
ous surgery of either 25G or 27G is the most 
important surgery of choice.

The timing of secondary vitrectomy is still 
controversial. Early vitrectomy or even emer-
gency vitrectomy may be difficult due to the 
hemorrhage or the low pressure caused by leak-
ing, while delayed surgery weeks or months later 
may be more challenging because of severe reti-
nal detachment and proliferative vitreoretinopa-
thy (PVR). In patients with evidence of retinal 
detachment, early surgical intervention is recom-
mended. A timely repair of retinal detachment 
has been reported to be correlated with a better 
visual recovery.

23.7  The Features of Pediatric 
Vitrectomy

Due to the anatomic and biochemical characteris-
tics of children, vitrectomy in a traumatized pedi-
atric eye can be challenging. Pediatric vitrectomy 
is not a mini version of adult vitrectomy. It differs 
in many aspects from conventional adult vitrec-
tomy like anatomy, biochemistry, and postopera-
tive proliferation. The vitreous is more intense 
and firmly attached to the retina, causing it diffi-
cult to produce posterior vitreous detachment 
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(PVD). PVR may develop and progress aggres-
sively in children following trauma. Severe PVR 
is the most important cause of poor visual prog-
nosis with or without vitrectomy. Pediatric retinal 
detachment with minimal or moderate PVR may 
be repaired with buckle surgery or combined 
with vitrectomy.

The entry locations of trocars should be based 
on different diseases and the anatomy of different 
ages. A well-controlled intraocular pressure is 
important with a setting by the equipment during 
the surgery, for a prolonged elevation of IOP may 
induce permanent visual damage.

In severe pediatric cases with retinal detach-
ment, a complete clean vitrectomy of both core 
and peripheral vitreous is crucial, but challeng-
ing. Due to the firm adhesion of vitreous and ret-
ina, especially at the vitreous base, making a 
perfect posterior vitreous detachment (PVD) can 
be difficult and special attention should be paid to 
avoid iatrogenic retinal complications. In cases 
with retinal breaks, laser photocoagulation is rec-
ommended over cryotherapy which has a ten-
dency to induce more aggressive PVR.

For those pediatric patients with severe periph-
eral traction, combined buckle surgery and vit-
rectomy may still have a role, but there are few 
issues to be considered following the procedure, 
like the postoperative elongation of eyeball and 
the related refraction changes.

Tamponade of vitreous cavity is important for 
retinal reattachment following vitrectomy. 
Although there is a tendency to use gas over sili-
cone oil in adult vitrectomy, silicone oil is still a 
major choice in pediatric trauma patients, due to 
children’s inability to keep face down position 
and more aggressive postoperative PVR.  Some 
severe cases with persistent traumatic hypotony 
may even need long-term silicone oil tamponade 
to maintain the intraocular pressure.

Besides, the postoperative posture, visual 
rehabilitation should be always bear in mind to 
reduce the danger of amblyopia. Visual correc-
tion is always recommended in patients with lens 
removal and silicone oil tamponade while vision 
remains useful. In severe cases with traumatic 

phthisis bulbi, ocular plasty is needed for cos-
metic and psychological purposes.

23.8  Prevention of Pediatric 
Trauma

The treatment of pediatric ocular trauma is far 
more difficult than adult patients, and the progno-
sis is generally poor than an adult. So, the preven-
tion of pediatric ocular trauma is even more 
important [14]. The epidemiology of trauma in 
children has shown different features of different 
ages. Injuries of children under 3 years age are fre-
quently related to nursing behaviors and happened 
mostly in housing environments. Children between 
3 and 7 years old are more vulnerable to trauma in 
their playgrounds, while school-age children often 
got injured in schools and sports grounds. There 
has been an increase of eye trauma in children 
from traffic accidents in China during the last 
decades. By understanding the epidemiology, 
measures should be taken in accordance, and law 
enforcement of children’s protection against dan-
gerous toys and behaviors are far more valuable.
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