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27.1         Introduction 

 Non-penetrating or closed-globe injuries rep-
resent 50–80 % of traumatic eye injuries. 
Generally, the most affected population is the 
man under 30 years old. It may occur by sev-
eral mechanisms thus damaging a variety of 
different retinal structures. The Ocular Trauma 
Classifi cation Group defi ned a standardized 
classifi cation for frequently used terms based 
on standard terminology and features of ocular 
injuries that have demonstrated prognostic sig-
nifi cance. In a closed-globe injury, the eye wall 
does not have a full-thickness wound, and the 
mechanism of injury may be grouped into two 
main categories: the direct (anterior) type 
occurring at the site of the impact and an indi-
rect (posterior) type at the contrecoup injury, 
which is more commonly found. Several 
groups investigated the mechanical impact of 
blunt ocular trauma and reported theories how 
defi ned anatomical structures can be damaged 
(Fig.  27.1 ). After a traumatic event, the vision 
can be unaffected or completely lost, depend-
ing on the location of the damaged anatomical 
structure, e.g., choroidal vessels, choriocapil-
laris, Bruch’s membrane, retinal pigment epi-
thelium (RPE), and neuroretina (Berg et al. 
 1989 ; Mennel et al.  2004 ; Williams et al. 
 1990 ).

   The following chapter demonstrates a variety 
of closed-globe injuries on time and spectral 
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domain optical coherent tomography (OCT), 
 fl uorescein angiography (FA), autofl uorescence 
(AF), and fundus photography.  

27.2     Choroidal Folds 

 Choroidal folds were fi rst described by 
Nettleship in 1884 and were initially consid-
ered as foldings of the entire retina (Nettleship 
 1884 ). They are visible striae at the posterior 
pole that radiate across the macula arranged 
in a parallel and horizontal fashion as dark 
and light lines. Later Norton investigated the 
typical fl uorescein angiographic (FA) appear-
ance and defi ned a clear distinction between 
choroidal and retinal folds (Norton  1969 ). The 
anatomical structure of choroidal folds can 
be explained by the typical fl uorescein pat-
tern traversing the folded choroidal vessels. 
Hyperfl uorescent streaks occur in the early 
arteriovenous phase and persist throughout the 

late venous phase with no leakage. A stretching 
and atrophy of the RPE induce an increased fi ll-
ing of the choriocapillaris overlying this peak 
of the choroidal fold. Hypofl uorescent streaks 
are on the bases of inclinated RPE in the val-
ley of the fold, resulting to a compression of 
the pigment- containing base of the RPE cells 
and blockage of the underlying choroidal fl uo-
rescence. Histological studies confi rmed a fold-
ing at the level of the RPE, Bruch’s membrane, 
and choroid giving the retina above a “brain-
like” confi guration. Cross-sectional imaging 
by computer tomography (CT) or B-scan ultra-
sonography reveals an abnormal fl attening of 
the posterior pole, a thickening of the sclera, 
and a consecutive axial shortening of the globe 
(Dailey et al.  1986 ). This characteristic picture 
is associated with a variety of orbital and ocular 
conditions including trauma, hypotony, orbital 
tumors, thyroid disease, papillitis, or uveal 
effusion syndrome. 

 Color fundus picture (Fig.  27.2a ) and fl uores-
cein traversing the folded choroidal vessels 
demonstrated hyperfl uorescent streaks in the 
early and late phase with no signs of leakage, 
while adjacent hypofl uorescent streaks remained 
dark throughout the entire angiography. In vivo 
measurements by OCT determined a signifi cant 
folding of the hyperrefl ective RPE-
choriocapillaris complex (Fig.  27.2b ) in the 
papillomacular area. The thickness, refl ectivity, 
and surface contour of the retina appeared 
within normal limits.

   Differently patients with ocular hypotony 
may face severe impaired vision with metamor-
phopsia. On fundus examination there is a sig-
nifi cant tortuous beading of the retinal and 
venous vessels (Fig.  27.3a ). Fluorescein angiog-
raphy (FA) demonstrates a fussy fl uorescence in 
the early and late phase (Fig.  27.3b ). OCT shows 
a mountain- like folding of the entire retina with 
moderate hyporefl ective areas in the subretinal 
space corresponding with subretinal fl uid 
(Fig.  27.3c ). Between the RPE and the sclera, 
there are fl at large areas corresponding with cho-
roidal fl uid.
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  Fig. 27.1    Non-penetrating or closed-globe injuries may 
occur by several mechanisms thus damaging a variety of 
different retinal structures including the iris ( 1 ), trabecular 
mash work ( 2 ), lens fi bers ( 3 ), retina ( 4 ), posterior pole 
( 5 ), or optic nerve with the posterior ciliary vessels ( 6 )       
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27.3        Commotio Retinae 

 Commotio retinae are defi ned as a transient 
gray- white opacifi cation at the level of the deep 
sensory retina occurring after blunt ocular 
trauma, and it was fi rst described by Berlin in 
1873 (Berlin  1873 ). The whitening and elevation 
of the retina appear immediately after a trauma 

and can be limited to the central retina although 
it may even involve extensive areas of the periph-
eral retina progressing to retinal necrosis and 
chorioretinitis sclopetaria (Hesse et al.  1996 ). 

 Commotio retinae are grouped in two variations: 
a milder type (retinal concussion) with less dramatic 
gray-white changes and no visible pigment altera-
tions, which later may progress to scarring. The more 
severe type (retinal contusion or chorioretinitis sclop-
etaria) can occur anterior at the point of impact (coup) 
or posterior at the remote impact site (contrecoup). A 
coup damage is therefore caused by local trauma 
directly at the site of impact, while a contusive con-
trecoup injury occurs at the opposite site of the blunt 
trauma creating damage at tissue interfaces. The con-
secutive whitening is more severe and a creamy dis-
coloration of the RPE appears within 48 h after the 
injury. Fluorescein angiography typically demon-
strates an alternated retinal vascular permeability, a 
bright leakage due to a partial breakdown of the outer 
blood-retina barrier at the level of the RPE. Visual 
acuity may be transiently or permanently reduced. 
The visual prognosis is good if the damaged location 
is outside the fovea. However, if the fovea is involved, 
vision loss may maintain permanently (Fig.  27.4 ) 
(Hesse et al.  1996 ; Sipperley et al.  1978 ).

   The clinicopathologic features of retinal contu-
sion or chorioretinitis sclopetaria include direct trau-
matic chorioretinal damage followed by marked 
fi brovascular proliferation with variable replace-
ment of vascular and neuroretinal tissue (Fig.  27.4a ). 
A visible retinal opacity at the site of the contrecoup 
injury is considered to be a severe injury. It may later 
progress to a “salt-and- pepper” appearance accom-
panied by a hypofl uorescence on fl uorescein angiog-
raphy. The chorioretinal circulation disturbance 
corresponds with a delayed fi lling and narrowing of 
the choroidal veins and changes in choroidal vascu-
lature causing obstruction and occlusion of the cho-
riocapillaris (Fig.  27.4b, c ). The breakdown of the 
outer blood-retina barrier in the RPE may increase 
permeability of the choriocapillaris. 

 Histopathologic studies demonstrated a partial 
loss of the nerve fi ber and ganglion cell layers 
and loss of the photoreceptors with hypertrophy 
and hyperplasia of the RPE. Although the sclera 
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  Fig. 27.2    Choroidal folds. ( a ) In the late venous phase of 
the fl uorescein angiography, there are multiple parallel and 
horizontal lines of different fl uorescence in the macular 
area. The hyperfl uorescent streaks persist with no leakage 
and are caused by an increased fi lling of the choriocapil-
laris overlying the peak of the choroidal fold. The hypo-
fl uorescent streaks are in the valley of the fold, where the 
compressed RPE blocks the underlying choroidal fl uores-
cence. ( b ) The vertical OCT scan of the choroidal folds in 
the papillomacular area. The inner surface of the retina is 
fl attened by image analysis using Adobe Photoshop, so 
that the choroidal folds become more prominent. The neu-
roretina in the papillomacular bundle has a moderate 
refl ectivity and normal thickness of approximately 225 μm. 
There is no intraretinal or subretinal fl uid. The folded 
hyperrefl ective band, in red to white colors, corresponds to 
the RPE-choriocapillaris complex and is fi rmly attached to 
the underlying sclera, with no signs of pigment epithelium 
detachment (PED). Each fold has a height of approxi-
mately 45 μm. The dark and hyporefl ective spots in the 
deep scleral layer under each fold ( white arrows ) may 
either correspond to compressed tissue or shadowing of the 
folded RPE-choriocapillaris complex       
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and a long posterior ciliary nerve remained intact, 
a marked ingrowth of fi brovascular tissue may be 
extended from the choroid into the subretinal 
space where it was covered by retinal pigment 
epithelium. On OCT there is a marked thinning 
of the neuroretina in the affected area compared 
to the unaffected adjacent areas (Fig.  27.4d, f ) 
(Dubovy et al.  1997 ; Pahor  2000 ). 

 There have been confl icting reports on histo-
pathologic features of Berlin’s edema or commo-
tio retinae. Although Berlin originally 
hypothesized that the loss of the outer retinal 
transparency may relate to an extracellular 
edema, the origin and underlying pathogenesis 
remain controversial. Several postmortem studies 
on human and animal eyes confi rmed a disrup-
tion of photoreceptor outer segments followed by 
phagocytosis of fragmented outer segments by 
the retinal pigment epithelium (RPE), while 
some authors reported a direct damage to the 
neurosensory retina as seen by swelling of Müller 
food processes and mitochondria in the nerve 
fi ber layer. The gross anatomy revealed swollen 
inner segments with mitochondrial deposits of 

resembling calcium, indicating an increased per-
meability of the plasma membranes. The blunt 
ocular trauma may generate mechanical contre-
coup distortion of the retina via vitreoretinal 
attachments. Mansour et al. hypothesized that 
hydraulic forces stretch the neuroretina at the 
level of the outer segments, while intact Müller 
cells hold the rest of the retina together (Mansour 
et al.  1992 ). 

 In vivo measurements by OCT revealed a 
traumatic lesion at the level of the photoreceptor- 
RPE complex, disclosing a detached sensory ret-
ina with fl uid in the subretinal space. The 
refl ectivity of the neuroretinal tissue was reduced 
and the architecture less compact. The neuroret-
ina, held together by the Müller food processes, 
appears to be intact up to the photoreceptors. The 
uncommon hyperrefl ective inner retinal band 
possibly represents the photoreceptor inner seg-
ments, with less refl ective outer segments under-
neath and in the subretinal space. Although the 
neuroretinal thickness was increased, the foveo-
lar indentation remained still visible (Fig.  27.5b ). 
Fundus biomicroscopy revealed a mild retinal 

a
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  Fig. 27.3    ( a ) Fundus image of the right eye in patients 
with severe hypotony after blunt ocular trauma. 
Funduscopy demonstrates a chorioretinal folding of the 
entire retina ( green arrow ). ( b ) Fluorescein angiography 
demonstrates a moderate elevation of the retina with mild 
leakage. ( c ) On OCT there is a signifi cant folding of the 

entire neuroretina ( X ) with some hyporefl ective areas 
under the retina corresponding with subretinal fl uid. 
Under the hyperrefl ective RPE-choriocapillaris complex, 
there is a broad hyperrefl ective area ( * ) presenting a sec-
ond fl uid compartment in the choroid adjacent to the 
sclera       
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  Fig. 27.4    Chorioretinitis sclopetaria. ( a ) Fundus image 
of the left posterior pole resulting from a localized 
destruction of both the retina and choroid ( yellow arrow ) 
with connective tissue proliferation adjacent to the impact 

site ( green arrow ). ( b ,  c ) Fluorescein angiography shows 
irregular fi lling of the choriocapillaris and partially 
obstructed by connective tissue plaques. ( d ,  e ) SD-OCT 
showing marked thinning of the entire neuroretina       

a

b

  Fig. 27.5    ( a ) Fundus image of the left posterior pole 
showing dull foveal refl ex and mild retinal elevation in the 
papillomacular region. ( b ) Horizontal OCT scan in the 

papillomacular area demonstrates a detachment of the 
entire neuroretina with hyporefl ective space underneath, 
corresponding with subretinal fl uid       
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elevation at the level of neurosensory retina and 
the RPE in the fovea with white concentric lines 
(Fig.  27.5b ). The RPE phagocytoses damaged the 
outer segments and restore central vision within 
weeks. We determined a full anatomical and 
functional recovery of the macular lesion within 
3 months. The patient’s vision returned to 20/20 
OU 5 months later (Meyer et al.  2003a ).

   Another complication that may occur after 
commotio retinae is the traumatic pigment epi-
theliopathy. It is possible to identify RPE atrophy 
with areas of discoloration and pigment clump-
ing associated with patchy lesions, which repre-
sented post-traumatic pigment epitheliopathy. 
Fundus autofl uorescence (FAF) examination 
demonstrated a well-defi ned reduced FAF patchy 
area with interposed granular increased autofl uo-
rescent areas in regions of the epitheliopathy 
(Fig.  27.6 ). OCT showed an area of increased 
refl ectivity beneath the choriocapillaris/RPE 
complex and focal thinning of the retina. We also 
demonstrated the functional damage of traumatic 

pigment epitheliopathy using Humphrey’s com-
puterized visual fi eld in one patient and com-
pared these fi ndings to autofl uorescence imaging, 
which correlated to the area of decreased sensi-
tivity of the visual fi eld (Fig.  27.7 ). Therefore, 
alterations in autofl uorescent pattern in these 
patients may be an indirect indication of the func-
tion of the retina and RPE and could be sugges-
tive of poor prognosis in some cases of commotio 
retinae.

27.4         Choroidal Rupture 

 Choroidal rupture, fi rst described by von Graefe 
in 1854, is a breach of Bruch’s membrane, the 
choroid, and the RPE secondary to a blunt ocular 
trauma (Von Graefe  1854 ). They can be divided 
into two main categories: a direct (anterior) type 
occurring at the site of the impact is oriented par-
allel to the ora serrata. Indirect ruptures, which 
are more common, occur predominantly at the 

a
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  Fig. 27.6    ( a ) Color fundus picture showing peripapillary 
retinal pigment epithelium (RPE) atrophy with areas of dis-
coloration and pigment clumping (Courtesy of Dr Daniel 
Lavinsky). ( b ) Fundus autofl uorescence (FAF) demon-
strates reduced FAF area in the same region of RPE atrophy 

with an increased granular autofl uorescent pattern inside 
the lesion (Courtesy of Dr Daniel Lavinsky). ( c ) Optical 
coherence tomography (OCT) shows increased refl ectivity 
of the choriocapillaris/RPE complex and local thinning of 
the retina ( white arrow ) (Courtesy of Dr Daniel Lavinsky)       
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posterior pole away from the site of impact. The 
rupture is here usually crescent shaped and con-
centrically aligned to the optic disk, with the con-
vexity away from the optic disk. The majority 
(82 %) of ruptures run temporal to the optic disk 
may involve the macula. 

 Mechanical and vascular mechanisms are the 
two most frequently cited hypotheses explaining 
the damages in choroidal ruptures. During a 
closed-globe injury, the eyeball is fi rst mechani-
cally compressed and then rapidly hyperex-
tended. The sclera’s tensile strength resists this 
compression. The retina is elastic and stretches 
during such an injury. However, Bruch’s mem-
brane breaks because it does not have suffi cient 
tensile strength or elasticity. The choriocapillaris 
is injured and bleeds into the sub-RPE and/or 
subretinal space. Such hemorrhage may hide the 

choroidal rupture initially. Over days, the blood 
clears and a whitish/yellowish, curvilinear, 
crescent- shaped subretinal streak is visible and 
concentric to the optic disk. Between 5 and 10 % 
of all blunt ocular trauma lead to indirect choroi-
dal ruptures (Wagemann  1902 ).If there is a large 
amount of hemorrhage, surgery may be indicated 
with vitrectomy subretinal tissue plasminogen 
activator and gas displacement. 

 Over time, choroidal neovascularization 
(CNV) can develop. In most cases, the CNV 
involutes over time. Secretan et al. demonstrated 
that ruptures greater than 4000 μm in length and 
located within 1500 μm of the center of the fovea 
are more frequently associated with CNV 
(Secretan et al.  1998 ). In about 30 %, the CNV 
may recur, with a serous or hemorrhagic pigment 
epithelial detachment, anytime following the 

a b

  Fig. 27.7    ( a ) Ocular fundus photography of the right eye 
showing a mild pigmentary change at the temporal supe-
rior arcade (Courtesy of Dr Daniel Lavinsky). ( b ) Fundus 
autofl uorescence (FAF) demonstrates two reduced auto-
fl uorescent areas with increased autofl uorescent granular 
areas ( arrow ). Humphrey’s 24-2 SITA-standard strategy 

perimetry demonstrates acceptable reliability scores and a 
signifi cant decrease in the sensitivity of lower nasal fi elds, 
corresponding to the superior temporal pigment epitheli-
opathy evident on autofl uorescence ( arrow ) (Courtesy of 
Dr Daniel Lavinsky)       
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formation of the choroidal rupture. If the rupture 
or CNV does not involve the foveal center, vision 
may not be affected. Late complications may also 
include migration of RPE cells, ERM (epiretinal 
membrane) formation, loss of photoreceptors, 
optic atrophy, and retinal detachment. 

 Fluorescein angiography demonstrates a 
crescent- shaped delay fi lling at the site of the 
choroidal rupture. Early on there is a hypoperfu-
sion of the choroidal artery. Evidence of the cho-
roidal rupture hyperfl uorescent streak occurred in 
the late phase of the FA at the site of the choroi-
dal rupture (Fig.  27.8a–c ). In another case it is 
possible to observe besides the choroidal rupture 
and progressive hyperfl uorescent lesion in the 
macular area corresponding to a secondary CNV 
(Fig.  27.9a–d ). ICG may also disclose a hypofl u-
orescent rim along the choroidal veins as signs of 

an increased permeability of the choriocapillaris. 
These feeder vessels seem to have a greater cali-
ber and a higher tendency to proliferate and are 
therefore more resistant to photodynamic therapy 
(PDT) and selective feeder vessel treatment as 
demonstrated by us previously (Mennel et al. 
 2005 ). More recently some case reports have 
been published treating this secondary CNV with 
anti-VEGF therapy such as bevacizumab or 
ranibizumab (Janknecht  2011 ; Piermarocchi and 
BenettiE  2011 ).

    SD-OCT highlights the cross-sectional fea-
tures of choroidal ruptures. The fi rst case demon-
strated a mounted subretinal lesion corresponding 
with fi brovascular scar tissue and some fl uid 
underneath and inside the retina showing an 
active CNV secondary to a choroidal rupture 
(Fig.  27.9e–f ). 

a

b c

  Fig. 27.8    Choroidal rupture. ( a ) Fundus image demon-
strates a white crescent-like rupture of the choroid in the 
superior temporal quadrant. ( b ) Fluorescein angiography 
early phase showing an incomplete fi lling of the choroidal 
vasculature. In the area of the choroidal rupture, there is a 

dark hypofl uorescence visible consistent with the rupture 
and loss of choroidal vessels. ( c ) Fluorescein angiography 
late phase showing sharp crescent-like hyperfl uorescence 
due to leakage of choroidal vessels and a window defect at 
the choroidal rupture       
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 In the second case, there was an irregular 
hyporefl ective vertical failure corresponding to 
the choroidal rupture and a hyperrefl ective band 
radiating from the subretinal space through the 
entire neuroretina to the retinal surface, indicat-
ing a transretinal migration of fi brovascular cells 
(Fig.  27.10a, b ).

27.5        Valsalva Retinopathy 

 The term “Valsalva retinopathy” was fi rst used in 
1972 by Duane to describe preretinal hemor-
rhages secondary to a sudden increase of intra-
thoracic pressure, in association after vomiting, 
coughing, heavy lifting, or straining stool, 

although in some instances no initiating event 
can be ruled out (Duane  1972 ). After the Valsalva 
maneuver, a sudden rise in the intraocular venous 
pressure causes retinal capillaries to spontane-
ously rupture; the consequence is the hemor-
rhage. A well-circumscribed, round, or 
dumbbell-shaped mound of preretinal blood is 
seen in or near the central macular area. 

 The most common site for this hemorrhage is 
the posterior pole, where the premacular bursa 
provides a preexisting anatomic space (Foos 
 1972 ). In addition the ILM (internal limiting 
membrane) has no fi rm attachments to the retina 
at the posterior pole, thus predisposing hemor-
rhagic detachments between both layers 
(Fig.  27.11a, b ).

e
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  Fig. 27.9    Choroidal rupture. ( a ) Fluorescein angiogra-
phy showing crescent-like hyperfl uorescent lesion in the 
superior temporal region corresponding to the choroidal 
rupture. ( b – d ) Serial fl uorescein angiography shows pro-
gressive hyperfl uorescent lesion in the macular area cor-
responding to a secondary choroidal neovascularization 
(CNV). ( e ) The retinal thickness map shows some areas of 

increased retinal thickness corresponding to the fl uid of 
the active CNV. ( f ) RPE map shows the irregularity of the 
RPE where the CNV membrane is placed. ( g ) The hori-
zontal scan shows a fi brovascular RPE detachment, with 
the choroidal rupture subretinal and intraretinal fl uid and 
posterior vitreous detachment (G)       
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   It is generally agreed that the sharply demar-
cated hemorrhage is located at the vitreoretinal 
interface either directly under the posterior hya-
loid of the vitreous or under the internal limiting 
membrane (ILM) itself. The exact location of it 
cannot be determined biomicroscopically, 
although subhyaloid blood tends to shift by 
changing the head from an upright to fl at posi-
tion, and sublaminar retinal hemorrhage remains 
still (Choudhry and Rao  2014 ; Green et al.  1996 ) 
(Fig.  27.11c, d ). 

 Patients commonly describe a sudden spon-
taneous loss of their vision. Part of the blood 
may decent in the preretinal bursa and turn yel-
low after several days. The prognosis is gener-
ally good, but resorption of the entrapped blood 
tends to be slow and may result in long-standing 
visual impairment. With a spontaneous rupture 
of the membrane, vision recovers rapidly. 
However, if the spontaneous resorption of pre-
retinal blood is slow, laser puncturing or photo-
disruption of the posterior hyaloid face or the 

limiting membrane has been described by means 
of argon laser coagulation (Kroll and Busse 
 1986 ) or Nd:YAG laser (Ulbig et al.  1998 ) as an 
alternative to vitrectomy. The laser puncturing 
enables drainage through the focal opening of 
entrapped premacular blood into the vitreous 
cavity, where it is resorbed more quickly (Meyer 
et al.  2006 ). 

 Our group showed a patient that was submit-
ted to focal membranotomy by argon laser and 
developed ERM with a superfi cial prominent 
sheen-like membrane. In these cases vitrectomy 
should be performed with ERM removal and 
ILM peeling with the use of vital dyes such as 
brilliant blue or indocyanine green for ILM and 
trypan blue for ERM (Meyer et al.  2004a ; 
Schmidt et al.  2003 ). It has been shown that after 
performing a vitrectomy and histology in prereti-
nal hemorrhages, it was possible to identify mul-
tiple layers of cells on the inside of the 
dome-shaped membrane (Garcia-Arumi et al. 
 1994 ).  

a

b

  Fig. 27.10    ( a ) The red-free image shows a concentric 
whitish lesion in the inferior temporal area corresponding 
to the choroidal rupture. ( b)  The enhanced depth OCT 
imaging shows an irregular hyporefl ective vertical lesion 
at the deep choroid corresponding the choroidal rupture 

( arrow ). The retina has a normal thickness; however, there 
is a hyperrefl ective band extending from the outer retinal 
to throughout the entire retina to the retinal surface 
(Courtesy of Dr Daniel Lavinsky)       
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27.6     Traumatic Optic Pit 
Maculopathy 

 Congenital pit of the optic nerve head is an exca-
vation or regional depression of the optic nerve 
head resulting from an imperfect closure of the 
embryonic fi ssure. An unequal growth on both 
sides causes a delayed closure of the fi ssure at 
approximately 5 weeks of gestation. They were 
fi rst described in 1882 as dark gray depressions 
in the optic nerve head, and they appear craterlike 
holes on the surface of the optic nerve head usu-
ally with a steep temporal wall, usually associ-
ated with posterior vitreous detachment and 

serous retinal detachment in the macular area 
(Kranenberg  1960 ). 

 The underlying mechanism optic pit maculopa-
thy remains speculative, although many patients 
develop serous retinal detachments during life. As 
optic pits are congenital and the corresponding 
macular detachments develop later, certain 
unknown events may trigger macular detachments. 
It is known that most eyes with an optic pit macu-
lopathy have a partial vitreous detachment (PVD) 
with fi rm attachments at the margin of the optic 
head (Sugar  1962 ). Therefore, one of the mecha-
nisms that may trigger the serous detachment is the 
PVD associated or not with ocular trauma. 

a

c d

b

  Fig. 27.11    Valsalva retinopathy. ( a ) Fundus image 
showing well-circumscribed, round, or dumbbell-shaped 
mound of preretinal blood in or near the central macular 
area. ( b ) The entrapped blood under the ILM presents on 
SD-OCT as hyperrefl ective band in the retina surface 
obscuring the underlying retinal structures. ( c ) Fundus 

image taken in an upright position. The preretinal hem-
orrhage has a horizontal direction. ( d)  Fundus image 
taken after the head was tilted to the right side. The pre-
retinal blood has shifted to the right side in an oblique 
direction       
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 Many times, an optic pit is asymptomatic and is 
just an incidental fi nding on the examination of the 
eye by a physician. However, some patients may 
present with the symptoms of a posterior vitreous 
detachment or serous retinal detachment. This is 
because optic pits are associated with these disor-
ders and are even speculated to be the actual cause 
of these disorders when they arise in patients with 
optic pits. The most common visual fi eld defects 
include an enlarged blind spot and a scotoma. 
Visual acuity is typically not affected by the pit but 
may get worse if serous detachment of the macula 
occurs. Metamorphopsia may then result. 

 Funduscopy discloses a gray oval pit usually 
at the temporal margin of the disk (Fig.  27.12a ). 
A shallow uniform opaque retinal detachment, 
about 4 disk diameters, extended from the edge 
of the optic nerve to the macula (Fig.  27.12a ). 
OCT demonstrated an inner layer separation 
(ISL) with an outer layer detachment (OLD) of 
the retina (Fig.  27.12b ). The non-refl ective space 
between them corresponded to a large schisis- 
like cavity (Fig.  27.12b ).

   Lincoff et al. hypothesized a two-layered 
structure in optic pit maculopathy. The serous 
retinal elevations in optic pits primarily begin at 
the optic disk with a schisis-like separation of the 
inner retinal layers. The ILS appears clinically 
transparent, while the corresponding functional 
scotoma is mild and central vision may remain 
intact. When a hole in the outer layer develops, 
fl uid may fl ow through into the subretinal space 
creating a secondary OLD (Lincoff and Kreissig 
 1998 ). Vigorous radial forces transmitted through 
abnormal vitreous attachment may have there-
fore exaggerate a schisis-like retinal detachment 
in our patients with a congenital optic pit (Meyer 
et al.  2003b ; Meyer and Rodrigues  2004 ). 

 In general optic disk pits themselves do not 
need to be treated. However, patients with chronic 
serous retinal detachments with loss of visual 
acuity may be submitted to surgery. There are 
several case reports and case series treating those 
lesions with simple intravitreal gas injection or 
vitrectomy and fl uid-gas exchange with func-
tional and anatomical improvement with low 

a

b

  Fig. 27.12    Traumatic optic pit maculopathy. ( a ) Fundus 
picture shows an optic disk with a gray oval pit at the tem-
poral side and a darker area in the papillomacular bundle 
( arrow ). ( b ) The SD-OCT shows the pit inside the optic 
nerve head. In the papillomacular region, it is possible to 
observe an inner layer separation (ISL) in multiple layers. 
The outer layer detachment (OLD) of the neuroretina 
from the retinal pigment epithelium can be seen in a sec-

ond hyperrefl ective band. The non-refl ective space 
between the ILS and the OLD responds to a large schisis- 
like cavity. The RPE-choriocapillaris complex represents 
as a third hyperrefl ective band. The fl uid under the OLD 
can leak through a hole in the outer layer into the subreti-
nal space and the retinal schisis in multiple layers at the 
inner retina and subretinal fl uid or a schisis in the outer 
retina (Courtesy of Dr Rodrigo Meirelles)       
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recurrence rates (Moreira Neto and Moreira 
Junior  2013 ; Akiyama et al.  2014 ).  

27.7     Epiretinal Membrane 

 The proliferation of epiretinal membranes 
(ERMs) occurs spontaneously or as a complica-
tion of various diseases on the surface of the ret-
ina along the internal limiting membrane (ILM). 
Iwanoff fi rst in 1865 considered ERM as the for-
mation of endothelial cells (Iwanoff  1865 ). These 
cells mainly derive from retinal glial or RPE cell 
proliferating along the retinal surface and gain 
access to the ILM by unknown stimuli (Trese 
et al.  1983 ). The separation or peeling of ERM is 
a rare incidence. It may occur spontaneously 
without evidence of any intervention, by devel-
opment of a PVD and Nd-YAG laser or after ocu-
lar trauma (Messner  1977 ). 

 Clinically ERMs are a semitransparent mem-
brane that develops over the retina that may be 
asymptomatic or cause a contraction of the reti-
nal tissue and consequent misalignment and 
damage to the retinal tissue (Fig.  27.13a ). The 

fi nal result is metamorphopsia, low visual acuity 
that may vary from almost normal to 20/400 or 
hand motion to the more severe and chronic 
cases. The diagnosis is clinical, but the use of 
SD-OCT is very important to the identifi cation 
of the hyperrefl ective membrane on the retinal 
surface (Fig.  27.13b ) and to the evaluation of the 
coexisting vitreoretinal traction that may be 
found in some cases (Fig.  27.14 ) (Bottós et al. 
 2012 ). Moreover the use of SD-OCT is also very 
important to evaluate the prognosis after surgery. 
It has been shown that edema of the inner retina 
correlates with poor prognosis and a disruption 
of the inner/outer segment layer (IS/OS) or the 
ellipsoid zone may also be associated with poor 
functional results after ERM removal (Fig.  27.15 ) 
(Kinoshita et al.  2012 ; Shiono et al.  2013 ).

     The treatment for ERM is surgery; however, 
there are some reports of spontaneous ERM sepa-
ration with visual acuity improvement (Meyer 
et al.  2004b ). Usually vitrectomy is indicated when 
visual acuity is 20/40 or worse or if the patient has 
a remarkable metamorphopsia. Standard vitrec-
tomy associated with ERM removal, with or with-
out trypan blue staining, and today ILM peeling 

a

b

  Fig. 27.13    Epiretinal membrane. ( a ) Fundus picture 
demonstrates loss of foveal refl ex and the typical aspect of 
cellophane maculopathy. ( b ) Spectral domain OCT shows 
hyperrefl ective tissue over the retinal surface correspond-

ing to the epiretinal membrane (ERM). There is an irregu-
larity on the retinal surface and also some increase of the 
retinal thickness due to edema caused by the ERM       
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with brilliant blue has also been performed to 
reduce the recurrence rate of ERM.  

27.8     Traumatic Macular Hole 

 Macular hole (MH) can occur in either gender, at 
any age, with no racial predilection. The inci-
dence in women is higher that may be attributed 
to the earlier onset of PVD due to premature vitre-
ous liquefaction, probably associated with declin-
ing estrogen levels in the postmenopausal period. 
This profi le is also seen in ERM, another condi-
tion considered to be a complication of PVD. 

 Vitreofoveal traction is believed to be important 
in the pathogenesis of idiopathic MH. Since Gass 
has described its early stages, the development of 
this pathology was attributed to tangential traction 

of the perifoveal vitreous cortex resulting in a foveal 
dehiscence that can progress from foveolar detach-
ment to a mature full- thickness MH (Gass  1988 , 
 1995 ). Some susceptible patients have abnormal 
and strong vitreomacular adherence, causing persis-
tent foveal traction with perifoveal detachment, 
which is universally associated with the earliest MH 
stages. The continuous anterior traction of the 
slightly detached vitreous cortex appears to be a 
major contributing factor to MH formation. Both 
types of traction, anteroposterior and tangential, 
might be combined in some cases. Tangential trac-
tion may also be the result of glial cell proliferation 
onto the perifoveal internal limiting membrane and 
may explain the persistence and enlargement of 
MH, in some specifi c cases, even when the poste-
rior hyaloid spontaneously detaches. The mecha-
nisms of traumatic macular hole are slightly 
different from idiopathic MH. It has been postulated 
that it is formed by a necrotic cystoid degeneration 
of the foveal retinal tissue, associated with the sub-
retinal hemorrhage and anterior vitreous traction. 

 Clinically the patients complain about loss of 
central vision, low visual acuity, and metamor-
phopsia. On the fundus exam, it is possible to 
identify a hole in the foveal area that could be 
confi rmed on the slit lamp by the Watzke-Allen 
sign (Fig.  27.16a ). With the fl uorescein angio-
gram, it is possible to identify a hyperfl uorescent 
lesion to the absence of the retinal tissue in the 
hole location. The spectral domain OCT may 
identify a true hole in the retina (Fig.  27.16b ) and 
the presence of fl uid in the edges, measure the 
size of the hole, and also evaluate the vitreoreti-
nal interface to observe if the vitreous is still 
attached or the presence of ERM.

   The main value of the SD-OCT is to help us 
understand the pathogenic theory (Fig.  27.17 ) and 
also clarify the possible therapeutic implications: a 
vitrectomy with the aim of resolving anteroposte-
rior traction could be the main goal of a surgical 
procedure when the vitreous face is not totally 
separated from the edge of the MH. Otherwise, 
when no anteroposterior traction is shown by OCT 
or US, the surgeon would attempt to remove 
epiretinal tissue and internal limiting membrane to 
release the tangential traction. Moreover, the dif-
ferentiation between VMT and PVD, by a 

  Fig. 27.14    Fundus picture and SD-OCT of a patient with 
vitreomacular traction and ERM. The fi rst hyperrefl ective 
membrane is the vitreous traction and the second layer 
over the retinal surface is the ERM       
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a

c

b

  Fig. 27.15    In a patient with ERM at the initial presenta-
tion, the visual acuity was 20/50 with some increase in 
retinal thickness ( a ) and the SD-OCT scan shows a very 
adherent ERM with mild retinal edema ( b ). It was offered 
surgical treatment but the patient came back just 2 years 

later; now the visual acuity is 20/400 and the retinal anat-
omy is completely abnormal. Huge retinal cysts in the 
inner retina and disruption in the ellipsoid zone indicating 
a poor prognosis after surgery ( c )       

a

b

  Fig. 27.16    Traumatic macular hole. ( a ) Fundus picture 
shows macular hole in the foveal area. ( b ) Spectral domain 
OCT showing complete disruption of all retinal layers 

revealing a macular hole. There are some cysts in the 
edges of the hole indicating a better prognosis after 
surgery       
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 noninvasive technique, is inevitable and decisive 
for further surgical or pharmacological treatment.

   Traumatic macular hole may close spontane-
ously but it also may require surgery (Yamashita 
et al.  2002 ). We describe a case of a 15-year-old 
boy that had a history of blunt ocular trauma due 
to a soccer ball. The initial visual acuity at his 
presentation 10 days after the trauma was 20/120 
due to a traumatic macular hole. One month after 
the surgery, his visual acuity recovery was 20/60 
with small amount of subretinal fl uid that com-

pletely disappeared after 2 months, and his fi nal 
visual acuity was 20/25 with a macular hole clo-
sure (Fig.  27.18 ).

27.9        Retinal Pigment 
Epithelium Tear 

 Retinal pigment epithelium tears occur most 
commonly in the posterior pole as a complication 
of age-related macular degeneration (AMD), and 

a

b

c

d

g

h

e

f

  Fig. 27.17    Stages of macular hole. ( a ) SD-OCT shows 
that vitreous is still attached with almost no traction. ( b  
and  c)  SD-OCT showing some anterior traction by the vit-
reous causing some changes in the retinal anatomy at the 

inner retina. ( d–h ) Showing evolution of the macular hole 
with progressive disruption of all retinal layers and 
enlargement of the hole and progressive release of the vit-
reous traction (Courtesy of Dr Juliana Bottós)       
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it is generally associated with RPE detachments. 
RPE tears associated with blunt ocular trauma 
have been reported at the posterior pole and 
periphery (Doi et al.  2000 ; Levin et al.  1991 ). 
Levin et al. suggested that excessive force to the 
eye transmitting suffi cient mechanical stress 
between the choroid and sclera and the RPE may 
induce RPE tears or choroidal ruptures (Levin 
et al.  1991 ). 

 We previously presented three patients with 
AMD and RPE tears in the presence of vitreomac-
ular traction and postulated that shear and abnor-
mal stresses from the vitreoretinal interface may 

trigger the development of RPE tears (Meyer and 
Toth  2001 ). Here we presented another case of a 
68-year-old white man, who complained of low 
vision acuity. At presentation, his best- corrected 
VA was 20/23 OD and 20/400 OS. On biomicros-
copy there was an area of subretinal elevation 
temporal to the fovea with hyperpigmentation 
superiorly consistent with folded RPE and 
CNV. Subretinal fl uid extended superiorly and 
inferiorly to the lesion. The SD-OCT scan of the 
macula and the neurosensory retina was elevated 
as well as the RPE layer. It was possible to observe 
that the hyperrefl ective band  correspondent to the 

a

b

c

  Fig. 27.18    Traumatic macular hole in a 15-year-old boy. 
( a ) SD-OCT 10 days after the blunt ocular trauma shows 
full-thickness macular hole. ( b ) SD-OCT 1 month after 

the surgery shows small amount of subretinal fl uid. ( c)  
SD-OCT 2 months after the surgery shows complete dis-
appearance of subretinal fl uid and macular hole closure       
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RPE was not continuous that was a failure corre-
sponding to the tear. Adjacent to the refl ective 
lesion was a well-demarcated area of low refl ec-
tivity in the subretinal space consistent with 
serous fl uid. In the inner retina, it is possible to 
observe intraretinal cysts. The detached posterior 
hyaloid could be seen as a highly refl ective band 
above the center of the fovea (Fig.  27.19 ).

27.10        Choroidal Excavation 

 Choroidal excavation or focal choroidal excava-
tion (FCE) was fi rst described in 2006, by Jampol 
et al., who reported a peculiar optical coherence 
tomography (OCT) fi nding in the macula, in 
which the choroid was excavated in an asymp-
tomatic elderly woman (Jampol et al.  2006 ). 

a b

c

  Fig. 27.19    Retinal pigment epithelium tear. ( a ) Spectral 
domain OCT shows subretinal fl uid extending superiorly 
and inferiorly to the lesion that can be observed in the reti-
nal thickness map. ( b ) The SD-OCT scan of the macula 
and the neurosensory retina is elevated as well as the RPE 
layer. ( c ) Shows noncontinuous hyperrefl ective RPE band 

corresponding to tear. Adjacent to the refl ective lesion is a 
well-demarcated area of low refl ectivity in the subretinal 
space consistent with serous fl uid. In the inner retina, 
there are intraretinal cysts. The detached posterior hyaloid 
is seen as a highly refl ective band above the center of the 
fovea       
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Later, Wakabayashi et al. identifi ed three more 
patients with similar fi ndings and called the 
lesions “unilateral choroidal excavation,” because 
lesions were confi ned to only one eye 
(Wakabayashi et al.  2010 ). Margolis et al. found 
a bilateral case in their series of 12 patients and 
proposed the term “focal choroidal excavation” 
(FCE) (Margolis et al.  2011 ). 

 The cause of FCE is currently unknown. 
Occasional bilaterality and a relatively stable clini-
cal course in the absence of any systemic or ocular 
conditions that may have disturbed the choroidal 
layer in the macula prompt investigators to suspect 
that FCE is a congenital abnormality. The clinical 
implications of FCE are largely unknown. Most 
patients appear to retain good visual acuity, but a 
few cases have been diagnosed with concurrent 
choroidal vascular disorders, including central 

serous chorioretinopathy (CSC), choroidal neo-
vascularization (CNV), and polypoidal choroidal 
vasculopathy (PCV) (Lee et al.  2014 ). 

 We present a case of a 16-year-old woman com-
plaining of a metamorphopsia and blurry vision for 
the last 4 months. She had a history of trauma 5 
years ago. Her vision acuity was 20/40; in the fun-
dus exam, it was possible to observe a grayish 
lesion temporal to the fovea with some pigmentary 
changes that correspond to a hyperfl uorescent area 
on the fl uorescein angiogram exam. The SD-OCT 
reveals a disruption of the outer retina and RPE 
with some fl uid in the excavated area (Fig.  27.20 ). 
This is a case of a secondary CNV associated with 
FCE in a patient with ocular trauma in the past that 
was treated with anti-vascular endothelial growth 
factor intravitreal injections with good functional 
and anatomical recovery.

a b c

d

  Fig. 27.20    Choroidal excavation. ( a ) The color fundus 
image shows a grayish lesion temporal to the fovea with 
some pigmentary changes. ( b ,  c ) The corresponding 

lesion is hyperfl uorescent on fl uorescein angiogram. ( d ) 
The SD-OCT reveals a disruption of the outer retina and 
RPE with some fl uid in the excavated area       
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