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PREFACE

We are honored to contribute to the information and education of  ophthalmology students
around the world. We have attempted to distill the current knowledge of medical practice and
basic  science  retina  research  into  a  diagnostic  atlas  of  retinal  diseases.  This  is  a  quick-
reference  atlas  eBook  of  the  retina,  edited  by  specialists  in  the  field,  essential  to  any
practicing ophthalmologist or resident who has more than a passing interest in diseases and
treatment of the retina.

This e-book includes contributors from Mexico, Venezuela, Argentina, Brazil, United States,
Denmark,  Spain,  Italy,  Costa  Rica  and  Peru.  It  is  divided  into  three  volumes:  Volume  I,
retinal  vascular  diseases,  choroidal  neovascularization  related  diseases,  vitreomacular
interface,  and  other  macular  disorders;  Volume  II,  traumatic  retinopathies,  diseases  of
vitreous, peripheral degenerations, retinal detachment, pediatric retinal diseases, and retinal
dystrophies; and Volume III, posterior uveitis, tumors of the retina and choroid.

This diagnostic atlas eBook of retinal diseases contains full-color, high quality images of the
most frequent retinal pathologies with a brief and comprehensive review of retinal diseases.
Each chapter includes essentials of diagnosis, differential diagnosis and treatment. The format
is concise, well organized, and didactic, without being exhaustive.

We hope and expect that our atlas of retina will facilitate in providing patients with the best
pos-sible care.
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CHAPTER 1

Commotio Retinae
Matteo Forlini*

 Retina Department, Institute of Ophthalmology, University of Modena, Modena, Italy

The term commotio retinae describes a whitish or yellowish discoloration of the
retina after blunt trauma. It is caused by shock waves that traverse the eye from
the site of impact. The mechanism by which the retina acquires this appearance is
uncertain,  but  extracellular  edema,  glial  swelling  or  disruption  of  the
photoreceptor  outer  segments  have been proposed as  potential  causes.  There  is
little to no intercellular edema [1, 5, 7].

ESSENTIALS OF DIAGNOSIS

Decreased vision or asymptomatic.●

History of recent ocular trauma.●

A sheenlike retinal whitening is observed, appearing several hours after injury●

(confluent area of retinal whitening, gray opacification of the retina) (Fig. 1).
Commotio can occur to peripheral retina (most frequently it affects the temporal●

fundus) or the central macular region; commotio retinae in the posterior pole is
also called Berlin edema [1 - 9] (Fig. 1).
If the macula is involved, a “cherry-red spot” may be seen at the fovea, because●

the cells involved in the whitening are not present in the fovea (Fig. 1).
Retinal blood vessels are unaffected. However, other signs of ocular trauma may●

be seen, such as intraretinal or vitreous hemorrhage.
Visual  acuity  does not always  correlate with the  degree of commotio  retinae●

[1 - 9].
Sequelae  to  more  severe  commotio  may  include  progressive  pigmentary●

degeneration, choroidal rupture, or macular hole formation [2, 5 - 9].
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Fig. (1). Color fundus photograph. Commotio retinae.

DIFFERENTIAL DIAGNOSIS

The patient should also be evaluated for serous retinal detachment, which also●

diminishes the prognosis for vision recovery.
Branch retinal artery occlusion (whitening of the retina along the distribution of●

an artery) should be excluded, even though it rarely follows trauma.
“White  without  pressure”  (a  common  peripheral  retinal  finding)  could  also●

present with retinal whitening; it may be associated with a prominent vitreous
base.
Considerable  damage  to  the  retinal  pigment  epithelium can  occur,  eventually●

leading  to  granular  pigmentation  and  bone  corpuscular  appearance  of  the
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affected  retina  resembling  retinitis  pigmentosa.

MANAGEMENT

Complete  ophthalmic  evaluation,  including  dilated  fundus  examination  with●

scleral  depression  should  be  performed  (or  without  scleral  depression  if  a
ruptured  globe,  hyphema,  or  iritis  is  present).
Commotio retinae may decrease visual acuity to as low as 20/200, or even less.●

Fortunately  the  prognosis  in  mild  cases,  with  no  associated  complications,  is
good with spontaneous resolution within 3-4 weeks. No treatment is required.
Rarely, some patients with foveal involvement may be left with chronic visual
impairment secondary to photoreceptor damage.
Dilated  fundus  examination  is  repeated  in  1  to  2  weeks.  Patients  should  be●

educated  about  the  symptoms  of  retinal  detachment  and  instructed  to  return
sooner  if  present  [1  -  9].
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CHAPTER 2

Choroidal Rupture
Francys J. Torres Méndez1,2 and Mitzy E. Torres Soriano3,*

1 Hospital los Samanes, Centro Oftalmológico Regional Aragua (CORA), Maracay, Venezuela
2 Clínica de Ojos Aragua, Maracay, Venezuela
3 Centro de la Visión Gordon-Manavella, Rosario, Santa Fe, Argentina

The choroid is the external vascular layer lying between the retina and the sclera
[1]. Its thickest part is in the posterior pole (0.22 mm) and it narrows towards the
ora serrata to 0.1 mm. The choroid’s main function is the vascular supply to the
retinal pigment epithelium (RPE) that comes from the internal carotid artery and
the ophthalmic artery, and drains into the vortex veins, determining the color of
the ocular fundus [2, 3].

The suprachoroidal space is a virtual space. Pathologically, the choroidal rupture
is a break in the Bruch membrane and the RPE. Unlike the retina and the sclera,
which can resist several impacts thanks to their strength and elasticity, choroidal
ruptures occur in 8% of patients who suffer blunt trauma and they are caused by
an  anteroposterior  compression  of  the  globe  with  expansion  in  the  horizontal
plane  [3].

ESSENTIALS OF DIAGNOSIS

Initially,  a  choroidal  rupture  may  be  difficult  to  diagnose  because  it  may  be
obscured by associated vitreous, intra- or subretinal hemorrhages. Hemorrhages
caused by choroidal rupture are characterized by regular, sharply-defined edges,
which indicates they are located in the sub retina or the choroid [2].

* Corresponding author Mitzy E. Torres Soriano: Centro de la Visión Gordon - Manavella, Montevideo 763, CP
2000, Rosario - Santa Fe, Argentina; Tel/Fax: +54 (341) 4400239/4244850; E-mail: mitzytorres@yahoo.com

Mitzy E. Torres Soriano, Gerardo Garc  a-Aguirre, Maximiliano Gordon & Veronica Kon Graversen (Eds.)
All rights reserved-© 2017 Bentham Science Publishers

í

mailto:mitzytorres@yahoo.com


8   Ophthalmology: Current and Future Developments, Vol. 2 Torres Méndez and Torres Soriano

Choroidal ruptures can develop in two ways: Indirect ruptures are evidenced at an
early stage with choroidal or retinal hemorrhages. After hemorrhages are resolved,
the  typical  crescent-shaped  lesions  become  visible  (Fig.  1),  similar  to  a
fundoscopic image of angioid streaks, (Fig. 2) concentric and concave to the optic
disc and, most frequently, in the inter papillo-macular region [4]. In other cases,
lesions are located around the optic disc, corresponding to traumatic peripapillary
choroidopathy, which can lead to optic atrophy [6]. Direct ruptures are located at
the site of trauma, involve hemorrhage and oedema, and, only after hemorrhage is
resolved, the atrophic site becomes visible surrounded by pigmentation [4].

Fig. (1).  Colour fundus photograph. Choroidal rupture (Courtesy of Ophthalmology Department, Hospital
Central de Maracay, Venezuela).
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Fig. (2).  Angioid streaks, a mixture of brownish streaks, pale atrophic areas, mainly around the margin of the
optic disc, curved streaks concentric with the disc that are reminiscent of traumatic choroidal rupture lines
(Courtesy of Michael Larsen, MD, Copenhagen, Denmark).

The  visual  prognosis  depends  mainly  on  the  location  of  the  injury.  The  histo-
pathological process of choroidal rupture repair is completed 3 weeks after trauma
and  is  accompanied  by  the  formation  of  a  well-established  scar.  This  tissue
process  includes  fibroblastic  activity  and  RPE  hyperplasia  at  the  edges  of  the
lesion.  Choroidal  neovascularization  can  develop  from  choroidal  rupture  in
approximately  10-20%  of  cases  during  the  scarring  process  [5].

Diagnosis is made based on clinical findings: clinical record, clinical interview,
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CHAPTER 3

Traumatic Macular Hole
Jose Dalma-Weiszhausz*, 1 and Gerardo Garc a-Aguirre1,2

1 Attending Physician, Retina Department, Asociación para Evitar la Ceguera en Mexico, Mexico
City, Mexico
2 Escuela de Medicina, Tecnológico de Monterrey, Mexico City, Mexico

Macular holes secondary to blunt ocular trauma are not an uncommon event and
may appear almost immediately after a contusion although they have also been
reported  after  a  severe  electric  shock  and  accidental  laser  injury.  The  true
incidence is unknown but traumatic macular holes (TMH) comprise about 10% of
all macular holes [1].

ESSENTIALS OF DIAGNOSIS

Clinical  characteristics  of  traumatic  macular  holes  differ  somewhat  from  the
idiopathic variety. They tend to be larger (300-1000µ) [2], irregularly shaped and
often associated with other pathologic traumatic findings, i.e.: commotion retinae,
choroidal ruptures, angle recession, hyphema and/or vitreous hemorrhage (Fig. 1).
Visual acuity tends to range from 20/100 to 10/800 [3].

The pathophysiology responsible for macular hole formation is uncertain. Several
mechanisms  have  been  proposed  including  acute  antero-posterior  vitreous
traction,  contusional  retinal  necrosis  and  tangential  traction  from  the  internal
limiting  membrane.  Since  posterior  vitreous  detachment  is  seldom observed  in
these  patients  we  believe  that  the  most  plausible  explanation  is  that  a  sudden
deformation of the globe during blunt trauma tends to stretch the posterior pole
causing  a  rupture  of  the  fairly  inelastic  internal  limiting  membrane  producing
tangential  traction on the  thinnest part  of the  retina [4, 5].  Sometimes  the  hole
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appears weeks after the traumatic event in which case the initial tear is probably
acute but the traction appears later, perhaps associated with epiretinal membrane
formation.  TMHs,  as  the  idiopathic  variety,  are  seldom  associated  with  large
retinal detachments. If a detachment is observed, a peripheral retinal break should
be sought.

Fig. (1).  Colour fundus photograph of a right eye four months after blunt trauma. A large macular hole and
severe pigment changes can be observed.

The  diagnosis  of  traumatic  macular  hole  is  pretty  straightforward  most  of  the
times.  It  can  be  seen  clinically,  and  easily  confirmed  by  optic  coherence
tomography  (OCT).

DIFFERENTIAL DIAGNOSIS

Differential  diagnosis  should  be  made  with  contusion  of  the  retinal  pigment
epithelium,  submacular  hemorrhage,  epiretinal  membrane  with  macular
pseudohole or lamellar macular hole. An OCT is usually sufficient to make the
correct diagnosis.

MANAGEMENT

Management of traumatic macular holes, as of the early 1990’s, is surgical. Pars
plana  vitrectomy  with  posterior  hyaloid  removal  has  proven  to  be  highly
beneficial in the majority of patients. Although internal limiting membrane (ILM)
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removal is controversial, most authors report better anatomical and visual results
[5, 6]. Since most patients tend to be young, some steps in the procedure are not
easy.  Posterior  hyaloid  removal  is  often  difficult  and  requires  patience.  It  is
important  to  avoid  iatrogenic  retinal  trauma  on  ILM  dissection.  The  use  of
appropriate  forceps  and dye to  stain  it  for  better  visibility  is  a  must.  Presently,
brilliant blue dye appears to be the colorant of choice although not approved in
some countries (Figs. 2-4). Gas tamponade and postoperative positioning at least
for  a  few  days  appear  to  improve  the  anatomical  success  rate.  Often  adequate
positioning  is  hampered  by  associated  injuries  or  physical  state.  Silicone  oil
tamponade should be considered in these circumstances. Autologous platelets as
an adjunct to ILM peeling in macular hole repair may enhance chronic macular
hole  closure  in  patients  unable  to  maintain  prone  positioning  [7].  Anatomical
results are good although visual results may be modest, mostly due to associated
traumatic  eye  pathology.  We’ve  found  that  the  exception  is  TMH  closely
associated with choroidal fractures where the fibrosis associated with the rupture
precludes  hole  closure.  This  fibrosis  is  often  very  hard  and  involves  the  retina
making  it  impossible  for  it  to  release.  A  few  cases  have  been  reported  of
spontaneous  hole  closure  [8].  This  seems  to  be  a  rare  occurrence  and  the
possibility  should  not  preclude  or  delay  surgical  therapy.

Fig.  (2).   Still  photograph  from  an  intraoperative  video  showing  profuse  submacular  hemorrhage  and  a
macular hole.
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CHAPTER 4

Purtscher’s Retinopathy
Matteo Forlini1,* and Cesare Forlini†

1 Retina Department, Institute of Ophthalmology, University of Modena, Modena, Italy

Purtscher’s retinopathy is a retinal vaso-occlusive and hemorrhagic vasculopathy,
usually associated with head trauma or thoracic compression.

Even if the real cause is not well understood, the most likely pathogenic process is
an embolic obstruction of the precapillary arterioles in the retina [1-4].

ESSENTIALS OF DIAGNOSIS

Sudden visual loss, hours to days after trauma (variable severity).●

Unilateral or bilateral involvement.●

Patognomonic findings concentrated in the peripapillary area.●

Cotton-wool spots (Fig. 1).●

Intraretinal hemorrhages and exudates (Fig. 1).●

Retinal edema.●

“Purtscher  flecken”,  resulting  from  precapillary  arterioles  occlusion  (50%  of●

cases, pathognomonic).
Optic atrophy as late finding.●

DIFFERENTIAL DIAGNOSIS

Purtscher’s  like  retinopathy:  similar  retinal  findings,  associated  to  a  wide●

spectrum  of  systemic  diseases,  such  as  acute  pancreatitis  (Fig. 1), long bone
fracture,  amniotic  fluid  embolism  or  fat  embolism,  hemolysis,  vasculitic
diseases  (collagen  vascular  purpura,  lupus)  [1,  2].
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Central retina artery/vein occlusion: fundus findings seem to be the same, but no●

history of trauma.

Fig.  (1).   Fundus  photographs  (right  and  left  eye)  of  a  63-year-old  male  with  alcoholic  pancreatitis  and
Purtscher retinopathy (This image was originally published in the ASRS Retina Image Bank. Alex P. Hunyor,
MD.  Purtscher  Retinopathy.  Retina  Image  Bank.  2015;  Image  Number  2921  and  2922.  ©  the  American
Society of Retina Specialists).

MANAGEMENT

Fluorescein angiography: retinal ischemia areas.●

Optical  coherence  tomography:  edema of  the  nerve  fiber  layer  and  subretinal●

fluid.
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CT imaging of chest and long bones if necessary.●

Permanent visual loss may occur in half of affected eyes; no treatment available●

[1, 3 - 7].
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CHAPTER 5

Terson Syndrome
Adai Pérez Montesinos1,2,*

1 Clínica Almendros, Oaxaca, Mexico
2 Ophthalmology Service of Hospital, Regional de Alta Especialidad de Oaxaca, Mexico

Terson  described  in  1900  [1]  an  intraocular  hemorrhage  in  association  with
subarachnoid  bleed  or  subdural  hemorrhage  [2].  The  syndrome  of  vitreous
hemorrhage in association with any form of intracranial hemorrhage has come to
be known as Terson’s syndrome. The most common cause of Terson’s syndrome
is acute subarachnoid hemorrhage resulting from a ruptured intracranial aneurysm
[3].

ESSENTIALS OF DIAGNOSIS

Terson’s syndrome is more common than usually thought.  It  has been found to
occur in 3% to 8% of individuals with subarachnoid hemorrhage. However, the
urgency  of  managing  a  serious  intracranial  hemorrhage  usually  supersedes
fundoscopic  examination  by  a  retina  specialist.

Bilateral, intraretinal, and subretinal hemorrhages can be observed (Figs. 1 and 2).
Pre-retinal hemorrhage may occur within the temporal vascular arcades, forming a
peculiar  dome-shaped  accumulation  of  blood  [4].  This  blood,  which  has
accumulated between the internal limiting membrane and posterior hyaloid face,
may disperse into the vitreous. The partially detached posterior hyaloids in some
longstanding  cases  provides  a  scaffold  for  cellular  proliferation  and  the
development of an  elevated  epiretinal  membrane.  A high  incidence  of macular
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abnormalities, including hemorrhagic cysts and epiretinal membranes, has been
reported [3, 4].

Fig. (1).  Fundus photograph of a 31-year-old male with history of recent blunt head trauma, showing media
opacities secondary to vitreous hemorrhage, and the presence of a subhyaloid hemorrhage.

The exact pathogenesis of Terson’s syndrome is unknown. One report suggested
that it was caused by the dissection of blood from the subarachnoid space through
the  optic  nerve  sheath  and  into  the  eye  [5].  However,  there  is  no  direct
communication  between  the  subarachnoid  space  and  the  vitreous  cavity  in  the
normal eye, and hemorrhage that is not contiguous with the optic disc can be seen
in this condition [4]. A more plausible explanation suggests that an acute rise in
intracranial pressure, such as the one that occurs with intracranial hemorrhage, is
transmitted  down  the  sub-arachnoid  space  of  the  optic  nerve,  causing  venous
stasis  via  compression  and  stretching  of  the  intra-orbital  veins.  This,  in  turn,
causes a rapid rise in intraocular venous pressure, distention, and rupture of the
fine papillary and retinal capillaries and subsequent vitreous hemorrhage.

DIFFERENTIAL DIAGNOSIS

Differential diagnosis should be made with other traumatic retinopathies, such as
Purtscher's  retinopathy, which is associated to compressive injury to the thorax
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and head,  causing a  characteristic  retinopathy with intraretinal  hemorrhage and
cotton-wool spots, or Valsalva retinopathy, which is caused by a sudden rise in
intra-thoracic  or  intra-abdominal  pressure,  causing  rupture  of  capillaries  in  the
macula  and  subsequent  hemorrhage  beneath  the  internal  limiting  membrane.
Other  differential  diagnoses to consider  are shaken baby syndrome and anemic
retinopathy.

Fig. (2).  (A). Fundus photograph of the left eye of a 23-year-old male patient with history of blunt head
trauma  and  a  subarachnoid  hemorrhage  showing  vitreous  hemorrhage.  (B).  Partial  reabsorption  of  the
hemorrhage. (C). B-scan Ultrasound showing subhyaloid hemorrhage. (D). Fundus photograph after pars-
plana vitrectomy, showing remnants of subretinal hemorrhage (Images courtesy of Javier Flores-Preciado,
MD).

MANAGEMENT

Observation is a management option for vitreous hemorrhage, especially in adults
with unilateral involvement. Vitreous hemorrhage in Terson’s syndrome usually
clears  within  a  year  but  may take longer  [2].  However,  surgical  intervention is
advised to avoid potential  complications of persistence of blood in the vitreous
such  as  epiretinal  membranes,  other  macular  abnormalities,  and  retinal
detachment,  as  well  as  amblyopia  and  myopia  in  infants.  Several  reports  have
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CHAPTER 6

Valsalva Retinopathy
Alejandra Scaraffia1,2 and Maximiliano Gordon3,*

1 Centrovision, Mendoza, Argentina
2 Ophthalmology Department, Hospital Central, Mendoza, Argentina
3 Centro de la Visión Gordon-Manavella, Rosario, Santa Fe, Argentina

Valsalva retinopathy is a rare condition that causes a sudden loss of visual acuity.
It was first described by Duane in 1972 as a preretinal hemorrhage [1].

ESSENTIALS OF DIAGNOSIS

It may occur as a sudden, dramatic loss of central vision due to the premacular
location  of  the  hemorrhage,  caused  by  a  rapid  increase  in  intraocular  venous
pressure as a consequence of valsalva´s maneuver [2]. This maneuver is a forcible
exhalation effort against a closed glottis, caused by a sudden rise in intra-thoracic
and intra-abdominal pressure, which raises the central venous pressure. There are
no valves in the venous rostral system towards the heart,  so a rise in the reflux
venous  pressure  may  occur  in  the  head  and  neck  region  of  the  body.  This
unexpected increase in the venous pressure can rupture the perimacular vessels
resulting in premacular hemorrhage [3].

The  location  of  the  bleeding  can  differ  according  to  the  magnitude  of  the
hemorrhage. The preretinal structures are closely appose to the retinal surface in
young adults, although hemorrhage can dissect tissue plane and fill the potential
spaces. The most common location is in the subinternal limiting membrane [4]. It
can also be present in the subhyaloid or in a combination of both (Figs. 1 and 2).
Vitreous hemorrhage and subretinal hemorrhage have also been described.
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Fig. (1).   A 26-year-old male with a sudden loss of visual acuity (HM) in right eye, as a consequence of
valsalva´s  maneuver.  Fundus  photograph  shows  preretinal  hemorrhage  (Courtesy  of  Retinal  Camera,
Ophthalmology  Department,  Hospital  Central  de  Maracay,  Venezuela).

a 

Fig. 2 contd.....
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Fig. (2).  (a) and (b) Woman of 45 years old with a massive subinternal limiting membrane hemorrhage in
right eye, secondary to valsalva maneuver. Visual acuity: hand motion (Courtesy of Mitzy Torres Soriano,
MD).

It  often  occurs  in  healthy  young male  adults  as  a  result  of  a  variety  of  clinical
settings. However, its recurrence is infrequent.

Risk factors that can contribute to this condition:

Intense aerobic exercise, heavy lifting, balloon inflation, straining on the toilet,
bout  of  vomiting  (such  as  in  pregnancy  or  bulimia),  bout  of  coughing  [5],
thoracoabdominal trauma, vigorous sexual activity [1], choking games, vigorous
dancing, and colonoscopy complication [6].

DIFFERENTIAL DIAGNOSIS

It  is  imperative  to  exclude systemic disease  such as  diabetes,  hypertension and
ocular  vein  occlusion.  Hematological  conditions  such  as  sickle  cell  disease,
anemia,  coagulopathies,  and  blood  dyscrasias,  trauma,  infection  diseases,
degenerations, cancer, rupture retinal macroaneurysm and shaken baby syndrome
[7].

b 
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CHAPTER 7

Chorioretinitis Sclopetaria
Matteo Forlini* and Caterina Benatti
 Retina Department, Institute of Ophthalmology, University of Modena, Modena, Italy

Chorioretinitis sclopetaria is a term used to describe a full-thickness retinal and
choroidal  lesion  caused  by  a  high-velocity  projectile  passing  through  the  orbit
without perforating the sclera.

Chorioretinal  injury  is  due  to  shock  waves  produced  by  the  missile’s  passage
through the orbit [1 - 3].

ESSENTIALS OF DIAGNOSIS

Decreased vision (severity depending on region involved).●

History of recent ocular high-velocity penetrating trauma (missile/projectile).●

Subretinal, intraretinal, preretinal hemorrhage, often involving posterior pole.●

Vitreous  hemorrhage  or  vitreous  base  avulsion,  which  can  lead  to  peripheral●

retinal dialysis or retinal tears.
Choroid and retina ruptures, with underlying bare sclera.●

White  fibrous  scar  and  RPE  changes,  usually  in  the  peripheral  retina,  when●

blood is resorbed (Fig. 1).
Claw-like break of Bruch membrane [1 - 4].●

DIFFERENTIAL DIAGNOSIS

Ruptured globe: Poor visual acuity, presence of relative afferent pupillary defect●

(RAPD), subconjunctival hemorrhage and chemosis, irregular pupil, low IOP.
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Choroidal  rupture:  Break  in  the  choroid,  Bruch  membrane,  RPE,  following  a●

closed globe injury from blunt trauma. Neurosensory retina is not involved. A
posterior pole retinal hemorrhage could obscure a choroidal rupture until blood
clears after few weeks.
Optic nerve avulsion: Decreased vision with RAPD, vitreous hemorrhage with●

hemorrhagic depression or excavation of the optic disc, or retraction of entire
nerve if severe. Poor visual prognosis, no treatment.

Fig. (1).  Chorioretinitis sclopetaria. Fundus photograph showing white fibrous scar and RPE changes in the
peripheral retina, one month after blunt trauma with a high pressure water gun (Courtesy of Maximiliano
Gordon, MD).

MANAGEMENT

Complete ophthalmic evaluation, including dilated fundus examination, anterior●

segment examination, conjunctiva and anterior sclera (check if ruptured globe).
CT  /  B-scan  or  UBM  if  high  risk  of  intrascleral,  intraocular,  or  intraorbital●

foreign bodies.
Follow  up  examination  every  2-4  weeks  until  blood  is  resorbed  and  fibrous●

changes appear [5 - 7].
In  certain  cases,  surgery  for  retinal  detachment  or  nonclearing  vitreous●

hemorrhage may be needed.
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CHAPTER 8

Posterior Vitreous Detachment
Fernando Miassi1,2 and Veronica Kon Graversen3,*

1 Retina Department, Clínica Retina Rosario, Rosario, Santa Fe, Argentina
2 Ophthalmology Department, Sanatorio Centro, Rosario, Santa Fe, Argentina
3 University of North Carolina at Chapel Hill, NC, USA

Posterior vitreous detachment (PVD) is a physiological phenomenon in which the
posterior  vitreous  cortex  separates  from  the  internal  limiting  membrane  of  the
retina.  Two  progressive  age-related  alterations  of  the  vitreous  result  in  PVD:
vitreous  liquefaction  and  weakening  of  the  vitreoretinal  adhesion  [1].  The
detachment  occurs  between  ages  of  50  and  70  in  general  population,  but  may
occur earlier in highly myopic patients [2]. Snead et al. [2] report the prevalence
of  PVD  to  be  57%  in  a  randomly  selected  group  of  normal  subjects.  In  most
patients, PVD has no important consequences. However, especially in eyes with
abnormally  high  vitreoretinal  adherence,  it  may  lead  to  symptomatic  retinal
breaks,  and  eventually  cause  a  rhegmatogenous  retinal  detachment  (RRD)  [3].
The PVD is  considered “complete”  when the  vitreous  cortex  is  not  attached to
either  the  fovea  or  the  optic  nerve  and  “incomplete”  when  is  at  least  partially
attached to one of them.

ESSENTIALS OF DIAGNOSIS

Photopsia:  Usually  more  apparent  in  the  dark,  as  a  consequence  of  vitreous
traction exerted over the retina by the vitreous. This phenomena is recognized in
the absence of outside light stimulation.
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Floaters:  Described  as  opacities  with  varying  shapes  that  move  with  eye
movements,  due  to  vitreous  condensations,  or  the  presence  of  a  Weiss  ring  or
blood from retinal vessels. Nearly 70% of the patients who reported PVD with a
concomitant hemorrhage had at least one break.

These kind of symptoms are all  suggestive of retinal breaks. Evaluation should
include examination with a corneal contact lens (Goldmann three mirror lens) or
slit-lamp indirect  biomicroscopy utilizing a  78 or  90 diopter  lens.  The vitreous
cavity may be fully evaluated for the presence of cells by focusing at progressive
depths  in  all  quadrants.  Careful  search  should  be  made  for  a  vitreous  face
separated from the retinal surface, particularly in the posterior pole of the cavity,
and the possible presence of a Weiss ring (Fig. 1). Peripheral retinal examination
should be done with indirect ophthalmoscope and scleral depression. If vitreous
hemorrhage  precludes  adequate  retinal  examination,  B-scan  ultrasonography  is
advisable [4].

Fig. (1).  Posterior vitreous detachment with Weiss ring (Courtesy of Jorge Bar MD, Argentina).
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Almost 20% of the patients with symptoms have a retinal break at the moment of
examination  and  there  is  a  direct  correlation  between  the  amount  of  vitreous
hemorrhage and the likelihood of a retinal tear [5]. If no retinal breaks are present,
but there is vitreous or retinal hemorrhage, a new examination must be considered
in  the  following  3-4  weeks  due  to  a  5% chance  of  a  retinal  break.  The  annual
incidence of RRD is approximately 10 to 15 per 100,000 persons [6, 7]. Of these
cases,  approximately  20% have  had  cataract  surgery  and  10% have  had  ocular
trauma [8, 9]. Other risk factors for RRD are myopia and lattice degeneration [3].
Around 80% of eyes that have no breaks at the initial visit, but develop a retinal
break  during  the  following  weeks,  have  either  a  hemorrhage  in  the  vitreous  or
retina, or new symptoms that required a new evaluation [10].

Classification

PVD may be classified in four stages based on optical coherence tomography or
ultrasound imaging using a 10 MHz probe straight to the fovea (Table 1).

Table 1. Stages of posterior vitreous detachment [3].

Stage 1 Perifoveal separation with adhesion of vitreous to the fovea.

Stage 2 Complete separation of vitreous from the macula.

Stage 3 Extensive vitreous separation with adhesion of vitreous to the disc.

Stage 4 Complete posterior vitreous detachment.

MANAGEMENT

PVD  without  symptoms:  Patient  education  regarding  symptoms  of  vitreous
traction,  hemorrhage  and  retinal  detachment.  Re-examination  annually.

PVD with symptoms (flashes/floaters): Reassurance. Patient education regarding
change  in  nature  of  symptoms  suggesting  progression.  Re-examination  in  4-6
weeks, then 3-4 months, then annually.

PVD  with  vitreous  hemorrhage  that  precludes  retinal  examination:  B-scan
ultrasonography. Clinical examination and B-scan 1 week, then every 1-2 weeks
for 6 weeks, then less frequently if no indication of retinal tear or detachment [4].
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CHAPTER 9

Asteroid Hyalosis
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The asteroid hyalosis is a degenerative disease of the vitreous characterized by the
presence  of  multiple  birefringent  yellowish-white,  round  particles  essentially
composed of calcium and phosphate dispersed in the vitreous [1,2]. Its incidence
has been estimated at 0.5%. Usually it is unilateral (75%) and observed in patients
over 60 years of age. It more commonly affects males than females (3/1) [2-4].

The origin of the asteroid hyalosis remains unknown, but current theories suggest
that it is a result of the aging of collagen within the vitreous or depolymerization
of hyaluronic acid. There may be a greater prevalence in patients with diabetes,
systemic  arterial  hypertension,  hypercholesterolemia,  atherosclerotic  vascular
disease,  and  hyperopia  [3-5].

ESSENTIALS OF DIAGNOSIS

The findings in this disease are very characteristic. It is usually asymptomatic; in
severe cases it may slightly affect visual acuity. Floaters are rare.

The  biomicroscopic  examination  is  characterized  by  tiny  corpuscles  solid,
spherical  or  discoid  (white  or  yellow  with  little  mobility)  suspended  in  an
essentially normal vitreous although it may be fibrillar vitreous degeneration. The
asteroid bodies are arranged in columns or clusters but more often manifest in the
random arrangement [3] (Figs. 1 and 2).
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Fig. (1).  Asteroid hyalosis: Small, dense, spherical white opacities, fixed in location, attached to vitreous
fibrils in the random arrangement.

Fig. (2).  Left eye of a 64 year-old female with hypertensive retinopathy, vascular occlusion, and asteroid
hyalosis. Small white opacities in inferior portion of vitreous cavity.
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The ophthalmoscopic examination is characterized by asteroid bodies that reflect
light and give a picture as “stars shining in the night sky”. With eye movements
have slight mobility but always returning to the original position [1, 3]. Because
these  opacities  cast  very  short  cones  of  shadow,  the  patient  does  not  perceive
them. They have minimal, if any, effect on vision but by reflecting light back to
the observer, they may obscure visualization of the fundus, at times to a severe
degree. The use of fluorescein angiography, optical coherence tomography, and
ocular  ultrasound  in  these  situations  may  provide  extra  information  about  the
retinal condition that might not be possible by ophthalmoscopy alone [5] (Fig. 3).

Fig. (3).  Studies of the same patient of Fig. (2). (A). A contact A and B-scan showing hyperechoic dots in
vitreous cavity. (B). OCT showing some hyperreflective points in the posterior vitreous and severe retinal
atrophy.

 
 

A 

B
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CHAPTER 10

Vitreous Hemorrhage
Matko Vidosevich1,*, Carolina Merlo1 and Gerardo Garcia-Aguirre2,3
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3 Escuela de Medicina del Tecnológico de Monterrey, Mexico City, Mexico

Vitreous  hemorrhage  is  defined  as  the  presence  of  red  blood  cells  within  the
vitreous cavity. It is a frequent cause of visual disturbance, and may be caused by
a wide variety of vitreoretinal pathologies [1 - 6].

ESSENTIALS OF DIAGNOSIS

Patients  complain  of  sudden  and  painless  decrease  of  visual  acuity,  which  is
usually unilateral. The intensity of visual loss will depend on the amount of blood
present  in  the  vitreous  cavity.  The  patient  usually  describes  the  presence  of
floaters.

Diagnosis is relatively straightforward during ophthalmologic examination, where
blood is seen trapped in the vitreous fibers (Figs. 1, 2). If hemorrhage is recent, it
will  be  bright  red  in  appearance.  If  hemorrhage  occurred  2-3  months  before
examination, it may turn yellowish. Fundus details may be obscured, depending
on the amount of hemorrhage. In some eyes (especially when diabetic retinopathy
is the underlying cause), hemorrhage may become trapped between the detached
posterior  hyaloid  and the  retina,  causing a so-called  subhyaloid hemorrhage
(Fig. 3).
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Fig. (1).  Vítreous hemorrhage in patient with arterial hypertension (Courtesy of Manuel Torres López, Cagua
- Venezuela).

Fig. (2).  Same patient as Fig. (1) Vítreous, subhyaloid and subretinal hemorrhage in temporal side, probably
secondary to arterial macroaneurysm (Courtesy of Manuel Torres López, Cagua - Venezuela).
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Fig.  (3).   Subhyaloid  hemorrhage  secondary  to  proliferative  diabetic  retinopathy.  It  reveals  retinal
hemorrhages, hard exudates and neovascularization (Courtesy of Manuel Torres López, Cagua - Venezuela).

If  the  amount  of  hemorrhage  precludes  visualization  of  the  fundus,  a  B-scan
ultrasonogram  is  needed  to  evaluate  the  retina  and  the  choroid  (Fig.  4).
Examination  of  the  contralateral  eye  may  give  valuable  clues  regarding  the
etiology  of  the  hemorrhage.

DIFFERENTIAL DIAGNOSIS

The  most  frequent  causes  of  vitreous  hemorrhage  in  adults  are,  in  order  of
frequency: Acute posterior vitreous detachment, diabetic retinopathy, retinal vein
occlusion,  trauma,  and  breakthrough  hemorrhage  from  a  choroidal
neovascularization. In children, diseases such as shaken baby syndrome, Coats’
disease, pars planitis or familial exudative vitreoretinopathy should be ruled out.

Ophthalmologic  examination  should  be  sufficient  to  make  the  diagnosis.
However,  B-scan  ultrasound  and  fluorescein  angiogram  are  valuable  tools  to
elucidate  the  etiology.
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CHAPTER 11

Retinal  Breaks  and  Peripheral  Retinal
Degenerations
Guillermo Iribarren1,* and Mariano Iros2

1 Opththalmology Service, Hospital Alemán, Buenos Aires, Argentina
2 Clínica de Ojos Córdoba, Córdoba, Argentina

These lesions are usually located between the equator and the ora serrata. They
have the potential risk of developing retinal breaks and retinal detachment.

ESSENTIALS OF DIAGNOSIS

Diagnosis is made through fundus examination with slit lamp and contact lenses,
indirect ophthalmoscopy with scleral indentation or wide field fundus imaging.

Retinal Breaks

These  are  full  thickness  holes  in  the  retina.  This  allows  liquefied  vitreous  to
dissect  the  space  between  the  neuroretina  and  the  pigment  epithelium.  This
produces an imbalance between the adhesion and traction forces that maintain the
retina  attached,  and  retinal  detachment  occurs.  The  vitreous  has  normal  and
abnormal  attachments  to  the  retina,  some  of  them  are  not  visible.

Aging  of  the  vitreous  include  vitreous  liquefaction  and  syneresis.  Posterior
vitreous detachment may be present in less than 10% of patients under 50 years
old, but it  increases to 27% of patients above 60 years old and 63% in patients
over age 70 [1, 2] (Fig. 1).

As  the  posterior  vitreous  detachment  develops,  traction  is  exerted  on  areas  of
vitreoretinal adhesion, and retinal breaks may develop [1, 2].
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Fig. (1). Posterior vitreous detachment (Courtesy of Jorge Bar MD, Argentina).

The areas  of  especially  firm vitreoretinal  adhesion include  several  vitreoretinal
degenerative disorders,  meridional folds and complexes, tufts,  oral bays, lattice
degeneration, and perivascular vitreoretinal attachments. There are other sites of
the retina that appear normal before retinal break formation.

Horseshoe Tears

They  represent  full  thickness  retinal  breaks  due  to  traction  of  the  vitreous  that
remains attached to the retinal flap (Figs. 2 - 4) [2].
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Fig. (2). Horseshoe tear and retinal detachment. Bridging of the overlying retinal vessel (Courtesy of Jorge
Bar MD, Argentina).

Fig. (3). Horseshoe tear and retinal detachment (Courtesy of Jorge Bar MD, Argentina).
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CHAPTER 12

Rhegmatogenous Retinal Detachment
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Rhegmatogenous  retinal  detachment  (RRD)  is  defined  as  the  separation  of  the
neurosensory  retina  from  the  retinal  pigment  epithelium  (RPE),  secondary  to
passage  of  liquefied  vitreous  through one  or  more  retinal  breaks.  These  breaks
usually originate either from vitreoretinal traction [1] or retinal atrophy [2], and
when  the  amount  of  fluid  entering  the  subretinal  space  through  these  breaks
exceeds  the  amount  that  can  be  absorbed  by  the  RPE,  the  retina  becomes
detached. It has an estimated incidence in the general population of 1 in 10,000,
but the risk is increased in eyes with high myopia (over 6 diopters) or previous
cataract surgery [2, 3].

ESSENTIALS OF DIAGNOSIS

Patients usually complain of vitreous floaters (which may correspond to vitreous
hemorrhage  secondary  to  a  ruptured  retinal  blood  vessel,  or  vitreous
condensations that accompany posterior vitreous detachment) (Fig. 1), photopsia
(due  to  vitreoretinal  traction)  and/or  a  peripheral  scotoma  (when  the  retina  is
detaching).

Diagnosis  of  RRD  is  most  of  the  time  performed  at  the  clinic.  Clinical
examination  in  early  stages  may  reveal  predisposing  lesions  in  the  periphery,
which may take different shapes, such as lattice degeneration (Figs. 2 and 3) [4],
operculated hole  (Figs. 3 - 5)  or a horseshoe  retinal tear  (Fig. 6).  In later  stages
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localized subretinal fluid may be observed, which continues to extend and affect
wider areas of the retina, which may take different configurations depending on
the  size  and  location  of  the  lesion  (Figs.  7  -  9)  [5].  Vitreous  cells  may  be
observed,  either  pigment  cells  know as  “tobacco dust”  or  erythrocytes.  If  large
areas of the retina are detached, the eye may become hypotonous. Chronic retinal
detachments might be accompanied by proliferative vitreoretinopathy (Fig. 10) or
pigmentation demarcating the detachment area (Fig. 11).

Fig.  (1).  Ultrawide field  fundus photograph of  the  left  eye through an intraocular  lens,  showing vitreous
floaters (arrow).

Fig.  (2).  Ultrawide  field  fundus  photograph  of  the  right  eye  showing  lattice  degeneration  in  the
superotemporal  periphery.
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Fig.  (3).  Ultrawide  field  fundus  photograph  of  a  left  eye,  showing  lattice  degeneration  in  the  temporal
periphery, and a retinal hole with an associated operculum (arrow).

Fig. (4). Operculated retinal hole, with scarce subretinal fluid.
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The retinal tear occurs without having an anatomical support that enables autofill
the  solution  of  continuity.  Therefore,  the  retinal  tear  gives  rise  to  the  repair
process producing a cell growth of the retinal pigment epithelium, glia or other
cell types [1]. These cell types migrate over the internal and external surface of
the retina and the anterior segment of the vitreous producing membranes called
proliferative vitreoretinopathy (PVR).

ESSENTIALS OF DIAGNOSIS

PVR  is  the  most  frequent  cause  for  lack  of  repair  of  the  retinal  detachment
(around 10%). The PVR is an amplified healing process. Today there are multiple
lines of research to elucidate the process and improve outcomes techniques.

The  contraction  of  these  membranes  produces  fixed  retinal  folds,  equatorial
traction,  non-pigmented  retinal  detachment  of  the  pars  plana,  and  widespread
retinal  contraction.

Although some treatments such as low molecular weight heparin, cytostatics, and
corticosteroids are used aiming to reduce the impact of PVR, their results do not
change the incidence rate. As a consequence, the causal retinal ruptures may re-
open, triggering new ruptures or a tractional retinal detachment.
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The risk factors [2] are:

Long time between the retinal detachment diagnosis and its surgical repair.●

Hemorrhage in the vitreous due to the rupture of retinal vessels.●

Giant tears.●

Multiple surgeries.●

Ocular damage mainly punctures.●

Young patients.●

Aphakia.●

Uveitis.●

Choroidal detachments.●

Excessive cryocoagulation.●

Postsurgical infection and inflammation.●

PVR Classification

Grade  A:  Represents  the  presence  of  pigment  in  the  vitreous  space  and  on  the
surface of the retina (Fig. 1).

Grade B: Fine folds on the surface of the retina. Proliferation in the vitreous tissue
causes reduced retinal mobility in the vitreous cavity (Figs. 2 and 4).

Grade C:  Fixed retinal  folds.  They can be in  the  posterior  or  anterior  segment,
with an imaginary boundary in the equatorial part of the eyeball (PC – AC) (PC =
posterior chamber; AC = anterior chamber) (Fig. 3).

It is divided into 5 different degrees of contraction:

C1, Posterior focal star folds (Figs. 3a and 5).

C2,  Posterior   confluent   irregular   folds.  Poor   visualization  of  the  optic   disc
(Figs. 3b and 6).

C3,  Anterior  and  posterior  subretinal  annular  strand  close  to  the  disc;  linear
strands  with  or  without  pigmentation;  sheets  with a moth-eaten  appearance
(Fig. 3c).
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Fig. (1). PVR grade A.

Fig. (2). PVR grade B.
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Retinopathy  of  prematurity  (ROP)  is  a  vasoproliferative  disorder  of  the
developing  retina.  It  is  one  of  the  main  causes  of  childhood  blindness  in
developing  countries  [1].  Although  prematurity  and  low  birth  weight  are  the
greatest risk factors for developing ROP, there are a multitude of factors that have
been implicated in the disease progression.

ESSENTIALS OF DIAGNOSIS

The  International  Classification  of  Retinopathy  of  Prematurity  (ICROP)  was
developed to describe the early levels of severity of ROP based on zone, stage,
extent of stage and presence of plus disease [1, 2].

The  zone  of  ROP refers  to  I-III  regions  that  describes  the  affected  retinal  area
(Figs. 1 - 3).

The stage of ROP defines the clinical appearance of the retina and the avascular
area.  There  are  5  stages.  In  stage  1,  a  demarcation  line  is  apparent  (Fig.  4).  In
stage 2, there is a prominent ridge and some vitreous traction (Fig. 5). In stage 3
ROP, there is neovascularization growing onto the vitreous ridge (Fig. 6). In stage
4,  contraction  of  the  fibrovascular  proliferation  causes  traction  on  the  retina
leading to a partial retinal detachment, 4A without macular involvement and 4B
with macular involvement (Fig. 7). Stage 5 ROP is a total retinal detachment and
is described as  closed funnel  when the  retina is  adherent to  itself or  open when
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it is not (Fig. 8). There is an anterior displacement of iris-lens diaphragm because
of the  retinal  detachment  and  contraction  of  anterior  vitreous  fibers [3 - 5]
(Fig. 9).

Fig. (1). (A). Diagram illustrating zone I, defined as a circle, the center of which is the disc, and the radius of
which  is  twice  the  distance  of  the  disc  to  the  fovea.  (B).  Clinical  photograph  of  a  patient  with  zone  I
involvement.

A

B
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Fig. (2). (A). Diagram describing zone 2, which extends from the anterior border of zone I to within one disc-
diameter of the ora serrata nasally and to the anatomic equator temporally. (B). Photograph composition of a
patient that shows zone II involvement.

A 

B 
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CHAPTER 15
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Coats’  disease  is  a  retinal  disease  of  unknown  etiology,  described  by  George
Coats in 1908 [1] that is characterized by the presence of telangiectasias in the
retinal vasculature that cause significant exudation [2].

Although the pathophysiology is unknown, a gene named NDP that codes for a
protein known as norrin has been implicated in this and other diseases that involve
retinal  vasculogenesis  [3].  Although  syndromes  such  as  Hallerman  Streif  or
Senior Loken have been associated to Coats’ disease, most patients present just
with the retinal findings without a systemic association [4, 5].

Histologically,  retinal  vessels  of  eyes  with  Coats’  disease  have  a  significant
reduction  in  the  number  of  pericytes,  which  in  turn  leads  to  the  vascular
malformations and abnormal vascular permeability that are characteristic of this
disease [6, 7].

ESSENTIALS OF DIAGNOSIS

Patients with Coats’ disease present during the late first or early second decades
of  life  [1],  although  there  is  an  adult  form  of  the  disease  [8,  9].  Around  three
quarters of patients are male, and in most of them, only one eye is affected [1].

Expression of the disease is variable: some patients may have very mild exudation
and  therefore  be  asymptomatic,  while  other  patients  with  more  significant
exudation  may  present  with  leukocoria,  strabismus  or  decreased  visual  acuity
[10].  In  adults,  strabismus  is  less  frequent  as  a  presenting  symptom  [11].
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Fundus  examination  of  an  eye  with  Coats’  disease  usually  shows  a  significant
amount  of  subretinal  yellow  exudates  (Fig.  1)  that  is  associated  to  vascular
malformations such as aneurysms or telangiectasias that are located in the retinal
periphery and affect mainly the temporal retina.

Fig. (1). Fundus photograph of 55-year-old man with Coats' disease. It shows peripheral exudation.
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Clinical course of the disease may be variable but is generally progressive. Acute
exacerbations  of  the  disease  may be  separate  in  time by  more  quiescent  stages
[11].  Spontaneous  remission  has  been  reported  but  is  really  uncommon  [12].
Subretinal exudation tends to increase in time, causing a serous retinal detachment
that  may  progress  until  the  affected  retina  becomes  visible  behind  the  lens.
Eventually,  neovascular  glaucoma  may  develop  and  lead  to  phthisis  bulbi  in
severe  cases  [11].

Fig. (2). Fluorescein angiogram of the same patient of Fig. (1) reveals several areas of hyperfluorescence
from leaking retinal telangiectasia, giving a typical ‘light bulb’ appearance.

Fluorescein angiography shows retinal telangiectasia giving a typical “light bulb
appearance”, aneurysms, beading of vessels walls, and arteriovenous shunts are
seen  in  the  larger  vessels  involved  (Fig.  2).  These  vessels  show  early  and
persistent leakage. Areas of capillary non-perfusion or macular edema may appear
[11].  Optical  coherence  tomography  [13],  is  a  very  valuable  tool  to  monitor
response to treatment, especially in the macular area [13 - 15]. In advanced cases
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Toxocariasis is a very frequent helminthic infection, caused by the larval stages of
the ascarids Toxocara canis and catis, the common roundworm of dogs and cats
respectively.  Egg  and  larval  forms  of  Toxocara  have  difficulty  surviving  at
temperatures below 50°F (10°C), which is why the disease is more prevalent in
warmer  climates  [1].  Playgrounds  and  sandboxes  are  common  sources  of
contamination because they are regularly frequented by dogs, cats and children
(higher risk population) who ingest dirt because of their play habits and hygiene
standards [1 - 4] (Fig. 1).

Toxocara  infection  in  humans  originates  with  ingestion  of  infectious  Toxocara
eggs, and can have three distinct clinical pictures: visceral larva migrans, ocular
larva  migrans,  and  covert  toxocariasis.  Visceral  larva  migrans  occurs  when
Toxocara larvae reach major internal organs through the bloodstream, causing a
variety  of  symptoms,  such  as  eosinophilia,  headache,  abdominal  pain,
pneumonitis, or hepatitis. Ocular larva migrans occurs when larvae migrate into
the eye [3 - 5] (Fig. 2). Contrary to visceral larva migrans, patients with ocular
affection do not  develop  eosinophilia,  leukocytosis and have  normal  serum IgE
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levels  [3  -  6].  Covert  toxocariasis,  on  the  other  hand,  represents  a  diagnostic
challenge since symptoms are nonspecific (coughing, wheezing) accompanied by
eosinophilia [3 - 6].

Fig. (1). Toxocara life cycle. (A) Toxocara canis accomplishes its life cycle in dogs, with humans acquiring
the infection as accidental hosts. (B) Unembryonated eggs are shed in the feces of the definitive host. Eggs
embryonate and become infective in the environment. (C-D) Following ingestion by dogs, the infective eggs
hatch and larvae penetrate the gut wall. In younger dogs, the larvae migrate through the lungs, bronchial tree,
and esophagus; adult worms develop and oviposit in the small intestine. (E-F) In older dogs, patent infections
can also occur, but larval encystment in tissues is more common. Encysted stages are reactivated in female
dogs during late pregnancy and infect by the transplacental and transmammary routes the puppies, in whose
small  intestine  adult  worms  become  established.  Puppies  are  a  major  source  of  environmental  egg
contamination. (G) Toxocara canis can also be transmitted through ingestion of paratenic hosts: eggs ingested
by small  mammals  (e.g.  rabbits)  hatch and larvae penetrate  the  gut  wall  and migrate  into  various  tissues
where they encyst. (H) The life cycle is completed when dogs eat these hosts and the larvae develop into egg-
laying  adult  worms  in  the  small  intestine.  (I-J)  Humans  are  accidental  hosts  who  become  infected  by
ingesting infective eggs in contaminated soil or infected paratenic hosts. (K) After ingestion, the eggs hatch
and larvae penetrate the intestinal wall and are carried by the circulation to a wide variety of tissues (liver,
heart, lungs, brain, muscle, eyes). While the larvae do not undergo any further development in these sites,
they can cause severe local reactions that are the basis of toxocariasis. The two main clinical presentations of
toxocariasis are visceral larva migrans and ocular larva migrans. Diagnosis is usually made by serology or the
finding of  larvae in  biopsy or  autopsy specimens.  (Garcia  et  al.)  With permission from SLACKS inc.  In
Arevalo JF, Espinoza JV, Arevalo FA. Ocular Toxocariasis. J Pediatr Ophthalmol Strabismus 2013;50(2):76-
86.
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Fig. (2). A histopathology of the enucleated eye showing: (A) Retrolental intravitreal fibroinflammatory mass
with  retinal  detachment.  (B)  Intravitreal  mass  composed  of  fibroinflammatory  cells  with  plasma  cells,
eosinophils  and  fibrous  tissue  surrounding  a  nematode  of  Toxocara  canis.  (C)  Partially  well  preserved
nematode of Toxocara canis. (Garcia et al.) With permission from SLACKS inc. In Arevalo JF, Espinoza JV,
Arevalo FA. Ocular Toxocariasis. J Pediatr Ophthalmol Strabismus 2013;50(2):76-86.

Fig. (3). Fundus photograph: Posterior pole granuloma due to Toxocara canis. There is secondary exudation
into the fovea, perilesional hemorrhages and submacular fluid (Garcia et al.).
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Familial  exudative  vitreoretinopathy (FEVR) is  a  hereditary  anomaly of  retinal
vascular development caused by Wnt signaling genetic defects [1].

ESSENTIALS OF DIAGNOSIS

The clinical presentation is highly variable, from subtle asymptomatic peripheral
vascular  changes  to  dragging  of  retinal  vessels  and  severe  tractional  retinal
detachments [2, 3]. Widefield fluorescein angiography with imaging systems such
as  the  RetCam (Clarity  Medical  Systems,  Pleansanton,  CA,  USA)  for  younger
children  and  Optos  (Optos,  Marlborough,  MA,  USA)  for  older  children  and
adults, greatly enhance the ability to diagnose and manage patients with FEVR.

FEVR staging is based on clinical and angiographic findings [4]. Stage 1 FEVR is
characterized  by  peripheral  nonperfusion  with  abnormally  pruned  distal  retinal
vasculature,  such  as  bulb-like  endings,  telangiectatic  vessels,  supernumerary
branching,  and  circumferential  vascular  loops  (Fig.  1).  Extraretinal  neovascu-
larization characterizes stage 2, usually observed at the junction of vascular and
avascular retina (Fig. 2). Stage 3 and 4 are macula-sparing and macula-involving
tractional  retinal  detachment,  respectively  (Fig. 3). Total  retinal  detachment  is
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denoted as stage 5, which can have open or closed funnel configurations.

Fig. (1). Stage 1 Familial exudative vitreoretinopathy (FEVR). Stage 1 FEVR is characterized by peripheral
nonperfusion with abnormal vascular endings. In this example, the clinical examination shows that there is
peripheral  nonperfusion  (left),  and  RetCam  widefield  fluorescein  angiography  reveals  that  there  is
supernumerary  branching  and  pruning  of  the  vascular  tips  with  extensive  distal  nonperfusion  (right).

Fig.  (2).  Stage 2 Familial  exudative vitreoretinopathy (FEVR).  Stage 2 FEVR is  characterized by retinal
neovascularization,  which  is  seen  at  the  junction  between vascular  and  avascular  retina.  Optos  widefield
fluorescein angiography in this example (right) shows a frond of retinal neovascularization seen as intense
focal leakage of dye. Also note the abnormal vascular endings and the distal nonperfusion.

Diagnostic  pearls  for  FEVR  in  order  to  distinguish  it  from  other  pediatric
vitreoretinopathies are: (1) Careful inspection of the fellow eye. FEVR typically
has  bilateral  findings,  and  identifying  peripheral  vascular  changes  in  the  less
involved  eye  can  help  secure  a  diagnosis.  (2)  Examining  family  members  for
findings suggestive of FEVR – the majority of asymptomatic family members will
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have  clinical  or  angiographic  findings  [5].  (3)  Genetic  testing  for  mutations  in
FZD4,  NDP,  TSPAN12,  and  LRP5,  are  confirmatory.  Although  approximately
only half of patients with FEVR will have detectable mutations, it is helpful when
the clinical presentation is not typical [5].

Fig. (3). Stage 4 Familial exudative vitreoretinopathy (FEVR). Macula-sparing tractional retinal detachment
is considered stage 3 FEVR, macular-involving is stage 4, and total detachment is stage 5. In this example,
there is a radial retinal fold involving the macula (stage 4), which is pulled up to the posterior lens surface.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of FEVR depends on the stage of disease [6, 7]. Several
pediatric retinopathies may mimic stages 1-2. Retinopathy of prematurity (ROP)
that spontaneously regressed or treated with anti-VEGF agents may present with
similar  peripheral  vascular  findings.  Inquiring  about  birth  history  is  therefore
important for all suspected FEVR patients. In addition, ridges of previous arterial-
venous  shunting  will  often  characterize  regressed  ROP,  which  is  not  seen  in
FEVR.  Incontinentia  pigmenti  (IP)  can  usually  be  differentiated  by  the
characteristic dermatologic findings and X-linked dominant inheritance pattern.
The  vascular  anomalies  in  Coats’  disease  tend  to  be  more  sectorial  with
prominence  of  telangiectasias,  bulb-like  capillary  endings,  and  extensive
exudation. Of note, Coats’ disease is not a vitreoretinopathy; hyaloid contraction
will not be seen in Coats,’ but it is a key element in FEVR, especially in advanced
disease.  Sickle cell  retinopathy,  Eales’  disease,  and diabetic  retinopathy should
also be considered, depending on the demographics and medical history.
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Persistent fetal vasculature (PFV), also known as persistent hyperplastic primary
vitreous, is a congenital developmental disorder of the hyaloid system. Hyaloid
vasculature reaches peak prominence during the 8th to 12th weeks of gestation in
the human embryo, after which it normally regresses gradually to establish a clear
visual  axis  [1].  PFV  occurs  when  the  hyaloid  system  fails  to  regress,  and  the
remnants of embryonic tissues cause varying degrees of pathology.

ESSENTIALS OF DIAGNOSIS

PFV is classically described in a smaller eye with elongated ciliary processes and
a posterior lenticular opacity connected to a stalk emanating from the optic disc.
However, the phenotypic spectrum is very broad: the mildest forms of PFV are
the Mittendorf dot on the lens capsule and Bergmeister’s papilla on the optic disc,
while  advanced  forms  present  with  dense  leukocoria  and  underlying  complex
tractional  retinal  detachment  (Figs.  1  -  3).

An  understanding  of  developmental  anatomy  facilitates  accurate  diagnosis  [2].
There are two components to fetal vasculature: the tunica vasculosa lentis, and the
hyaloid system (primary vitreous). Anteriorly, the tunica vasculosa lentis encom-
passes the lens and  extends to the  pupillary  margins.  Posteriorly, it envelops the
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posterior  surface of  the lens and extends to the ciliary processes.  The posterior
tunica  connects  with  the  hyaloid  vessel  that  emanates  from the  optic  disc.  It  is
important  to  remember  that  hyaloid  vasculature  is  not  just  the  central  hyaloid
vessel  as  commonly  drawn  in  figures;  depending  on  the  patient,  it  can  fill  the
entire vitreous cavity with multiple tractional attachments to the retina. There can
be  variable  degrees  of  retinal  dysplasia  in  PFV  also,  which  can  limit  visual
potential  despite  optimal  management.  The  disease  itself  is  usually  not
progressive, but as the eye grows, the traction will  also increase, and hypotony
from ciliary body traction may occur [3].

Fig.  (1).  Persistent  fetal  vasculature.  This  is  an  anterior  segment  photograph  of  a  6-month-old  boy  who
presented with unilateral leukocoria. There is a white opacity attached to the posterior aspect of the crystalline
lens (arrow).

A  rare  form  of  PFV  is  associated  with  posterior  lenticonus  and  coloboma,  a
syndrome named microcornea, posterior megalolenticonus, PFV, and coloboma
(MPPC)  [4].  Like  most  syndromes,  the  presentation  will  vary  and  certain
components  of  the  syndrome  will  predominate  the  clinical  picture.  The
megalolenticonus  protrudes  posteriorly,  and  the  lens  may  even  occupy  the
majority  of  the  vitreous  cavity.
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Fig. (2). Persistent fetal vasculature. A dilated fundus examination in the same patient as Fig. (1) showed a
vascular  stalk  that  was connected to  the  optic  disc.  Retinal  tissue and vasculature  are  also pulled up and
incorporated into the base of the stalk.

Fig. (3). Persistent fetal vasculature. Widefield fluorescein angiography shows the traction on the retina and
an ill-defined macula.
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CHAPTER 19

X-Linked Juvenile Retinoschisis
Humberto Ruiz García1,* and Gerardo García-Aguirre2,3
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X-linked  juvenile  retinoschisis  (XLRS)  is  a  degenerative  retinal  disease  that
affects  males  and  usually  presents  early  in  life.  It  is  relatively  common  and
characteristically  presents  with  mild  to  severe  loss  of  central  vision,  radiating
foveal streaks, splitting of the inner retinal layers, most prominently in the retinal
periphery,  and  marked  reduction  of  the  b-wave  amplitude  which  results  in  a
negative electroretinogram (ERG) [1, 2]. Disease progression is variable even in
families with the same mutation. Visual loss can be worsened by complications
such as retinal detachment and vitreous hemorrhage. Minor retinal abnormalities
can be found in asymptomatic female carriers [3].

XLRS  is  a  disease  of  the  photoreceptors  and  bipolar  cells.  It  is  caused  by
mutations  in  the  RS1  gene  that  encodes  a  24kDa  discoidin-domain  containing
protein that is secreted as a homo-oligomeric complex. This complex binds to the
surface  of  photoreceptor  and  bipolar  cells  where  it  helps  to  maintain  cellular
organization  and  the  structure  of  the  photoreceptor-bipolar  cell  synapse  [4,  5].

More than 190 mutations in the RS1 gene are known to cause XLRS. The extents
to which the different mutations affect the structure and function of retinoschisin
have  enabled  further  understanding  of  its  importance  to  retinal  function  and
pathology  [4  -  7].
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Its prevalence ranges from 1:5,000 to 1:20,000, which makes it one of the more
common inherited  retinal  disorders  affecting the  macula  [1].  Presentation at  an
early age is usually associated with bilateral reduced visual acuity. Acute loss of
vision is associated with complications such as hemorrhage or retinal detachment
[6, 7].

ESSENTIALS OF DIAGNOSIS

Ophthalmoscopic evaluation reveals the presence of a spoke wheel pattern in the
macula  in  males  under  the  age  of  30  (Fig.  1).  Older  patients  can  present  with
unspecific retinal abnormalities [8]. Fifty percent or fewer patients may present
with  peripheral  retinoschisis  (Figs.  2  -  4).  Other  findings  such  as  the  Mizuo
phenomenon  or  white  flecks  have  also  been  described  [9,  10].

Fig. (1). Color fundus photograph of a 20-year-old male showing the hallmark foveal spoke wheel pattern.

The advent of optical coherence tomography (OCT) has changed the way XLRS
is studied and diagnosed, and spectral  domain OCT (SD-OCT) has become the
mainstay for diagnosis of this disease [11 - 13]. It is relatively easy to obtain even
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in  young  patients,  and  the  tomographic  features  are  very  specific  to  XLRS  in
pediatric  male  patients  presenting  with  visual  loss  (Fig.  5)  [14].  SD-OCT  has
shown that the area of schisis goes beyond the area observed on ophthalmoscopy
and can extend beyond the vascular arcades [15 - 17]. OCT has provided insight
into  the  accurate  location of  the  histologic  location of  retinal  splitting.  Cystoid
changes  involve  any  retinal  layer,  mainly  the  deeper  retina  (i.e.,  inner  nuclear
layer and outer nuclear layer) [18, 19]. Thinning of the nerve fiber layer has also
been  described.  Progressive  thinning  and  epiretinal  membrane  formation  are
features of XLRS in older patients that can make the differentiation from other
macular dystrophies difficult [20, 21].

Fig. (2). Color fundus photograph of a 18-year-old male showing inferior retinal schisis that involves the
macula. Some intralamellar fibrosis is observed.

Before  OCT  was  available,  ERG  was  the  mainstay  diagnostic  technique  for
XLRS. A characteristic “negative” ERG pattern observed on dark-adapted retinas
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CHAPTER 20

Incontinentia Pigmenti
Mariana Camacho Mendez and Hugo Quiroz-Mercado*

Ophthalmology  Department,  Denver  Health  Medical  Center,  University  of  Colorado,  Denver,
USA

Incontinentia  Pigmenti  (IP),  or  Bloch-Sulzberger  syndrome,  is  a  rare  X-linked
dominant  syndrome  lethal  in  males  characterized  by  dermatological,  ocular,
dental, and neurological features [1 - 4]. It is caused by mutations in the NEMO
gene located on the q28 portion of X chromosome [5, 6]. This gene is involved in
the  activation  of  NFkB,  a  transcription  factor  for  inflammatory  and  apoptotic
pathway required for many physiological and pathological functions [7 - 9]. The
prevalence is 0.7/100,000 [10] and 50-97% of cases have a positive family history
[11].

ESSENTIALS OF DIAGNOSIS

IP has four cutaneous stages: Stage 1 is known as vesicular and is characterized
by  vesiculobullous  skin  lesions  following  the  lines  of  Blaschko  (Fig.  6);  it
presents at birth in 50% of patients (Figs. 10, 11); stage 2 is reported in 70% of
patients with IP and is marked by verrucous lesions appearing between 2 and 6
months of age; stage 3 is characterized by linear brownish pigmentation (Fig. 4)
and atrophy most common in extremities; stage 4 represents the sequelae of IP,
characterized by areas of hypopigmentation (Figs. 5, 9) and alopecia (Fig. 7) [3, 5,
9].

Histopathology in the early stage shows intraepithelial cleft with eosinophils; the
verrucous stage is characterized by hyperkeratosis and acanthosis; and later stages
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show the typical macrophages containing melanin in the sub-epithelial connective
tissue (Fig. 3) [2].

Ophthalmologic manifestations are present in 35%, and approximately 20% will
develop  vision  threatening  disease  [1,  4,  10]  including  strabismus,  nystagmus,
microphthalmia,  iris  hypoplasia,  cataracts,  glaucoma,  and  optic  atrophy  [1].
Retinal  complications  are  the  most  severe  and  arise  as  a  result  of  peripheral
ischemia with microvasculature abnormalities and neovascularization (Figs. 1, 2,
5, 12).  The presence of retrolental mass with detachment or dysplastic retina is
typical [7, 9]. Neurologic manifestations are present in one third of patients with
IP, from seizure episodes to severe motor and intellectual impairment [5, 10].

Fig. (1).  (A). Patient 1, a 12-year-old patient with prosthesis on the left eye. (B-C). Fundoscopy of right eye
showing peripheral non-perfusion and vasculature anomalies.

Fig. (2).  (A-B). Fundoscopy and fluorescein angiography of patient 1 showing peripheral non-perfusion and
neovascularization with leaking vessels.

A                                                         B                                                            C 

A                                                                                            B 
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Other alterations include alopecia, scoliosis, spina bifida, syndactyly, ear defects,
short  stature,  oligodontia,  anodontia,  deformities  of  teeth  (Fig.  8),  soft  palate
hypoplasia,  and  prominent  chin  and  facial  asymmetry  [6,  11].

Fig. (3). Histopathology of enucleated left eye of patient 1 showing eosinophilic infiltration, iris hypoplasia,
atrophic retina, and retrolental fibroplasia (Courtesy of Gomez Leal MD, Mexico).

Fig. (4). Patient 1 with areas of linear skin hyperpigmentation lesions.
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CHAPTER 21

Congenital Prepapillary Vascular Loop
Jose L. Diaz Rubio*

Retina Department, Hospital Star Médica, Aguascalientes, Mexico

A  prepapillary  vascular  loop  is  a  very  rare  congenital  malformation  of  the
vasculature that emerges from the optic nerve. Its incidence is low, ranging from 1
in 2000 to 1 in 9000, and are mostly unilateral. Bilateral loops occur in 9-17% of
cases. They are most often asymptomatic and detected in routine ophthalmologic
examinations. However, they have been associated with retinal vascular occlusive
disease,  vitreous  hemorrhage,  and  complications  during  vitrectomy  [1].
Prepapillary optic nerve head loops may be arterial (arteriole), or less commonly,
venous (venule). They may occur in and around the optic nerve head, particularly
the arteriole, and may bleed into the vitreous [1 - 4].

ESSENTIALS OF DIAGNOSIS

Clinical features: The condition is usually asymptomatic, unless it is complicated
with  sudden  vascular  obstruction  or  bleed  [2,  3].  Occlusive  events  may  be
facilitated by hemodynamic or intravascular changes associated with exercise and
complicated by ischemic events by twisting or thrombosis of the loop [4]. Patients
with  these  complications  present  with  a  history  of  sudden  blurred  vision,
amaurosis  fugax,  or  visual  field  defect  in  their  eyes  [2].

Signs: Loops may take different shapes (hairpin, figure-eight, or corkscrew). They
usually emerge from the optic disc, protruding into the vitreous cavity (Fig. 1).
The loops often exhibit movement within the vitreous and cast a shadow on the
surrounding  fundus.  They  may  be  pulsatile.  The  pathogenesis  of  the  vitreous
hemorrhage  occurring  in  and  around  these  loops  is  uncertain  but  is probably
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caused  by  rupture  of  small  vessels  near  the  base  of  the  loop  caused  by  its
movement  when  pulled  by  the  vitreous.  Loops  are  also  associated  with  branch
retinal artery occlusion. Two different mechanisms are thought to be the cause of
occlusion:  twisting  of  the  loop  or  thrombosis  or  following  a  Valsalva-like
mechanism [5  -  7].  The  length  of  the  loop  is  thought  to  be  a  key  predisposing
factor  since  the  twisting  of  the  vessel  and  turbulent  flow  encourage  thrombus
formation [8].

Fig. (1).  Color fundus photograph of right optic disk showing prepapillary loop (Image courtesy of Gerardo
Garcia-Aguirre, MD).

DIFFERENTIAL DIAGNOSIS

Arterial  loops  are  much  more  common  than  venous  loops.  Fluorescein
angiography is the diagnostic method of choice to distinguish between them [8].
Congenital venous vascular loops should be differentiated from acquired dilated
venous  collateral  channels  (optocilliary  vessels)  caused  by  retinal  venous
obstruction and meningioma of the optic nerve. Associations between prepapillary
vascular  loop  and  persistent  fetal  vasculature  [1]  and  macroaneurysm [9]  have
been reported.
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MANAGEMENT

Congenital  prepapillary  vascular  loops  are  usually  asymptomatic  and  do  not
require treatment. Possible complications are vitreous hemorrhage and venous or
arterial thrombosis. When present, vitreous hemorrhage may be treated with pars-
plana  vitrectomy  [3].  Care  must  be  taken  to  minimize  vitreous  traction  when
performing  the  procedure  to  avoid  breakage  of  the  loop  and  subsequent
intraoperative  bleeding,  which  sometimes  may  be  difficult  to  control.
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CHAPTER 22

Chorioretinal Coloboma
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Colobomas occur  due to  an incomplete  closure  of  the  embryonic  fissure  of  the
eye, which is supposed to occur during the sixth and seventh weeks of gestation
[1],  which  results  in  a  lack  of  tissue  in  the  chorid,  retina,  or  both  [1].  It  is  of
congenital  nature,  and  may  affect  other  tissues,  such  as  the  eyelid,  iris,  ciliary
body and optic nerve [2]. It has an incidence of 0.14% in the general population,
and it is associated with a very high risk (up to 40%) of retinal detachment [3].

Colobomas  may  appear  as  an  isolated  finding,  or  be  associated  to  other
conditions,  such  as  neurological  disorders,  chromosomal  disorders,  and  other
syndromes (such as the CHARGE association or Goldenhar syndrome) [4 - 7].

ESSENTIALS OF DIAGNOSIS

Chorioretinal  colobomas  are  in  many  instances  asymptomatic.  Symptoms  vary
according to the ocular structures affected. Complications are frequent and may
profoundly  affect  visual  acuity,  especially  if  the  macula  or  the  optic  disc  are
involved.  Visual  field  defects  are  rarely  perceived  by  the  patient  due  to  the
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congenital  nature  of  this  condition.  However,  choroidal  neovascularization  or
retinal detachment are common complications that can cause further reduction of
visual acuity later in life.

Most colobomas are readily apparent in ophthalmologic examination. They appear
as  a  yellowish  lesion  with  well-defined  circular  borders,  almost  always  in  the
inferior  part  of  the  globe,  where  there  is  a  trace  of  hypoplastic  retinal  tissue
(known as intercalary membrane), and no retinal pigment epithelium or choroid.
The sclera is thin, usually producing a staphyloma (Figs. 1-3, 5).

Fig. (1).  Fundus photographs: Small multiple chorioretinal coloboma inferior to optic nerve (Courtesy of
Alejandra Scaraffia, Mendoza, Argentina).



Chorioretinal Coloboma Ophthalmology: Current and Future Developments, Vol. 2   159

Fig. (2).  Fundus photographs of inferonasal chorioretinal coloboma.
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CHAPTER 23

Bergmeister Papilla
Jose L. Diaz Rubio*

Retina Department, Hospital Star Médica, Aguascalientes, Mexico

The term “Bergmeister papilla” refers to the presence of fibrous glial tissue just
anterior to the optic disc. It is present since birth, and it is a remnant of the fibrous
sheath that normally surrounds the hyaloid artery during fetal life as it arises from
the optic disc. This tissue is called the central supporting tissue meniscus of Kuhnt
[1].

ESSENTIALS OF DIAGNOSIS

Clinical features: Bergmeister’s papilla is usually asymptomatic, the visual acuity
is unaffected by the abnormality, and systemic associations are generally lacking
[1, 2].

Signs:  A  small  mass  of  glial  tissue  takes  the  form  of  a  veil-like  membrane
overlying the optic disc, it is also referred to as epipapillary membrane (Figs. 1
and 2). The glial tissue often fills in the optic cup such that the cup is obliterated;
a  visible  white,  fibrous  remnant  that  is  seen on ophthalmoscopy to  overlay  the
optic  disc.  The  nasal  side  of  the  disc  is  more  frequently  involved  than  the
temporal side. Absence of physiologic cupping can also be seen in affected eyes
[1, 2].

DIFFERENTIAL DIAGNOSIS

Differential  diagnosis  should  be  with  diseases  that  can  produce  peripapillary
membranes,  such  as  ischemic   retinopathies;   however,   these  membranes  are
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accompanied  by  retinal  alterations  and  the  membranes  are  vascularized.
Bergmeister  papilla  is  avascular.

Fig. (1).  Bergmeister’s papilla. Presence of fibrous tissue anterior to the optic disc (Photograph courtesy of
the Pathology Department Image Archive, Asociación para Evitar la Ceguera en México).

Fig.  (2).   Close  up  of  Fig.  (1)  ,  showing  a  thin  veil-like  membrane  anterior  to  the  optic  disc,  affecting
predominantly the nasal side (Photograph courtesy of the Pathology Department Image Archive, Asociación
para Evitar la Ceguera en México).
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One publication reports association with aniridia, microcornea, and myopia [3].
Optic Coherence Tomography (OCT) provides non-invasive visualization of the
fibrous tissue and its relation with the vitreoretinal interface [4].

MANAGEMENT

Bergmeister’s papilla by itself does not require treatment, does not affect visual
acuity, and does not produce symptoms.
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CHAPTER 24
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Optic  disc  pit  (ODP)  is  a  rare,  congenital  excavation  of  the  optic  nerve  head,
described  by  Wiethe  in  1882  [1].  Usually  seen  in  association  with  other
abnormalities including large optic nerve head size, large inferior colobomas of
the optic disc, and retinal colobomas. These associations may suggest a common
origin, caused by an incomplete closure of the embryonic fissure [2].

ESSENTIALS OF DIAGNOSIS

A congenital ODP is usually a solitary, whitish depression, usually located in the
inferotemporal portion of the optic disc (Fig. 1). It may be asymptomatic, but may
also  be  associated  to  serous  retinal  detachment  or  cystoid  retinal  edema  in  the
macular area [3, 4]. Presence of a pit and serous detachment is really uncommon
at the nasal margin of the optic disc (Figs. 4-7). It may occur bilaterally in 10 to
15% of cases and may be inherited as an autosomal dominant abnormality [5].

Approximately  one-half  to  two-thirds  of  optic  disc  pits  are  associated  with
maculopathy,  classically,  serous  retinal  detachment.  The  maculopathy  can  be
discovered  on  slit-lamp  funduscopic  examination  or  with  direct  or  indirect
ophthalmoscopy [1 - 3]. Fluorescein angiography and OCT may provide further
elucidation [1, 4, 6] (Fig. 2).
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Fig.  (1).   Color  fundus  image  of  a  24-year-old  female  with  congenital  optic  pit  and  recent  vision  loss
secondary to optic pit maculopathy.

Fig. (2).  OCT scan with schisis-like cavity extending from the optic disc to the macula and cystoid macular
edema.
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Fig. (3).  OCT of the same patient of Fig. (1). Intraretinal cyst formation in macular area.

Fig. (4).  This 7-year-old, boy complained of blurred vision. Serous retinal detachment extended to nasal
retina. Pit in the inferior and nasal margin of the disc. Macula is normal.
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CHAPTER 25

Tilted Disc Syndrome
Lihteh Wu*, Christina Pagano and Max Wu
Asociados de Macula Vitreo y Retina de Costa Rica, Costa Rica

The tilted disc syndrome is a non-hereditary congenital anomaly arising from an
incomplete closure of the fetal fissure [1]. According to a population-based study,
the prevalence of tilted discs was found to be associated with astigmatism and the
degree of myopia [2]. In this study, the general prevalence of tilted disc was 1.6%.
However, the prevalence increased from 0.1% when the astigmatism was ≤ 1 D to
17.9% when the astigmatism was ≥ 5 D. Myopia was present in 66.2% of eyes
with tilted disc compared to 12.4% of eyes with a normal disc appearance.

ESSENTIALS OF DIAGNOSIS

The diagnosis of a tilted disc is a clinical one and is made with ophthalmoscopy.
The superotemporal optic disc is elevated, whereas the inferonasal portion of the
disc  is  displaced posteriorly.  This  leads to  an oval  appearing disc  with its  long
axis in an oblique orientation. The retinal vessels exit the nerve nasally rather than
temporally (situs inversus). An inferior or inferonasal crescent is often present as
well. An inferonasal staphyloma characterized by RPE and choroidal thinning is
also present (Figs. 1, 2 and 3).

DIFFERENTIAL DIAGNOSIS

Optic Nerve Hypoplasia●

Chiasmal Syndrome●
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Fig. (1).  Colour fundus photograph of a right eye with a tilted disc. The retinal vessels exit the nerve nasally
rather than temporally (situs inversus). Notice the staphyloma in the inferior macula.

Fig. (2).  Infrared reflectance image of the same eye as in Fig. (1). Notice that the area of the staphyloma is
slightly out of focus.
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Fig. (3).  B Scan ultrasound of the same eye as in Figs. (1 and 2). This demonstrates that there is no retinal
detachment and an inferior staphyloma is present.

MANAGEMENT

The management of the tilted disc syndrome is directed towards differentiating it
from a chiasmal syndrome. Unlike compressive lesions of the chiasm, the visual
field defects in the tilted disc syndrome do not progress nor respect the vertical
midline. In some cases, the visual field defect may improve or even disappear by
increasing  the  myopic  correction  [3].  In  equivocal  cases  neuroimaging  is
indicated.

Eyes  with  tilted  disc  syndrome  often  have  macular  complications  when  the
inferior staphyloma crosses the macula [4]. Choroidal neovascularization (CNV),
serous  retinal  detachment  (SRD),  RPE  atrophy,  and  polypoidal  choroidal
vasculopathy (PCV) have all been reported [4]. It is speculated that the different
radii of curvature between the globe and the staphyloma lead to tractional forces
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CHAPTER 26

Retinitis Pigmentosa
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Retinitis pigmentosa (RP) is the most common retinal dystrophy worldwide, with
a prevalence of 1 in 4000 individuals [1]. It comprises a heterogeneous group of
inherited retinal disorders with degeneration of the photoreceptors and the retinal
pigment  epithelium  (RPE),  characterized  by  nyctalopia  and  visual  field
constriction, leading to progressive visual loss [1, 2]. RP can be inherited as an
autosomal dominant, autosomal recessive or X-linked trait [1 - 3].

The word “retinitis” is controversial because it indicates inflammation, which is
not  observed  in  the  course  of  the  disease  [4].  In  some  countries,  the  term
“retinosis”  has  also  been  adopted  [3].

ESSENTIALS OF DIAGNOSIS

The age of  onset  of  RP ranges from infancy to adulthood [1].  Difficulties  with
dark adaptation are the initial symptom, and as the disease progresses, peripheral
vision loss occurs causing tunnel vision, progressing to central vision loss [1, 3].

At early stages, mild RPE changes suggesting atrophy are observed. Vitreous cells
are always seen from the beginning of the disease.  Pigmentary changes (which
usually  are  distributed  in  a  pattern  that  resembles  bone  spicules)  start  at  the
equator  and  slowly  progress  to the  posterior  pole and the periphery (Figs. 1-7).
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Fig. (1).  Colour fundus photograph of a right eye showing diffuse RPE changes in the posterior pole.

Fig. (2).  Colour fundus photograph of the same eye as Fig. (1), showing hyperpigmented changes with a
shape that resembles bone spicules.
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Fig. (3).  Colour fundus photograph of a right eye showing diffuse RPE changes in the posterior pole.

Fig. (4).  Colour fundus photograph of the left eye of the same patient as Fig. (3), showing RPE changes in
the posterior pole.
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CHAPTER 27

Best’s Disease
Steven S. Saraf 1, Robert A. Prinzi1 and Michael D. Ober1,2,*

1 Department of Ophthalmology, Henry Ford Health System, Detroit, MI, USA
2 Retina Consultants of Michigan, Southfield, MI, USA

Best disease is an autosomal dominant maculopathy associated with a mutation in
the Bestrophin (BEST1) gene.

ESSENTIALS OF DIAGNOSIS

Although its clinical appearance may vary, it classically is known for a vitelliform
or “egg-yolk” lesion centered in the macula of each eye. At this stage, the lesions
are  typically  round,  solitary,  yellow,  slightly  raised,  and  often  asymmetric  [1]
(Figs. 1 and 2). The mutations in the BEST1 gene show variable penetrance and
expressivity with carriers developing a range of findings from no clinical signs to
manifestations such as multi-focal Best disease [1]. It is therefore important when
making  a  definitive  diagnosis  to  employ  other  diagnostic  methods  such  as
electrooculogram  (EOG),  optical  coherence  tomography  (OCT),  or  genetic
testing.

Lesions tend to go through a characteristic progression of the disease beginning
with  a  normal  appearing  fundus  at  birth.  Sharply  demarcated  yellow  macular
lesions develop in early childhood (vitelliform stage). Lesions may become large,
but  surprisingly,  despite  dramatic  anatomic  changes,  the  vision  is  usually  very
good.  Breakdown  of  the  vitelliform  deposit  leads  to  separation  of  the
photoreceptors  from the  RPE (Fig.  3).  Vision  loss  may occur  at  this  point,  but
often develops later with absorption of  vitelliform material leading to RPE and/or
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photoreceptor  degeneration.  Patients  in  the  atrophic  stage  are  susceptible  to
choroidal  neovascularization  (CNV)  and/or  fibrotic  scarring.  Vision  is  usually
fairly  well  preserved  into  adulthood,  at  least  in  one  eye.  However,  slowly
progressive central visual impairment is not uncommon after the age of 60 [2].

Fig. (1). Colour fundus photograph of the right eye demonstrating the classic “egg-yolk” appearance of the
macula.

The mutation responsible for Best’s Disease was first cloned by Petrukhin et al. in
1998  [3].  It  is  expressed  primarily  on  the  basolateral  plasma  membrane  of  the
RPE and functions as a calcium-dependent chloride channel, which is believed to
regulate  the  flow  of  chloride,  bicarbonate,  and  calcium  ions  across  the  RPE
membrane  [4,  5].  Calcium  aids  in  regulation  of  RPE  functions  including
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epithelium  adhesion  to  the  photoreceptors  and  phagocytosis  of  photoreceptor
outer  segments.  Although  the  underlying  mechanism  is  controversial,  some
authors believe that mutations in BEST1 lead to separation of RPE from the retina
with poorly phagocytized outer segments accumulating in the potential space and
forming  lipofuscin.  Eventually  this  leads  to  the  formation  of  the  characteristic
vitelliform lesion seen on examination [6].

Fig.  (2).  Colour  fundus  photograph.  The  left  eye  of  the  same  patient  demonstrates  a  “scrambled-egg”
appearance.

The  molecular  basis  of  Best  disease  directly  affects  the  electrical  potentials
measured across Bruch’s membrane. Changes in the chloride ion channel lead to
an abnormal EOG, typically recorded as a diminished Arden ratio (AR). The AR
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Originally  described  by  Stargardt  in  1909  [1],  Stargardt's  macular  dystrophy
(SMD)  is  a  chronic  and  progressive  disease  that  affects  the  macula  in  young
patients.  Its  mode  of  inheritance  is  autosomal  recessive,  and  is  caused  by  a
mutation in the ABCA4 gene [2 -  4].  Mutations in this  gene may cause classic
SMD, fundus flavimaculatus (which is a variant of SMD) and are associated to
several other disorders, such as cone-rod dystrophy and retinitis pigmentosa [3, 5,
6]. Individuals heterozygous for ABCA4 mutations may also be in greater risk of
having age-related macular degeneration [7].

Stargardt’s disease (including fundus flavimaculatus) is one of the most common
causes  of  macular  disease  in  childhood  and  accounts  for  7%  of  all  retinal
dystrophies  [8].  Disease prevalence is  around 1 in  10,  000 [9].  First  symptoms
appear early in childhood or adolescence. The disease affects males and females
alike, without predilection for race.

ESSENTIALS OF DIAGNOSIS

Similar  to  other  dystrophies,  patients  with  SMD  are  asymptomatic  when  the
disease is in its early stages. Eventually, patients complain of decreased central
vision,  photophobia,  abnormal color  vision and  slow dark adaptation.  Slit lamp
examination  shows  a  typical  clinical  picture,  where  pigment  changes  with  a
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greenish discoloration are observed in the central macula [1 - 4]. Flecks, which
are the yellow-white lesions characteristic of fundus flavimaculatus, may or may
not  be  present  (Figs.  1  and 2).  In  later  stages,  the  macula  is  often described as
having a “beaten bronze” appearance. However, disease phenotype may be highly
variable [2].

Fig. (1).  Colour fundus photographs. (A) and (B) 25-year-old female with Stargardt disease. Note the diffuse
yellow pisciform flecks in posterior pole and central macular atrophy in both eyes.

Fig.  (2).  (A)  and  (B)  Autofluorescensce  of  the  same  patient  of  Fig.  (1).  Pisciform  lesions  and  macular
atrophy.

a b 

a b 
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Patients with fundus flavimaculatus (retinal flecks without macular atrophy) often
have a later disease onset and slower visual deterioration [4].

Visual  field  testing  is  often  normal  early  in  the  disease.  Eventually,  central
scotomas  are  observed,  which  progress  to  absolute  scotomas  over  time.

Fig. (3). Fluorescein angiography showing silent choroid Stargardt's disease (A-D) and central ovoid zone of
hyperfluorescence, surrounded even in the early stages (A and B) by some hyperfluorescent flecks.

An acquired  red-green  dyschromatopsia  may  be  characteristic  in  these  patients
with color testing. Fluorescein angiography in early cases shows a central ovoid
zone of hyperfluorescence, mostly surrounded even in the early stages by some

a b 

c d 
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CHAPTER 29
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Choroideremia (CHM) is an X-linked degeneration of the choroid, retinal pigment
epithelium (RPE), and retina caused by deletion or mutation of the CHM gene,
encoding  Rab  escort  protein-1  (REP1)  [1,  2].  The  estimated  prevalence  is  1  in
50,000 in the general population [3].

For many years it was assumed that the basic abnormality in choroideremia was a
vasculopathy  causing  primary  choriocapillaris  atrophy.  However,  histo-
pathological studies of choroideremia and studies of the localization of the CHM
protein place the basic defect in the RPE [4, 5].

ESSENTIALS OF DIAGNOSIS

Since it is a X-linked recessive disease, only males are affected, and females are
carriers. The first symptom is nyctalopia, which ensues in the first decade of life,
followed by progressive visual field loss [3]. As the disease progresses, pigment
changes and areas of choroidal atrophy begin to appear in the equator. At the end
stages of the disease, there is generalized chorioretinal atrophy, with some degree
of preservation of the choroidal vasculature in the macula and the far periphery.
(Figs. 1, 2 and 3a). In advanced stages, the retina and choroid are so atrophic that
the sclera becomes visible.
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Fig. (1). Right eye fundus photography of male patient with diagnosis of Choroideremia. There is atrophy of
the retinal pigment epithelium and choroid with exposure of the sclera and large choroidal blood vessels.
Preservation of the central macula and near the optic disc are shown (Courtesy of Andrée Henaine Berra MD,
Mexico).

Autofluorescence  is  decreased  in  the  areas  of  chorioretinal  atrophy  with  some
relative  hyperautofluorescence  in  the  preserved  retinal  tissue.  Fluorescein
angiography  (FA)  shows  atrophy  of  the  retinal  pigment  epithelium  with  the
scalloped  areas  of  missing  choriocapillaris  appearing  hypofluorescent  next  to
brightly hyperfluorescent areas of patent choriocapillaris (Fig. 3b). OCT reveals
absence of the outer nuclear layer, ellipsoid layer, RPE and choroid [6, 7]. The
ERG  and  EOG  are  abnormal  early  in  the  course  of  the  disease  and  ERG  is
generally  extinguished  by  midlife.  However,  there  can  be  intrafamilial  and
interfamilial  variabilities  of  ERG  responses  [6  -  10].
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Fig. (2). Colour fundus photographs. The same patient as shown as Fig. (1). (a and b) There are RPE and
choroidal atrophy in the equatorial and peripheral fundus, loss of choriocapillaris, and bare sclera (Courtesy
of Andrée Henaine Berra MD, Mexico).

a 

b 
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Gyrate  atrophy  (GA)  of  the  choroid  and  retina  is  a  rare,  autosomal  recessive,
chorioretinal  dystrophy [1] that  causes progressive chorioretinal  atrophy due to
hyperornithinemia resulting from ornithine d-aminotransferase (OAT) deficiency
[2]. Many different OAT gene mutations have been described [3 - 5]. The actual
cause of chorioretinal atrophy remains unknown [6].

ESSENTIALS OF DIAGNOSIS

The  initial  symptoms  are  reduction  of  peripheral  vision  and,  in  some  patients,
reduction of night vision (nyctalopia) in the first decade of life [7].

Loss of central vision occurs in patients over 40-50 years old [8], and their fundus
reveals very well demarcated circular or ovoid areas of chorioretinal atrophy in
the mid-periphery. These lesions have a hyperpigmented margin (Figs. 1 and 2)
[2].  With  increasing  age,  these  lesions  grow  in  size  and  number,  eventually
coalescing  (Fig.  2)  and  involving  the  entire  posterior  pole.

Myopia,  posterior  subcapsular  cataracts  and  cystoid  macular  edema  may  also
occur  [2,  9].

There is no autofluorescence in the atrophic areas. Fluorescein angiography (FA)
demonstrates the  sharp  demarcation  between  normal  and  abnormal  tissue,  the
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former  showing  normal  background  fluorescence;  the  latter,  atrophy  of  the
choriocapillaris (Fig. 2). Full-field electroretinogram shows severely reduced or
undetectable amplitudes even at an early stage. OCT can be useful for detecting
cystoid macular edema.

Fig. (1). Fundus photographs: Gyrate atrophy. (a) and (b) There are sharply defined areas of chorioretinal
atrophy separated from each other by thin margin of pigment. (c) and (d) Red free images of the same patient
(Courtesy of Juan Manuel Jiménez-Sierra, MD).

Patients present very high levels of serum, urine, and spinal fluid ornithine (10 to
20  times  normal).  Usually  the  typical  fundus  findings  are  sufficiently
characteristic  to  make  the  diagnosis  of  GA.

In patients with suspected GA, serum ornithine concentration should be measured
to confirm hyperornithinemia. Molecular genetic testing of the OAT gene can be
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useful for confirming the diagnosis.

Fig. (2). Fluorescein angiography of the same patient of Fig. (1), after 5 years of follow up. The areas of
choroidal  atrophy  show  choriocapillaris  atrophy  on  the  angiogram  and  slight  leakage  at  the  margin  of
chorioretinal atrophy. Adjacent areas of normal-appearing retina have a normal background choroidal flush
(Courtesy of Juan Manuel Jiménez-Sierra, MD).

DIFFERENTIAL DIAGNOSIS

When  GA  reaches  its  final  stages,  it  may  not  be  differentiable  from  advanced
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Dystrophies  are  inherited  conditions,  not  congenital,  usually  bilateral,  often
symmetric and progressive, which develop on a retina with characteristic normal
birth [1]. Prevalence of cone-rod dystrophy (CRD) is estimated at 1:40.000 [2].
All modes of Mendelian inheritance have been reported, and currently 17 genes
and  some  additional  loci  have  been  reported.  ABCA4  seems  to  be  the  most
prominent causal gene; however, the etiologic fraction for this gene varies widely
between studies (24%-65%) [3 - 9].

ESSENTIALS OF DIAGNOSIS

In this group of dysthrophies, the photoreceptors most affected are the cones and
rods, which can commit secondarily. The most common initial symptomatology is
photophobia,  low  vision  and  dyschromatopsia,  and  in  some  cases,  nyctalopia,
when the rod cells are affected [10]. The age of onset is variable; most patients
present during the first two decades of life. Visual prognosis depends on age of
onset, being worse if the disease is diagnosed earlier in life [11]. The fundus may
be normal  or  progress  to  atrophic  changes  above  all  in  the  macula,  resembling
Bull’s eye maculopathy, with areas of retinal pigment epithelium (RPE) atrophy
that may extend beyond the temporal arcades, and develop areas of retinal atrophy
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similar  to  pigmentary  retinitis  (Fig.  1)  [10  -  12].  The  optic  disc  may  show  a
variable  degree  of  pallor.  It  may  also  develop  retinal  vascular  attenuation  and
peripheral pigmentary deposits resembling bone spicules [10 - 12].

Fig. (1). (A). and (B). Fundus photographs of 39-year-old female show bilateral symmetrical peripapillary
atrophy, bull’s eye maculopathy, and attenuated retinal vessels.

A 

B 
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Fig. (2). Photopic ERG test reflects cone response is undetectable.

Full  field  electroretinogram  (ERG)  is  the  gold  standard  for  diagnosis.
Electroretinogram shows reduced cone and rod responses, the former being more
severely affected (Figs. 2 - 4). Electrooculogram (EOG) is usually abnormal (Fig.
5) [1, 2, 11, 12]. Fluorescein angiography can detect an area of ​​macular atrophy
with hyperfluorescence due to a window defect, with or without the characteristic
pattern of Bull's eye maculopathy (Fig. 6) [12]. Autofluorescence imaging allows
the visualization of an area of absence of RPE (that looks hypoautofluorescent) or
RPE that is in distress (that looks hyper autofluorescent) which may enhance the
visualization of RPE defects in these diseases. Visual fields reveal a concentric
decrease of sensitivity with a central scotoma (Figs. 7 and 8). Color vision tests
show acquired intense dyschromatopsia [2, 10 - 12]. OCT demonstrates significant
reduction in the thickness and structural changes in the outer layers of the retina in
the central macula. Atrophy is evident, especially in the outer nuclear layer, the
ellipsoid  layer,  and  in  the  RPE  (Fig.  9).  Visual  acuity  varies  according  to  the
degree to which the continuity of the ellipsoid layer is maintained. Eyes with a
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Aneurysms 95, 110, 111 
Angioid streaks 9, 10, 200 
Arden ratio (AR) 196, 197 
ASRS retina image bank 18, 82, 83 
Asteroid bodies 38, 40 
Astigmatism 179 
Asymptomatic horseshoe 36, 62 
Asymptomatic lattice degeneration 36, 62 
Asymptomatic retinal 54 
Autofluorescence 189, 190, 210, 216 
Availability of retinal imaging devices 106 
 
B 
 
Bardet biedl syndrome: (BBS) 226 
Bergmeister’s papilla 130, 167, 168, 169 
Best disease 194, 196, 197, 199, 200 
   multi-focal 194 
Bruch membrane 7, 30, 31 
B-scan ultrasonogram 45, 46 
B-scan ultrasonography 34, 35, 112, 160, 163 
B-scan ultrasound 22, 45, 46, 69, 70 
Burns, intense retinal 113 
 
C 
 
Central retina artery/vein occlusion 18 
Central scotomas 205, 223, 227 
Central serous chorioretinopathy 175, 200 

   chronic 200 
Chiasmal syndromes 179, 181 
Choriocapillaris 182, 211, 212, 213, 217 
Chorioretinal atrophy 191, 209, 210, 216, 217, 

218, 219 
   generalized 209 
   pigmented paravenous 191 
   progressive 216 
Chorioretinal dystrophy 216 
Chorioretinal injury 30 
Chorioretinal scars 164 
Choroidal atrophy 209, 211, 218 
Choroidal neovascularization 9, 45, 69, 133, 

158, 164, 175, 181, 195 
Choroidal thinning 179, 182 
Choroid and retina ruptures 30 
Chronic retinal detachments 64 
Ciliary processes, elongated 99, 130, 133 
Circulation, underlying choroidal 198, 199 
Closed funnel retinal detachment 93 
Coats’ disease 45, 69, 109, 110, 112, 113, 127 
Coats’ disease and combined hamartoma 121 
Coats’ disease and retinoblastoma 112 
Commotion retinae 12 
Cone dystrophy (CD) 206, 228 
Cone rod dystrophy (CRD) 206, 221, 228 
Contact retinal camera 99 
Contusional retinal necrosis 12 
Cryotherapy 72, 94, 113, 150, 164 
Cystoid macular edema (CME) 171, 175, 189, 

192, 216, 217 
 
D 
 
Dark-adapted retinas 137 
Demarcation line 85, 89, 90 
Detachments 4, 13, 33, 35, 46, 54, 60, 67, 68, 

69, 70, 71, 72, 74, 77, 83, 85, 92, 93, 97, 
111, 112, 113, 125, 138, 139, 145, 160, 
163, 164, 170, 172, 173, 175, 176, 181, 
198 

   associated retinal 160, 163, 176 
   complete retinal 139 
   early onset retinal 138 
   extensive effusive retinal 112 
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   extensive retinal 113 
   exudative retinal 97 
   funnel retinal 93 
   hereditary retinal 54 
   inferotemporal retinal 67, 71 
   large retinal 13 
   localized retinal 60 
   macular retinal 176 
   non-pigmented retinal 77 
   partial retinal 85 
   serous 69, 170, 173, 175, 198 
   serous retinal 4, 111, 170, 172, 181 
   subclinical retinal 160 
   subtotal retinal 112 
   superior retinal 71 
   superotemporal retinal 67, 68 
   total retinal 68, 83, 85, 112, 125 
Diabetic retinopathy 41, 43, 45, 46, 81, 127 
   proliferative 45, 81 
Diffuse unilateral subacute neuroretinitis 191 
Diode laser 105 
Disease 17, 26, 38, 106, 112, 120, 127, 128, 

149, 153, 190, 203, 226 
   advanced 127, 128 
   associated non-ocular 190 
   autosomal recessive 226 
   degenerative 38 
   end-stage 112 
   life-long 128 
   macular 203 
   medical 106 
   ocular 120 
   posterior 128 
   progressive 203 
   sickle cell 26, 149 
   systemic 17, 26 
   vascular 38, 149 
   vascular occlusive 153 
   vasculitic 17 
Disease phenotype 204 
Disease prevalence 203 
Disease progression 85, 135, 199 
Disease severity 113 
Disease stage 99, 127 
Dystrophies 185, 200, 203, 206, 219, 221, 227 
   central areolar choroidal 206, 219 
   common retinal 185 
 

E 
 
Early treatment for retinopathy of prematurity 

(ETROP) 105 
Ectodermal diseases 228 
Electrooculogram 189, 194, 223 
Electroretinogram 189, 223 
Ellipsoid layer 210, 223 
Eosinophilia 116, 117, 120, 147 
Epiretinal dissection 81 
Epiretinal membrane formation 13, 137 
Epiretinal membranes 13, 21, 22, 82, 122 
Examination 43, 45, 153, 158 
   ophthalmologic 43, 45, 158 
   routine ophthalmologic 153 
Extraretinal neovascularization 125 
Exudative vitreoretinopathy 45, 94, 112, 120, 

125, 126, 127, 133, 138 
 
F 
 
Fibrosis 14, 53, 199 
Fibrovascular proliferation 85, 92, 100 
Field electroretinogram 223 
Findings 4, 125, 127, 206 
   angiographic 125, 127 
   common peripheral retinal 4 
   electroretinographic 206 
Flecks, hyperfluorescent 205, 206 
Fluorangiography 89, 91, 92, 97, 101, 102, 

103, 104 
Fluorescein angiography (FA) 96, 99, 111, 

112, 125, 126, 145, 147, 170, 175, 205, 
210, 216, 218, 223, 225 

Full-field electroretinogram 217 
Fundus flavimaculatus 203, 204, 205, 229 
 
G 
 
Glial tissue 58, 167 
Granulomas 119, 120, 121, 122, 128 
   peripheral 119, 120, 121 
 
H 
 
Head trauma, blunt 21, 22 
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Hemorrhage 7, 8, 10, 20, 21, 22, 23, 24, 27, 
28, 31, 35, 43, 44, 45, 46, 51, 78, 200 

   intracranial 20, 21, 23 
   subhyaloid 21, 28, 43, 45 
   subretinal 7, 20, 22, 24, 44, 200 
Hyaloid system 130 
Hyperautofluorescence 199 
Hyperfluorescence 10, 97, 101, 111, 205, 223 
Hyperornithinemia 216, 217 
Hyperpigmentation 147, 190 
Hypoautofluorescent 199, 223 
Hypopigmentation 144, 147 
 
I 
 
Idiopathic variety 12, 13 
Infection diseases 26 
Infectious diseases 191 
Inferior self-limited retinal detachment 69 
Inferonasal chorioretinal coloboma 159 
Internal limiting membrane (ILM) 12, 13, 15, 

20, 22, 33, 60 
International classification of retinopathy of 

prematurity (ICROP) 85, 99 
Intervention, surgical 22, 128, 133 
Intra-abdominal pressure 22, 24 
Intraoperative video 14, 15 
Intraretinal cyst formation in macular area 172 
Intraretinal fluid 175 
Intraretinal hemorrhages 17, 22 
Intrarretinal vesicles, brilliant 59 
Iris hypoplasia 145, 146 
Ischemic retinopathies 167 
 
L 
 
Large chorioretinal coloboma 161 
Laser photocoagulation 36, 60, 61, 70, 72, 

104, 105, 128, 164, 176 
Laser photocoagulation scars 66, 71, 75 
Lattice degeneration 35, 36, 49, 53, 54, 55, 56, 

57, 62, 63 
Lesions 54, 55, 144, 150, 194, 197 
   egg-yolk 194, 197 
   pigmentary 54, 55 
   verrucous 144, 150 
Leukocoria, unilateral 99, 131, 133 

Low-molecular-weight heparin (LMWH) 82 
 
M 
 
Macroaneurysm, rupture retinal 26 
Macular atrophy 200, 204, 205, 223 
Macular degeneration, age-related 200, 203 
Macular detachment 92 
Macular dystrophies 137, 139, 206 
Macular holes 12, 14 
Macular involvement 85, 92, 175 
Macular vitreous traction 200 
Maculopathy 170, 221, 222, 223 
   bull’s eye 221, 222, 223 
Margin, nasal 170, 172 
Membranes 121, 158, 160, 164 
   intercalary 158, 160, 164 
   pre-retinal 121 
Minor retinal abnormalities 135 
Mobility, reduced retinal 78 
 
N 
 
Negative electroretinogram 135 
NEMO mutations 147, 148 
Neovascularization 45, 69, 85, 91, 106, 145 
Neovascular membranes 10 
Neuroretina 48 
Normal-appearing retina 218 
Norrie disease 128, 133 
Norrie syndrome (NS) 138, 139 
Nyctalopia 185, 209, 216, 221 
 
O 
 
Occlusion, branch retinal artery 4, 154 
Ocular asymmetry, showing 147, 149 
Ocular larva migrans 116, 117 
Ocular trauma 3, 35 
Opened funnel retinal detachment 93 
Operculated retinal hole 65, 66 
Ophthalmologic alterations 150 
Ophthalmologic manifestations 145 
Optical coherence tomography 18, 35, 40, 111, 

136, 175, 189, 194 
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Optic coherence tomography (OCT) 13, 90, 
92, 94, 136, 137, 138, 169, 170, 172, 
173, 174, 175, 198, 200 

Optic nerve 21, 33, 119, 122, 153, 154, 157, 
158, 173, 175, 190 

Optic pits 174, 175, 176 
Oxygen-induced retinopathy (OIR) 96 
 
P 
 
Paravascular vitreoretinal attachments 49 
Pars plana vitrectomy 13, 28, 74, 75, 139, 164, 

176 
Pathologies, vitreoretinal 43 
Pediatric retinopathies 127 
Pediatric vitreoretinopathies 126, 133 
Pediatr ophthalmol strabismus 117, 118 
Peripapillary retina 133, 176 
   temporal 176 
Peripheral nonperfused retina 150 
Peripheral retinal avascularity 94 
Peripheral retinal examination 34 
Peripheral retinal vascularization 94 
Photocoagulation 42, 70, 150, 151 
   peripheral retinal 151 
Photophobia 203, 221, 228, 229 
Pigment epithelium 48, 58, 59 
Pisciform lesions and macular atrophy 204 
Pneumatic retinopexy 72 
Polypoidal choroidal vasculopathy (PCV) 181, 

182 
Posterior hyaloid removal 13, 14 
Posterior pole granuloma 118, 119 
Posterior pole retinal hemorrhage 31 
Posterior subretinal annular strand 78 
Preserved neuroretinal structure, better 224 
Prognosis 4, 5, 28, 113, 200, 206 
Purtscher retinopathy 18 
 
R 
 
Radial retinal fold 127 
Relative afferent pupillary defect (RAPD) 30, 

31 
Repair, surgical 74, 78 
Reticular retinoschisis 60 

Retina 5, 31, 58, 59, 63, 72, 73, 80, 85, 89, 
101, 105, 111, 113, 125, 126, 138, 145, 
146, 147, 160, 172, 190, 191, 227 

   adjacent 59 
   affected 5, 111 
   atrophic 146 
   avascular 89, 105, 125, 126 
   detached 113 
   developing 85, 89 
   dysplastic 145 
   equatorial 73 
   inferior 138, 190, 191 
   intact 59 
   nasal 172 
   neurosensory 31, 63, 72 
   normal 160 
   perfuse 147 
   posterior 80 
   superior 227 
Retina adherent 58 
Retinal alterations 168 
Retinal area, affected 85 
Retinal arterioles 93 
Retinal atrophy 40, 59, 63, 221 
   outer 59 
Retina layers 90 
Retinal blood vessels 3, 41 
Retinal break formation 49 
Retinal breaks 13, 33, 34, 35, 36, 48, 49, 58, 

59, 62, 63 
   asymptomatic 36, 62 
   developing 48 
   peripheral 13 
   symptomatic 33 
   tractional 36 
   traumatic 36, 62 
Retinal camera 25, 81 
Retinal capillaries 21 
Retinal capillary hemangioma 112 
Retinal cavernous hemangioma 113 
Retinal cells 58, 96 
   abnormal 58 
Retinal colobomas 170 
Retinal complications 145 
Retinal contraction 77 
Retinal cryotherapy and laser 

photocoagulation 36 
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Retinal degeneration 226 
Retinal detachment 22, 23, 35, 36, 48, 50, 58, 

59, 60, 112, 113, 135, 136, 139, 157 
Retinal detachment diagnosis 78 
Retinal detachment sequels 191 
Retinal dialysis 30, 53 
Retinal disease 97, 109, 135, 227 
   degenerative 135 
Retinal disorders 136, 138, 185, 191 
   common inherited 136 
   inherited 185, 191 
Retinal dyalisis 52 
Retinal dysfunction 138, 199 
Retinal dysplasia 131, 133 
Retinal dystrophies 191, 203 
Retinal edema 17, 170 
   cystoid 170 
Retinal examinations 34, 35, 99 
Retinal findings 17, 109 
Retinal flap 49 
Retinal flecks 205 
Retinal folds 58, 77, 78 
   fixed 77, 78 
Retinal function 135, 199 
Retinal hemorrhages 8, 35, 45, 102, 103 
Retinal holes 52, 58, 60, 65, 70, 72, 164 
Retinal imaging devices 106 
Retinal ischemia areas 18 
Retinal layers 89, 92, 104, 135, 137, 140, 192 
   inner 135 
   outer 192 
Retinal lesions 219 
Retinal neovascularization 126 
Retinal periphery 75, 110, 135 
Retinal pigment epithelium (RPE) 4, 7, 10, 30, 

31, 63, 72, 185, 194, 195, 196, 209, 210, 
221, 223 

Retinal pigment epithelium hyperplasia 60 
Retinal prostheses 192 
Retinal reattachment, spontaneous 160 
Retinal schisis 137, 175 
Retinal splitting 137 
Retinal surface 24, 34 
Retinal telangiectasia 111 
   leaking 111 
Retinal tissue and vasculature 132 
 
 

Retinal traction 92 
Retinal vasculature 94, 97, 109, 112, 125 
   abnormal 112 
   pruned distal 125 
Retinal vasculogenesis 109 
Retinal vasculopathy 99 
Retinal vein occlusion 45, 113, 175 
   branch 113 
Retinal vessels 34, 41, 53, 54, 60, 78, 96, 109, 

112, 125, 133, 189, 222 
   attenuated 222 
   intrinsic 133 
   leaking 41 
Retinal vessels exit 179, 180 
Retinal whitening 3, 4 
   sheenlike 3 
Retina ruptures 30 
Retinectomy 81 
Retinitis 185, 222 
   pigmentary 222 
Retinitis pigmentosa 190, 191, 219 
   early 219 
   sectorial 190, 191 
Retinoblastoma 97, 98, 112, 120, 133 
   endophytic 98 
   hereditary 112 
Retinopathy 22, 39, 96, 99, 191 
   anemic 22 
   cancer-associated 191 
   characteristic 22 
   deficiency 191 
   hypertensive 39 
   melanoma-associated 191 
   oxygen-induced 96 
   proliferative 99 
Retinoschisin 135 
Retinoschisis 59, 60, 136, 139 
   localized 59 
   peripheral 136 
Retinosis 185 
Retinotomies 81 
Round atrophy holes 55, 56 
RPE atrophy 181, 182, 190 
RS1 gene 135 
Rupture 12, 14, 21, 22, 24, 52, 53, 77, 78, 154 
   causal retinal 77 
   lineal 52, 53 
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S 
 
Scleral buckling 72, 74, 113, 164, 176 
Scleral depression 5, 34 
Scleral indentation 48, 59 
Serous retinal detachment (SRD) 4, 111, 170, 

172, 181, 182 
Sickle cell retinopathy 127 
Small multiple chorioretinal coloboma 158 
Space, subarachnoid 21, 173 
Stalk tissue 133 
Staphyloma 158, 164, 180, 181, 182 
Starfold in proliferative vitreoretinopathy 82 
Stargardt’s disease 205, 206 
   late adult onset 206 
Stargardt's macular dystrophy (SMD) 203 
Strabismus 97, 109, 119, 145 
Subarachnoid hemorrhage 20, 22 
Subretinal deposits 198 
Subretinal exudation 111 
Subretinal fluid 18, 64, 65, 70, 74, 95, 112, 

113, 119, 175, 200 
   localized 64 
   mimic 200 
   scarce 65 
Subretinal fluid reabsorption 72 
Subretinal fluid yellowish 112 
Subretinal material 198 
Sub-retinal material 197 
Subretinal seeding 112 
Subretinal space 63, 72, 112, 173, 175, 176 
Supernumerary branching 125, 126 
Superonasal retinal 70 
Surgery 28, 35, 36, 62, 63, 82, 160, 192, 219 
   cataract 35, 36, 62, 63, 192, 219 
   retinal reattachment 82 
   vitreoretinal 28, 36, 82, 160 
Synchysis scintillans 41 
 
T 
 
Tamponade agent 72, 74 
Telangiectasias 95, 97, 109, 110, 112, 113, 

127 
Temporal retina 88, 110 
   residual 88 
Terson’s syndrome 20, 21, 22 

Thrombosis 153, 154 
Tissues 28, 117, 118, 133, 145, 157, 158, 167, 

168, 169, 210 
   fibrous 118, 168, 169 
   hypoplastic retinal 158 
Toxocara canis 117, 118, 120 
Toxocariasis 113, 116, 117, 119, 121, 128 
   covert 116, 117 
Toxoplasmic retinochoroiditis, active 120 
Traction 13, 48, 49, 52, 53, 54, 58, 63, 85, 90, 

93, 122, 131, 132 
   vitreoretinal 63 
Tractional retinal detachment 46, 69, 77, 81, 

106, 121, 125, 127, 130 
   macula-involving 125 
   macula-sparing 127 
Traction forces, vitreoretinal 58 
Trauma 4, 8, 9, 14, 17, 18, 26, 41, 45 
   iatrogenic retinal 14 
Traumatic macular holes (TMHs) 12, 13, 14 
Traumatic retinopathies 21, 191 
Tumors, underlying 112 
Tunica vasculosa lentis 105, 130 
 
U 
 
Ultrawide field fundus photograph 64, 65, 66, 

67, 68, 70, 71, 72, 73, 75 
 
V 
 
Vascular endothelial growth factor (VEGF) 

10, 106 
Vascular malformations 109, 110 
 
 
Vasculature, hyaloid 130, 131, 133 
Venous pressure 21, 24 
Visceral larva migrans 116, 117 
Visual field defects 153, 157, 175, 181 
Visual loss 43, 135, 137, 219 
Visual outcomes 99, 105, 113, 133, 176 
Vitrectomy 41, 81, 113, 128, 153, 164 
Vitreoretinal adherence, high 33 
Vitreoretinal interface 169 
Vitreoretinopathy 127, 128 
Vitreous and subretinal seeding 112 
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Vitreous cortex, posterior 33, 41 
Vitreous fibers, anterior 86, 93 
Vitreous fibrils 39, 41 
Vítreous hemorrhage in patient 44 
Vitreous liquefaction 33, 48, 53 
Vitreous traction 33, 35, 58, 85, 155 
Vogt-Koyanagi-Harada disease 69 

X 
 
X-linked dominant disease 99  
X-linked recessive disease 209 
X-linked retintis pigmentosa 213 
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