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Epiretinal Membranes and Macular 
Pseudoholes

Jen-Hsiang Shen, Wei-Chi Wu, and Chi-Chun Lai

1.1	 �Introduction

1.1.1	 �Epiretinal Membrane (ERM)

Epiretinal membrane usually occurs in patients over 
50 years old and could be seen in 10–30% of the general 
population over 70 years old. Bilateral involvement is pres-
ent in 20% of these patients. Eighty percent of these mem-
branes are idiopathic, while about 20% are secondary to 
previous retinal detachment, vascular, or inflammatory reti-
nal diseases [1–5].

The initial presenting visual acuity is usually fair, and the 
progression is usually slow [6, 7].

Epiretinal membrane and its pathogenesis had first been 
reported by Iwanoff in 1865 [8]. However, most of the 
advances on etiopathogenesis and management took place 
from the 1980s.

Historically, epiretinal membrane had also been called as 
primary retinal folds, cellophane maculopathy, surface wrin-
kling retinopathy, preretinal macular fibrosis, macular 
pucker, wrinkling of the internal retinal surface, interno-
retinal fibrosis, and vitreoretinal interface changes [9].

The pathogenesis of ERM was believed to be discontinu-
ity of the internal limiting membrane (ILM). Glial cells may 
proliferate onto the inner retinal surface. The collagen fibrils 
of the cortical vitreous may tangle with the proliferation and 
together form firm vitreoretinal attachment [9–11]. Epiretinal 
membrane in case with prior retinal break or detachment 
often had retinal pigmented epithelium (RPE) component 
and sometimes had pigmented appearance [12–14].

In 1977, Gass proposed a classification as follows: (1) grade 
0 (cellophane maculopathy), in which a translucent epiretinal 
membrane is not associated with distortion of the inner retina; 
(2) grade I (crinkled cellophane maculopathy), in which the 
inner retinal surface is distorted by a thin membrane; and (3) 
grade II, in which the membrane is thicker, with a distinct gray-
ish appearance, and in which it obscures underlying vessels and 
causes marked distortion of the retina (Table 1.1) [15].

The management of ERM includes observation and vit-
reoretinal surgery. Most ERMs are with stable clinical 
course, but VA deterioration and intolerable metamorphopsia 
may still occur. Surgery is advised to patients: VA deterio-
rates under 20/100–20/50 or worse and/or intolerable meta-
morphopsia [9, 16].

1.1.2	 �Macular Pseudohole (MPH)

Macular pseudohole (MPH) originates from contraction of 
epiretinal membrane (ERM), and it is typically round and 
reddish under biomicroscopy (Fig. 1.1a, b). Patients’ initial 
visual acuity (VA) is often fair, but metamorphopsia may still 
exist in some patients. MPH could be seen in 8–20% of eyes 
with ERM [17].

MPH was first described by Arthur W.  Allen, Jr., an 
American ophthalmologist, and John Donald MacIntyre Gass, 
a Canadian-American ophthalmologist in 1976. They reported 
four patients having a hole in an epiretinal membrane overlying 
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Table 1.1  Epiretinal membrane grading proposed by Gass [15]

Grade Description
0; �cellophane 

maculopathy
Translucent epiretinal membrane is not 
associated with distortion of the inner retina

I; �crinkled cellophane 
maculopathy

Inner retinal surface is distorted by thin 
membrane

II Thicker membrane with a distinct grayish 
appearance, and in which it obscures 
underlying vessels and causes marked 
distortion of the retina
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the macula that mimicked a macular hole. In two patients, the 
clinical course was stable. One patient progressed to full-thick-
ness macula hole. One patient had spontaneous peeling of 
epiretinal membrane and hole closure. All of the patients had 
normal or nearly normal visual acuity at first presentation. Three 
patients had a slight fluorescence in the base of the hole in fluo-
rescein angiography (FA). The fluorescence is less than in true 
macular holes and not present in lamellar macular holes [18].

Due to advancement of optical coherence tomography 
(OCT), the characteristics and morphology of macular 
pseudohole had been redefined. In 2004, Haouchine et  al. 
assessed 40 MPH cases and summarized a steepened foveal 
pit combined with thickened foveal edges and a small foveal 
pit diameter as the features of the MPH.  Central foveal 
thickness was normal or slightly increased (167 ± 42 μm). 
Mean perifoveal thickness was greater than normal 
(363 ± 65 μm) [19]. Intraretinal split was considered to be 
only lamellar macula hole at that stage.

In 2008, Gupta, Sadun, and Sebag demonstrated ERM 
with multifocal contraction tends to result in retinal edema 
and intraretinal cystoid space [20]. In 2012, Michalewska 
et al. were the first to find all subtypes of non-full-thickness 
macular hole (NFMH) belong to the same entity of macu-
lopathy due to ERM, internal limiting membrane (ILM), or 
hyaloid contraction [21].

In 2013, Gaudric et al. reviewed 54 eyes with MPH using 
the Cirrus SD-OCT (Carl Zeiss Meditec, Dublin, California, 
USA). They found 24 (44%) eyes had vertical foveal pit and 
straight, smooth edges on the OCT scan corresponding to 
centripetal contraction of the ERM. Nevertheless, 30 (56%) 
other eyes exhibited some degree of stretching and cleavage of 
the foveal pit edge resulting from asymmetrical tangential 
traction of the ERM between multiple epicenters of contraction. 
Thus, they proposed some lamellar macular holes (LMH) 
might be a subcategory of macular pseudohole (MPH).

1.2	 �Etiopathogenesis

1.2.1	 �ERM

The pathogenesis of ERM was believed to be discontinuity 
of the internal limiting membrane (ILM). Glial cells may 
proliferate onto the inner retinal surface. The collagen fibrils 

of the cortical vitreous may tangle with the proliferation and 
together form firm vitreoretinal attachment [9–11].

ERM can occur in eyes with posterior vitreous detach-
ment (PVD) or no PVD yet. In 1977, Foos showed the inter-
nal limiting membrane (ILM) is especially thin over larger 
posterior retinal vessels [22, 23]. In these locations, discon-
tinuity of ILM may occur, and glial cells may proliferate 
onto the inner retinal surface. The collagen fibrils of the cor-
tical vitreous may tangle with the proliferation and together 
form firm vitreoretinal attachment [9–11]. Foos also raised 
that retinal ischemia and inflammation may produce enzy-
matic destruction of ILM integrity and induce glial prolif-
eration [22, 23].

Michels also summarized the hypothesis in patients with 
PVD already [9]:

	1.	 Full-thickness retinal breaks with liberation of retinal pig-
ment epithelial (RPE) cells into the vitreous cavity

	2.	 Disruption of the ILM, followed by proliferation of glial 
cells onto the inner retinal surface

	3.	 Mechanical damage to the optic nerve head, where 
ILM is attenuated or absent, followed by glial cell 
proliferation

	4.	 Intraocular hemorrhage or inflammation, or both, that, 
in turn, introduces other cells capable of proliferation 
[24, 25]

Epiretinal membrane in case with prior retinal break or 
detachment often had retinal pigmented epithelium (RPE) 
component and sometimes had pigmented appearance [12–
14]. Several factors have been associated with formation of 
macular epiretinal membrane after retinal reattachment 
surgery [9]:

	1.	 Increasing patient age [26]
	2.	 Low preoperative visual acuity [26]
	3.	 Total retinal detachment [27]
	4.	 Preoperative evidence of epiretinal membrane formation 

elsewhere in the eye [26]
	5.	 Vitreous hemorrhage [28, 29]
	6.	 Drainage of subretinal fluid and multiple perforations 

[27, 29]
	7.	 Intraoperative complications including vitreous  

loss [29]

Fig. 1.1  (a) This is a right eye fundus from a 66-year-old male patient. 
This color fundus picture shows central round reddish hole-like 
structure with contractile epiretinal membrane (ERM). Minimal vessel 
tortuosity could also be observed on the contractile ERM. (b) This is 
the same fundus of (a) under red-free filter. We could observe the more 
evident contractile folds around macula. (c) OCT image from two 
different patients showed macular pseudoholes with straight edges and 
stretched edges. (d) This was the left eye of a 53-year-old female. She 
complained of progressively blurred vision in the left eye with 

insidious onset. Fundoscopy showed yellow-grayish thick ERM with 
mild distortion of retinal surface and small vessels. Radial retinal folds 
could all be also appreciated. Red-free photography was not taken 
during this time point. (e) After 2  years of follow-up, the yellow-
grayish thick ERM with mild distortion of retinal surface and small 
vessels. Radial retinal folds could all be also appreciated. The ERM 
was relatively stable. However, the VA deteriorated from 0.4 to 0.3 in 
Snellen chart. Red-free photography was not taken during this time 
point

1  Epiretinal Membranes and Macular Pseudoholes



4

There are two hypothesized sources of contraction: myo-
fibroblasts and contraction of vitreous fibrils [30, 31].

Vascular leakage and intraretinal edema could be seen in 
cases with thick epiretinal membrane and retinal distortion. 
FA can detect chronic leakage in about 20% of cases, but 
these leakages did decrease overtime [9].

In 1981, Kampik and coworkers published the ultrastruc-
tural findings in 56 eyes with epiretinal membranes. 
Myofibroblast-like cells are seen in 91% of these eyes. RPE 
cells were identified only in eyes with retinal detachment with 
massive preretinal proliferation (MPP) (11 of 11 cases) or 
prior retinal detachment (11 of 23 cases). Fibrous astrocytes 
and fibroblasts were observed in 44 (79%) and 43 (77%) eyes, 
respectively. In eyes (n = 23) with prior retinal detachment, the 
percentage rose to 83% and 61%, respectively [31].

In 1982, Michels released a series of 74 cases. Forty-six 
eyes (62%) had prior retinal reattachment surgery. Nine cases 
(12%) were otherwise healthy eyes with PVD. Two eyes (3%) 
were considered developmental, while two eyes (3%) were 
considered acquired type in young patients. Fifteen eyes 
(20%) had history of uveitis, damage from a penetrating 
injury, vitreous hemorrhage, or prior photocoagulation or 
surgery not related to retinal detachment. In the membranes 
removed, he identified the following components:

	1.	 Pigment epithelial cells
	2.	 Fibrous astrocytes
	3.	 Macrophage
	4.	 Fibrocytes
	5.	 Microfilaments and extracellular collagens

In a more recent report by Yazici et al. in 2011, the major-
ity of ERM remained to be idiopathic in most eyes (43%) 
[32]. However, it is very difficult to compare these epidemi-
ology studies, because the difference in patient population 
may influence these results greatly (Table 1.2).

In summary, the pathogenesis of ERM was believed to be 
discontinuity of the ILM. Glial cells may proliferate onto the 
inner retinal surface. The collagen fibrils of the cortical 
vitreous may tangle with the proliferation and together form 
firm vitreoretinal attachment. ERM can occur in eyes with 
posterior vitreous detachment (PVD) or no PVD yet. The 
grading of ERM still follows the Gass classification as grades 
0, I, and II (Table  1.1). The pathology exam showed the 
component of ERM as pigment epithelial cells, fibrous 
astrocytes, macrophage, fibrocyte, microfilaments, and 
extracellular collagens.

1.2.2	 �MPH

There is currently no published histopathologic report of a 
macular pseudohole [34]. The pathogenesis of macular hole 
was initially proposed by Allen and Gass to be the contraction 

force of epiretinal membrane in 1976 [18]. There are two 
studies to support this assumption, and they provided more 
detailed proposals [21, 34] (Table 1.3).

Some pseudoholes have stretched edge or intraretinal 
cleavage that could not be simply explained by one center 
of centripetal contraction. Thus, Gaudric et al. studied the 
en face OCT images of 54 eyes with MPH. They found 24 
eyes with straight edges and 30 eyes with stretched edges 
(Table  1.4 and Fig.  1.2). They found MPH with straight 
edges often had smooth ERM, contracted around pseudo-
hole, causing radial retinal folds that converged toward the 
edge of the membrane, revealing the centripetal forces of 

Table 1.2  Etiologies of epiretinal membrane

Study ERM etiology
Michels [9] Previous retinal detachment in 46 eyes (62%)

Idiopathic in 9 eyes (12%)
Developmental in 4 eyes (5%)
Previous cataract extraction in 3 eyes (4%)
Previous uveitis, vitreous hemorrhage, 
photocoagulation, penetrating injury, other 
kinds of surgery in 12 eyes (16%)

Poliner et al. [32] Idiopathic in 61 eyes (69%)
Previous retinal detachment in 27 eyes (31%)

Yazici et al. [31] Idiopathic in 61 eyes (69%)
Previous retinal detachment in 27 eyes (31%)
Idiopathic in 125 eyes (43%)
Diabetic retinopathy in 107 eyes (37%)
Retinal vein occlusion in 28 eyes (10%)
Uveitis in 12 eyes (4%)
Previous retinal detachment in 5 eyes (2%)
Other pathologies in 16 eyes (5%)

Table 1.3  Etiopathogenesis of macula pseudoholes (MPH)

Study Etiopathogenesis
Allen and Gass [18] Centripetal contraction of ERM
Gaudric et al. [33] Centripetal force between eccentric 

epicenters
Michalewska et al. [20] Hyperreflective linear structure, either 

epiretinal membrane, thickened internal 
limiting membrane, or hyaloids could be 
the common cause of all types of 
non-full-thickness macular holes (NFMH)

Table 1.4  Type of pseudohole features and epiretinal membrane con-
traction [34]

Pseudohole feature ERM contraction
Straight foveal edge 
(n = 24)

Smooth ERM, contracted around pseudohole, 
causing radial retinal folds that converged 
toward the edge of the membrane, thus 
revealing the centripetal forces of contraction 
(n = 18)
Complex pattern fold (n = 4)
Smooth, no visible folds (n = 2)

Stretched edge with 
partial cleavage of 
inner and outer 
retina (n = 30)

Multiple epicenters of contraction, 
asymmetric distortion Eversion of foveal edge 
(n = 22)
Smooth with few folds (n = 4)
More or less radial (n = 4)

J.-H. Shen et al.
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a

b

Fig. 1.2  (a) High-resolution 
optical coherence 
tomography (OCT) showed 
thickened ERM and central 
macula edema with 
intraretinal split, on both 
horizontal section (a) and 
vertical section (b). (b) 
High-resolution optical 
coherence tomography 
(OCT) showed thickened 
ERM and central macula 
edema with intraretinal split, 
on both horizontal section 
(a) and vertical section (b)

1  Epiretinal Membranes and Macular Pseudoholes
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contraction. They also noted MPH with stretched edges 
often had multiple epicenters of contraction and asymmet-
ric distortions [34].

On the other hand, Michalewska et al. championed that 
not only epiretinal membrane could produce this contraction. 
They proposed that hyperreflective linear structure-like 
epiretinal membrane, thickened internal limiting membrane, 
or hyaloids could be the common cause of all types of non-
full-thickness macular holes [21].

Besides these two theories, Schumann et al. analyzed the 
properties of epiretinal membrane of 27 eyes with MPH in 
2015. They confirmed the majority of ERM are typical trac-
tional ERM [35] (Table 1.5).

In 2016, Tomaya et al. proposed three stages of macular 
pseudoholes: no cleavage (stage 1), localized cleavage (stage 
2) that does or does not cross the central fovea (stage 2b and 
2a, respectively), and diffuse cleavage (stage 3) (Table 1.6). 
This reflected different levels of stretching and foveal mor-
phology distortion [36].

1.3	 �Clinical Features

1.3.1	 �A Typical Case of ERM

This was the left eye of a 53-year-old female. She com-
plained of progressively blurred vision in the left eye with 
insidious onset. Fundoscopy showed yellow-grayish thick 
ERM with mild distortion of retinal surface and small ves-
sels. Radial retinal folds could all also be appreciated 
(Fig. 1.1d). She had been observed for 2 years and had rela-
tive stable clinical course with best-corrected VA deteriorat-
ing from 0.4 to 0.3 (Fig.  1.1e). High-resolution optical 
coherence tomography (OCT) showed thickened ERM and 
central macula edema with intraretinal split, on both hori-
zontal section (Fig. 1.2a) and vertical section (Fig. 1.2b).

However, due to this worsening, the patient requested for 
operation. Microincisional sutureless 23G vitrectomy with 
double peeling with triamcinolone acetonide (TA) staining 
was performed. Air tamponade with head-positioning for 

1  day were also administered. After 1.5  months 
postoperatively, follow-up OCT showed removal of ERM 
and ILM on central macula, on both horizontal section 
(Fig. 1.3a) and vertical section (Fig. 1.3b).

After 2.5 months postoperatively, the intraretinal split 
subsided and initial restoration of foveal depression  
could be observed (Fig.  1.4a, b). After 6.5  months  
postoperatively, the anatomical improvement had been 
stable (Fig. 1.5a, b).

After 2 years of follow-up, the macula seemed flat with-
out recurrence of ERM. The VA was stable at 0.4. On the 
OCT, the retinal layers also showed adequate segmentation. 
Please note the remnant of ERM on the superior aspect of 
macula. The ERM did not extend to the parafoveal region. 
Please also note there were some epiretinal hyperreflectivi-
ties on the horizontal section, but these spots did not form 
contractile ERM (Fig. 1.6a–d).

1.3.2	 �Examples of Secondary ERM

We demonstrate some cases of secondary ERM here. The 
first case was the left eye of a 29-year-old female. She suf-
fered from poorly controlled diabetes mellitus. Proliferative 
diabetic retinopathy with tractional epiretinal membrane and 
vitreous hemorrhage. The second case was the left eye from 
a 74-year-old female with prior proliferative diabetic reti-
nopathy with panretinal photocoagulation scars. Tractional 
membrane over disc and nasal side retina and yellow-grayish 
contractile macular ERM could be seen. The third case was 
the left eye from a 74-year-old female with prior prolifera-
tive diabetic retinopathy with pan-retinal photocoagulation 
scars. Tractional membrane over disc and nasal side retina 
and yellow-grayish contractile macular ERM could be seen. 
High-resolution OCT showed thickened ERM with attenua-
tion of the foveal pit. No remaining macular ERM could be 
seen post-operatively. The contractile wrinkling had also 
been gone (Fig. 1.7).

1.3.3	 �Presenting Age, VA, and Laterality 
in ERM

Epiretinal membrane usually occurs in patients over 50 years 
old and could be seen in 10–30% of the general population 
over 70 years old. Bilateral involvement is present in 20% of 
these patients. Eighty percent of these membranes are 
idiopathic, while about 20% are secondary to previous retinal 
detachment, vascular, or inflammatory retinal diseases [1, 5] 
(Table 1.2). The initial presenting visual acuity is usually fair, 
20/50, or better, and the progression is usually slow [5–7].

In 1982, Sidd et al. published a series of 98 eyes in 89 
patients, with 83 more than 50 years old. Sixty eyes (60/98, 

Table 1.5  Characteristics of ERMs on SD-OCT analysis [35]

ERM Pseudohole eyes (n = 27)
Typical tractional ERM 24
Atypical epiretinal tissue 0
Combined 3

Table 1.6  Proposed stages of macular pseudoholes [36]

Stages Number Definition
1 14 No cleavage
2a 13 Localized cleavage not crossing fovea
2b 9 Localized cleavage crossing fovea
3b 14 Diffuse cleavage

J.-H. Shen et al.
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a

b

Fig. 1.3  (a) After 
1.5 months postoperatively, 
follow-up OCT showed 
removal of ERM and ILM 
on central macula, on both 
horizontal section (a) and 
vertical section (b). The 
central foveal thickness 
decreased markedly, and 
the intraretinal splitting 
lessened. Please also note 
very thin ILM still evident 
on the side close to optic 
nerve head. We preferably 
perform limited ILM 
peeling in our cases. (b) 
After 1.5 months 
postoperatively, follow-up 
OCT showed removal of 
ERM and ILM on central 
macula, on both horizontal 
section and vertical 
section. The central foveal 
thickness decreased 
markedly, and the 
intraretinal splitting 
lessened. Please also note 
very thin ILM inferiorly 
and residual ERM-ILM 
superiorly. We preferably 
perform limited ILM 
peeling only in our cases
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a

b

Fig. 1.4  (a) After 2.5 months 
postoperatively, the 
intraretinal split subsided, and 
initial restoration of foveal 
depression could be observed. 
(b) After 2.5 months 
postoperatively, the 
intraretinal split subsided, and 
initial restoration of foveal 
depression could be observed

J.-H. Shen et al.
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61%) had initial presenting VA 6/12 (20/40) or better. Nine 
patients had initial bilateral epiretinal membrane, and a sec-
ond eye became involved in one initially unilateral patient 
during the follow-up period. Sixteen of 74 eyes (21%) had 
fluorescein leakage into the macula [7].

In 1988, Appiah, Hirose, and Kado reviewed 395 eyes in 
324 eyes with idiopathic premacular gliosis. The mean age 
of onset in these patients was 64.6 years old. Initial visual 
acuity was 20/40 or better in 214 eyes (54.2%), 20/50 to 
20/100 in 136 eyes (34.4%), and poorer than 20/100 in 45 
eyes (11.4%).

a

b

Fig. 1.5  (a) After 6.5 months 
postoperatively, the 
anatomical improvement had 
been stable. There was no 
more foveal cystic change, 
and the segmentation of 
retinal layers was well-
defined. (b) After 6.5 months 
postoperatively, the 
anatomical improvement had 
been stable. There was no 
more foveal cystic change, 
and the segmentation of 
retinal layers was 
well-defined
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a

c

d

b

Fig. 1.6  (a) After 2 years of follow-up, the macula seemed flat without 
recurrence of ERM. There was also no retinal folding. (b) After 2 years 
of follow-up, the macula seemed flat without recurrence of ERM. There 
was also no retinal folding. (c, d) After 2 years of follow-up, the macula 
seemed flat without recurrence of ERM. On the OCT, the retinal layers 

also showed adequate segmentation. Please note the remnant of ERM 
on the superior aspect of macula. The ERM did not extend to the para-
foveal region. Please also note there were some epiretinal hyperreflec-
tivities on the horizontal section, but these spots did not form 
contractile ERM

J.-H. Shen et al.
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Fig. 1.7  (a) This was a left eye of a 29-year-old female. She suffered 
from poorly controlled diabetes mellitus. Proliferative diabetic retinop-
athy with tractional epiretinal membrane and vitreous hemorrhage 
could be seen in this fundus color photo. The postoperative photo was 
not available for this patient. (b) This was a left eye from a 74-year-old 
female with prior proliferative diabetic retinopathy with pan-retinal 
photocoagulation scars. Tractional membrane over disc and nasal side 
retina and yellow-grayish contractile macular ERM could be seen. (c) 
This was a left eye from a 74-year-old female with prior proliferative 
diabetic retinopathy with pan-retinal photocoagulation scars. Tractional 
membrane over disc and nasal side retina and yellow-grayish contrac-
tile macular ERM could be seen. Please note the contractile wrinkling 

of macular ERM being more evident under this red-free fundus photo. 
(d, e) High-resolution OCT showed thickened ERM with attenuation of 
the foveal pit. (f) One month after the vitrectomy and double membrane 
peeling. The macular tractional ERM and ILM were peeled off. No 
remaining macular ERM could be seen postoperatively. (g) One month 
after the vitrectomy and double membrane peeling. The macular trac-
tional ERM and ILM were peeled off. No remaining macular ERM 
could be seen postoperatively. The contractile wrinkling had also been 
gone in this red-free photography. (h, i) One month after the vitrectomy 
and membrane peeling, there was mild restoration of the foveal contour. 
This patient was referred back to original ophthalmologist after 
this examination

a

c

b
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Fig. 1.7  (continued)
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In a more recent nature-course observation, Hejsek 
et al. followed 53 eyes in 49 patients (average 21.3 months). 
No statistically significant anatomical or functional impair-
ment was observed. BCVA remained constant in 29 eyes 
(54.7%), improvement by 1 or more lines (ETDRS) was 
observed in 12 eyes (22.6%), and impairment by 1 or more 
lines (ETDRS) was found in 12 eyes (22.6%). Only three 
eyes (5.6%) were worse by more than 1 line (ETDRS). 
This study further confirmed that the majority of eyes with 
idiopathic epiretinal membranes are functionally stable 
[16].

1.3.4	 �Status of Posterior Vitreous 
Detachment (PVD) in ERM

Most eyes with ERM, both idiopathic and secondary, have 
PVD, ranging from 84% to 98% from literature.

In 1975, Wise reviewed 137 eyes with idiopathic membranes 
involving the macula and found PVD 118 (86%) eyes [37].

In 1982, Sidd and coworkers published a series of 89 
patients. Sixty-four eyes had been recorded for PVD status, 
and 59 eyes (92%) had PVD [7].

In 1988, Appiah et al. reviewed the vitreous status of 357 
eyes. Partial or complete PVD was seen in 303 (84.9%) eyes. 
Forty-three (14.2%) of these 303 eyes had PVD with vitreous 
adhesion to the macula.

In a more recent series by Yazici et al., 125 eyes with idio-
pathic ERM and 168 eyes with secondary ERM were 
reviewed. PVD was seen in 98% of idiopathic ERM and 96% 
of secondary ERM [32].

1.3.5	 �Summary of Clinical Features in ERM

Epiretinal membrane usually occurs in patients over 50 years 
old and could be seen in 10–30% of the general population 
over 70 years old. Bilateral involvement is present in 20% of 
these patients. Eighty percent of these membranes are 
idiopathic, while about 20% are secondary to previous retinal 
detachment, vascular, or inflammatory retinal diseases. The 
initial presenting visual acuity is usually fair, 20/50, or better, 
and the progression is usually slow. Most eyes with ERM, 
both idiopathic and secondary, have PVD, ranging from 84% 
to 98% from literature.

MPH could be seen in 8–20% of eyes with ERM.

h

i

Fig. 1.7  (continued)
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1.3.6	 �A Typical Case of MPH

This is a right eye from a 66 years old male patient. Epiretinal 
membrane with contractile wrinkling could be observed 
under color fundus and red-free photo (Fig. 1.1a, b). Under 
high-resolution spectral domain optical coherence 
tomography (Spectralis OCT; Heidelberg Engineering, 
Heidelberg, Germany) (Fig. 1.8a, b), classic steepened foveal 
edge with increased foveal thickness under the centripetal 
traction from epiretinal membrane (ERM) is shown. The 
preoperative visual acuity (VA) was 0.6 (0.22 logMAR). One 
year after small-gauge vitrectomy, epiretinal membrane and 
internal limiting membrane peeling, air tamponade, and 
prone positioning, the pseudohole is closed with moderate 
restoration of normal foveal structure (Fig.  1.8c–e). The 
postoperative VA was 0.7 (0.15 logMAR).

1.3.7	 �Presenting Age, Visual Acuity, 
and Fluorescein Angiography in MPH

In 1992, Fish et  al. reviewed 14 eyes with epimacular 
membrane and pseudohole. The mean age of patients was 
61.6  years, and median visual acuity was 20/30. Mean 
horizontal and vertical diameters of the pseudoholes were 
384 μm and 410 μm, respectively. FA showed three eyes 
with increased tortuosity or abnormal straightening of the 
perifoveal vessels; three eyes with a foveal window defect; 
and three eyes with late leakage from the perifoveal ves-
sels [38].

The visual function of MPH eyes was often fair but varied 
from reports. In 1999, Massin et  al. had case-control 
comparison of 50 eyes with idiopathic ERMs only and ERMs 
combined with pseudohole. The median preoperative visual 
acuity (VA) was the same as 20/63 (range, 20/32–20/860). In 
1997, Tsujikawa et  al. observed 49 eyes diagnosed with 
macular pseudoholes or impending macular holes. The 
median VA was 20/25 (range, 20/15–20/100). Only one eye 
showed a relative scotoma in perimetry, compared with 

100% in full-thickness macular hole [39]. In 2008, Chen and 
Lee reviewed 92 eyes of macular lamellar defects, comprised 
of MPH, LMH, and foveal pseudocyst (FP). The MPH had 
the best VA of 0.1 (SD = 0.15) logMAR (equivalent to 20/25 
Snellen acuity) compared with that of the LMH group (0.28 
(SD  =  0.25) logMAR; p  =  0.005) and the FP group 0.30 
(SD = 0.26; p = 0.01) [40]. In 2012, Michalewska and col-
league reviewed 21 eyes with MPH, and the mean VA was 
0.58. After excluding eyes with photoreceptor defects, the 
mean VA was 0.54 [21].

1.3.8	 �Status of PVD in MPH

The status of posterior vitreous detachment had been 
shown in one report. Schumann et  al. had a series of  
23 MPH underwent vitrectomy. They found eight (35%) 
eyes with vitreous attached, five (22%) eyes with vitreous 
partially detached, and ten (43%) eyes with complete 
PVD [35].

1.3.9	 �Detailed MPH Characteristic Discovery 
Under OCT Advances

The detailed characteristics of MPH had been revealed as 
OCT technology advanced. In 2004, Haouchine et  al. 
observed 40 eyes with MPH. They summarized MPH as a 
steepened foveal pit combined with thickened foveal edges 
and a small foveal pit diameter. Central foveal thickness was 
normal or slightly increased (167 ± 42 μm). Mean perifoveal 
thickness was greater than normal (363  ±  65  μm) [19]. 
Intraretinal split was considered as hallmark for lamellar 
macula hole at then. Also, photoreceptor layer was consid-
ered as intact [41].

However, Gupta, Sadun, and Sebag demonstrated ERM 
with multifocal contraction tends to result in intraretinal cys-
toid space, in 2008. In 2013, Gaudric et al. reviewed 54 eyes 
with MPH using the Cirrus SD-OCT (Carl Zeiss Meditec, 

Fig. 1.8  (a) This shows the vertical section of an eye with macular pseu-
dohole under high-resolution spectral domain optical coherence tomog-
raphy (Spectralis OCT; Heidelberg Engineering, Heidelberg, Germany). 
Please also note the centripetal contraction folds clearly shown. (b) This 
section shows the classic steepened foveal edge with increased foveal 
thickness under the centripetal traction from epiretinal membrane (ERM) 
high-resolution spectral domain OCT (Spectralis OCT; Heidelberg 
Engineering, Heidelberg, Germany). (c) This shows the vertical section 
of the same eye with macular pseudohole, 1 year after 23-gauge vitrec-
tomy, epiretinal membrane and internal limiting membrane peeling, air 
tamponade, and prone positioning, under high-resolution spectral domain 
OCT (Spectralis OCT; Heidelberg Engineering, Heidelberg, Germany). 

Note the closure of the macular pseudohole. (d) This shows the vertical 
section of the same eye with macular pseudohole, 1 year after 23-gauge 
vitrectomy, epiretinal membrane and internal limiting membrane peeling, 
air tamponade, and prone positioning, under high-resolution spectral 
domain OCT (Spectralis OCT; Heidelberg Engineering, Heidelberg, 
Germany). Please note the closure of the macular pseudohole and moder-
ate restoration and normal foveal structure. (e) This color fundus shows 
the same eye with macular pseudohole, 1 year after 23-gauge vitrectomy, 
epiretinal membrane and internal limiting membrane peeling, air tam-
ponade, and prone positioning. Please note the closure of the macular 
pseudohole and disappearance of epiretinal membrane and contractile 
folds
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Dublin, California, USA). They found 24 (44%) eyes had 
vertical foveal pit and straight, smooth edges on the OCT 
scan corresponding to centripetal contraction of the 
ERM.  Nevertheless, 30 (56%) other eyes exhibited some 
degree of stretching and cleavage of the foveal pit edge 
resulting from asymmetrical tangential traction of the ERM 
between multiple epicenters of contraction. Thus, they pro-
posed some lamellar macular hole (LMH) might be a 
subcategory of macular pseudohole (MPH).

Gaudric and colleagues further elaborated the ERM con-
traction by the en face OCT image. In the group with straight 
foveal edges, 18 of 24 (75%) eyes had a characteristic pattern 
of a smooth ERM, contracted around the pseudohole, caus-
ing radial retinal folds that converged toward the edge of the 
membrane, thus revealing the centripetal forces of contrac-
tion generated by the membrane. Four other eyes had a more 
complex pattern of folds, and in the two remaining eyes, the 
membrane was smooth with no visible folds. In the group 
with stretched edges combined with a partial cleavage 
between the inner and outer retina, 22 of 30 (73%) eyes 
displayed a characteristic pattern of multiple epicenters of 
contraction at the peripheral edge of the membrane, which 
resulted in an asymmetric distortion of the fovea and 
explained the eversion of the foveal edge on OCT scans. In 

four eyes, the ERM was smooth, with few retinal folds, and 
in the four other eyes, the folds were more or less radial. 
There was no significant difference in gender, age, poste-
rior vitreous detachment (PVD), VA, central macular thick-
ness (CMT), and central foveal pit thickness between two 
groups [34].

In 2015, Schumann et  al. proved photoreceptor and 
external limiting membrane (ELM) damage from 39 eyes 
with MPH. Among the 39 eyes, 27 eyes had examination 
by high-resolution spectral domain OCT (Spectralis OCT; 
Heidelberg Engineering, Heidelberg, Germany). They 
stratified ERM to “typical tractional ERM” and “atypical 
epiretinal tissue.” Defect of inner and outer segment (IS/
OS) and ELM was seen in 11% of MPH eyes. The median 
best-corrected visual acuity (BCVA) was 0.30 
logMAR.  Metamorphopsia was complained in 59% 
(n = 23) of the patients, and 59% (n = 23) had vitrectomy 
during follow-up.

They found a lower BCVA in the disrupted IS/OS and 
ELM group; and there was no significant difference in the 
intact IS/OS and ELM group and disrupted IS/OS-only 
group. In the nonoperated eyes (31 LMH and 16 MPH eyes), 
there is no BCVA difference in the subgroups. They did not 
reveal the independent result of MPH eyes in this analysis.

Stage 2a

a b

Stage 2b

Stage 3 vertical Stage 3 horizontal

c d

Fig. 1.9  (a) This optical coherence tomography section showed 
localized cleavage on only one side of the foveal edge. This is a stage 
2a macular pseudohole according to Toyama’s report in 2016. (b) This 
optical coherence tomography section showed localized cleavage 
crossing both sides of the foveal edge. This is a stage 2b macular 
pseudohole according to Toyama’s report in 2016. (c, d) This optical 

coherence tomography section showed diffuse cleavage crossing both 
sides of the foveal edge. This is a stage 3 macular pseudohole 
according to Toyama’s report in 2016. Please note that the diffuse 
cleavage might only be seen on some sections, usually not shown in 
all section. The same condition is also demonstrated in Toyama’s 
paper
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On the contrary, Toyama and colleague did not observe 
any disruption in the ellipsoid zone and ELM in 50 eyes with 
MPH [36].

In the same report, Toyama et al. further categorized the 
foveal edge to three stages of stretch cleavage between 
outer plexiform layer and the outer nuclear layer. The 
stages are as follows: no cleavage (stage 1), localized 
cleavage (stage 2) that does or does not cross the central 
fovea (stage 2b and 2a, respectively), and diffuse cleavage 
(stage 3). We used our patient’s OCT to demonstrate these 
stages (Figs. 1.8b and 1.9a–d).

The number of patients categorized into each stage was 
14 (28.0%), 13 (26.0%), 9 (18.0%), and 14 (28.0%) for 
stages 1, 2a, 2b, and 3, respectively. Temporal (12.3%) or 
nasal (11.1%) cleavage was more common than inferior 
(8.0%) or superior (9.3%) cleavage [36].

There was a significant difference in VA between the 
stages 2a and 2b (p = 0.0099 by multiple regression model). 
Therefore, the patients were categorized into two groups, the 
no/mild cleavage group (stage 1/2a) and the extensive cleav-

age group (stage 2b/3). They also found age, gender, and 
phakic status were not significant in affecting VA [36].

1.3.10	 �How to Differentiate Between Lamellar 
Macular Hole (LMH) and MPH

On biomicroscopy, the diagnosis of MPH is based on the 
presence of a well-delineated round or oval image of the 
macula with definite ERM with retinal folds. The diagnosis 
of LMH is described as a round- or petal-shaped reddish 
lesion with flat, sharply circumscribed edges. The center 
sometimes slightly depressed. Paler thin tracts could occa-
sionally be seen. However, in 2004, Haouchine and cowork-
ers had shown considerable misdiagnosis when confirmed by 
OCT. Among the 40 eyes diagnosed as MPH on OCT, 35 
were also diagnosed as MPH, and two were diagnosed as 
LMH on biomicroscopy. Among the 29 cases diagnosed as 
LMH on OCT, 14 were diagnosed as MPH and eight as LMH 
on biomicroscopy [19] (Fig. 1.10a).

a

b

Fig. 1.10  (a) This is a right 
eye fundus photo of a 
36-year-old female. Round 
and also mild petal-shaped 
reddish lesion with flat, 
sharply circumscribed edges 
could be appreciated. The 
center also seems slightly 
depressed. This represents a 
typical case of lamellar 
macular hole (LMH). (b) This 
is the OCT image of the right 
eye of the 36-year-old female 
shown in Fig. 1.9a. Please 
note that all the four criteria 
described by Haouchine et al. 
could be seen: (1) thin 
irregular foveal floor, (2) split 
foveal edges, (3) near-normal 
perifoveal retinal thickness, 
and (4) central foveolar 
thickness thinner than normal
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They published their observation of 71 eyes from 70 
patients. Characteristic of OCT in LMH was defined as the 
following and now being well adapted [19] (Fig. 1.10b).

	1.	 Thin irregular foveal floor
	2.	 Split foveal edges
	3.	 Near-normal perifoveal retinal thickness
	4.	 Central foveolar thickness thinner than normal

These criteria defined by Haouchine et al. are still widely 
used today. We may use these criteria to differentiate LMH 
from MPH.

1.3.11	 �Summary of Clinical Features in MPH

The mean age of patient was 61.6 years. The VA was gener-
ally fair, but with various median VA reported from 20/63 to 
20/25. Metamorphopsia was complained in 59% of the 
patients. Mean horizontal and vertical diameters of the pseu-
doholes were 384 μm and 410 μm, respectively. Thirty-five 
percent of the eyes had vitreous attached. Twenty-two per-
cent of the eyes had vitreous partially detached; and 43% of 
the eyes had complete PVD.

MPH generally has steepened foveal pit combined with 
thickened foveal edges and a small foveal pit diameter. 
Central foveal thickness was normal or slightly increased. 
Mean perifoveal thickness was greater than normal. With 
the advance of OCT, MPH could be classified into groups 
with straight edges and stretched edges. In the group with 
straight foveal edges, most eyes had a characteristic pattern 
of a smooth ERM.  In the group with stretched edges 
combined with a partial cleavage, most eyes displayed a 
characteristic pattern of multiple epicenters of ERM 
contraction. There is a lower BCVA in the disrupted IS/OS 
and ELM group; and there was no significant difference in 
the intact IS/OS and ELM group and disrupted IS/OS only 
group.

Three stages of stretch cleavage had been defined as no 
cleavage (stage 1), localized cleavage (stage 2) that does or 
does not cross the central fovea (stage 2b and 2a, respec-
tively), and diffuse cleavage (stage 3). There was a signifi-
cant difference in VA between the stages 2a and 2b.

1.4	 �Management

The management of epiretinal membrane (ERM) includes 
observation and vitreoretinal surgery. Surgery is advised to 
patients [9, 16]:

	1.	 VA deteriorates under 20/100–20/50 or worse.
	2.	 Intolerable metamorphopsia.

The management of macular pseudohole (MPH) includes 
observation and vitreoretinal surgery. Surgery is advised to 
patients:

	1.	 Visual acuity decreases more than two Snellen lines dur-
ing the follow-up.

	2.	 Initial visual acuity below 0.6, disturbing to the patient.
	3.	 Visual acuity is better than 0.6, but disturbing metamor-

phopsia [21].

1.4.1	 �Observation in ERM and MPH

Generally speaking, the majority of patients had relatively 
stable clinical course [6, 7, 16]. Therefore, observation is 
suggested unless the criteria of surgery are met.

In 1982, Sidd et al. published their observation in 98 eyes 
with epiretinal membrane. Seventy-two eyes completed 
follow-up, with mean of 31.1 months. The fundus remained 
grossly unchanged in 65 eyes (90%). Fifty-one eyes (71%) 
had final VA deterioration within one line. Decrease in retinal 
wrinkling and VA improvement of two lines or more occurred 
in only two patients (2%) [7].

In 1988, Appiah, Hirose, and Kado reviewed 395 eyes in 
324 eyes with idiopathic premacular gliosis, in which 214 
eyes completed follow-up, with mean follow-up period of 
33.6 months. One hundred and six (49.5%) of the 214 eyes 
maintained within 1 line of initial VA, 28 (13.1%) were more 
than 1 line better, and 80 (37.4%) were poorer [6].

In rare cases, epiretinal membrane will spontaneously 
peel off from the retina, and VA improvement may be 
observed [42].

In a more recent nature-course observation, Hejsek et al. 
followed 53 eyes in 49 patients (average 21.3 months). No 
statistically significant anatomical or functional impairment 
was observed. BCVA remained constant in 29 eyes (54.7%), 
improvement by 1 or more lines (ETDRS) was observed in 
12 eyes (22.6%), and impairment by 1 or more lines (ETDRS) 
was found in 12 eyes (22.6%). Only three eyes (5.6%) were 
worse by more than 1 line (ETDRS). This study further con-
firmed that the majority of eyes with idiopathic epiretinal 
membranes are functionally stable [16].

Generally speaking, the majority of patients with MPH had 
relatively stable clinical course [18, 21]. Therefore, observa-
tion is suggested unless the criteria of surgery are met.

In 1976, Allen and Gass witnessed one in four pseudo-
holes that progressed to full-thickness macular hole [18].

In 2012, Michalewska et al. published an observation of 
125 eyes (116 patients) with non-full-thickness macular hole 
(NFMH), including 21 eyes with macular pseudohole 
(MPH), during 2006–2009. None of the MPH progressed to 
full-thickness macula hole (FTMH) [21].
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1.4.2	 �Vitreoretinal Surgery in ERM

In 1978, Machemer reported the first pars plana vitrectomy 
for visually distorting epiretinal membrane removal [43].

Shea, Michels and Gilbert, and Margheiro and coworkers 
were the pioneers to report fair results after epiretinal mem-
brane peeling in eyes with prior retinal detachments. They 
reported VA improvement in 88–90% of the cases [44–47]. 
However, the postoperative VA is usually between 20/30 and 
20/100 [43, 47, 48].

1.4.2.1	 �Indication for Surgery in ERM
In 1982, Michels supported that surgery be considered in 
eyes with visual acuity of 20/100 or less, because final VA in 
successful cases often ranges between 20/30 and 20/70 at 
then [9].

In a more recent review by Hejsek et al. in 2017, they sug-
gested vitrectomy in:

	1.	 VA deteriorates under 20/50 or worse.
	2.	 Intolerable metamorphopsia.

However, no recommendation has yet been established on 
the exact timing of the surgery [16].

1.4.2.2	 �ERM Peeling in ERM
In 1996, Shimada et al. compared ERM peeling by one of the 
three following methods: without staining in 46 eyes, triam-
cinolone acetonide (TA) staining in 42, and brilliant blue G 
(BBG) staining in 54. They found in the BBG group, 61% 
(33/54) achieved double peeling during the initial ERM 
peeling [49].

1.4.2.3	 �ILM Peeling in ERM
In 1996, Shimada et  al. conducted internal limiting mem-
brane (ILM) peeling using brilliant blue G (BBG). They also 
compared 104 eyes with single peeling and 142 eyes with 
double peeling and found the VA improvement was similar. 
However, the recurrence rate was much lower in the double 
peeling group [49].

In 2003, Park et al. collected 22 eyes (55%) with single 
peeling and 20 eyes (45%) with double peeling. VA improved 
or was unchanged in 79% in single peeling group and 100% 
in double peeling group. VA improved five or more lines in 
25% in single peeling group and 30% in double peeling 
group [50].

In 2012, Chuang et  al. followed 104 eyes from 104 
patients that underwent double peeling. They compared no 
staining (n = 61), triamcinolone acetonide (TA) (n = 20), and 
indocyanine green (ICG) (n = 23). The improvement of VA 
and central foveal thickness (CFT) were similar. However, 
the recurrence was 13.1% in the no staining group, compared 
with TA- or ICG-assisted group (p = 0.011) [51].

In 2017, Chang et  al. published extensive review and 
meta-analysis including 11 retrospective studies and one ran-
domized controlled trial involving 756 eyes. They found that 
the postoperative BCVA within 12 months was significantly 
better in the non-ILM peeling group (p = 0.0460). However, 
the double peeling group achieved significantly better post-
operative BCVA after 18 months (p = 0.0049). Single peel-
ing group exhibited a higher reduction in postoperative CRT 
(p = 0.0020) and a higher recurrence rate of ERM (p = 0.0048) 
than the double peeling group. However, the rate of improve-
ment in BCVA and postoperative CRTs were similar in these 
two groups [52].

1.4.2.4	 �Postoperative VA Improvement in ERM
In 1982, Michels published a series of 74 eyes. Sixty-two 
eyes (84%) had VA improvement of two or more lines. The 
rest 12 eyes (16%) had unchanged VA. He raise predicting 
factors as (1) age of the patient, (2) preexisting damage to 
the macula before occurrence of the epiretinal membrane, 
(3) severity of macular distortion because of the membrane 
or secondary changes or both in the retina or pigment 
epithelium, (4) length of time the membrane had been 
present, and (5) ease or difficulty of removal of the 
membrane.

He had shown the group with duration longer than 
12 months had inferior VA than those less than 6 months. He 
also showed that in group with previous RD, those with mac-
ula spared had better final VA. In total, however, only 5 (7%) 
of the 74 eye operated achieved VA of 20/20.

Twenty-one (28%) eyes reached final VA of 20/40 or bet-
ter, and 37 (50%) eyes had final VA ranged from 20/50 to 
20/100. Thus, he suggested surgery be considered in eyes 
with visual acuity of 20/100 or less [9].

For eyes with recurrence, Grewing and Mester reported 
42 recurrences (12%) from 350 eyes vitrectomized for 
epiretinal membrane. They found VA improvement was still 
significant albeit the existence of recurrent epiretinal mem-
brane. Eight (19%) of these 42 eyes had second vitrectomy, 
but their final VA is not different from the 32 eyes without 
second vitrectomy. Also, eyes with or without recurrence had 
similar VA improvement [53].

1.4.2.5	 �Recurrence Rate in ERM
Surgical removal of epiretinal membranes has infrequent 
recurrence. In 1981, Michels reported only 2 recurrences in 
50 cases [48].

In 1996, Grewing and Mester reported 42 recurrences 
(12%) from 350 eyes vitrectomized for epiretinal membrane. 
Type of membrane (thick or thin) nor completeness of mem-
brane removal did not affect recurrence rate [53].

In 2003, Park et  al. reported a recurrence or persistent 
contraction to ILM in 21% of single peeling group. They 
found none of these in double peeling group [50].
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In 2009, Shimada et al. reported 104 eyes that underwent 
single ERM peeling, and 17 eyes (16.3%) had recurrence. 
They also reported no recurrence in 142 eyes that underwent 
double ERM and ILM peeling [49].

In summary, the recurrence rate is significantly lowering 
in the double peeling group.

1.4.3	 �Vitreoretinal Surgery in MPH

Not all of the MPH eyes need vitreoretinal surgery unless 
they show signs of progressive loss of vision or increased 
visual symptoms such as metamorphopsia. Surgery of 
MPH typically requires ERM removal, and incidentally the 
internal limiting membrane (ILM), to improve the macular 
profile [34].

In 1999, Massin and colleagues reported the postoperative 
results for 50 eyes with pseudohole and a paired series of idio-
pathic ERMs without pseudohole operated on during the same 
period. All patients underwent standard three-port pars plana 
core vitrectomy and ERM peeling. For the patients with pseu-
dohole, median preoperative visual acuity was 20/63 (range, 
20/32–20/860), and median postoperative visual acuity was 
20/40 (range, 20/20–20/860). Vision improved by 2 or more 
lines in 31 (62%) of 50 eyes. Forty eyes (80%) reached visual 
acuity of 20/50 or more. Pseudohole persisted in 22 eyes 
(44%) 3 months after surgery and in 15 eyes (30%) at 6 months. 
There was no difference in visual acuity, whether or not the 
pseudohole persisted [54].

In 2013, Gaudric et al. published a series of 33 patients, 
14 eyes with straight foveal edges and 19 eyes with 
stretched edges, who underwent core vitrectomy and ERM 
removal. Trypan blue staining, followed by ILM peeling, 
was performed in 23 of the 33 patients. Short-acting gas 
tamponade (20% SF6 air) was used only in four cases (two 
in each group) because of the intraoperative retinal tear. 
Mean macular thickness decreased equally in the two 
groups, and postoperative thickness was similar (363.8 μm 
vs. 345.3 μm; p < 0.12). The macular profile improved in all 
patients, with the disappearance or attenuation of the verti-
calization of the foveal edges. Of the 19 patients with 
stretched and cleaved edges, the cleavage completely dis-
appeared in 14 patients, was attenuated in three patients, 
and remained unchanged in the two remaining patients. En 
face OCT images showed, in all patients, an alteration of 
the macular surface known as the dissociated optic nerve 
fiber layer, commonly seen after ILM peeling. The mean 
VA of the 33 eyes that underwent surgery improved from 
0.44 logMAR (Snellen equivalent, 20/50) before surgery to 
0.28 logMAR (Snellen equivalent, 20/40) after surgery 
(p  =  0.001). There was no significant difference between 
the two groups in preoperative or postoperative VA 

(p = 0.44 and p = 0.65, respectively) and no difference in 
visual gain [34].

In 2015, Schumann et  al. reviewed 39 eyes with MPH, 
and 59% of eyes (n = 23) had vitrectomy during follow-up. 
For the operated eyes, the preoperative BCVA was 0.40 
logMAR (mean  ±  SD, 0.46  ±  0.26 logMAR). The 
postoperative BCVA was 0.10 logMAR (mean  ±  SD, 
0.22  ±  0.21 logMAR). It was not superior using gas 
tamponade and prone positioning. They also published a 
mixed postoperative data comprised of 17 LMH eyes and 23 
MPH eyes. They found a lower BCVA in the disrupted IS/OS 
and ELM group; and there was so significant difference in 
the intact IS/OS and ELM group and disrupted IS/OS-only 
group. In the nonoperated eyes (31 LMH and 16 MPH eyes), 
there is no BCVA difference in the subgroups. They did not 
reveal the independent result of MPH eyes in this analysis 
[35].

In 2015, Hirota et  al. reported 31 eyes with a macular 
pseudohole underwent vitrectomy with internal limiting 
membrane removal. The BCVA improved significantly, and 
the length of the interdigitation zone (IZ) band defect 
decreased significantly after the surgery. Length of the IZ 
band defect is associated with preoperative and postoperative 
BCVA (p < 0.001 for all). The BCVA was not significantly 
correlated with the length of the ellipsoid zone, external 
limiting membrane band defect (ELM), and the central 
foveal thickness [55].

In 2016, Toyama and coworkers publish a series of 50 
eyes with MPH, in which 36 eyes were evaluated by SD-OCT 
postoperatively. Lamellar cleavage subsided in 32 (88.9%) 
eyes [36].

To sum up, surgery is advised in patients whose visual 
acuity decreases more than two Snellen lines during the fol-
low-up, initial visual acuity below 0.6, or disturbing meta-
morphopsia. With or without air/gas tamponade and prone 
positioning, the results are comparable. The anatomical 
improvement could be seen in the majority of patients, rang-
ing from 70% to 90%, of operated eyes [36, 52]. Based on 
group analysis, VA would improve in both straight and 
smooth edges. Worse postoperative VA could be seen in eyes 
with disrupted IS/OS and interdigitation zone defect.
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Vitreomacular Traction Syndrome

Yusuke Ichiyama and Masahito Ohji

2.1	 �Introduction

Posterior vitreous detachment (PVD) is commonly seen in 
the aging eye [1]. Although the majority of PVDs occur 
without complication, a small proportion can be associated 
with excessive traction on the macula, resulting in retinal 
anatomic changes. These eyes are characterized as having 
vitreomacular traction (VMT). VMT can lead to functional 
changes such as metamorphopsia and blurring of visual acu-
ity with central visual field defects.

VMT is prevalent in women (about 65%), and most 
patients are in their sixth or seventh decade [2, 3]. To diag-
nose VMT, optical coherence tomography (OCT) is a very 
useful tool, because it is frequently difficult to distinguish 
VMT from other retinal diseases such as epiretinal mem-
brane (ERM) or macular hole (MH) using slit-lamp 

examination (Fig.  2.1). Some eyes with VMT progress to 
macular hole (MH) in their natural history, and therefore 
VMT is considered to be one of the initiating causes of MH 
[4, 5].

2.2	 �Etiopathogenesis

The vitreous consists of approximately 98% water and 2% 
structural macromolecules forming a gel-like structure [6, 
7]. In our early life, the vitreous is attached to all contiguous 
structures of the inner eye, including the internal limiting 
membrane (ILM) of the retina. As the eye ages, gel liquefac-
tion and weakening of vitreoretinal adhesion occur, resulting 
in PVD.  These changes typically begin in the perifoveal 
macula (Fig. 2.2) [8, 9], and this process proceeds for years 
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Fig. 2.1  (a) Color fundus photograph shows irregular reflex on vitreoretinal interface and retinal fold around fovea, but it is difficult to detect 
VMT from this photograph. (b) On the other hand, OCT clearly shows vitreomacular traction on fovea
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to decades into final separation of the vitreous from the mac-
ula and the optic nerve, resulting in a complete PVD. Although 
the majority of PVDs occur without complication, the retinal 
anatomic changes can develop in a small proportion of cases, 
because the strength and position of the remaining attach-
ments vary among individuals [10].

2.3	 �Definition and Classification

2.3.1	 �Definition

Reese et al. first described VMT as a condition characterized 
by persistent vitreous attachment in the central macula, caus-
ing a cystoid configuration and decreased vision [11, 12]. 
Recently, the International Vitreomacular Traction Study 
Group suggested an OCT-based classification of vitreomacu-
lar interface disorders, including VMT [13]. They defined 
eyes with all of the following anatomic criteria on at least one 
B-mode OCT scan as having VMT: (1) evidence of perifoveal 
vitreous cortex detachment from the retinal surface; (2) macu-
lar attachment of the vitreous cortex within a 3-mm radius of 
the fovea; and (3) association of attachment with distortion of 
the foveal surface, intraretinal structural changes, elevation of 
the fovea above the RPE, or a combination thereof, but no full-
thickness interruption of all retinal layers. This definition 
includes eyes with outer retinal macular hole due to VMT 
(Stage 1b of Gass’ MH classification, Fig. 2.3), which remains 
controversial.

2.3.2	 �Classification

The International Vitreomacular Traction Study Group also 
suggested. that eyes with VMT are to be classified by the size 
of the vitreomacular adhesion (VMA) into either (1) focal 

(≤1500 μm, Fig. 2.4a) or (2) broad (>1500 μm; Fig. 2.4b). 
Focal areas of vitreous attachment with traction tend to dis-
tort the foveal surface, form cystoid macular edema, and 
sometimes combine with subretinal fluid. Broad areas of 
attachment with traction can cause generalized thickening of 
the macula, vascular leakage on fluorescein angiography, 
macular schisis, and cystoid macular edema. However, it 
remains unclear whether there is any prognostic difference 
between focal and broad VMT, so this criterion is currently 
considered to be tentative.

2.4	 �Management

The management strategies of VMT include observation, 
medical therapy, and surgery. The choice depends on the 
degree of subjective symptoms and the severity of retinal 
damage. If the subjective symptoms are limited and retinal 
damage is mild, observation is preferentially selected. 
However, if progressive traction and rapid visual loss occurs, 
prompt interventions should be considered, because irre-
sponsible observation is associated with irreversible retinal 
damage and poor prognosis [14].

2.4.1	 �Observation

Several observational studies reported the natural history of 
VMT [4, 14–16]. Hikichi et  al. reported that spontaneous 
release was observed in 11% of eyes with VMT during a 
median of 60 months of follow-up. Tzu et al. followed 230 
eyes with VMT for a mean of 32 months, and they found 
spontaneous VMT release in 73 eyes (31.7%) at a mean of 
18  months after initial visit. Theodossiadis et  al. reported 
release of VMT in 26% (12 of 46 eyes) at a mean of 
8.75 months from initial visit. Almeida et al. reported release 

Fig. 2.2  OCT shows PVD that began in the perifoveal macula (arrow-
heads), and remaining vitreous attachment caused cystoid macular 
edema

Fig. 2.3  OCT shows outer retinal macular hole with vitreous traction 
on fovea. It would remain controversial to define this case as VMT or 
MH
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of VMT in 35% (21 of 61 eyes) during a mean of 13.7 months 
of follow-up. These reports also suggested prognostic factors 
for spontaneous VMT release, including VMA diameter 
<400 μm and isolated inner retinal distortion.

2.4.2	 �Medical Therapy

Medical therapy for VMT currently includes intravitreal 
ocriplasmin (Jetrea; Thrombogenics, Leuven, Belgium) or 
intravitreal gas injection.

Intravitreal ocriplasmin injection: The enzyme ocri-
plasmin was approved for the treatment of symptomatic 
VMT in 2012 by the US Food and Drug Administration. 
The multicenter, randomized, double-blind, phase 3 clini-
cal trials (MIVI-TRUST trials) revealed that the propor-
tion of eyes with nonsurgical resolution of VMA on OCT 
at day 28 was significantly higher in ocriplasmin-injected 
group than that in placebo group (26.5% vs. 10.1%, 
respectively; p < 0.001) [2]. They also revealed that higher 
odds of VMT resolution were associated with younger age 
(<65 years), smaller adhesions (<1500 μm), phakic eyes, 
absence of ERM, and presence of a full-thickness MH 
with VMA.  According to MIVI-TRUST trials, several 
groups have reported “real world” results using ocriplas-
min ranging from a VMT release rate of 43–50% [17–19]. 
Therefore, ocriplasmin injection might be effective for 
about half of eyes with VMT if indication of treatment is 
closely examined.

Intravitreal gas injection: Several retrospective reports 
recently demonstrated that intravitreal gas injection was 
effective for resolution of VMT [20, 21]. Rodriguez et  al. 
reported 60% resolution of VMT using intravitreal perfluo-
ropropane (C3F8) injection. They included 15 eyes with focal 
VMT (size of VMA <1500 μm), without peripheral retinal 
degeneration that could cause retinal breaks. Steinle et  al. 
reported 83% resolution of VMT with intravitreal C3F8 

injection, including consecutive cases with VMT (size of 
VMA <400 μm). This report did not have exclusion criteria, 
so eyes with ERM, concurrent diabetes mellitus, or eyes pre-
viously treated with ocriplasmin without release of VMT 
were also included and successfully treated with C3F8 gas. In 
both the Rodriguez and the Steinle series, no case of retinal 
breaks or detachment was observed during follow-up 
periods.

2.4.3	 �Surgery

Pars plana vitrectomy (PPV) is the most established treat-
ment for VMT (Fig. 2.5) [3, 22]. Moreover, in the recent 
era of small-gauge vitrectomy, the risk/benefit profile of 
PPV is more favorable with shorter operating times [23]. A 
systematic literature review about effectiveness of vitrec-
tomy for VMT reported that mean logMAR visual acuity 
improved from 0.67  ±  0.55 to 0.42  ±  0.45 after surgery 
(from 20/94 to 20/53 Snellen, n  =  259 eyes) [3]. Other 
reports regarding predictive factors after vitrectomy dem-
onstrated that shorter symptom duration, younger age, bet-
ter preoperative visual acuity, and less damage to outer 
retina were associated with good visual outcome [24–26]. 
Therefore, earlier vitrectomy seems to deliver a better 
result for patients with VMT.  On the other hand, vitrec-
tomy has potential disadvantages, including cost, cataract 
formation, endophthalmitis, and ERM formation. To pre-
vent postoperative ERM formation, internal limiting mem-
brane (ILM) peeling could be an optional procedure for 
surgeons [27, 28]. However, a recent report suggested that 
there was no difference in outcome between surgeries per-
formed with and without ILM peeling [3], and ILM peel-
ing had adverse effects, including thinning of the temporal 
retina and reduced retinal sensitivity [29, 30]. Therefore, 
whether to perform ILM peeling for eyes with VMT is now 
under debate.

a b

Fig. 2.4  (a) OCT shows distortion of foveal surface and cystoid macular edema with focal type of VMT. (b) OCT shows generalized thickening 
of the macula, macular schisis, and cystoid macular edema with broad type of VMT
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a b

Fig. 2.5  (a) OCT shows cystoid macular edema and lack of foveal pit 
due to VMT. The best-corrected visual acuity was decreased to 12/20. 
(b) One month after vitrectomy, macular edema was completely 

resolved, and foveal pit was recovered. The best-corrected visual acuity 
was improved to 20/20

Y. Ichiyama and M. Ohji



27© Springer Nature Singapore Pte Ltd. 2019
M. Ohji (ed.), Surgical Retina, Retina Atlas, https://doi.org/10.1007/978-981-13-6214-9_3

Macular Holes

Daniele Veritti, Valentina Sarao, Carla Danese, 
and Paolo Lanzetta

3.1	 �Definition

A full-thickness macular hole (FTMH) is an anatomic dis-
continuity of the foveal retina, involving all the neural lay-
ers between the internal limiting membrane (ILM) and the 
retinal pigment epithelium (RPE). Mechanical forces 
mainly arising from the vitreous are thought to be respon-
sible for FTMH formation, including the development of 
tractional foveal cystoid space, breakdown and elevation of 
the external retina, and traction on the inner retina. The 
hole’s edge is usually rounded and possibly contains 
intraretinal pseudocysts. Intraretinal fluid can accumulate, 
leading to edge thickening and elevation from the RPE 
plane. Vitreous can be either attached or separated from the 
hole’s edge. A FTMH is usually easily diagnosed via 
multiple optical coherence tomography (OCT) foveal 
B-scans, even though in many cases just a single B-scan is 
sufficient. As far as shape is concerned, the OCT scans 
usually show an hourglass shape, varying depending on 
OCT scan orientation (Fig. 3.1). If the defect involves the 
retinal thickness only partially, this condition is named 
lamellar macular hole (LMH). A macular pseudohole, 
instead, is a circle- or oval-shaped lesion in the presence of 
an epiretinal membrane, which clinically mimics the 
appearance of a FTMH [1, 2].

3.2	 �Epidemiology

Population studies report that 1.5% of the general population 
presents ocular pathologies associated with symptomatic vit-
reomacular adhesion (VMA). FTMHs occur more frequently 
in people older than 65, with a prevalence ranging from 0%, in 
people aged between 43 and 54 years, to 0.8%, and in patients 
older than 75 years, with an age- and sex-adjusted incidence of 
8.5 cases per 100,000 people per year. A peak incidence is 
observed in women (72%) and in people aged between 65 and 
74 years, while people less than 50 years old account for only 
3% of all FTMHs. FTMHs are unilateral at diagnosis in more 
than 80% of the cases. Even though studies have been con-
ducted in order to associate systemic risk factors to this demo-
graphic distribution, they ended up to be inconclusive, with 
some exception: elevated plasma fibrinogen increases the risk, 
which, on the opposite, decreases in women taking estrogen 
replacement therapy. The risk is more elevated in patients with 
severe myopia, reaching 6% in eyes between −14 and −32 
diopters. There is a 15.6% risk of developing a FTMH in the 
fellow eye within 5 years, 17% within 10 years. This percent-
age falls to less than 2% when the fellow eye presents a com-
plete posterior vitreous detachment (PVD) [3, 4].

3.3	 �Classification

The first classification of macular holes, realized by Gass, dates 
back to the 1990s. It categorizes macular holes according to 
their clinical appearance. This now seems to be obsolete, since 
the wide usage of OCT has provided a large amount of anatomic 
data, which is very useful to better understand the pathogenesis 
and progression of FTMHs. The International Vitreomacular 
Traction Study Group has therefore realized a new classifica-
tion, considering different parameters, such as hole’s size, even-
tual vitreomacular traction, and etiology [1, 5].
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Fig. 3.1  A typical case of full-thickness macular hole as it appears at true-color fundus image (a), infrared (b), blue autofluorescence (c), green 
autofluorescence (d), swept-source optical coherence tomography (e)
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3.3.1	 �Gass Classification

In 1988 Gass realized a biomicroscopic classification of 
idiopathic age-related macular holes, which he subsequently 
modified according to a more accurate anatomical descrip-
tion [6].

•	 Stage 1: includes modifications of the vitreoretinal inter-
face and of the foveal neuroepithelium, which will lead to 
FTMH formation. There are two subgroups:
–– Stage 1a: a foveal yellow spot is visible ophthalmo-

scopically, associated with loss of physiological foveal 
depression, in absence of a complete PVD.

–– Stage 1b: the yellow spot evolves in a yellowish, ring-
shaped reflex, associated with horizontalization of the 
foveal profile, corresponding to a foveolar serous 
detachment with marginal dislocation of the 
xantophyll.

•	 Stage 2: a rupture in the roof of the foveolar serous detach-
ment, made of thin retinal tissue, leads to FTMH 
formation.

•	 Stage 3: the hole becomes bigger than 400 μm, and it is 
associated with persistence of vitreoretinal adhesions 
generated by the PVD.

•	 Stage 4: this stage includes holes larger than 400 μm, which 
are associated with complete resolution of the VMAs.

Even though Gass classification takes into account only 
ophthalmoscopic parameters, it correlates well with the mor-
phological features recently highlighted by OCT and auto-
fluorescence. Also the treatment choice has been guided by 
this classification until recently. Stage 1 holes required 
observation and serial evaluations every 4–6 months, while 
in stage 2, options were a strict follow-up or surgical inter-
vention; vitrectomy was the only viable strategy for stage  
3 and 4 holes.

3.3.2	 �International Vitreomacular Traction 
Study Group Classification

3.3.2.1	 �Vitreomacular Adhesion 
and Vitreomacular Traction

Reese, based on histological studies, was the first to describe 
an abnormal macular traction exerted by a PVD on the macu-
lar tissue, thus providing the first description of vitreomacu-
lar traction (VMT) [7]. The new classification includes not 
only macular holes but also VMA and VMT, since they all 
are closely related vitreomacular diseases. VMA is defined 
as a perifoveal vitreous separation with remaining vitreo-
macular attachment and unperturbed foveal morphology, 
while VMT is characterized by anomalous vitreous detach-

ment accompanied by anatomic foveal distortion, including 
pseudocysts, macular schisis, cystoid macular edema, and 
subretinal fluid [1, 8].

Increasing VMA width is associated with a decreased 
tractional force, thus leading to reduced foveal deformation. 
Indeed, small and focal foveal adhesions, i.e., less than 
500 μm, exert high tractional forces, causing macular hole 
formation, foveal inner retinal cavitations, and foveal retinal 
detachment, while larger vitreoretinal adhesions typically 
lead to a generalized foveal profile flattening, being also 
associated with ERM development and retinal thickening. 
The differentiation between VMA and VMT is guided by 
clinical symptoms, such as visual loss, blurred vision, and 
metamorphopsia. It must be noted that some cases of VMT 
do not determine visual impairment. Specifically, the pres-
ence of symptoms together with OCT alterations suggests 
the progression from VMA to VMT. The OCT criteria needed 
to classify an eye as having a VMT are:

•	 Partial perifoveal vitreous cortex separation from the reti-
nal surface.

•	 Macular attachment of the vitreous cortex within a 3-mm 
radius of the fovea.

•	 Distortion of the foveal surface, intraretinal structural 
changes, foveal elevation above the RPE, or a combina-
tion thereof, but no full-thickness interruption of all reti-
nal layers.

Many VMTs are complicated by the development of an 
ERM 10–20 μm thick, during the early perifoveal stages of 
PVD. If the VMT is associated with visual loss, a condition 
named vitreomacular traction syndrome is present.

VMT may determine the occurrence of macular edema, 
due to a dynamic traction caused by ocular movements and 
elastic tractional forces, exerted by posterior vitreous cortex, 
specifically macular stretching. Tractional cystoid macular 
edema, characterized by metamorphopsia and mild asymme-
try of the foveal thickening, may be considered as a variant 
of symptomatic VMT.

Finally, in the complex pathogenesis of a macular hole, 
VMT plays an important role, since it represents a strong risk 
factor not only for contralateral FTMH development but also 
for maintenance of the hole itself.

As to the classification, VMAs and VMTs can be differen-
tiated as follows:

•	 Focal: adhesion area ≤1500 μm
•	 Extended: adhesion area <1500 μm, parallel to the RPE 

and eventually associated with dehiscence areas
•	 Isolated
•	 With concurrent retinal conditions

3  Macular Holes
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3.3.2.2	 �Full-Thickness Macular Hole

Macular Hole Size
The OCT-based measurements of minimum hole width—
i.e., aperture size—represent a valid treatment guidance. 
OCT devices are provided with a caliper function, which 
allows measurement of the minimum hole width.

Three categories can therefore be distinguished:

•	 Small FTMHs—aperture size smaller than 250 μm. They 
are associated with a small chance of spontaneous clo-
sure, while the closure rate after vitrectomy approaches 
100%. This subtype appears to be the most responsive to 
pharmacologic vitreolysis (Fig. 3.2).

•	 Medium FTMHs—aperture size from 250 to 400 μm. More 
than 90% of these holes close after vitrectomy when a 

complete removal of residual hyaloid is performed, with or 
without ILM peeling. The results of pharmacological therapy, 
instead, are less satisfying than in small FTMHs (Fig. 3.3).

•	 Large FTMHs—aperture size larger than 400 μm. This 
group accounts for nearly half of all FTMHs. A 90–95% 
closure rate can be achieved after vitrectomy with ILM 
peeling. Pharmacologic vitreolysis has little success in 
these cases (Fig. 3.4).

Macular Holes Associated with Vitreomacular 
Traction
It is important to understand if FTMHs are associated with 
VMT, since pharmacologic vitreolysis is viable only in case 
of concurrent VMT. Around 55% of patients with a FTMH 
present with a VMT at the hole edge.

a

b

Fig. 3.2  A case of small full-thickness macular hole with vitreomacu-
lar traction. Spectralis optical coherence tomography (OCT) horizontal 
scan (a) and vertical scan (b) shows a full-thickness macular hole infe-

rior to 250 μm with intraretinal fluid and a foveal traction on its edge 
due to an incomplete posterior vitreous detachment. Green line corre-
sponds with level of OCT image
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Fig. 3.3  A case of medium full-thickness macular hole without vitreo-
macular traction. Color fundus (a) reveals a well-defined roundish 
defect at the foveal region. Infrared reflectance imaging (b) shows an 
hyper-reflective foveal area surrounded by an hypo-reflective ring. Blue 
light autofluorescence (c) reveals an increased autofluorescent signal 
corresponding to the macular hole surrounded by a halo of hypo-

autofluorescence. Spectralis optical coherence tomography (OCT) hori-
zontal scan (d) and vertical scan (e) confirms a full-thickness macular 
hole with a diameter ranging between 250 and 400 μm with intraretinal 
cysts. The presence of a complete posterior vitreous detachment is 
clearly visible on OCT.  Green line corresponds with level of OCT 
image
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Fig. 3.4  A case of large full-thickness macular hole. Color fundus (a) 
reveals a single, round, well-circumscribed reddish lesion located over 
the fovea. Infrared reflectance imaging (b) shows a normal reflective 
small foveal area surrounded by hyper- and hypo-reflective zone. Blue 
light autofluorescence (c) reveals a foveal hyper-autofluorescence sur-

rounded by a ring of hypo-autofluorescence. Spectralis optical coher-
ence tomography (OCT) horizontal scan (d) and vertical scan (e) 
confirms a full-thickness macular defect with a diameter ranging supe-
rior to 400 μm with intraretinal cysts at the edges of the hole. Green line 
corresponds with level of OCT image
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Etiology
FTMHs can be differentiated between primary and second-
ary forms.

•	 Primary FTMHs (formerly referred to as “idiopathic”) are 
caused by vitreous traction on the fovea, due to an anoma-
lous PVD.  In some cases, patients with high myopia 
present a VMT, precursive of a FTMH.

•	 Secondary FTMHs are not associated with VMT. They 
are, instead, caused by other pathologic conditions, 
such as blunt trauma, lightning strike, high myopia, 
macular schisis, type 2 macular telangiectasia, wet 
age-related macular degeneration, and macroaneu-
rysms. Among secondary FTMHs, those occurring 
immediately after surgical procedures—such as vitrec-
tomy for retinal detachment—must be mentioned, 
these probably being caused by traction-induced dam-
age to the inner fovea, leading to foveal destabilization, 
before or coincident with spontaneous vitreofoveal 
separation.

In some cases, FTMHs are concomitant with macular 
edema associated with various other diseases, such as dia-
betic macular edema, age-related macular degeneration, 
retinal vascular occlusions, and uveitis [1].

3.3.2.3	 �Impending Macular Hole
Previously referred to as “stage 0 macular hole,” this defini-
tion indicates a patient with a FTMH in one eye and VMA 
or VMT, demonstrated via OCT, in the fellow eye, which is 
therefore at risk of developing a FTMH, although there are 
also chances of spontaneous traction/adhesion resolution.

3.3.2.4	 �Lamellar Macular Hole
A LMH is a partial-thickness foveal defect, visible at biomi-
croscopy as a round or oval, reddish, well-circumscribed 
lesion (Fig. 3.5). OCT is very useful in detecting LMH, since 
the diagnosis can be difficult using biomicroscopy alone. 
The tomographic findings are:

•	 An irregular foveal contour.
•	 A defect in the inner retina, with intact outer retina and a 

near-normal perifoveal retinal thickness.
•	 Intraretinal schisis, usually between the outer plexiform 

and outer nuclear layers.
•	 Intact photoreceptor layer. This is the main feature dif-

ferentiating a LMH from a FTMH.

Detailed knowledge regarding the natural history and sur-
gical indication for LMHs is still lacking. It is thought that 
the progression is slow and either incomplete FTMH forma-
tion or an ERM exerting centripetal traction or both may rep-
resent the causative process. In addition, varying 
anteroposterior and tangential forces from the vitreous may 
play a role.

A LMH usually determines mild metamorphopsia and 
limited central vision loss. A deterioration in reading vision 
is usually caused by the progression of an associated 
ERM. LMHs may be associated with myopia, uveitis, exuda-
tive age-related macular degeneration, and retinal detach-
ment, and they are also being described following cataract 
surgery. Concerning treatment, surgical indication for LMH 
remains controversial: between 25% and 75% of patients 
undergoing vitrectomy experience an improvement in visual 
acuity, which is mainly due to the associated ERM peeling. 
Further studies are needed in order to define adequate guide-
lines [9].

3.3.2.5	 �Macular Pseudohole
Macular pseudohole is a discrete, reddish, round or oval 
foveal lesion, with a diameter between 200 and 400  μm, 
mimicking the biomicroscopic aspect of a FTMH, thus 
deserving the definition of pseudohole. In these situations, 
an OCT scan with multiple foveal lines is required to rule out 
a FTMH, showing no loss of foveal tissue and a normal or 
slightly reduced central foveal thickness.

The OCT features defining a macular pseudohole are the 
following:

•	 Invaginated or heaped foveal edges
•	 Concomitant ERM with central opening
•	 Steep macular contour to the central fovea with near-

normal central foveal thickness
•	 No loss of retinal tissue

The most relevant characteristic of a macular pseudohole 
is the etiological role of a coexisting macular ERM, which 
contracts and therefore pulls the underlying retinal tissue 
toward the foveal center, thus causing an invagination of the 
perifoveal retina into a shape mimicking a hole and altering 
the light reflex, without any actual loss of foveal tissue. The 
neurosensory retina is thickened but intact, with thickened 
foveal edges of a steep foveal pit of small diameter (Fig. 3.6).

The management of a macular pseudohole is usually con-
servative, a vitrectomy with membrane peeling being needed 
only when the ERM determines a significant visual loss [10].

3  Macular Holes
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Fig. 3.5  A case of lamellar macular hole. Spectralis optical coher-
ence tomography (OCT) horizontal scan (a) and vertical scan (b) 
shows an irregularity in the foveal contour, defects in the inner retina, 
and thinning of the retina at the base of the fovea without a full-thick-
ness defect. An intraretinal schisis is clearly visible. Please note the 

presence of epiretinal membrane superiorly at the fovea that appears 
as an hyper-reflective signal on OCT.  Blue autofluorescence (c) 
reveals an hyper-autofluorescence due to loss of foveal tissue and a 
decrease of autofluorescence signal corresponding to the epiretinal 
membrane
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3.4	 �Pathophysiology

Historically, the first description of a macular hole dates back 
to 1869, when Knapp documented a FTMH in a patient who 
had sustained a blunt trauma to the eye. Therefore, at first, 
macular holes were considered etiologically related to epi-
sodes of ocular trauma. However, it is now recognized that 

traumas account only for less than 10% of all macular holes, 
while more than 80% are idiopathic.

Gass first reported the potential pathogenesis of primary 
macular holes based on biomicroscopic findings, hypothe-
sizing the role of a tangential traction exerted by the perifo-
veal vitreous cortex, resulting in a foveal dehiscence 
progressing from foveolar detachment to a FTMH.  
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Fig. 3.6  A case of macular pseudohole. True-color image (a) clearly 
shows a single, round, well-circumscribed reddish lesion located over 
the fovea. Please note a wrinkling of the retinal surface at the posterior 
pole consistent with epiretinal membrane. Compared with green auto-
fluorescence (b), blue autofluorescence (c) shows an increased autoflu-
orescent signal corresponding to the macular hole. A halo of 
hypo-autofluorescence surrounding the hole is clearly visible, and it 

could be due to the displacement of macular pigment at the edge of the 
hole. The presence of macular pseudohole was confirmed by swept-
source optical coherence tomography horizontal (d) and vertical scan 
(e), which reveals an irregular foveal contour characterized by a break 
of the inner retinal layers but leaving intact the photoreceptors in foveal 
region. The presence of epiretinal membrane is confirmed by the detec-
tion of an highly reflective layer on the surface of the retina
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Later on, the wide usage of OCT imaging has made clear 
that the pathogenetic process of FTMHs starts during peri-
foveal PVD, as a consequence of anteroposterior, dynamic 
VMT.

The anterior tractional forces on the foveola firstly deter-
mine an intrafoveal split, which evolves into a foveal pseudo-
cyst, which subsequently extends, disrupting and separating 
the outer retinal layers and then raising into the inner layers. 
Moreover, these tractional forces also cause degeneration of 
the retinal tissue, which facilitates the entire process. 
Afterward, dehiscence of the foveal cyst creates a full-
thickness defect, involving also the IS/OS junction of the 
photoreceptor layer. An operculum—visible within the vitre-
ous gel—is also formed, being the completely detached cyst 
roof, made of glial tissue, hyperplastic Muller cells from 
inner retinal surface, and components of the outer retina, 
such as cone cells, in an up to 65% of cases [4, 8].

3.5	 �Natural History and Clinical Features

A macular hole usually evolves over a period of weeks to 
months, but in some cases, the development may also be 
more abrupt. The diagnosis is typically made when a sud-
den change in patient’s symptoms is noticed. Visual dys-
function in patients with a macular hole is directly related to 
the absence of retinal tissue in the fovea. Additionally, it 
may also be related to the presence of a cuff of subretinal 
fluid with associated photoreceptor atrophy. FTMHs are 
associated with significantly reduced visual acuity—
inversely related to the size of the hole—metamorphopsia, 
loss of central vision with a central scotoma. It must be 
noted that the prognosis of untreated FTMHs is poor, result-
ing in a progressive worsening of visual acuity over time, 
falling between 20/100 and 20/400, and then stabilizing 
with a good peripheral vision. If, instead, a FTMH closes 
spontaneously, visual acuity may noticeably improve. A 
small FTMH may repair itself after complete PVD has 
occurred, via proliferation of retinal glial cells. However, if 
this repair mechanism fails, the glial cell migration at the 
edge of the hole can progressively contract, determining the 
enlargement of the hole itself. Moreover, the edge may ele-
vate due to the presence of a cuff of subretinal fluid, with 
eventual association of neurosensory retinal tissue thicken-
ing [4, 5].

3.5.1	 �The Fellow Eye

Fellow eyes are at higher risk of developing a macular hole, 
in absence of PVD. Thus, since macular holes are not by 
any means preventable, an early diagnosis is crucial, since 

it appears to be associated with both a higher closure rate 
after vitrectomy and better postoperative visual acuity. 
Therefore, in order to achieve the earliest diagnosis 
possible, not only the fellow eye must be carefully 
examined, but also the patient has to be carefully instructed 
about warning signs, such as metamorphopsia and mild 
decrease in central visual acuity. OCT scans are useful to 
identify at-risk eyes, characterized by vitreous traction at or 
near the center of the macula [11].

3.6	 �Diagnosis

When evaluating a patient who may have a FTMH, some 
conditions, such as central serous retinopathy, subfoveolar 
drusen, and solar maculopathy, must be taken into account 
and excluded [4]. The patient’s history thus appears to be 
fundamental, especially regarding:

•	 Duration of symptoms
•	 Ocular history: glaucoma, retinal detachment or retinal 

tear, traumas, ocular surgery, sun, or eclipse gazing
•	 Medications associated with macular cystoid edema, such 

as systemic niacin, topical prostaglandin analogues

3.6.1	 �Slit-Lamp Examination

At fundus examination, FTMH can present the following 
features: fine, drusen-like yellow deposits in the hole 
base, a surrounding cuff of subretinal fluid, a distinct cir-
cular margin around the hole, and an operculum—appear-
ing as a small round opacity suspended within the vitreous 
above the fovea. At first, the retinal pigment epithelium 
appears normal, while chronic changes, such as atrophy 
and hyperplasia, may appear over time. The additional 
presence of an overlying epiretinal membrane causes a 
fine crinkling of the inner retinal surface or even a distor-
tion of the hole itself [4].

3.6.2	 �Diagnostic Tests

3.6.2.1	 �Watzke-Allen Test
The Watzke-Allen test is performed at the slit lamp, directing 
a narrow vertical and horizontal slit through the fovea. If the 
patient detects a break in the light due to the lack of retinal 
tissue in the hole region, the test is positive. The perception 
of a narrowing or of a distortion of the bar of light is not 
diagnostic of a macular hole and must be carefully 
interpreted.
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3.6.2.2	 �Laser Aiming Beam Test
It is similar to the Watzke-Allen test. A small, 50-μm spot-size 
laser aiming beam is placed within the lesion. The test results 
positive when the patient cannot detect the aiming beam.

3.6.2.3	 �Amsler Grid
It usually shows a non-specific central distortion, rather than 
a scotoma. Bowing of the lines and micropsia are frequent, 
mainly due to the presence of retinal edema and intraretinal 
cysts surrounding the hole.

3.6.3	 �Imaging

3.6.3.1	 �Optical Coherence Tomography
OCT is the most accurate technique for visualizing the vit-
reoretinal interface, thus identifying VMTs and FTMHs. 
This technology has experienced significant improvements 
in the recent years, with the introduction of spectral domain 
and swept-source technology. New generation OCTs can 
provide 5-μm axial resolution images, with reduced artifacts. 
It is therefore possible to visualize VMTs, ERMs, retinal dis-
tortion, and macular detachment. In the case a VMT is pres-
ent, horizontal and vertical vitreous adhesions and foveal 
cavitation can be accurately studied. Moreover, a differentia-
tion between VMT-associated pseudocysts and cystoid mac-
ular edema is also achievable.

As discussed in the previous paragraph, OCT is funda-
mental for FTMH staging, thanks to accurate visualization 
of foveal anatomy, including intraretinal cavitation, thus 
identifying changes associated with impending macular 
holes and allowing an early intervention. Many measure-
ments of the macular hole can also be taken, such as base 
width, minimum and maximum linear diameter, and macu-
lar hole height. Moreover, a differential diagnosis between 
FTMH, pseudohole, and lamellar macular hole is possible.

It is important to underline that it is fundamental to choose 
the correct OCT scanning protocol, in order to avoid to 
underestimate the FTMH size, or even missing areas of focal 
vitreous attachment or full-thickness retinal defects. 
Therefore, the lowest line spacing protocol available or a 
radial pattern scan through the fovea should be used.

Considering all the described features, it is important to 
use OCT imaging for observation of lesions over time and 
for follow-up after treatment. Some positive prognostic fea-
tures may be assessed as well, such as the structural integrity 
of the photoreceptors at the IS/OS junction defect, ELM 
integrity, and outer diameter of the foveal defect before and 
after intervention. Additionally, preoperative base diameter, 
inner opening diameter, and minimum linear diameter can 
predict the post-vitrectomy outcomes [4].

3.6.3.2	 �Fluorescein Angiography
A FTMH determines an early well-defined window defect, 
due to xantophyll displacement and possible RPE atrophy, 
not expanding with time, while the surrounding subretinal 
fluid and displaced macular pigments can be seen as a hyper-
fluorescent halo in late frames. The arteriovenous phase of 
the angiogram best demonstrates a granular hyperfluorescent 
window, associated with the overlying pigment layer 
changes. Fluorescein angiography (FA) is useful when other 
pathologies are suspected, such as choroidal neovasculariza-
tion, parafoveal telangiectasia, or clinically occult retinal 
vein occlusion [4].

3.6.3.3	 �B-Scan Ultrasonography
B-scan ultrasonography used to be useful for the study of the 
vitreomacular interface, since it allows visualization of 
early-stage PVDs and it may allow an easier distinction 
between a FTMH and an idiopathic macular pucker second-
ary to an ERM, presenting with a complete PVD and Weiss 
ring. Nowadays, OCT represents a much more accurate 
imaging tool [4].

3.6.3.4	 �Fundus Autofluorescence
FTMH appears on fundus autofluorescence (FAF) as an 
hyper-autofluorescent area, corresponding to the hole area. 
Because the macular pigments absorbing the blue light are 
absent, the light reaches directly the lipofuscin within the 
RPE appearing pathologically hyper-autofluorescent. An 
hypo-autofluorescent ring may surround the lesion due to 
retinal thickening. Hyper-autofluorescence typically resolves 
upon anatomic hole closure.

3.6.3.5	 �Fundus Photography
Fundus photography can highlight an eventual ERM, asso-
ciated with vascular distortion or macular pseudohole, espe-
cially when using red-free or blue-reflectance technology.

3.7	 �Prognosis and Treatment

For a long time, macular holes were regarded as an incur-
able disease, until Kelly and Wendel reported that visual 
acuity could be stabilized—or even improved—after vit-
rectomy and intraocular gas tamponade, thus relieving 
tangential traction on the macula, reducing the cystic 
changes, and reattaching the cuff of detached retina sur-
rounding the hole.

In the early days of macular hole surgery, patients were 
instructed to maintain a prone position up to 14  days, to 
achieve the best possible outcomes, while nowadays the 
most recent studies report excellent results with a face-down 
positioning of 1–3 days [8, 12].
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Although there is no general consensus about the man-
agement of VMTs, some recommendations can be made:

•	 Patients should be observed for 2–3  months, since an 
eventual spontaneous release may occur, even though this 
depends on symptoms severity and impact on the patient’s 
life quality.

•	 In case of no resolution, ocriplasmin treatment should be 
taken into account, considering factors such as VMA 
width, eventual ERM presence, status of the lens, and 
patient age.

•	 Surgery is recommended in case of significant ERM.

As far as FTMHs are concerned, instead, current recom-
mendations are:

•	 Early treatment is indicated, especially if symptoms are 
significantly affecting life quality.

•	 Ocriplasmin is a viable treatment if the diameter of the 
hole is less than 400  μm, and there is an associated 
VMT. Some patient-related variables must also be consid-
ered, such as systemic morbidity, VMA width, eventual 
ERM presence, status of the lens, and patient age.

•	 If 1  month after ocriplasmin injection the hole is still 
open, vitrectomy should be performed.

•	 Surgery is the option of choice if the hole is bigger than 
400 μm in diameter and VMT is not present. In this set-
ting, ILM peeling—using the minimum effective amount 
of dye—gas tamponade, and face-down posturing 
improve results. Simultaneous cataract surgery can be 
performed, especially if the patient is older than 60.

3.7.1	 �Observation

Some patients with VMA and VMT may have foveal cysts, 
possibly resolving completely without any treatment. In 
these cases, visual acuity may improve when the posterior 
vitreous completely detaches from the central macula. Only 
50% of VMAs and VMTs evolve to FTMHs, while in the 
other 50% of cases, a complete PVD occurs, therefore lead-
ing to a normalization of the appearance of the fovea. As a 
consequence, cautious observation of VMAs and VMTs is 
recommended, using OCT imaging to monitor eventual 
changes. The spontaneous detachment of the vitreous often 
determines a rapid improvement in visual symptoms.

There is a remote chance of a spontaneous resolution of a 
FTMH, especially if the hole is small, with a subsequent 
visual benefit which depends from duration and size of the 
hole itself. Even though in the majority of cases no treatment 
is needed for spontaneously healed holes, vitrectomy with 
ERM peeling is sometimes indicated [13].

3.7.2	 �Treatment

When a VMT is associated with a FTMH, not only further 
vision loss is described in absence of treatment but also the 
success rate falls because of the eventual development of an 
ERM [12].

3.7.2.1	 �Vitrectomy
Surgery is recommended for every FTMH associated with 
VMT, even if the hole is small or medium, since visual acuity 
results are good and it prevents further visual loss, avoiding 
progression to a bigger hole. It is usually performed under 
local anesthesia. Indications for surgical repair of macular 
holes are based on the presence of a full-thickness defect, 
since once it has developed, the potential for spontaneous 
resolution is low. At present, the anatomic success rate of 
vitrectomy ranges between 82% and 100%, depending on 
the case series. The surgical technique consists in a standard 
three-port pars plana small gauge vitrectomy. The main goal 
is the separation of the posterior cortical hyaloid from the 
retinal surface, with the eventual aid of triamcinolone ace-
tonide staining to highlight the posterior vitreous. These eyes 
are prone to the development of retinal breaks. Therefore, an 
examination of the peripheral retina must always be con-
ducted. Moreover, if there is marked traction and the OCT 
shows a highly elevated flap, traction in that direction must 
be avoided, since it may determine further enlargement of 
the hole during posterior hyaloid separation.

In order to achieve postoperative anatomic closure of the 
hole, several tamponade agents may be used, with different 
effect duration:

•	 Air: days
•	 SF6 gas: from 2 to 4 weeks
•	 C3F8 gas: from 1 to 3 months
•	 Silicone oil: long-term closure

There is no consensus regarding the best tamponade 
agent. One study has reported 98% closure rate when using 
SF6. When gas tamponade is used, patients must be 
instructed to maintain a face-down prone position. However, 
the optimal tamponade duration is debated. One week face-
down positioning is optimal, while some surgeons advocate 
1–3 days or even none. Even though there is no consensus, 
a longer face-down positioning may be needed in case of 
large holes—i.e., diameter more than 400  μm. In some 
studies, early postoperative OCT is used to monitor the 
progression of the hole closure, the findings being used to 
curtail positioning. In any case, the patient needs to avoid 
any position requiring the head tilting up. Even though 
anatomic and visual results seem to be better with gas 
tamponade, silicone oil may be useful for patients who are 
not able to position face-down. When using silicone, the 

D. Veritti et al.



39

need for a second operation for silicone oil removal must 
be taken into account.

Generally, the highest closure rates are reported with the 
association of air tamponade and ILM peeling. The ILM, 
indeed, acts as a scaffold for cellular proliferation or attach-
ment of contractile tissue elements, resulting in persistent 
VMT. On the other hand, detrimental effects may be gener-
ated by the loss of its structural role or secondary collateral 
nerve fiber layer loss. There is no consensus regarding the 
best peeling technique: some surgeons do not use dyes, while 
others prefer to optimize ILM visualization with vital dyes 
[14]. Recently, the inverted flap technique has been proposed 
for treating large FTMHs. In this technique, after core vitrec-
tomy and dye staining, the ILM is not completely removed 
from the retina, but it is left in place, attached to the edges of 
the MH. This ILM remnant is then inverted to cover and fill 
the MH. It is supposed that inverted ILM, containing Müller 
cell fragments, may induce glial cell proliferation, filling the 
MH and supporting MH closure, acting as a scaffold for tis-
sue proliferation [15].

Surgical Outcomes
The studies conducted to investigate the outcomes of vitrec-
tomy for the treatment of FTMHs are coherent, estimating a 
closure rate after surgery between 91% and 98%, with a 
median postoperative visual acuity of 20/40. The success 
rate is highest for holes lasting less than 6 months, while it 
falls to 63% when considering holes present for more than 
2–3 years. Visual acuity outcomes follow the same pattern.

In case of first surgery failure, despite a 70% sealing rate 
after a second operation, the resulting visual acuity is poor, 
approximately 20/100. The results are, instead, better for 
those patients experiencing a successful closure after the first 
vitrectomy and then a late reopening.

Visual improvement, in terms of visual acuity and recov-
ery from distortion, occurs gradually after macular hole sur-
gery, involving mechanisms that are not completely known. 
According to postoperative OCT findings, the first layer to 
recover its integrity is the external limiting membrane, fol-
lowed by the inner segment/outer segment (IS/OS) junction 
line. Patients with a good quality of these structures tend to 
have a better visual outcome. The diameter of the IS/OS 
junction discontinuity 3  months after surgery also plays a 
role. If it is greater than 1500 μm, it is associated with a 
poorer visual acuity. The eventual presence of subfoveal 
fluid 3 months after surgery is not relevant in terms of visual 
outcomes [16].

3.7.2.2	 �Pharmacologic Treatment
In October 2012, ocriplasmin (Jetrea) was approved by the 
US Food and Drug Administration (FDA) for enzymatic 
dissection of the vitreous from the retinal surface. 
Ocriplasmin is a recombinant proteolytic enzyme, with 

activity against fibronectin and laminin, that underwent a 
multicenter, randomized, double-blind phase III trial by the 
MIVI-TRUST study group, which demonstrated a 40.6% 
closure rate of FTMHs using a single intravitreal injection of 
ocriplasmin (125  μg), compared to a 10.6% closure rate 
injecting intravitreal saline placebo. Also in the VMA group, 
the results were better with ocriplasmin than with placebo, 
with success rates of 26.5% vs. 10.1%, respectively. Best 
results are obtained in small FTMH with limited and focal 
VMA [13, 17].

An example of treatment employing both ocriplasmin and 
vitrectomy is presented in Figs. 3.7, 3.8, and 3.9.

3.8	 �Traumatic Macular Hole

Traumatic macular holes (TMHs) are usually associated with 
forceful blunt injury and, occasionally, with inadvertent 
Neodymium YAG laser burn. After the first description in 
1869 by Knapp, the main etiology was thought to be a direct 
impact on the eyeball. It is now renown, however, that a hole 
can occur not only immediately after injury but also days or 
weeks later. Foveal detachment determines immediate vision 
loss, while progression of cystic changes and photoreceptor 
loss may account for delayed visual compromise. Moreover, 
the different impact forces and the material features of the 
object account for various TMHs subtypes.

According to their OCT morphology, TMHs can be clas-
sified in five groups:

•	 Type 1 (27.4%): macular hole with cystic edema of the 
neurosensory retina on both margins of the hole on both 
horizontal and vertical OCT scans, being therefore simi-
lar to idiopathic macular holes

•	 Type 2 (24.7%): macular hole with cystic edema of the 
neurosensory retina on only one margin of the hole, either 
on the horizontal or on the vertical OCT scan

•	 Type 3 (19.2%): macular hole with full-thickness defect 
of the neurosensory retina without cystic edema or mar-
gin detachment

•	 Type 4 (23.3%): macular hole with localized detachment 
of the neurosensory retina at the margin without cystic 
edema

•	 Type 5 (5.5%): macular hole with thinning of the neuro-
sensory retina

Type 1 and 2, in which macular edema is evident, have a 
greater average retinal thickness than the other groups. 
Type 4 presents a localized retinal detachment, which 
results in a significant basal area increase, while type 5 has 
a greater apical area than type 4. As far as time of 
presentation is concerned, patients with type 1 holes seem 
to seek medical advice later than those with type 4 holes, 
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while no difference can be underlined in terms of gender, 
age, visual acuity, and eccentricity. It seems that some 
TMHs may evolve in type 1 holes, with an increase in 
retinal edema, possibly due to injury-induced abnormal 
capillary permeability in the parafoveal region and vitreous 
traction. Evidence suggests that patients with a late 
presentation have larger apical areas, since TMHs may 
enlarge, while the retina thickens over time. On the other 
hand, some TMHs may close spontaneously, especially 
among young patients, thanks to both glial and retinal 

pigment epithelial cell proliferation from the hole edges 
toward the bottom of the hole and to contractile forces, 
which pull the neurosensory retinal tissues together [18].

3.8.1	 �Mechanism of Hole Formation

The formation of a TMH can be ascribed to two different 
mechanisms: indeed, one type forms directly after the 
trauma, with avulsion and rupture of the fovea, causing acute 

a b

c d

Fig. 3.7  Case presentation: A 66-year-old female complained of a 
visual loss and metamorphopsia in the left eye for 2  months. At the 
presentation visual acuity in the left eye was 20/40. Color fundus (a), 
blue autofluorescence (b), and green autofluorescence (c) showed 

findings consistent with the presence of small full-thickness macular 
hole. (d) Swept-source optical coherence tomography revealed also the 
presence of a foveal traction. The patient received an intravitreal 
injection of ocriplasmin
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visual loss, while the second one has a more gradual onset, 
from several days to months after the trauma, with a 
mechanism similar to the vitreomacular traction syndrome. 
This theory is supported by histological studies, 
demonstrating that, in some cases, the formation of TMHs is 
preceded by macular edema and cysts [19].

3.8.1.1	 �Rapid Onset TMH
Blunt trauma causes a sudden anteroposterior compression 
and equatorial expansion of the globe, resulting in 

significant stress on the retina in the points of vitreous 
attachment. Since young patients have the greatest 
vitreofoveal adherence, a sudden foveal traction can easily 
cause a macular hole immediately after the injury, espe-
cially in closed eye trauma. At the opposite, patients with 
vitreous foveal detachment result in having less chance of 
developing TMH.  At the same time, PVD can be deter-
mined by the injury itself. Moreover, the equatorial expan-
sion directly stretches the posterior pole, therefore pulling 
apart the fovea, since the elasticity and strength of Bruch’s 

a b

c d

Fig. 3.8  One month after vitreolysis with ocriplasmin. Visual acuity in 
the left eye was unchanged to 20/40. Color fundus (a), blue autofluores-
cence (b), and green autofluorescence (c) showed an increase in size of 
full-thickness macular hole. (d) Swept-source optical coherence tomog-

raphy (OCT) revealed the complete release of the vitreomacular attach-
ment. The OCT scan confirmed the presence of a large full-thickness 
macular hole with an overlying operculum. The patient underwent a 
surgical intervention
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b c

Fig. 3.9  One month after 27-gauge pars plana vitrectomy. Visual acuity in 
the left eye improved to 20/25. Color fundus (a), infrared (b), and blue 
autofluorescence (c) showed the closure of macular hole. Spectralis optical 

coherence tomography horizontal scan (d) and vertical scan (e) revealed 
the restoration of the outer retina including the external limiting membrane 
and photoreceptors. Green line corresponds with level of OCT image
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membrane and ILM are not as great as those of the sclera. 
As far as shape is concerned, it is thought that TMHs arise 
in an elliptical or irregular morphology and gradually 
become more circular.

3.8.1.2	 �Delayed Onset TMH
Some TMHs form within days, or even weeks, after the 
injury, probably because of persistent vitreofoveal adhe-
sions. This hypothesis is confirmed by the fact that vitrec-
tomy with vitreofoveal adhesion release typically leads to 
hole resolution. The role of retinal cyst development in the 
delayed formation of TMHs is not clear. It seems that cystoid 
macular edema leads to the formation of lamellar holes, 
while posttraumatic cystic retinal changes precede the devel-
opment of foveal atrophy. Older patients have weaker vitreo-
foveal adhesions, which not only determines a reduced 
average retinal thickness but also results in a prolonged 
period of time preceding TMH formation, thus leading to a 
circle-shaped hole, since the forces have more time to dis-
tribute evenly around the fovea.

3.8.2	 �TMH and Visual Acuity

No correlation has been found between TMH subtype and 
visual acuity. Average retinal thickness seems to be posi-
tively correlated with visual acuity. Indeed, a thin retina not 
only implies a less severe edema but may also indicate a 
more extensive retinal atrophy. This suggests that retinal 
thickness alone is not an adequate visual acuity predictor. 
Patients presenting late to medical attention seem to have 
better visual acuity. This may be due to structural hole 
changes and to the greater amount of time that the patient 
have to adapt to non-foveal fixation.
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Myopic Foveoschisis and Macular Hole 
Retinal Detachment

Kazunari Hirota and Akito Hirakata

4.1	 �Introduction

Myopic foveoschisis (MF), also known as myopic traction 
maculopathy (MTM), was first described by Phillips as a 
localized retinal detachment in highly myopic eyes with a 
posterior staphyloma and without a macular hole (MH) [1]. 
Takano and Kishi were the first to use time-domain optical 
coherence tomographic (OCT) images to describe the mor-
phological characteristics of MF, and they reported it to be a 
retinoschisis with or without a retinal detachment in the mac-
ular area (Fig. 4.1) [2].

More recent OCT studies have shown that MF is a schisis-
like thickening of the inner and/or outer retina in highly 
myopic eyes with a posterior staphyloma. It has been 
suggested that the schisis-like thickening is due to fluid 
accumulation caused by traction on the retina rather than a 
true schisis [3].

It has been reported that MF can progress to a full-thickness 
MH and subsequent macular hole retinal detachment (MHRD) 
that is mainly located in the posterior pole but can extend 
beyond vascular arcade. The MHs in non-myopic eyes are 
mainly caused by anteroposterior traction by a posterior vitre-
ous detachment, whereas the MHs in highly myopic eyes are 
caused by multiple anteroposterior and tangential tractional 
components which induce local or extensive rhegmatogenous 
retinal detachments. These eyes are difficult to treat because 
of their multiple and complicated pathogenesis.

MHRDs account for 0.5–21% of all retinal detachments 
[4, 5], and they are one of the most refractory retinal 
detachments with high rates of non-closure or reopening of 
the MHs. Recurrences of the retinal detachment often occur 
in spite of multiple surgical interventions. The retinal 
reattachment rate of MHRD has been reported to range from 
50% to over 90% [6–8].
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Fig. 4.1  (a) Fundus photograph and (b) corresponding spectral-domain 
optical coherence tomographic (SD-OCT) image of a myopic foveos-
chisis (MF) with macular retinoschisis and foveal retinal detachment. 

The black line in the fundus photograph is the direction of the SD-OCT 
scan. The patient was a 61-year-old woman whose decimal best-cor-
rected visual acuity (BCVA) was 0.8
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4.2	 �Etiopathogenesis

Previous histopathological and OCT studies have shown that 
multiple tractional components were associated with the patho-
genesis of MFs, MHs, and MHRDs in highly myopic eyes. The 
factors associated with the pathogenesis are preretinal, intra-
retinal, and subretinal factors. The major preretinal factors are 
the presence of an epiretinal membrane (ERM) and a partial or 
non-detached posterior hyaloid membrane which can cause 
anteroposterior or tangential traction on the retina. An electron 
microscopic study of the tractional components on the retinal 
surface of an eye with MHRD showed the presence of vitreous 
cortex, cellular elements of the ERMs, and the internal limiting 
membrane (ILM) in the biopsied specimen [9].

The intraretinal factors exerting traction on the retina are 
a stiffening of the ILM and the retinal vessels which prevent 
the retina from expanding in the anterior-posterior direction 
in highly myopic eyes. Bando and associates reported that 
collagen fibers and glial cells were present in 70% of the 
ILMs removed during vitrectomy from eyes with MF, and 
none of these elements were present in the control group 
consisting of eyes with an idiopathic macular hole. They 
concluded that the migration of glial cell and synthesis of 
collagen fibers on the inner surface of ILM contributed to the 
development of the MF [10].

The subretinal factors associated with MF are poste-
rior staphylomas which are posterior ectasias causing an 
abnormal contour of the eye wall caused by an elonga-
tion of the axial length of highly myopic eyes. This can 
lead to a centrifugal traction on the retina and contribute 
to the development of MF.  Chorioretinal atrophy is 
another subretinal factor that can contribute to the devel-
opment of MF by reducing the attachment between the 
retina and the pigment epithelium or between the differ-
ent retinal layers.

The prevalence of pathologic myopia among adolescents 
and children is less than 0.2% [11, 12], whereas it is  
0.9–3.1% among middle-aged and elderly adults in Asian 
populations [13, 14] and 1.2% in a non-Asian adult popula-
tion [15]. However, there has not been a study determining 
the prevalence of MF in a large, non-hospital-based popula-
tion. Takano and Kishi reported that 11 of 32 highly myopic 
eyes with posterior staphylomas (34%) had MF [2], and Baba 
et al. reported that 7 of 78 eyes (9%) with high myopia and a 
posterior staphyloma had MF [16]. Thus, the incidence of MF 
is between 9% and 34% in highly myopic eyes of adults.

4.3	 �Clinical Features

Most of the patients with MF are asymptomatic, and the 
main complaint of a small number of patients is metamor-
phopsia. When a foveal retinal detachment and/or MH 

develop, the complaint is blurred vision. The characteristic 
biomicroscopic fundus finding in highly myopic eyes with 
MF is a microcystic appearance or shallow retinal detach-
ment in the macular area.

OCT examinations are more reliable in detecting MFs. 
The common OCT findings in eyes with MF can be divided 
into four types that are presented in the order of 
progression.

•	 Retinoschisis. A retinoschisis is a splitting of the inner or 
outer retina with bridging columns without a foveal reti-
nal detachment (Fig. 4.2).

•	 Retinoschisis with a foveal retinal detachment (Fig. 4.3).
•	 Retinoschisis with a macular hole (Fig. 4.4).
•	 Macular hole retinal detachment (Fig. 4.5).

The other OCT findings related to the pathogenesis of 
MFs are a detached ILM (Fig. 4.6), presence of preretinal 
structures (an ERM, a posterior vitreous membrane; 
Fig.  4.7), a MH in the inner retinal layer or outer retinal 
layer (Figs. 4.6 and 4.7), retinal vessel microfolds (Fig. 4.8), 

Fig. 4.2  Optical coherence tomographic (OCT) image of an eye with 
MF showing retinoschisis of the inner (arrow) and outer (asterisk) reti-
nal layer without a foveal detachment. This condition is considered to 
be the initial stage of MF. The patient was a 70-year-old woman with a 
decimal BCVA of 0.5

Fig. 4.3  OCT image of an eye with MF which has a foveal retinal 
detachment (asterisk). The patient was a 63-year-old woman with a 
decimal BCVA of 0.2
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and paravascular microholes (Fig. 4.9). The OCT findings 
of a detached ILM, presence of preretinal structures on an 
elevated retina, retinal vessel microfolds, and perivascular 
microholes indicate an underlying traction of a stiffened 
ILM, preretinal structures, and retinal vasculature. The 

MHs in the inner retinal layer and outer retinal layer are 
caused by a stretching of the retina by various tractional 
elements and are considered to be precursors to a full-
thickness MH.

4.4	 �Management

4.4.1	 �Observation Alone

An MF can remain stable for many years without affecting 
the vison. However, there are only a few studies on the 
natural course of MF (Table 4.1) which makes it difficult 
for surgeons to determine whether the case should be 
treated or just followed. Shimada et al. performed a longi-
tudinal study of more than 2  years on eight eyes with 
MF.  They reported that two eyes developed a MH and 
another two developed a foveal retinal detachment [17]. 
Gaucher et al. reported that 20 of 29 eyes with MF had a 

Fig. 4.4  OCT image of an eye with MF with a MH. The MH develops 
when the roof of a foveal detachment is separated by traction by antero-
posterior or tangential components. The patient was a 74-year-old 
woman with a decimal BCVA of 0.1

a

b c

Fig. 4.5  Extensive MHRD 
following MH formation in an 
eye with MF. (a, b) Total 
retinal detachment associated 
with choroidal detachment 
can be seen. (c) OCT image 
showing full-thickness 
MH. Tangenital tractional 
components, an ERM, ILM, 
and retinal vessels, around the 
MH in the presence of a 
posterior staphyloma led to 
this condition. The patient 
was a 58-year-old woman 
with a decimal BCVA of 0.03. 
Intraocular pressure was as 
low as 5 mmHg with a 
choroidal detachment
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decrease of the visual acuity during a 31-month natural 
course study. They concluded that eyes with MF and the 
presence of premacular structures have a higher risk of pro-
gressing to a reduction in the visual acuity. In addition, 
those with a foveal detachment develop MHs more fre-
quently whether or not surgery is performed. However, 
most of the cases without these findings remained stable 
during the 31-month follow-up period [18]. The results of 
these studies might suggest that many MF cases can prog-
ress to a more severe stage.

However, there have been other reports on a spontaneous 
resolution or none progression for several years of MFs 
(Fig. 4.10). Shimada et al. reported that only 11.6% of MF 
cases progressed which is much more stable than previously 
reported [19]. In addition, a spontaneous resolution of the 
MF with release of posterior vitreous traction has been 
reported [20], and a spontaneous resolution of four cases of 
MF with a release of posterior vitreous traction and reduced 
tangenital traction with ILM dehiscence have been reported 
[21]. Thus, the optimal time for surgery has not been defini-
tively determined in eyes with MF.  Many surgeons have 
reported that a progressive visual reduction and/or the pres-
ence of metamorphopsia are indications for surgery. This is 
because MF cases without foveal retinal detachment, trac-
tion by preretinal structure, or decreased vision may not 
require immediate surgical intervention. However, surgery 
is indicated for most cases that develop a MH or a MHRD.

4.4.2	 �Vitreoretinal Surgery

In the majority of earlier studies, the primary treatment 
for eyes with MF was vitrectomy with or without ILM 
peeling and with or without a gas tamponade. Some sur-
geons preferred macular buckling or scleral imbrication 
alone or in combination with vitrectomy. Ikuno et  al. 
reported on 44 eyes with MF including 11 eyes with a 
full-thickness MH that underwent vitrectomy, ILM peel-
ing, and gas tamponade. They reported that the retinos-
chisis with or without foveal retinal detachment was 
resolved in all of the eyes, the MH was closed in 4 of 11 
eyes, and the visual acuity improved mostly in eyes with 
foveal retinal detachment [22].

The major postoperative complication of vitrectomy 
for MF without a MH is the formation of a MH and 
subsequent MHRD.  Gaucher et  al. suggested that when 
MF is combined with foveal retinal detachment, a MH 
develops more frequently whether surgery is performed or 
not performed [18].

The use of ILM peeling is still controversial. Taniuchi 
et al. reviewed 71 eyes of 64 patients with MF who under-
went vitrectomy with or without ILM peeling, and they 
concluded that a recurrence of MF developed more fre-
quently in eyes without ILM peeling [23]. Peeling a rigid 
ILM reduces tangential traction on the retina and promotes 
retinal reattachment. However, it can increase the risk of 
causing an iatrogenic MH on a thin retina of highly myopic 
eyes, and there are cases not requiring ILM removal for 
retinal reattachment (Fig. 4.11). To reduce the risk of post-
operative MH formation in eyes that undergo ILM peeling, 
Shimada et al. compared the effects of fovea-sparing ILM 
peeling to complete ILM peeling on 45 consecutive eyes 
that underwent vitrectomy for MF.  They reported that a 

Fig. 4.6  OCT image showing a MH in the inner layer (white arrow), 
MH in the outer layer (arrowhead), and detached ILM (blue arrow)

a

b

Fig. 4.7  OCT images showing preretinal structures in two eyes with 
MF. (a) Membranous structure which is probably the posterior vitreous 
membrane exerts traction on the retinal surface in the anteroposterior 
direction resulting in an outer layer retinoschisis and inner layer MH. 
(b) ERM on retinal surface exerting traction resulting in retinal folds 
and outer layer retinoschisis (arrow)
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MH developed in 5 of 30 eyes (16.7%) in the complete ILM 
peeled group and none of the 15 eyes in the fovea-sparing 
ILM peeling group [24] (Fig. 4.12).

In eyes with a full-thickness MH or a MHRD which is 
considered the end stage of MF, vitrectomy in combination 
with ILM peeling with gas or silicone oil tamponade, macu-
lar buckling with or without vitrectomy, and scleral imbrica-
tion with vitrectomy have been performed. Michalewska 

et  al. introduced an inverted ILM flap technique for large 
MHs [25]. Since then, some investigators have used this 
technique for MH and MHRD in highly myopic eyes 
(Figs. 4.13 and 4.14). They have reported higher MH closure 
rates than only ILM peeling and favorable retinal reattach-
ment rates. Baba et al. compared the efficacy of vitrectomy 
with or without the inverted ILM flap technique in 21 highly 
myopic eyes with a MHRD.  They reported that the MH 

a b

Fig. 4.8  (a) OCT image and (b) fundus photograph of retinal vascular 
microfolds. Tentlike elevations in the inner retina in the OCT image are 
located along the retinal vessels in the fundus photograph (arrows). 

These findings indicate an inward traction by the retinal vessels in an 
eye with a posterior staphyloma

a b

Fig. 4.9  (a) Fundus photograph and (b) OCT image of the same highly myopic eye. OCT image shows a perivascular microhole (white arrow) 
caused by an inward traction of a retinal vessel

Table 4.1  Major studies on the natural course of myopic foveoschisis (MF)

Follow-up period Progressed Stable Improved
Shimada et al. [17] More than 2 years 4/8(50%) 4/8(50%) 0/8(0%)
Gaucher et al [18] Mean 31.2 months 20/29(69%) 9/29(31%) 0/29(0%)
Shimada et al. [19] More than 2 years 24/207(11.6%) 173/207(85.1%) 8/207(3.6%)

The latest report in 2013 shows a more stable natural course than the earlier two reports
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closure rate was 80% in ILM flap group which was signifi-
cantly higher than that of complete ILM peeling (36%). The 
retinal reattachment rate was 100% in the ILM flap group 
and 91% in the ILM peeling group, and this difference was 
not statistically significant [26].

Macular buckling with silicone sponge or macular plombe 
is used alone or in combination with vitrectomy for compli-
cated cases as an initial treatment for highly myopic eyes 
with MHs. Ando et al. compared the surgical outcomes of 
macular buckling alone to that of vitrectomy alone as the 
primary procedure for MHRDs in highly myopic eyes. They 
reported that the initial reattachment rate was 93.3% in the 
macular buckling group and 50% in the vitrectomy group 
[27]. By shortening the axial length of the eye and altering 
the shape of a posterior staphyloma, macular buckling 
reduced the anteroposterior and tangential vitreoretinal trac-
tion thus promoting macular attachment and MH closure 
(Fig.  4.15). However, due to technical difficulties and 
possible complications such as subretinal hemorrhage which 

a

b

Fig. 4.10  (a) 69-year-old woman presented with metamorphopsia 
with decreased BCVA (0.3). OCT image shows retinoschisis with peri-
foveal posterior vitreous detachment (PVD). (b) After 12 months with-
out intervention, the BCVA has improved to 0.8, and OCT shows a 
resolution of MF with progression of the PVD

a

b

c

Fig. 4.11  OCT image of an eye with MF that underwent vitrectomy 
without ILM peeling. (a) In the preoperative OCT image, preretinal 
structures are not seen except for a shallow PVD, and the deformation of 
the inner retinal surface was slight. (b) One month after surgery, a 
decrease of the retinoschisis and development of foveal retinal detachment 
can be seen. (c) Two years after surgery, retina is almost completely 
reattached without retinoschisis. The creation of a PVD without ILM 
peeling was sufficient for retinal reattachment in this case. The patient 
was a 49-year-old man whose decimal BCVA improved from 0.3 to 0.4

a

b

Fig. 4.12  (a) OCT images of an eye with MF accompanied by a MH 
passing through the inner and outer retinal layers. The risk of develop-
ing a postoperative full-thickness MH was high. (b) After vitrectomy 
with fovea-sparing ILM peeling, the MF was significantly reduced 
without a full-thickness MH. Note the remnant of the ILM in the post-
operative OCT image (arrow). The patient was a 75-year-old woman 
whose decimal BCVA improved from 0.4 to 0.7
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a b

c

Fig. 4.13  Fundus 
photographs and SD-OCT 
images of the retina after 
vitrectomy with the inverted 
ILM technique. (a, b) The 
MHRD can be seen to extend 
beyond the vascular arcade. 
(c) The MH is closed with 
glial tissue substituting for 
foveal sensory retina, and the 
EZ is not seen (white arrow). 
The patient was a 62-year-old 
woman whose decimal BCVA 
improved from 0.04 to 0.2

a

c

b
Fig. 4.14  Fundus  
photographs and SD-OCT 
images of the retina after 
vitrectomy with the inverted 
ILM technique. The images 
show different patterns of MH 
closure compared to the case 
shown in Fig. 4.13. (a, b) MF 
with full-thickness MH can be 
seen. (c) The MH is closed  
with a preservation of the EZ 
and the sensory retina 
(arrowhead). The patient was  
a 67-year-old woman whose 
BCVA improved from 0.2 to 0.7
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a b

c

Fig. 4.16  Wide-field fundus photograph and OCT image of an eye that 
underwent vitrectomy with scleral imbrication. (a) Fundus photograph 
shows a protrusion created by the scleral imbrication (arrows).  
(b) Preoperative OCT image shows MF with full-thickness MH.  

(c) After vitrectomy with scleral imbrication, the change in curvature of 
posterior eye wall can be seen in the OCT image (arrowhead), but the 
MH remains opened. The patient was a 61-year-old woman whose 
BCVA improved from 0.1 to 0.2

a

b

Fig. 4.15  Pre- and postoperative OCT images of two eyes that under-
went vitrectomy with macular Ando plombe. (a) MF with full-thickness 
MH is seen in the OCT image. (b) Postoperative OCT image showing 
an indentation by the macular Ando plombe which changed the shape 
of the posterior staphyloma markedly leading to MH closure (arrow-
head). The patient was a 68-year-old woman whose decimal BCVA 
improved from 0.1 to 0.5

can lead to chorioretinal atrophy and progression of myopic 
choroidal neovascularization, this technique tends to be used 
only in difficult cases in which vitrectomy alone is insuffi-
cient for retinal reattachment.

Scleral imbrication is also used in combination with vit-
rectomy to treat highly myopic eyes with MHs, and favor-
able results have been reported. Fujikawa et al. reported on 
eight highly myopic eyes with a MHRD that underwent vit-
rectomy combined with scleral imbrication. The retina was 
reattached in all eyes, and the MH was closed in six eyes 
(75%) [28]. The therapeutic mechanism for this procedure is 
a shortening of the axial length and alteration of the shape of 
the posterior staphyloma which is similar to that of macular 
buckling. Ando et al. reported on 17 eyes that underwent vit-
rectomy with scleral imbrication for MF or MHRD.  They 
reported a decrease in the axial length and changes in the 
curvature of the posterior staphyloma at 1 month after sur-
gery on 17 eyes that underwent vitrectomy with scleral 
imbrication for MF or MHRD. However, the change in the 
scleral curvature of the posterior staphyloma regressed at 3 
and 6 months postoperatively [29]. This technique may have 
an advantage because the surgeon can avoid complications 
related to direct macular indentation although its impact on 
the axial length and shape of a posterior staphyloma may be 
less than that of macular buckling (Fig. 4.15). In addition, the 
effects of the surgery may reduce over years (Fig. 4.16).
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4.5	 �Conclusions

A myopic foveoschisis (MF), also known as myopic traction 
maculopathy (MTM), is a tractional macular retinal thickening 
in patients with high myopia and posterior staphyloma with or 
without a macular hole. OCT is the main diagnostic method to 
detect MFs and determine the morphology of vitreoretinal 
interface which are difficult to detect by standard ophthalmos-
copy. Although there exist many cases of MF without symp-
toms, a worsening of the BCVA, or the OCT findings, some 
cases can progress to a more severe stage. In such cases, sur-
gery including vitrectomy in combination with other proce-
dures is recommended. However, the best time to perform the 
surgery has not been determined because of a possibility of a 
spontaneous resolution or non-progression of the MF and pos-
sible postoperative complications. At present, careful OCT 
examinations and monitoring the changes of the BCVA are 
recommended. These findings should lead to a better under-
standing of the pathogenesis, pathology, and treatment of MF.
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Diabetic Retinopathy: Surgical Aspects

Xuejing Chen and Michelle C. Liang

5.1	 �Introduction

Vision loss due to diabetic retinopathy can be devastating 
and results from numerous complications, including macular 
edema, retinal and choroidal ischemia, vitreous hemorrhage, 
tractional retinal detachments, epiretinal membranes (with 
or without vitreoretinal traction), and papillopathy [1, 2]. 
The Diabetes Control and Complications Trial (DCCT) and 
the United Kingdom Prospective Diabetes Study (UKPDS) 
showed that proper blood pressure and blood glucose control 
can delay the progression of diabetic retinopathy [3–5]. 
Additionally, local therapies such as focal macular laser, 
panretinal photocoagulation, intravitreal anti-vascular endo-
thelial growth factor (VEGF), and intravitreal steroids can 
delay progression of retinopathy and treat associated vision-
threatening complications [6]. Nevertheless, some patients 
continue to progress and require surgical intervention with 
pars plana vitrectomy (PPV) for optimal vision [6]. An esti-
mated 5% of patients with proliferative diabetic retinopathy 
required PPV despite laser treatment and good glycemic and 
hypertensive control in the Early Treatment Diabetic 
Retinopathy Study (ETDRS) cohort [7].

Traditional indications for surgery include vitreous hem-
orrhage, macula-involving or macula-threatening tractional 
retinal detachment, combined tractional and rhegmatogenous 

retinal detachment, and diabetic macular edema with or 
without epiretinal membrane or traction [2, 6]. 

The goals of diabetic vitrectomy are to clear media opaci-
ties such as vitreous hemorrhage, to restore normal retinal 
anatomy, and to seal any retinal breaks. The latter two goals 
are accomplished by releasing anterior-posterior and tangen-
tial traction on the retina through removal or segmentation of 
tractional fibrovascular proliferation and epiretinal mem-
branes [2]. The status of the posterior hyaloid is an important 
factor in the severity of fibrovascular proliferation which can 
use the adherent vitreous cortex as a scaffold for neovascular 
expansion. With continued growth, tight tractional mem-
branes form and subsequently contract, promoting vitreous 
hemorrhage and tractional retinal detachments [8–10]. The 
removal of the posterior hyaloid face eliminates the scaffold-
ing for subsequent neovascularization, decreasing future 
tractional forces on the retina. Relief of traction on retinal 
vessels can also improve blood flow within vessels and 
reduce leakage [11].

However, even with anatomically successful results after 
surgery, a patient’s vision may ultimately be limited by isch-
emia from chronic microvascular disease or atrophy second-
ary to prolonged anatomic abnormalities [12]. Eyes in patients 
with diabetes typically also have an inherently abnormal vit-
reoretinal interface which increases the risks of intraoperative 
bleeding and iatrogenic breaks. Thus, the decision for surgical 
intervention in this patient population always requires a care-
ful weighing of risks and benefits prior to proceeding.

5.2	 �Indications for Surgery

5.2.1	 �Vitreous Hemorrhage

Vitreous hemorrhage is a common cause of vision loss from 
proliferative diabetic retinopathy [2]. Hemorrhage can occur 
from leakage from active neovascularization or traction 
caused by fibrovascular proliferation on weak vessels 
(Fig.  5.1). The first successful PPV was performed by 
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Machemer in an eye with diabetic vitreous hemorrhage [13]. 
Historically, ophthalmologists would wait 6–12  months 
before considering surgery for diabetic vitreous hemorrhage 
[11]; however, the landmark Diabetic Retinopathy Vitrectomy 
Study (DRVS) concluded that vitreous hemorrhage in patients 
with type 1 diabetes benefited from earlier vitrectomy com-
pared to those with type 2 diabetes as these patients tended to 
develop more aggressive fibrovascular proliferation [14–17]. 
This study looked at a large cohort of patients with vitreous 
hemorrhage for at least 1 month and vision 5/200 or worse 
who were randomized to early vitrectomy within 6 months or 
observation. The DRVS showed a clear benefit for early sur-
gery in patients with type 1 diabetes, where a delay in surgi-
cal intervention more often led to aggressive fibrovascular 
proliferation and tractional retinal detachment. In this study, 
25% of patients undergoing early PPV had a visual acuity of 
20/40 or better as opposed to 15% of patients who underwent 
conventional therapy (observation unless there was a macula-
off retinal detachment or NCVH >1 year) [14]. A more recent 
study showed that at least 87% of patients have an improve-
ment of three lines or greater with a vitrectomy [18].

Commonly, vitreous hemorrhage will settle inferiorly out 
of the visual axis, or clear spontaneously through the zonules 
via aqueous outflow. In light of the DRVS results, many cli-
nicians elect to operate after 1 month for type 1 diabetics and 
3  months for type 2 diabetics. This, however, is a loose 
guideline as many other factors are considered prior to sur-
gery: presenting vision, the vision and status of the fellow 
eye, previous panretinal photocoagulation, history of recur-
rent vitreous hemorrhage, the patient’s daily visual demands, 
and coexisting conditions such as macula-involving or 
macula-threatening tractional retinal detachment or ghost 
cell glaucoma. In the latter scenarios, waiting for surgery 
may cause irreversible damage. Additionally, earlier surgery 

may be warranted for subhyaloid hemorrhage as these hem-
orrhages tend to be blocked from clearance via the anterior 
segment. The presence of anterior chamber neovasculariza-
tion or long-standing vitreous hemorrhage with vitreous base 
fibrosis blocking the pathway for spontaneous drainage are 
other indications for early vitrectomy [19].

5.2.2	 �Tractional Retinal Detachment

Tractional retinal detachments (TRDs) occur from contrac-
tion of fibrovascular proliferation on the retina. These detach-
ments tend to be slow growing or stable and can be monitored 
when they are outside the macula, especially if nasal [20] 
(Fig.  5.2). One study showed that only 14% of eyes with 
extramacular TRDs experienced a loss of vision within 
1 year [21]. However, for TRDs that involve the macula or 
for progressively expanding TRDs that are threatening the 
macula, surgical intervention is usually warranted. A 2008 
publication reported that in eyes with a TRD involving the 
macula, 57% achieved vision of 6/60 or better, whereas in 
eyes without a macular detachment, 84% could see 6/60 or 
better [22]. As expected, eyes with a recent history of foveal 
detachment had a better chance of visual recovery when 
compared to long-standing ones even if an equally good ana-
tomical result was obtained [23].

Combined tractional and rhegmatogenous retinal detach-
ments occur when the contracting force of the fibrovascular 
complexes create a retinal break. They can be more convex 
in configuration and extend further anteriorly [10]. Unlike 
purely tractional detachments, this kind of detachment can 
be rapidly progressive and prompt surgery is necessary. 
These surgeries tend to be complex as separating tightly 
adherent fibrotic tissue from mobile retina can be difficult 
and can have worse success rates than detachments without 
retinal breaks [24]. Despite this, postoperative vision in these 
patients may improve in up to 70% of eyes [20].

5.2.3	 �Diabetic Macular Edema

Diabetic macular edema (DME) is the leading cause of 
visual impairment in patients with diabetes [25, 26]. The 
role of the vitreous on the development of DME is unclear, 
but natural history studies have shown that macular edema 
is more likely to resolve with vitreomacular separation 
[27, 28]. Eyes with DME more commonly have an attached 
posterior hyaloid compared to eyes without DME [29]. 
Diabetic macular edema without clear traction is generally 
treated with anti-VEGF, intravitreal steroids, and/or focal 
laser (Fig.  5.3). However, some degree of vitreomacular 
traction is present in 12% of eyes with DME and up to 
24% in eyes undergoing vitrectomy [30]. The subgroup of 

Fig. 5.1  This patient has proliferative diabetic retinopathy with exten-
sive neovascularization radiating from the optic nerve head as well as 
subhyaloid and vitreous hemorrhage
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a b

c

Fig. 5.2  A nasal tractional retinal detachment (a, b) and retinoschisis (a, c) in a patient with extensive preretinal fibrosis extending from the optic 
nerve head (a). The macula remained well attached without traction, and the patient had a visual acuity of 20/30, so surgery was deferred

a

b

Fig. 5.3  This patient has center-involving diabetic macular edema without an epiretinal membrane (a). He underwent serial injections of intra-
vitreal bevacizumab with anatomic and visual improvement (b)
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eyes with a taut premacular posterior hyaloid or epiretinal 
membrane may benefit from vitrectomy [31] (Fig.  5.4). 
However, even in the absence of clear traction, vitrectomy 
may be helpful as removal of the vitreous can improve 
oxygenation and nutrition to the macula and reduce VEGF 
[32–35]. Vitreous viscosity is 300–2000 times greater than 
aqueous viscosity [36], which can allow intravitreal mol-
ecules such as VEGF to diffuse away from the macula 
more easily [37, 38]. Similarly, however, intravitreal drugs 
can also diffuse away from the retina reducing the effec-
tive half-life of these medications [39].

The anatomic and functional results of PPV for macular 
edema appear to vary. In a 2006 randomized controlled trial 
of PPV with internal limiting membrane (ILM) peeling 
versus treatment with focal laser, there was no difference in 
visual or anatomical results between the two treatment 
modalities [40]. On the other hand, a comparative study of 
vitrectomy with ILM peeling for diffuse clinically signifi-
cant macular edema demonstrated structural improvement 
in foveal thickness and significant improvement in the 
macular volume but limited visual improvement 12 months 

postoperatively [41, 42]. Although not widely performed, 
the argument for ILM peeling for DME is to relieve trac-
tional forces not visible biomicroscopically from preretinal 
vitreous or the ILM.  As has been shown with previous 
studies, both functional and anatomic results have varied, 
with some studies showing benefit of ILM peel [43–47], 
while others did not [40–42, 48, 49].

A meta-analysis published in 2017 of all randomized clin-
ical trials up to 2014 comparing PPV to focal macular laser 
or observation showed an improvement of approximately 
100 μm in central macular thickness at 6 months for PPV 
compared to laser or observation; however, that gain was 
reversed by 12 months [25]. The same meta-analysis showed 
an insignificant two ETDRS letter vision gain for PPV over 
laser or observation [25].

Published data comparing macular laser with anti-VEGF 
treatment, which has become the gold standard for diabetic 
macular edema, showed an average gain of 6–7 letters at 
6–12 months in favor of anti-VEGF therapy. Therefore, PPV 
does not appear to compare well to anti-VEGF based on  
historic data; however, it must be recognized that PPV is 

a

b

Fig. 5.4  This patient has center-involving diabetic macular edema with 
an epiretinal membrane (a). Her macular edema was refractory to multiple 
intravitreal injections of different anti-vascular endothelial growth factor 
(VEGF) agents, so she underwent vitrectomy with membrane peel. 

Subsequently, her vision improved from 20/80 to 20/50 (b). She continues 
to be treated with intravitreal anti-VEGF to maintain vision but has since 
developed a recurrent epiretinal membrane
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often reserved for patients who are refractive to injections or 
lasers. Further data comparing PPV with anti-VEGF therapy 
is needed to directly compare these treatment options.

5.2.4	 �Miscellaneous

5.2.4.1	 �Cataract
Patients with diabetes have a higher rate of cataract 
development than the average population [50]. It is not 
uncommon for the cataract and/or posterior synechiae 
from anterior segment neovascularization to limit 
examination of the retina and/or prevent adequate 
panretinal photocoagulation. In these situations, cataract 
surgery is needed. If there is significant posterior 
neovascularization, the rapid development of a posterior 
vitreous detachment that can happen with cataract 
surgery may sometimes lead to vitreous hemorrhage. 
Additionally, cataract surgery can worsen diabetic 
retinopathy. The presence of diabetic retinopathy should 
not be prohibitory to cataract surgery, but preoperative 
treatment with either laser and/or anti-VEGF medications 
may be warranted [50].

Combined cataract surgery and PPV can be done when 
the view to the retina is suboptimal from the dense cataract 
[51]. In these surgeries, it is particularly important to mini-
mize phacoemulsification energy to keep the cornea as clear 
as possible for the retina surgery. Additionally, a more rigid 
three-piece intraocular lens and placing of a corneal suture at 
the main cataract incision can help keep the intraocular lens 

and globe stable during and following retinal surgery. There 
are varying views on the timing of intraocular lens—before 
vitrectomy or afterward. Placing the intraocular lens at the 
end of the procedure allows an improved view of the periph-
ery through an aphakic eye and may be advantageous in 
anterior dissections [51].

5.2.4.2	 �Asteroid Hyalosis
Media opacities such as asteroid hyalosis may also limit or 
prevent adequate treatment of diabetic retinopathy (Fig. 5.5). 
In some instances, it may be necessary to perform a 
vitrectomy to improve the view in order to optimize treatment 
and attempt to preserve vision prior to the development of 
further complications.

5.3	 �Preoperative Considerations

5.3.1	 �Systemic Optimization

Patients with diabetic retinopathy requiring surgery are a dif-
ficult group to treat given they can be systemically unwell 
with multiple medical comorbidities. The 5-year survival of 
patients undergoing diabetic vitrectomy ranged from 68% to 
86%, especially in the presence of coexisting heart and renal 
disease [52–57]. A more recent study showed that in this 
population, 39% have a history of stroke, 28% have a history 
myocardial infarction, and 43% have a history of renal failure 
[58]. In addition, many patients require anticoagulation and 
antiplatelet therapy, and the decision of whether to hold these 

a b

Fig. 5.5  This patient underwent vitrectomy in the right eye for asteroid 
hyalosis (a) that was limiting the view for retinal examination and ade-
quate placement of in-office panretinal photocoagulation. Preoperative 

fluorescein angiography (b) confirmed multiple areas of neovascular-
ization elsewhere
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medications prior to surgery must be made in conjunction 
with the patient’s primary care physician and/or cardiologist. 
Medical clearance by an internist and the anesthesiologist is 
recommended to ensure that the patient’s health is optimized 
so they can more safely undergo surgery.

5.3.2	 �Ancillary Testing and Patient 
Expectation

In the case of media opacity such as vitreous hemorrhage, 
cataract, or hyphema, B-scan ultrasonography can be crucial 
to maximize preoperative clinical information to determine 
the surgical plan. The B-scan can reveal areas of traction, 
rhegmatogenous detachment, or anterior hyaloid fibrovascu-
lar proliferation [2] (Fig. 5.6).

In cases where there is a view, fluorescein angiogra-
phy and, more recently, optical coherence tomography 
angiography can show macular ischemia which may 
limit ultimate vision despite anatomically successful 
surgery and the absence of macular edema. Structural 
optical coherence tomography showing integrity of the 
external limiting membrane and ellipsoid zone has also 
been shown to correlate well with postoperative best cor-
rected visual acuity, while central foveal thickness and 
enlarged foveal avascular zone only exhibit a weak  
correlation [58].

Even with anatomically successful results, ultimate vision 
postoperatively may be limited by ischemia from chronic 
microvascular disease or atrophy from chronic anatomic 
abnormalities [6]. Patient expectations must be managed 
preoperatively. These various imaging modalities can often 

be helpful to establishing realistic patient expectations prior 
to going into surgery.

5.3.3	 �Preoperative Anti-VEGF

Prior to doing surgery, many providers will inject intravit-
real anti-VEGF agents to minimize or eliminate progres-
sive bleeding; however, in patients with underlying traction, 
the rapid regression of neovascular tissue can theoretically 
cause a “crunch phenomenon” [2], leading to new or 
worsening tractional detachments at a mean of 13  days 
following injection [59–63]. However, in the recently 
published DRCR.net protocol S trial, no patients were seen 
to experience the “crunch phenomenon” [64]. There is lim-
ited published evidence to guide the use of preoperative 
anti-VEGF, but expert opinion suggests limiting anti-VEGF 
to within 3 days of surgery and only in patients medically 
cleared for surgery [2, 6, 51, 65].

5.4	 �Surgical Techniques

In recent years, new preoperative and intraoperative instrumen-
tation and surgical techniques have improved the manner in 
which retinal specialists treat diabetic retinopathy. The surgical 
goals for diabetic vitrectomy include removing any media 
opacities, relieving traction, removing or segmenting preretinal 
membranes, drainage of fluid through retinal holes or breaks 
when present, endolaser around breaks and for panretinal pho-
tocoagulation to decrease neovascular drive, and the placement 
of tamponade agents such as gas or silicone oil, if needed.

a b

Fig. 5.6  This patient presented with a dense vitreous hemorrhage with no view to the posterior pole. B-scan ultrasonography showed a vitreous 
hemorrhage (a) with questionable area of traction inferotemporally (b)
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A good vitrectomy is crucial in diabetic surgery. The typi-
cal diabetic vitreoretinal interface is abnormal. Triamcinolone 
acetonide can be used intraoperatively to better visualize the 
vitreous, especially in the case of vitreoschisis. Afterward, 
two general techniques are used to address fibrovascular 
membranes: segmentation and delamination.

	1.	 Segmentation involves the vertical cutting of membranes 
between areas of retinal adherence into small segments 
either with the vitreous cutter or vertical scissors. The 
remaining fibrovascular stumps are then trimmed with the 
vitreous cutter leaving behind small, circumscribed rem-
nants centered on neovascular pegs. Segmentation is nec-
essary in situations where removal the fibrovascular 
membrane is impossible or too risky due to tight adher-
ence or mobile retina. The disadvantage of segmentation 
is the residual islands of fibrovascular tissue that can rep-
roliferate and bleed.

	2.	 Delamination involves completely separating the vitreo-
retinal adhesions between the retina and fibrovascular 
proliferation either with peeling, horizontal scissors, a 
pick, or hydro-/viscodissection to gently remove the tis-
sue from the retina. Diathermy may be needed in these 
cases to cauterize neovascular pegs to limit bleeding. The 
disadvantage of this technique is excessive hemorrhage 
and the risk of iatrogenic retinal tears if performed too 
aggressively [66]. Dyes such as indocyanine green, bril-
liant blue G, and trypan blue can be used to highlight pre-
retinal membranes that cause traction.

Ultimately, endolaser photocoagulation is essential in the 
face of active neovascularization to decrease the neovascular 
drive and to circumscribe any areas of retinal breaks. In a 
prospective study of 174 consecutive vitrectomies, 39% of 
eyes were found to have a retinal break. In 27%, the breaks 
were posterior and occurred during membrane dissection, 
whereas 17% of eyes had entry site breaks [67].

Long-term tamponade such as gas or silicone oil can 
also be helpful in cases where there are multiple and/or 
large retinal defects, whether they were present 
preoperatively due to traction or created intraoperatively 
during retinal manipulation. In one study, 49% of eyes 
required internal tamponade, with air used in 8% of eyes, 
SF6 gas in 24%, C3F8 gas in 10%, and silicone oil in 7% 
[22]. The use of silicone oil can also reduce the risk of 
postoperative phthisis in combined tractional-
rhegmatogenous retinal detachments [20, 68]. Even in the 
absence of retinal breaks, the use of intraocular gas 
tamponade has been proposed to reduce postoperative 
hemorrhaging, albeit with variable results [69, 70]. In the 
case of silicone oil use, water-soluble growth factors can 
reach high concentrations in the thin fluid film between the 
retina and the silicone bubble, and consequently there can 

be an increased tendency for fibrovascular re-proliferation. 
Any sub-silicone oil fibrosis can be removed with silicone 
oil exchange or by direct peeling under silicone oil.

Modern vitrectomy machines have cut rates over 10,000 
and a wide range of flow options [71]. High-cut rates with 
low aspiration allow for precise cutting in close proximity to 
the retina, resulting in reduced risk of retinal tear formation. 
The use of small gauge instrumentation with 25- or 27-gauge 
instruments can also provide precise segmentation and 
delamination of fibrovascular tissue without the use of mul-
tiple instruments [72]. With certain machines, the option of 
proportional reflux can be used for hydrodissection or vis-
codissection of preretinal fibrovascular plaques. Also, a 
bimanual technique, after placement of a chandelier or with 
use of lighted instruments, can be helpful, especially with 
strongly adherent fibrovascular tissue on a detached retina. A 
variety of instrumentation such as flex loops, retinal forceps, 
and retinal scissors are available for use offering numerous 
options for segmentation and delamination.

Mixed gauge surgery is also an option where 23- or 25-gauge 
trocars are used in conjunction with 23-/25- and 25-/27-gauge 
instrumentation. 27-gauge cutters can be advantageous in 
reaching tight spaces between preretinal membranes and retina 
and offer more precise maneuverability [2]. For more periph-
eral pathology or in situations where a stiffer instrument is 
needed, 23-/25-gauge instruments can still be used. Smaller 
gauge surgery with 27-gauge instrumentation has been shown 
to have lower intra- and postoperative complications with less 
bleeding, iatrogenic breaks, and hypotony [73].

Intraoperative OCT is a novel imaging technology that 
allows the surgeon to view real-time cross-sectional micro-
structure of the retina and vitreoretinal surface. The technol-
ogy is still evolving but can be used in complex cases to help 
identify tissue planes, subclinical epiretinal- or internal-
limiting membranes, subclinical detachments, and diagnosis 
of inadvertent macular hole formation [2, 6, 51, 74].

5.5	 �Surgical Complications

The first study on diabetic vitrectomy, DRVS, had a high 
complication rate with 20% of patients losing light percep-
tion vision [75]. The introduction of better visualization and 
illumination, diathermy, small gauge surgery, valved cannu-
las, and improved surgical techniques and instrumentation 
have drastically decreased the complication rate.

5.5.1	 �Intraoperative Complications

Maintaining hemostasis is an important concept in all of 
intraocular surgery; however, it is of particular importance in 
diabetic vitrectomy given the propensity for these eyes to 
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bleed given the fragile vessels and adherent fibrovascular tis-
sue. Modern vitrectomy machines and packs include valved 
cannulas and the ability to control intraocular pressure, 
allowing hemostasis without using excessive diathermy. In 
addition, appropriately timed preoperative intravitreal anti-
VEGF can also reduce the likelihood of intraocular bleeding 
from neovascularization [6].

In cases of dense vitreous hemorrhage where the chronic 
hemorrhage can be very thick, the vitreous can wrap around 
the vitrectomy cutter when passed through the cannulas. If 
this vitreous is not sufficiently removed before retracting the 
cutter, the extraneous vitreous can lock the cutter in the can-
nula, and any subsequent forceful pulling can dislodge the 
cannula with the vitrector causing significant traction lead-
ing to adjacent retinal tears [6]. Extra care must be taken to 
identify and treat any inadvertent tears that may be created 
during the surgery.

Similarly, the tight abnormal posterior hyaloid adhesion 
to the retina predisposes the retina to iatrogenic tears and 
retinal detachments, especially in maneuvers that emphasize 
anterior-posterior traction. The rate of iatrogenic tears has 
been reported to range from 20% to 41% [22, 24, 76, 77]. If 
found, traction adjacent to the retinal breaks should be 
relieved and the breaks then encircled with endolaser.

Loss of adequate visualization can make any PPV diffi-
cult. This is particularly important in diabetic vitrectomy 
given the challenging and sometimes lengthy nature of the 
surgery and the need to have intermittent intraocular pressure 
elevation to achieve hemostasis. Therefore, intraoperative 
corneal edema and osmotic cataract can be real concerns 
[78]. Occasionally, removal of the corneal epithelium is 
necessary to improve intraoperative view [79]. While corneal 
epithelium in healthy individuals regenerates within days, 
the epithelial defect in patients with diabetes can become a 
non-healing corneal abrasion requiring bandage contact lens 
placement and antibiotic care to prevent against discomfort 
and corneal ulcers, scars, and even melt [79, 80]. Adding 
50% dextrose to the BSS infusion bottle can help prevent 
loss of view from the lens in phakic patients [81].

Prior to the advent of small incision vitrectomy, vitreous and 
retinal incarcerations at the site of large sclerotomy wounds 
were also possible. These large sclerotomies also allowed for 
fibrovascular ingrowth in extremely ischemic eyes, and 
manipulation without cannulas would induce vitreous traction 
and lead to subincisional retinal tears [73]. This, fortunately, is 
much less common with advances in modern vitrectomy.

5.5.2	 �Postoperative Complications

5.5.2.1	 �Vitreous Hemorrhage
Vitreous hemorrhage is a common postoperative complica-
tion, occurring in 5–63% of eyes, almost half presenting on 
the first postoperative day [22, 63, 82–87]. Immediate post-

operative hemorrhage, often called “shake-out” hemor-
rhage, usually resolves spontaneously over a few weeks. 
Periodic ultrasonography in the case of no retinal view 
should be performed to exclude a retinal detachment, which 
would require prompt surgery given rapid progression in a 
post-vitrectomized eye. Early postoperative hemorrhage 
typically results from dispersion of difficult to remove blood 
from the peripheral vitreous skirt and from inadequately 
diathermized vessels and fibrovascular complexes, which 
can be further exacerbated by postoperative hypotony or 
changes in intraocular pressure during sclerotomy closure 
[87]. Causes of late postoperative hemorrhage include 
fibrovascular ingrowth into sclerotomies as noted above, 
more common prior to small gauge vitrectomy [88–91], and 
persistent neovascularization from residual fibrovascular 
tissue [85]. Variable evidence exists for whether preoperative 
anti-VEGF decreases the risk of postoperative bleeding with 
some studies supporting no benefit [63, 85] and some studies 
reporting a reduction in early postoperative bleeding [82].

5.5.2.2	 �Retinal Detachment
A rhegmatogenous retinal detachment (RRD) extending 
from the periphery is uncommon in the presence of exist-
ing panretinal photocoagulation and is more likely to be 
found posterior due to unrecognized retinal breaks. The 
rate of postoperative detachments has been found to 
range from 4.3% to 8.1% [76, 92, 93]. The risk of RRD 
following diabetic vitrectomy appears to be declining, 
probably due to the use of wide-angle viewing systems, 
which allow for more accurate examination of the 
peripheral retina [93].

5.5.2.3	 �Cornea
The incidence of corneal complications following a diabetic 
vitrectomy has been reported to be as high as 50% [94] and 
can be due to delayed epithelial regeneration and abnormal 
neurotrophic status [95]. Additionally, diabetics have been 
found to have structurally and functionally abnormal corneal 
endothelial cells that are susceptible to damage and this can 
translate to the health of the corneal epithelium which require 
the endothelial pump to remain healthy [96–98]. The use of 
silicone oil in complicated detachments can also lead to band 
keratopathy.

5.5.2.4	 �Miscellaneous

–– Expedited cataract progression following diabetic vitrec-
tomy is common and should be promptly treated not only 
for visual rehabilitation but also to allow adequate exami-
nations of the retina.

–– Postoperative epiretinal membranes in eyes with appro-
priate visual potential can undergo subsequent surgical 
management if they cause visually significant distortion 
or blurry vision.
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–– Elevated intraocular pressure can happen after any intra-
ocular surgery either due to endotamponade agent or by 
obstruction of the ocular drainage system; however, dia-
betic optic nerve heads have also been found to have 
impaired flow autoregulation that makes them especially 
prone to changes in intraocular pressure [99].
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Retinal Detachment and PVR

Peiquan Zhao

6.1	 �Introduction

Retinal detachment refers to a separation of the neurosen-
sory retina from the underlying retinal pigment epithelium 
(RPE). Based on the underlying cause, retinal detachment 
can be categorized into three types, rhegmatogenous retinal 
detachment (RRD), traction retinal detachment, and exuda-
tive retinal detachment. Combined subtypes of retinal 
detachment can sometimes occur. RRD often causes severe 
visual loss [1, 2].

Proliferative vitreoretinopathy (PVR) was identified as 
an independent clinical entity in 1983 by the Retina 
Society Terminology Committee [3]. PVR is complicated 
in 5–12% eyes with RRD and is listed as a prognostic fac-
tor failure of retinal detachment repair. Further, PVR 
remains the major complication after retinal detachment 
surgery [3, 4].

This chapter discusses RRD and PVR with regard to etio-
pathogenesis, clinical features, and management.

6.2	 �Etiopathogenesis

RRD may be associated with three factors: (1) full-thickness 
retinal break in the neurosensory retina, (2) the existence of 
tractional forces on the edges of the tear, (3) and vitreous 
fluid entering the subretinal space [5].

The development of PVR involves cellular migration and 
proliferation, which in turn leads to fibrocellular membrane 
contraction [6, 7].

6.3	 �PVR Classification and Retinal 
Detachment (Figs. 6.1, 6.2, and 6.3)

There are mainly three classification systems of PVR among 
which the updated Retina Society Classification has been 
mostly cited in the literature [3, 4]. Severity, location, and 
morphological type are factors in the classification system 
[4, 8] (Table 6.1).

6

P. Zhao (*) 
Shanghai Jiao Tong University, Shanghai, China

Fig. 6.1  Fundus photograph by Optos shows a horseshoe tear in  
the temporal periphery with peripheral local retinal detachment and 
PVR A
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Fig. 6.2  Fundus photographs show retinal detachment in the temporal 
periphery (upper figure) with a 3 disc diameter (DD) horseshoe tear. 
PVR B is graded concerning the wrinkling of inner retinal surface and 
rolled and irregular edge of retinal break (lower figure)

Fig. 6.3  Fundus photograph by Optos shows total retinal detachment. 
PVR C (A and P) is graded concerning the full-thickness retinal folds

Table 6.1  The updated Retina Society Classification of PVR

Grade and type Clinical signs
A Vitreous haze and pigment clumps
B Wrinkling of inner retinal surface, 

retinal stiffness, vessel tortuosity, 
rolled and irregular edge of retinal 
break, and decreased mobility of 
vitreous

CP (posterior) Full-thickness retinal folds or 
subretinal strands posterior to equator 
(1–12 clock hours involvement)

 � (1) Type:
 �   (a) Focal (1) Starfolds posterior to vitreous base
 �   (b) Diffuse (2) Confluent starfolds posterior to 

vitreous base; optic disc that may not 
be visible

 �   (c) Subretinal (3) Proliferation under the retina; 
annular strand near disc; linear strands; 
moth-eaten-appearing sheets

CA (anterior) Full-thickness retinal folds or 
subretinal strands anterior to equator 
(1–12 clock hours involvement), 
anterior displacement, and condensed 
vitreous strands

 � (1) Type:
 �   (a) Circumferential (1) Retina contraction inward at the 

posterior edge of the vitreous base; 
with central displacement of the retina; 
peripheral retina stretched; posterior 
retina in radial folds

 �   (b) Anterior (2) Anterior contraction on the retina at 
the vitreous base; ciliary body 
detachment and epiciliary membrane; 
iris retraction

6.4	 �Subtypes of RRD and Management

RRD can be classified into subtypes based on course, loca-
tion, onset age, status of lens, etc. Herein, we describe sev-
eral special subtypes of RRD in our clinical scenarios.

6.4.1	 �Macular-ON (Fig. 6.4) Versus  
Macular-OFF RRD (Fig. 6.5)

The major determinant for functional outcome after success-
ful surgical repair for RRD is whether the macula was involved 
(macula-OFF) [9]. In an ideal situation, retinal detachment 
surgery should be scheduled before macular involvement. 
Floaters seem to be a good early warning signal for retinal 
detachment, especially for macula-ON RRD patients [10].

Scleral buckling may be more beneficial for macula-ON 
RRD, while primary pars plana vitrectomy repair results in a 
good final visual outcome for patients with primary macular-
ON RRD [11]. Persistent subfoveolar fluid (PSF) as seen on 
optical coherence tomography (OCT) is a recognized 
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complication of otherwise anatomically successful scleral 
buckling for macular-OFF RRD, with reported prevalence 
between 0% and 94% [12]. Main microstructural changes 
after PSF include lesion in the photoreceptor layer, disrupted 
inner segment/outer segment (IS/OS) junction, discontinued 
external limiting membrane, and hyper-reflective spots in the 
outer nuclear layer [13] (Figs. 6.6 and 6.7).

6.4.2	 �Giant Tear RRD

Giant retinal tears (GRTs) are defined as full-thickness 
circumferential tears of more than 90° of the retina [14, 
15]. Although GRTs can occur spontaneously, they are 

often associated with a number of conditions including 
ocular trauma, high myopia, aphakia, pseudophakia, 
genetic mutations involving collagen, and young age. 
Common techniques used to treat GRTs include fluid-air 
exchange, pneumatic retinopexy, scleral buckling, pri-
mary vitrectomy with gas, or silicone oil tamponade [16] 
(Fig. 6.7).

6.4.3	 �Chronic RRD

Chronic RRD is characterized by a history of symptoms of 
at least 3-month, with a prevalence between 4.5% and 
29% [17]. Typical clinical presentations include a pig-
mented demarcation line, intraretinal cysts, retinal thin-
ning, a smooth surface on the detached retina, and an 
inferior retinal break. Although scleral buckling proce-
dures can be used for most patients, primary pars plana 
vitrectomy (PPV) is a widely accepted and effective surgi-
cal procedure for the management of chronic RRD 
(Fig. 6.8).

6.4.4	 �RRD Complicated by Choroidal 
Detachment (CD)

The prognosis for RRD complicated by CD, marked hypot-
ony, and intraocular inflammation is rather unfavorable. 
Such a condition is predisposed to high redetachment rates 
[18]. It has been reported that administration of topical or 
oral steroids before surgical repair in eyes with the disorder 
improves reattachment rates [19, 20] (Fig. 6.9).

6.4.5	 �RRD in Young Patients

Rhegmatogenous retinal detachment (RRD) in young pop-
ulation has different clinical features compared with the 
elder patients. It often presents with a longer duration of 
detachment, PVR, and a macular-OFF RRD.  It also has 
some predisposing factors, such as trauma, developmental 
abnormalities, myopia, x-linked juvenile schisis, preceding 
uveitis, atopic dermatitis, and previous intraocular surgery 
[21, 22]. In Asian countries, there is a high incidence of 
familial exudative vitreoretinopathy (FEVR), accounting 
for 13–20% of pediatric RRD [23] (Figs.  6.10, 6.11, and 
6.12).

In cases in which a retinal break was precisely local-
ized, scleral buckling is the primary choice for RRD in 
young patients. It is often difficult to perform a complete 
removal of the cortical vitreous on the detached retina, as 
there is stronger vitreoretinal adhesion in pediatric RRD 
patients.

Fig. 6.4  Fundus photograph by Optos shows nasal retinal detachment 
with macular on PVR B is graded

Fig. 6.5  Fundus photograph by Optos shows retinal detachment with a 
tear in the superotemporal periphery. Macula is detached and PVR B is 
graded
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Fig. 6.6  Fundus photograph 
by Optos (upper figure) and 
optical coherence tomography 
(lower figure) show that a 
Macular-off retinal 
detachment has reattachment 
20 days after sclera buckling 
in the inferotemporal 
periphery. Macula is involved 
with subretinal fluid and 
microstructure changes of the 
outer retina
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Fig. 6.7  Fundus photograph by Optos shows that a total retinal detach-
ment induced by a giant retinal tear in the upper part. PVR C is graded 
(upper figure). After vitrectomy and silicone oil tamponade, the retina 
is now reattached (lower figure)

Fig. 6.8  Fundus photograph by Optos shows chronic retinal detach-
ment with a large tear in the inferior periphery. Typical presentations 
include a pigmented demarcation line and subretinal string. PVR C is 
graded

Fig. 6.9  Fundus photograph by Optos shows retinal detachment com-
plicated by choroidal detachment. PVR C is graded

Fig. 6.10  Fundus photograph by Optos and fundus angiography (right 
upper) show retinal detachment complicated with FEVR.  A retinal 
break was observed in the inferotemporal avascular retina. Laser photo-
coagulation was administered posterior to the avascular retina before 
surgery. PVR B is graded

6  Retinal Detachment and PVR
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Fig. 6.11  Fundus photograph 
by Optos (upper figure) and 
OCT (lower figure) show 
retinal detachment 
complicated with x-linked 
juvenile schisis in the right 
eye. PVR B is graded
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6.5	 �Surgical Techniques for RRD and PVR

Conventional treatments of RRD include scleral buckling, 
pars plana vitrectomy, and pneumatic retinopexy. In the 
recent years, we have performed several modified surgical 
repair techniques for RRD.

6.5.1	 �Scleral Buckling

Scleral buckling has evolved from segmental scleral sponge 
exoplant surgery reported first by Custodis [24], followed by 
Schepens et al. [25] describing an encircling scleral buckle 
(SB) procedure.

Transscleral cryotherapy is currently the most popular 
method used to create a chorioretinal adhesion during scleral 
buckling. Minimizing cryotherapy from conventional scleral 
buckling surgery may improve visual recovery by reducing 
the rate of macular pucker, postoperative uveitis, and cystoid 
macular edema, and it may ultimately reduce the incidence 
of PVR [26]. Laser photocoagulation to the lesion after reti-
nal reattachment surgery can be an additional treatment when 
minimum amount of transscleral cryotherapy was done.

6.5.2	 �Segmental Scleral Bucking

Minimal segmental buckling by a sponge without drainage of 
subretinal fluid, introduced by Schepens [25] and Custodis 
[24] and subsequently refined by Lincoff and Kreissig, remains 
a common surgical procedure in the management of RRD [27, 
28]. Limbal peritomy, usually over one quadrant combined 
with two radial incisions through the conjunctiva and Tenon’s 
capsule, is routinely performed in segmental buckling surgery. 
In the recent years, we performed a modification of minimal 
segmental bucking through a small in situ conjunctival inci-
sion with minimal surgical trauma to the anterior conjunctiva 
Tenon’s capsule and extraocular muscles [29] (Fig. 6.13).

6.5.3	 �Combined Scleral Buckle-Vitrectomies

Scleral buckle-vitrectomies have been historically used in 
RRD complicated with severe PVR. With the refinement of 
vitreoretinal surgical techniques, scleral buckling is seldom 
required to release circumferential tractional force in periph-
eral retina. A modified combination pattern can be done dur-
ing sclera buckling surgery when dry vitrectomy with a small 
gauge cutter enters the globe and removes local tractional 
components.

6.5.4	 �Combined Scleral 
Buckle-Phacoemulsification

RRD is occasionally complicated with cataract and surgical 
options may include phacovitrectomy or combined scleral 
buckle-phacoemulsification. We have performed phaco-
emulsification combined with scleral buckle in several 
patients to treat RRD and cataract. Phacoemulsification for 
cataract removal is firstly done followed by a conventional 
scleral buckling. Implantation of intraocular lens can be per-
formed as the last step of the combined surgery, or in several 
days when biological measurement can be accurately pro-
vided after resolution of submacular fluid.

Fig. 6.12  Fundus photograph by Optos (upper figure) and photograph 
of lid (lower figure) show retinal detachment complicated with atopic 
dermatitis. PVR CP is graded
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6.6	 �Tamponade

Tamponade substances during vitrectomy for RRD mainly 
comprise of long-standing gas and silicone oil. Pars plana 
vitrectomy with postoperative perfluoro-n-octane retention 
or with heavy oil has been used for inferior retinal detach-
ment repair or severe PVR.

6.7	 �Prognosis for RRD

Choroidal detachment, significant hypotony, grade C-1 PVR, 
detached quadrants, and large or giant retinal breaks are 
independent explanatory variables of retinal detachment 
repair failure [29].
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Cavitary Optic Disc Maculopathy

Nieraj Jain and Mark W. Johnson

7.1	 �Introduction

Serous maculopathy associated with optic pits and related 
optic disc malformations represents a unique but well-
recognized entity that has long confounded ophthalmolo-
gists. The source and pathophysiology of macular fluid in 
such cases has been an ongoing subject of discussion that has 
spanned generations [1, 2]. In recent years, this condition has 
spawned a variety of treatment approaches, both with con-
ventional vitreoretinal surgical maneuvers and more novel 
approaches. Yet attempts at repair are often met with persis-
tent or recurrent submacular fluid, and there remains a lack 
of consensus regarding the optimal treatment approach.

7.2	 �Classification and Clinical Features

Cavitary optic disc maculopathy may occur in eyes with a 
range of related congenital cavitary malformations of the 
optic disc, including typical coloboma, optic disc pit and 
other atypical colobomas, and morning glory disc anomaly 
(Fig. 7.1) [3]. Typical coloboma of the optic disc is a large 
and inferonasally located excavation of the optic disc that 
may be associated with a juxtapapillary chorioretinal colo-
boma. This lesion may result in an isolated serous maculopa-
thy or in a more extensive rhegmatogenous retinal 
detachment, particularly in the setting of a large chorioreti-
nal coloboma. Optic disc pits, a form of atypical disc colo-
boma, tend to be small, grayish cavitations along the temporal 
or inferotemporal aspect of the disc. They account for the 
majority of cases of cavitary disc maculopathy. Morning 

glory disc anomaly is a unilateral markedly enlarged optic 
papilla with funnel-shaped excavation and radially oriented 
retinal vessels emanating from the optic disc. Affected 
patients tend to have poor vision and may have associated 
intracranial abnormalities warranting neuroimaging.

Several lines of evidence suggest that these entities share 
in common a faulty closure of the fetal fissure during 
embryogenesis. Histopathologic studies demonstrate similar 
structural abnormalities within these lesions, which are typi-
cally comprised of dysplastic retinal tissue herniated into a 
lamina cribrosa or scleral defect [4]. In some individuals, 
optic pit or morning glory has been seen in association with 
typical coloboma in the same or contralateral eye [5]. 
Furthermore, in one family with a five-generation pedigree 
with autosomal dominant inheritance of cavitary disc anom-
alies, individuals manifested a spectrum of phenotypes 
including disc coloboma, morning glory disc anomaly, and 
optic pit [6].

In a subset of patients, estimated at 50% in cases of optic 
disc pit, cavitary disc malformations involve a congenital 
defect in the fluid barrier that is normally present where the 
retina abuts the optic disc [7]. The resulting serous macu-
lopathy, when involving the fovea, represents a treatable 
cause of vision loss and is often the presenting sign in 
patients with previously unrecognized disc anomalies. Some 
authors have postulated that acquired defects in the lamina 
cribrosa, as seen in advanced glaucoma, may occasionally 
result in a similar maculopathy [8].

The serous maculopathy typically develops in a two-step 
process. In most cases, fluid initially migrates from the optic 
disc cavitation into the retinal stroma, most commonly at the 
level of the outer nuclear or Henle’s fiber layer (Fig. 7.2). 
The fluid may ultimately percolate into the subretinal space, 
sometimes through an outer layer break that is visible clini-
cally [9]. In a minority of cases, the fluid tract extends from 
the disc directly into the subretinal space. Although typically 
confined to the posterior pole, detachment can be more 
extensive, particularly in the setting of a large associated 
chorioretinal coloboma.
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7.3	 �Pathogenesis

The unifying anatomic theme of cavitary disc anomalies is a 
defect in the eye wall involving the lamina cribrosa and/or 
juxtapapillary sclera. These tissues, in normal eyes, form a 
pressure- and water-tight barrier between the intraocular and 
extraocular spaces, while allowing for the axons of the retinal 

nerve fiber layer to converge and exit the globe as the optic 
nerve. As a result of the congenital defect, the vitreous, sub-
retinal, and subarachnoid spaces may be variably intercon-
nected through the relatively compliant and porous tissue 
comprising the cavitary anomaly. This defect thus allows the 
translaminar pressure gradient to act upon intraocular and 
extraocular fluids, inducing movement of these fluids into 
the juxtapapillary retina (Fig. 7.3) [2].

Fig. 7.1  Fundus photographs showing the spectrum of cavitary disc 
anomalies: (top left) typical coloboma, (top right) classic optic pit, (bot-
tom left) centrally located atypical coloboma, and (bottom right) morn-
ing glory anomaly. Reprinted from Am J Ophthalmol 2014;158(3): 

423–435, Jain and Johnson, Pathogenesis and treatment of maculopa-
thy associated with cavitary optic disc anomalies; copyright 2014, with 
permission from Elsevier
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The dynamic translaminar pressure gradient acts upon 
both intra- and extraocular spaces, and it follows that the 
macular fluid may derive in a given eye from either the 
vitreous or subarachnoid space, or possibly both. The 
pathways for flow are most clearly demonstrated by the 
intraoperative and postoperative passage of vitreous 
substitutes, including gas and silicone oil, across the cavitary 
anomaly and into either the subretinal or subarachnoid space 
[2]. Efforts at intraoperative sampling to characterize the 
fluid directly are limited by the small quantities obtained and 
potential for contamination yet have shown fluid composition 
resembling both vitreous and CSF in different cases [10, 11].

While the fluctuating trans-scleral or trans-laminar pres-
sure gradient appears to be the primary driver of macular 
fluid accumulation, the pathogenic role of vitreous traction 

in cavitary disc maculopathy remains unclear. Some authors 
have suggested a role for vitreous traction based on the 
observations that the maculopathy has resolved spontane-
ously following posterior vitreous detachment in isolated 
cases [12, 13] and that vitrectomy alone leads to resolution 
of macular fluid in many cases [14].

However, cavitary disc maculopathy is clearly distinct 
from true traction maculopathies, such as vitreomacular 
traction syndrome, idiopathic macular hole, and myopic 
traction maculopathy. Notably, cavitary disc maculopathy 
usually develops long before the early stages of posterior 
vitreous detachment, including in very young children. All 
disorders that are widely accepted to be caused by vitreous 
traction are associated with partial PVD states, in which 
partially detached hyaloid exerts traction at points of 

Fig. 7.2  Images showing 
typical fluid pathways in 
cavitary disc maculopathy. 
(Top) Color fundus 
photograph of left eye shows 
a subtle optic pit, diffuse 
macular thickening, and an 
outer lamellar macular hole 
surrounded by localized 
submacular fluid. (Bottom) 
Spectral-domain optical 
coherence tomography image 
shows that the intraretinal 
fluid emerges from the optic 
pit and enters the subretinal 
space through an outer 
lamellar foveal dehiscence
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persistent vitreoretinal adhesion. This is typically evidenced 
by characteristic findings on OCT imaging, where retina is 
tented anteriorly with sharp angulations at sites of 
vitreoretinal adherence. This characteristic traction profile is 
almost never seen in either the macula or optic disc in cases 
of cavitary disc maculopathy. Furthermore, the vitreous 
traction hypothesis cannot account for the development of 

cavitary disc maculopathy in eyes with complete posterior 
vitreous detachment nor for the persistence or recurrence of 
maculopathy in eyes that have undergone vitrectomy with 
posterior hyaloid removal [15].

It is possible that vitreous gel plays a secondary or facili-
tating role in the development of cavitary disc maculopathy 
in select eyes. This could be mediated by an unidentifiable 

Intraretinal fluid

Subretinal fluid

Herniation of
dysplastic tissue

Pit sac

Pit capsule

Subarachnoid space

Fig. 7.3  Schematic illustration showing the anatomic features of an 
optic pit and the associated maculopathy. (Top) The herniated dys-
plastic tissue and pit capsule likely vary in permeability from one eye 
to another. In eyes with an impermeable capsule, the pit functions like 
a bulb syringe, (bottom left) “sucking” vitreous fluid into the pit sac 
during a drop in intracranial pressure (ICP) and then, (bottom center) 
during a rise in pressure, expelling it from the sac. (Bottom right) In 

eyes with a permeable capsule, fluctuations in ICP are transmitted to 
the pit by cerebrospinal fluid migration across the capsule. (Reprinted 
with permission from: Johnson TM, Johnson MW. Pathogenic impli-
cations of subretinal gas migration through pits and atypical colobo-
mas of the optic nerve. Reproduced with permission from Arch 
Ophthalmol 2004;122(12):1793–1800. Copyright © 2004 American 
Medical Association. All rights reserved)
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traction force along the insertion of the posterior hyaloid at 
the optic disc margin, by the presence of incarcerated vitre-
ous gel maintaining patency of a fluid channel, by modula-
tion of translaminar pressure gradients, or possibly by 
contributing to a one-way valve within the cavitary anomaly. 
One or more of such theoretical mechanisms may help 
explain the apparent beneficial role of vitrectomy alone in a 
subset of eyes with this disorder.

7.4	 �Management

Cavitary disc maculopathy remains one of a small handful of 
causes of macular thickening that does not respond to 
pharmacologic therapy. Vitreoretinal surgeons have 
employed a full spectrum of therapeutic strategies, including 
observation, laser photocoagulation, pharmacologic 
approaches, and vitreoretinal surgery. In many instances, 
these interventions are met with persistent or recurrent 
macular fluid.

Affected patients present with a range of macular 
involvement, and it is not always clear whether intervention 
is warranted. Due to the rarity of the condition and 
preference for intervention in current practice, there is 
limited natural history data available to guide therapy. In 
1980, Brown and co-authors estimated the incidence of 
serous maculopathy at approximately 50% in eyes with 
optic disc pit [7]. Their study from the pre-OCT era likely 
underrepresents mild cases of maculopathy. In a study 
published in 1990, 80% of 15 untreated subjects with 
submacular fluid lost vision to a level of 20/200 over a 
mean observation period of 9 years [16]. Again, it is likely 

that selection bias in this pre-OCT study resulted in a 
particularly advanced subset of patients.

For patients with foveal involvement and clinically sig-
nificant vision loss, the decision about whether to intervene 
may be complex. As with any elective surgical procedure, 
decision-making should account for a number of factors, 
including extent and severity of the maculopathy, chronic-
ity and rate of progression, age and health of the patient, 
and status of the fellow eye. As spontaneous resolution has 
been documented in a small minority of cases, it is reason-
able to observe affected eyes for a short period of time to 
better understand the trajectory and functional impact of 
the maculopathy. However, lengthy delay may lead to atro-
phic changes in the retina and retinal pigment epithelium. 
Furthermore, there is some evidence that the extent of mac-
ular fluid is associated with final anatomic outcomes, which 
may justify earlier intervention in progressive cases [17].

7.4.1	 �Vitrectomy with Juxtapapillary Laser 
Photocoagulation

Effective interventions for cavitary optic disc maculopathy 
should be rooted in a basic understanding of its underlying 
pathomechanism. Ample evidence suggests that either CSF 
or vitreous fluid may be driven into the retina by the dynamic 
translaminar pressure gradient, based on the unique congeni-
tal disc malformation of each particular patient. We have 
demonstrated that formation of a laser-induced intraretinal 
fluid barrier may block the final common pathway for all 
varieties of cavitary disc maculopathy (Fig. 7.4).

Intraretinal scar

Fig. 7.4  Schematic illustration showing a juxtapapillary fluid barrier. 
Laser-induced intraretinal and subretinal scarring blocks fluid flow 
(arrow) out of the optic pit. The scarring spares the nerve fiber layer to 
avoid central visual field loss. Intraretinal and subretinal fluid in the 

macula gradually resolve after the barrier is established. Reprinted from 
Am J Ophthalmol 2014;158(3):423–435, Jain and Johnson, Pathogenesis 
and treatment of maculopathy associated with cavitary optic disc anom-
alies; copyright 2014, with permission from Elsevier
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Our current approach is to perform titrated, OCT-guided 
laser photocoagulation of the juxtapapillary retina at the slit 
lamp followed immediately by vitrectomy with gas tampon-
ade [18]. Preoperative OCT imaging reveals the location of 
intraretinal and/or subretinal fluid emanating from the optic 
disc, thereby guiding the circumferential extent of the laser 
treatment. We use red laser energy for deeper tissue penetra-
tion and to avoid laser uptake by retinal vessels in the inner 
retina. With slit-lamp delivery and a high-magnification fun-
dus contact lens for optimal visualization, we carefully titrate 
the laser treatment for moderate whitening of the outer retina 
and thermal spread to middle retinal layers. We initiate the 
treatment approximately one laser width (200 μM) from the 
temporal disc margin and apply 4–5 confluent curvilinear 
rows to cover the circumferential extent of the fluid tract 
(Fig.  7.5). Subsequently, we perform a standard three-port 

pars plana vitrectomy, inducing posterior vitreous detachment 
with the vitreous cutter, followed by gas tamponade. We 
typically attempt gentle aspiration of macular fluid through 
the cavitary disc lesion. The primary purpose of the 
vitrectomy, however, is to allow for the placement of a large 
vitreous cavity gas bubble to dry and compress the 
juxtapapillary retina, allowing formation of an intraretinal 
laser-induced scar. We advise the patient to position face 
down for 7–10  days to achieve maximal drying of the 
intraretinal fluid and optimize the creation of an intraretinal 
barrier.

The value of this barrier is nicely illustrated in Fig. 7.6, in 
an eye with fluid emanating from the cavitary lesion both 
nasal and temporal to the disc [18]. Laser was applied in a 
targeted fashion along the temporal margin of the optic disc, 
and the nasal aspect was left untreated. This eye ultimately 
had complete drying of macular fluid but persistence of 
intraretinal fluid nasal to the disc.

In a series of 11 consecutive eyes with maculopathy from 
a variety of cavitary disc anomalies, we achieved complete 
resolution of intra- and subretinal fluid in all eyes using 
juxtapapillary laser followed by vitrectomy and fluid-gas 
exchange [18]. Some of the patients in this series at our 
tertiary referral center had received multiple prior treatments, 
with refractory or recurrent maculopathy. Over a mean 
follow-up of 48 months after the final surgery, only 1 of 11 
subjects had recurrent maculopathy. In this case, the patient 
had initially presented with a fluid tract extending directly 
from the disc lesion into the subretinal space, which may 
have hindered the successful creation of a laser-induced fluid 
barrier. Only one patient in this series, who had received 
multiple prior sessions of endolaser photocoagulation 
elsewhere, was thought to develop a laser-induced central 
scotoma.

It is reasonable in theory to consider prophylactic juxta-
papillary laser photocoagulation prior to the accumulation of 
intra- or subretinal fluid in an attempt to create a barrier to 
the passage of fluid in eyes with cavitary disc lesions. 
However, in the absence of an intra- or subretinal fluid buf-
fer, the papillomacular bundle has greater exposure to poten-
tial thermal injury in such eyes. We do not presently advocate 
such treatment. Further study into the natural history of cavi-
tary disc lesions may reveal imaging biomarkers for progres-
sive disease, possibly guiding decision-making regarding 
prophylactic therapy.

7.4.2	 �Vitrectomy Alone

Several authors have reported that many cases of cavitary 
maculopathy respond to vitrectomy alone without laser pho-
tocoagulation. The durability of the response to this inter-
vention remains unclear, given variable follow-up in these 

Fig. 7.5  Color fundus photograph and optical coherence tomography 
(OCT) image taken immediately after carefully titrated slit-lamp deliv-
ery of red wavelength juxtapapillary laser photocoagulation for optic 
disc pit maculopathy. (Top) There is moderate whitening of the outer 
and middle retinal layers, sparing the inner retina. The acute thermal 
injury (arrowheads) visible on the OCT image (bottom) involves the 
outer to middle retinal layers but spares the inner retina. Laser treatment 
was immediately followed by vitrectomy with gas tamponade to facili-
tate formation of an intraretinal and subretinal scar. Reprinted from Am 
J Ophthalmol 2017;173:34–44, Kiang and Johnson, Formation of an 
intraretinal fluid barrier in cavitary optic disc maculopathy; copyright 
2017, with permission from Elsevier
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Fig. 7.6  Imaging before and after surgery for cavitary disc macu-
lopathy. Color photograph (top left) and optical coherence tomogra-
phy (OCT) image (top right) of the right eye preoperatively show 
schisis-like intraretinal fluid throughout the macula and papillomac-
ular bundle, as well as nasal to the disc. There is subretinal fluid 
with vitelliform material in the macular center. (Middle) OCT image 
taken 6  weeks postoperatively shows a dry, compact laser scar 
(arrowheads) with decreasing intraretinal fluid and persistent 

chronic subretinal fluid. Color photograph (bottom left) and OCT 
image (bottom right) taken 18 months postoperatively show a tem-
poral juxtapapillary laser scar (arrowheads) with a dry macula but 
persistent intraretinal fluid nasal to the disc where there is no laser 
barrier. Reprinted from Am J Ophthalmol 2017;173:34–44, Kiang 
and Johnson, Formation of an intraretinal fluid barrier in cavitary 
optic disc maculopathy; copyright 2017, with permission from 
Elsevier
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retrospective reviews. Additionally, given the simplicity of 
this approach, it is puzzling that anatomic outcomes have 
been so highly variable, with anatomic success ranging from 
36% [17] to 88% in different series [14, 19, 20]. However, as 
this procedure is straightforward and has a low complication 
rate, it would be reasonable to consider vitrectomy alone as 
an initial therapeutic procedure. Refractory or recurrent 
cases could then be managed by repeat vitrectomy with slit 
lamp directed juxtapapillary laser and fluid-air exchange as 
described above. It remains unclear why vitrectomy alone is 
effective in some cases, although, as discussed previously, it 
is possible that vitreous gel plays a secondary role in the 
development of serous maculopathy in eyes with a cavitary 
disc malformation.

7.4.3	 �Alternative Approaches and Adjuvants

Numerous adjuvants have been used in combination with 
vitrectomy, including internal limiting membrane (ILM) 
peeling, inner retinal fenestration, and instillation of tissue 
plugs into the cavitary lesion. Proponents of ILM peeling 
postulate that the ILM exerts traction at the peripapillary 
retina. Larger case series do not appear to show benefit to 
ILM peeling, and this maneuver has resulted in macular 
hole formation in some eyes [21]. Vitrectomy with inner 
retinal fenestration yielded promising outcomes in one large 
series [22]. However, the inner retinal defect has been shown 
to close in the early postoperative period [23], and the treat-
ment response seen in this uncontrolled study is likely the 
result of vitrectomy alone. A wide variety of tissue plugs, 
with adjuvants such as platelet-rich plasma, fibrin glue, 
autologous sclera, and inverted ILM flap, have been imple-
mented with variable success. Of these adjuvants, autolo-
gous sclera appears to be the most promising (Fig. 7.7) [24], 

since it is unclear if the other substances result in a perma-
nent occlusion of anomalous fluid channels. We believe that 
such adjuvants are unnecessary if a permanent laser-induced 
intraretinal barrier to fluid migration can be achieved. In 
refractory cases, an autologous scleral plug appears to be a 
reasonable next step, assuming the optic pit is of an appro-
priate size.

An alternative surgical approach to vitrectomy is macular 
buckling. This technically challenging procedure is not 
widely performed but has yielded promising outcomes when 
performed by experienced surgeons [25]. Those who advo-
cate this approach have proposed that the buckle indentation 
may physically close the fluid tract extending from the optic 
disc to the macula.

7.5	 �Summary

Cavitary disc maculopathy continues to confound clini-
cians in the current era of advanced retinal imaging capa-
bilities and vitreoretinal surgical techniques. The unifying 
anatomic theme of these lesions is a defect in the eye wall 
at the optic disc that permits the translaminar pressure gra-
dient to drive fluid into the juxtapapillary retina. The natu-
ral history of this condition is variable but in many cases 
involves chronic macular fluid that may lead to significant 
visual disability. Permanent cure of the condition can be 
achieved by formation of a laser-induced intraretinal bar-
rier to fluid migration in the juxtapapillary retina. Given the 
technical demands of this procedure, vitrectomy alone is an 
acceptable and conservative initial approach to achieving 
resolution of macular fluid, with the caveat that this may 
not provide a permanent cure. Ongoing studies of optic disc 
structure may provide further insight into this enigmatic 
condition.

a b

Fig. 7.7  Color fundus photo (a) and optical coherence tomography 
image (b) demonstrating position of a scleral flap at the base of an 
optic pit. This technique was employed after failure of an initial 
vitrectomy approach for optic pit maculopathy in a 15-year-old 
boy with best corrected visual acuity (BCVA) of 20/200. These 
images demonstrate resolution of serous maculopathy 7  months 

after placement of the scleral flap. The flap remained in position at 
2 years following surgery with sustained resolution of intra- and 
subretinal fluid and BCVA of 20/40. Reprinted from Retina 
2013;33(8);1708–1714, Travassos et al., Optic pit: novel surgical 
management of complicated cases. Copyright 2013, with permis-
sion from Wolters Kluwer Health, Inc.
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Coloboma of the Choroid

Andrew Carey and J. Fernando Arevalo

8.1	 �Introduction

Colobomas of the choroid are a subset of uveal colobomas 
which result from disruption of the normal process of ocular 
development during organogenesis. This disruption causes a 
thinning or absence of a portion of the choroid. Choroidal 
colobomas may be isolated, associated with other ocular 
features such as microphthalmos, or associated with systemic 
features such as papillorenal syndrome and CHARGE 
syndrome.

8.2	 �Etiopathogenesis

During gestational development, the optic cup closes to form 
the globe along the choroidal fissure which begins at 
midpoint in the fifth week and extends ventrally and dorsally 
completing at the seventh week [1]. Typical colobomas occur 
along this choroidal fissure when it has failed to fully close; 
proposed causes have been incomplete migration for the 
margins to oppose or incomplete fusion of the margins [1]; 
an alternate etiology involves incomplete choroidal 
development which could also explain atypical colobomas 
that develop outside the choroidal fissure such as macular 
colobomas.

The underlying cause may be genetic or environmental. 
Many in utero environmental exposures have been suggested; 
the strongest evidence is for retinoic acid, saccharine, 
irradiation, nickel excess, folate deficiency, vitamin A 
deficiency, alcohol [1], as well as mycophenolate [2].

Inheritance patterns for genetic causes include autosomal  
dominant, autosomal recessive, x-linked recessive, x-linked 
dominant, somatic mosaicism, sporadic, triploidy, trisomy, 
and chromosomal segment deletion [1, 3]. Prevalence 
ranges across nations from 0.4 to 2.6 per 10,000 live  
births [1].

Unilateral colobomas may be due to somatic mutations in 
these genes or other local factors interrupting the process. 
Often in the case of a typical coloboma that appears unilat-
eral, there is a forme fruste or mild coloboma in the contra-
lateral eye in the same location.

8.3	 �Clinical Features and Complications

Histologic evaluations of choroidal colobomas demonstrate 
hypoplastic or absent choroid [4]. The overlying retina is 
typically thin, disorganized, and avascular which is often 
referred to as an intercalary membrane [4]. With aging of the 
intercalary membrane, it undergoes atrophy with develop-
ment of schisis and atrophic holes [4]. There is often thin-
ning of the sclera at the base of the coloboma leading to 
staphyloma [4]. The base of the coloboma has also shown 
glial cells and spindle cells which have been confirmed to be 
smooth muscle [4, 5]. Optical coherence tomography (OCT) 
demonstrates continuity of the inner retina with the interca-
lary membrane and absence of the outer retina [6].

Coloboma severity can range in size, depth, and number 
of tissues involved. They can be isolated to the optic nerve, 
retina and choroid, ciliary body and lens, and iris or involve 
a combination of these structures with continuous or dis-
jointed lesions [1] (Figs. 8.1, 8.2, and 8.3). They may be mild 
affecting only choriocapillaris or pigment clumping, iris 
transillumination, or iris heterochromia [1]. More severe 
lesions may have a staphylomatous component with poste-
rior bulging and white appearance due to visible scleral and 
variable pigmentation due to retinal pigment epithelial 
hyperplasia [1]. The most severe manifestations are microph-
thalmos and clinical anophthalmos with orbital cyst [1].  
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Colobomas are often bilateral but can have marked asym-
metry [1]. Visual acuity ranges from normal to no light per-
ception, often depending on the involvement of the optic 
nerve and macula [1].

Some authors consider optic disc colobomas and optic 
disc pits to be of the same etiology; however, pits typically 
form inferotemporally which is not along the choroidal fis-
sure; regardless of their etiology, they share similar compli-
cations; optic disc pit maculopathy is discussed in a separate 
chapter.

Colobomas may occur in isolation, with associated ocu-
lar findings or with syndromic features [1, 3]. Patients may 
be hyperopic in the setting of microphthalmos or myopic in 
the setting of staphyloma [3]. Nystagmus and strabismus 
occur most often in association with poor vision from birth. 

Orbital manifestations may include hypotelorism or hyper-
telorism, telecanthus, S-shaped palpebral fissures, exoph-
thalmos, downward slanting palpebral fissures, eyelid 
colobomas, epibulbar dermoids, Duane anomaly, ptosis, 
prominent epicanthic folds, xanthelasmas, and imperforate 
nasolacrimal duct [3]. Anterior segment manifestations 
include dysgenesis; corneal abnormalities such as clouding 
due to limbal stem cell deficiency, sclerocornea, 
microcornea, posterior embryotoxon, and megalocornea in 
the setting of glaucoma; lens abnormalities including 
cataract particularly in the setting of ciliary body coloboma, 
small lens, lens subluxation, and ectopia lentis; glaucoma; 
and iris abnormalities including aniridia, posterior 
synechiae, lenticular iridocorneal adhesions, corectopia, 
and polycoria [3]. Posterior segment manifestations include 
persistent hyperplastic primary vitreous; panuveitis; retinal 
dysplasias such as congenital stationary night blindness 
and Leber congenital amaurosis; retinochoroidal lacunae; 
optic nerve anomalies including pit, hypoplasia, agenesis, 
morning glory anomaly, optic disc drusen, and myelinated 
nerve fiber layer; foveal hypoplasia; retinoblastoma; and 
cartilage in the eye [3].

The Online Mendelian Inheritance in Man [3] database 
was searched for colobomas. One hundred fifty-five dis-
tinct genes were identified as causative agents for choroidal 
colobomas. One series suggests the rate of syndromic  
manifestations to be 60% [7]. CHARGE syndrome is the 
most common syndromic manifestation with estimated 
prevalence of 1  in 12,000 live births, likely followed by 
papillorenal (renal coloboma) syndrome whose incidence 
is unknown [3]. The most common syndromic manifestations 
shared across causative genes include skull and facial 
deformities at 66%, cognitive deficits at 58%, and central 
nervous system defects at 53% [3]. The next most common 
syndromic manifestations ranging 20–40% frequency 
include musculoskeletal defects, renal defects, growth 
delay, cleft lip and/or cleft palate or other oral or tooth 
defects, cardiac defects, skin defects, seizures, and digital 
or hand/foot malformations including polydactyly or 
syndactyly. Manifestations ranging 10–20% frequency 
include motor developmental defects, gastrointestinal 
defects, ear and throat malformations, hearing loss, 
endocrine defects including pituitary abnormalities, and 
hypogonadism. Rare manifestations include pulmonary 
defects or congenital diaphragmatic defects at 3% and 
cardiac arrhythmias at 1% [3].

Atypical colobomas occur outside the choroidal fis-
sure; these may occur anywhere, but of greatest clinical 
interest are macular colobomas. Macular colobomas may 
be isolated or occur as part of a syndrome. Isolated pre-
sentations include North Carolina macular dystrophy and 

Fig. 8.1  Color photograph of the right eye with a chorioretinal colo-
boma. Top, iris coloboma. Bottom, chorioretinal coloboma including 
the optic nerve
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Leber congenital amaurosis syndrome 9 [3]. Syndromic 
manifestations include holoprosencephaly, schizenceph-
aly, Goldenhar syndrome, coloboma-cleft lip/palate-men-
tal retardation syndrome, and brachydactyly syndrome 1 
[3].

8.4	 �Management

There is no primary treatment for colobomas. Rather treat-
ment has three main goals: maximizing visual function and 
prevention of amblyopia; prevention of vision loss due to 
complications; and restoration of vision due to 
complications.

Nonsurgical treatment includes evaluation for and treat-
ment of amblyopia, correction of refractive error, and low-

vision rehabilitation if vision is poor to prevent socioeconomic 
complications associated with blindness in childhood [8]. A 
detailed history and comprehensive physical exam as well as 
abdominal ultrasound for renal defects should be undertaken 
to evaluate for syndromic manifestations [8]. Referral to a 
geneticist is also recommended to address risk of involve-
ment in family members including unborn siblings or chil-
dren [8].

8.4.1	 �Choroidal Neovascularization

Treatment of choroidal neovascularization may include off-
label intravitreal anti-vascular endothelial growth factor 
injection and LASER photocoagulation to non-foveal involv-
ing lesions.

Fig. 8.2  Color photograph of the right eye with a chorioretinal coloboma
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8.4.2	 �Retinal Detachment

Some authors suggest prophylactic LASER photocoagulation 
to the margin of the coloboma to prevent retinal detachment; 
one retrospective series suggests this may reduce the risk to 
1–3% [9, 10].

Treatment of retinal detachments can be complicated with 
early case series reporting 87% complications and low rate of 
success at 46% [10]. The low success rate is likely due to a 
combination of difficulty in the detection of the retinal break 
which may be as low as 44% [11] as well as associated  

ophthalmic manifestations. The repair of retinal detachments is 
most complex when the coloboma involves the optic nerve. 
Reported treatments include scleral buckle, cryotherapy, vitrec-
tomy with endolaser and gas exchange tamponade, and vitrec-
tomy with endolaser and silicone oil tamponade. There has been 
recent retrospective evidence toward the use of  
vitrectomy with endolaser and long-term tamponade (silicone 
oil tamponade or C3F8) in the literature [12] (Figs. 8.4 and 8.5).

Please see Chap. 7 dedicated on optic disc anomaly-
associated macular detachments for discussion of their 
treatment.

Fig. 8.3  Same patient as in Fig. 8.2. Color photograph of the left eye (top left) with iris and chorioretinal coloboma
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Intraocular Cysticercosis

Gopal Lingam and Tarun Sharma

9.1	 �Parasitology

9.1.1	 �Natural Life Cycle [1]

Taenia solium belongs to phylum Platyhelminthes; class 
Cestoda; order Cyclophyllidea; and family Taeniidae. It is a 
variety of tapeworms infesting the humans.

In its natural life cycle, the man is the definitive host 
and pig the intermediary host. Hence, the man was 
intended to host the adult worm, while the pig harbors the 
larval form (Cysticercus cellulosae). Humans harboring 
the adult worm in their intestines shed the mature and 
fertilized proglottids (containing the ova) in their fecal 
matter. The pig consumes the fertilized ova whence the 
ova penetrate the intestinal wall and enter the bloodstream. 
The ova lodged in various parts of body develop into 
cysticerci. Man ingests the measly pork (containing the 
larvae). Once in the intestine, the cysticercus latches on to 
the intestinal wall and grows into the adult worm thus 
completing the life cycle.

9.1.2	 �Origin of Cysticercosis in Man

Under some circumstances, man can act as the intermediate 
host and thus suffer from cysticercosis. Ingestion of food 
contaminated with the fertilized ova can result in cysticerco-
sis (just as in the pig). Massive cysticercosis can also occur 
due to regurgitation of a fertilized proglottid into the stom-
ach in a person harboring the adult worm or due to feco-oral 
autoinfection.

Once the ova penetrate the intestinal wall, the cysts can 
lodge in various organs including the brain, skeletal muscle, 
eye, subcutaneous tissue, etc. Death of cyst can release toxins 
that incite profound inflammatory reaction.

9.1.3	 �Route of Infestation in the Eye

The ova can access the interior of the eye through either the 
ciliary/choroidal or the retinal circulation. If the ova access 
the vitreous cavity directly through retinal or ciliary circula-
tion, the cyst can grow to large size in vitreous cavity with 
very little structural damage to underlying retina and cho-
roid. However in most cases, the initial location is at choroi-
dal level (since choroidal circulation is ten times more than 
retinal circulation) [2]. The cyst can migrate through the 
retina into vitreous cavity after a variable period of growth in 
subretinal space, which explains the often-present variable 
chorioretinal scar while the cyst is located in the vitreous 
cavity (Figs. 9.1 and 9.2).

9.2	 �Geographical Distribution

In general, human ocular parasitosis is common in develop-
ing and underdeveloped countries with poor sanitary condi-
tions and environmental factors that favor easy transmission. 
However, developed countries are not immune from this con-
dition in view of the migrant population [3].

9.3	 �Clinical Presentation

9.3.1	 �Introduction

Related to the eye, the cyst can be present in subconjunctival 
space; extraocular muscles, orbit, the anterior chamber, vit-
reous cavity, and subretinal space. In addition, intracranial 
cysticercosis can present with ocular signs and symptoms 
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such as diplopia (sixth nerve palsy) or papilledema. Atypical 
optic neuritis can occur due to optic nerve cysticercosis [4]. 
In this chapter, we discuss manifestations and management 
of intraocular cysticercosis.

9.3.2	 �Symptomatology

9.3.2.1	 �Loss of Vision
While loss of vision is an important symptom, it is not uncom-
mon to have cysts in anterior chamber and vitreous with well-
retained vision if the inflammatory reaction is still limited. 
Visual acuity is affected due to the inflammatory reaction and 
its sequelae such as vitritis, vitreous membranes, traction reti-
nal detachment, and chorioretinal scarring. The lesions may 
involve the posterior pole including macular area. While a 
dead cyst is expected to incite inflammation, a live cyst can 
also leak toxins and produce significant inflammation.

9.3.2.2	 �Subjective Appreciation of Motile 
Obstruction to Vision

A sensitive patient with reasonable visual acuity can actually 
appreciate the motile obstruction to his/her vision. On occasion, 
they can even appreciate when the invaginated cyst has become 
evaginated with scolex protruding outside the cyst (Fig. 9.3).

9.3.2.3	 �Pain and Redness
Patients can also present with non-specific signs such as pain 
and redness due to inflammation or glaucoma or both. 
Complicated cataract can occur and be the presenting fea-
ture—especially in the milieu of underdeveloped countries 
where access to medical care is limited.

9.3.2.4	 �Others
Coexisting intracranial cysticercosis can result in seizures, as 
well as localizing signs based on the location of the cyst. 
Cutaneous nodules can also be a presenting feature.

9.3.3	 �Examination

9.3.3.1	 �Anterior Segment
In addition to inflammatory signs, anterior chamber could also 
be the seat of the cysticercus itself. While the cyst is alive, the 
inflammatory reaction can be surprisingly not severe even with 
relatively large cysts [5]. As alluded to, cataract can occur sec-
ondary to the chronic inflammation in the posterior segment.

9.3.3.2	 �Posterior Segment
If the media is clear enough, the cyst and its location (intra-
vitreal vs. subretinal) can be appreciated with the ophthal-
moscope (Fig.  9.4). The motility of the cyst is seen as 
undulating folds in the cyst wall. The cyst wall has a glisten-
ing golden sheen that is rather characteristic. In addition, on 
occasion, the scolex may be evaginated and well appreciated. 
A subretinal cyst may be less obvious in its identity on clini-
cal evaluation, especially when it is small.

There is variable reaction to the cyst seen as vitritis and vitre-
ous membranes. The retina could be variably detached due to 

Fig. 9.1  Preoperative fundus photograph showing intravitreal cysticer-
cus. Figure printed with permission from Elsevier publishers from our 
article “Intraocular cysticercosis: clinical characteristics and visual out-
come after vitreo retinal surgery.” Ophthalmology May 2003 Vol 110 
Issue 5 Pages 996–1004

Fig. 9.2  Postoperative photograph showing the site of chorioretinal 
scar where the cysticercus originally stayed in subretinal space before 
migrating into the vitreous cavity. Figure printed with permission from 
Elsevier publishers from our article “Intraocular cysticercosis: clinical 
characteristics and visual outcome after vitreo retinal surgery.” 
Ophthalmology May 2003 Vol 110 Issue 5 Pages 996–1004
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the traction caused by the inflammatory membranes. The extent 
of chorioretinal scarring is also variable and could be so exten-
sive as to make the eye functionless. In eyes with severe reac-
tion, very often it is not possible to assess the true extent of 
damage to the retina and the consequent visual potential. The 
preretinal membranes are distinct from the membranes seen in 
proliferative vitreo-retinopathy that one sees in rhegmatogenous 
retinal detachments. They are more easily removed from the 
retina. Vitreous hemorrhage as a rare presenting feature of intra-
ocular cysticercosis has been described [6].

9.4	 �Investigations

9.4.1	 �Ultrasonography [7]

In eyes with opaque media, ultrasonography helps in the 
diagnosis of the underlying pathology. The cyst is seen as a 
well-circumscribed hyperechoic lesion with central 
hypoechoic space. The scolex is often decipherable as a 
hyperechoic spot (Fig. 9.5).

9.4.2	 �Optical Coherence Tomography (OCT)

Takkar et al. [8] have described OCT features of the cyst in 
anterior chamber. However, OCT does not add value in terms 
of diagnosis since the cyst is fairly obvious on slit lamp 
evaluation.

9.4.3	 �Neuroimaging

Neuroimaging must be done in all cases of intraocular 
cysticercosis in view of the close association with cerebral 
cysticercosis. In a report by Sharma et al., 24.4% of patients 
with intraocular cysticercosis had evidence of cerebral 
cysticercosis [9]. The cysts can be located in the subarach-
noid space or within the cerebral parenchyma—typically at 
junction of white and gray matter [10]. The cyst fluid has 

Fig. 9.3  Two photographs clicked few minutes apart showing the 
attempt at evagination of the scolex in a case of subretinal cysticercosis. 
Figure printed with permission from Elsevier publishers from our 

article “Intraocular cysticercosis: clinical characteristics and visual out-
come after vitreo retinal surgery.” Ophthalmology May 2003 Vol 110 
Issue 5 Pages 996–1004

Fig. 9.4  Fundus photograph showing submacular Cysticercus 
cellulosae
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same imaging features as the cerebrospinal fluid (CSF) both 
on magnetic resonance imaging (MRI) and computerized 
tomography (CT) scan. The scolex is identified as hyper-
dense lesion on CT scan and is iso- to hyperintense on T1- 
and T2-weighted MRI images (Figs. 9.6 and 9.7). Specialized 
techniques such as FLAIR (fluid-attenuated inversion 

recovery sequence) and DWI (diffusion-weighted imaging) 
help identify the scolex better [10]. As the cyst degenerates, 
perilesional edema is made out due to enhanced inflamma-
tory reaction. The dead parasite gets calcified, at which stage 
it loses inflammatogenic potential, but the perilesional fibro-
sis can be significant in causation of seizures. These calcified 
lesions are best made out on CT scan.

9.4.4	 �Laboratory Investigations

Serological investigations such as ELISA and indirect hem-
agglutination test are of benefit in neurocysticercosis, but in 
pure intraocular cysticercosis, the serological tests may fail 
to guide the diagnosis.

9.5	 �Management

9.5.1	 �Introduction

The primary management of intraocular cysticercosis is sur-
gical. Surgery permits removal of the entire parasite and thus 
the antigens and toxins that incite the inflammatory reaction. 
Surgery also permits the management of the associated dam-
age to the intraocular structures. Medical management with 
antihelminthic drugs such as albendazole is not recom-
mended for intraocular cysticercosis. Killing the parasite 
with albendazole can trigger more severe reaction in the eye 
with destructive damage to the sensitive retina. Systemic 

Fig. 9.6  MRI of the brain showing multiple cysticercus lesions— 
predominantly at junction of gray and white matter

Fig. 9.7  MRI of the brain showing cysticercus lesion in midbrain

Fig. 9.5  Ultrasonogram demonstrating the well-delineated subretinal 
cysticercus with intra-cyst scolex (Black arrow). Retinal detachment is 
also demonstrable as a high reflective membrane in front of the cyst. 
Figure printed with permission from Elsevier publishers from our article 
“Intraocular cysticercosis: clinical characteristics and visual outcome 
after vitreo retinal surgery.” Ophthalmology May 2003 Vol 110 Issue 5 
Pages 996–1004
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steroids are useful addendum to control the coexisting 
inflammation—both preoperatively and postoperatively.

Despite some reports indicating that delay in removal of 
the cyst does not alter the prognosis [11], the recommenda-
tion would be to remove the cyst as soon as possible. 
Procrastination brings in the impossibility to gauge the future 
course of inflammation or migration of the cyst. With the 
current status of the excellent techniques of vitreoretinal sur-
gery, there is no reason to postpone the surgical removal of 
the causative agent.

9.5.2	 �Removal of Anterior Chamber 
Cysticercus cellulosae

Cysticercus in the anterior chamber is easily removed 
through a limbal wound. Viscoelastic fluids are injected 
through a stab incision in the opposite quadrant to aid the 
delivery of the cyst. The incision for delivery of the cyst 
needs not be the same diameter as the cyst, since the cyst 
molds itself in the process of being delivered and can be 
removed through an incision smaller than the actual diameter 
of the cyst.

However, it is the scolex that is the non-compressible 
part of the cysticercus, and the wound must be large enough 
to admit the scolex freely for atraumatic delivery. Removal 
of the intact cyst is not only elegant but also desirable 
(Figs. 9.8 and 9.9). Rupture of the cyst in the anterior cham-
ber leads to liberation of the antigens and theoretical risk of 

inciting inflammatory reaction. It is of course possible to 
irrigate the anterior chamber and reduce the risk of 
inflammation.

9.5.3	 �Removal of Intravitreal Cysticercus 
cellulosae

Pars plana vitrectomy and removal of the cyst is a relatively 
easy procedure. The cyst can either be delivered through the 
sclerotomy or can be cut and aspirated by the vitreous cutter. 
If removal of intact cyst is aimed at, the vitreous membranes 
are first removed with the cutter, and once the cyst is freely 
mobile in the vitreous cavity, one sclerotomy may have to be 
enlarged depending on the size of the cyst. A good vitrec-
tomy near the sclerotomy aids the free exit of the cyst. The 
cyst needs to be brought close to the sclerotomy site by either 
suction of the flute needle or endo-cryoprobe (Fig.  9.10). 
Once the cyst is engaged into the sclerotomy site, the fluid 
thrust progressively pushes it out. However, if the sclerot-
omy site is not enlarged to the required degree, the scolex 
can get stuck. Enlarging the sclerotomy at this stage is not 
possible since the sharp instruments can rupture the cyst.

A partly prolapsing cyst can be gently nudged out by apply-
ing pressure on either side of the sclerotomy and at the same 
time using external cryoprobe to pull on the cyst. A rupture of 
the cyst can occur at this stage but does not compromise on the 
final result. Once the contents are evacuated outside the eye, 
the rest of the cyst can be more easily pulled out.

Fig. 9.8  Intact cysticercus that was delivered from the eye. Figure 
printed with permission from Elsevier publishers from our article 
“Intraocular cysticercosis: clinical characteristics and visual outcome 
after vitreo retinal surgery.” Ophthalmology May 2003 Vol 110 Issue 5 
Pages 996–1004

Fig. 9.9  Histopathology of the Cysticercus cellulosae. Figure printed 
with permission from Elsevier publishers from our article “Intraocular 
cysticercosis: clinical characteristics and visual outcome after vitreo 
retinal surgery.” Ophthalmology May 2003  Vol 110 Issue 5 Pages 
996–1004
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9.5.4	 �Removal of Subretinal Cysticercus 
cellulosae

Cysticercus under the retina can be approached by either 
external route or transvitreally. In general, an anteriorly 
located subretinal cyst is best approached by scleral route, 
while a posteriorly located subretinal cyst is approached 
transvitreally.

9.5.4.1	 �External Route
A well-defined cyst under the retina with clear vitreous cav-
ity and located anterior to equator can be managed by trans-
scleral route of delivery. The muscles are tagged as for a 
retinal detachment surgery, and the site of cyst is localized on 
the sclera. A scleral cut and exposure of choroid is made as 
for drainage of subretinal fluid. The choroid is then diather-
mized and incised. Very often, there is considerable fibrosis 
around the subretinal cyst, and unless this is also incised, the 
cyst does not exit the subretinal space (Fig. 9.11). A good 
indirect ophthalmoscopic assessment just before incising the 
choroid can acquaint the surgeon of the anatomy as well as 
whether the cyst has shifted position in the interim. The 
white fibrous tissue that presents itself at the choroidal inci-
sion can be confused with cyst or retinal prolapse.

Once the cyst is delivered, the sclerotomy is closed and 
the fundus inspected. There is usually no need to perform 
any additional procedures. If in doubt of retinal hole 
formation at that site, one can treat it with cryo and buckle.

9.5.4.2	 �Transvitreal Approach
After the vitrectomy, the location of the subretinal cyst is 
evaluated. If the cyst is extramacular, the retinotomy can be 
placed directly over the cyst. If, however, the cyst is located 
under macula, one can place a retinotomy temporal to the 
macula and displace the cyst temporally with the help of per-
fluorocarbon liquids and suction applied using subretinal 

Fig. 9.10  Serial frames from 
video of intravitreal cyst 
delivered out of the eye with 
help of endo-cryoprobe

Fig. 9.11  External delivery of cysticercus: intraoperative photograph 
showing the sclerotomy with preplaced sutures; choroidotomy; and the 
partially prolapsing cysticercus that is being guided out by external 
cryo application

G. Lingam and T. Sharma
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soft-tipped cannula via the retinotomy. The retinotomy need 
not match the size of the cyst. The cyst can mold itself out of 
relatively smaller retinotomy or at the worst the retinotomy 
enlarges to admit the cyst. Once delivered into the vitreous 
cavity, the rest of the procedure is similar to the intravitreal 
cysticercosis.

9.5.4.3	 �Additional Procedures
Once the cyst is removed, the preretinal membranes are 
removed and the retinal damage assessed. Combined traction 
and rhegmatogenous retinal detachments need usual proce-
dures of fluid air exchange, endolaser and internal tampon-
ade with gas, or silicone oil. In a majority of cases, the area 
of chorioretinal scarring (which represents the original sub-
retinal location of the cyst before it migrated into the vitreous 
cavity) does not harbor any retinal break contributing to reti-
nal detachment. Even large retinal holes in the area of scar-
ring have enough fibrosis around them as to not cause 
rhegmatogenous retinal detachment. It is more often the reti-
nal breaks caused elsewhere by the traction that need 
attention.

9.6	 �Results

In general, the results of management will depend on the exist-
ing damage to the retina at the time of intervention. Once the 
cyst is removed, the tendency for ongoing inflammation is 
limited. Despite extensive scarring, one finds that the eyes qui-
eten down and recover some useful vision (Fig. 9.12). Cysts 
only in the anterior chamber or in vitreous cavity without 
coexisting chorioretinal damage will obviously have better 
visual results. Most published reports were individual case 

reports with the occasional case series. The largest published 
case series is by Sharma et al. of 45 eyes [9]. There were 27 
eyes with intravitreal cysticercosis and 18 with subretinal cys-
ticercosis. Retinal detachment was noted in 48.8% with sig-
nificant proliferative vitreo-retinopathy seen in roughly half of 
these eyes with retinal detachment. In 4 eyes, the cyst was 
delivered transsclerally, and in the rest a transvitreal route was 
preferred. Rupture of cyst during delivery occurred in 13.3% 
of the eyes. But this did not affect the visual or anatomical 
outcome. In 4 eyes, the retinal detachment was found inoper-
able due to extensive destruction of the retina. At last follow-
up, they had attached retina in 86.6% of the eyes and 
navigational visual recovery in 67.5%.
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Abbreviations

cSt	 Centistokes
mmHg	 mm of mercury
ppV	 Pars plana vitrectomy
PVD	 Posterior vitreous detachment

10.1	 �Brief History of Small-Gauge 
Vitrectomy

Although sutureless techniques for 20-gauge vitrectomy had 
previously been described by several groups, it was not until 
the advent of 25-gauge vitrectomy that transconjunctival 
sutureless vitrectomy became popular. Contrary to the 
expectations incited by the order of increasing gauge numbers, 
the era of small-gauge vitrectomy started with the advent of 
25-gauge instruments, first presented in 2002 [1]. The 
development of a less invasive approach to vitrectomy had 
been prompted by typical complications that can occur with 
20-gauge pars plana vitrectomy (ppV) like iatrogenic entry 
site breaks, the attempt to shorten suturing and operating 
time, and the desire to spare the conjunctiva from scarring, 
which would be particularly advantageous in eyes with 
concomitant glaucoma, potentially requiring filtering surgery 
in the future. Despite some encouraging reports for conditions 
like vitreo-macular interface pathologies, it was felt that the 
initial outcomes of 25-gauge ppV were inferior to 20-gauge 
surgery for retinal detachment repair and other more complex 
procedures necessitating significant manipulation of the globe 

and thorough removal of peripheral vitreous. The reduced 
stiffness of instruments and initially longer surgery times 
were unfamiliar to many surgeons and provoked skepticism 
among retina specialists. Hence, the initial uptake of 25-gauge 
vitrectomy was slow. Apart from lower stiffness of 25-gauge 
cutters and light pipes, the limited array of instruments was 
another major issue. It was for these reasons that Claus 
Eckardt engineered 23-gauge vitrectomy instruments first 
published in 2005 [2]. The adoption of the 23-gauge ppV was 
then quick, and the technique spread rapidly. The next step in 
the evolution was 27-gauge vitrectomy, introduced by Oshima 
in 2010 [3]. Progress and innovation in materials and design 
have made instruments stiffer and improved maneuverability 
of the globe during surgery. However, the significance of 
27-gauge technique remains marginal to date, being regularly 
used by only few surgeons according to the most recent 
Preferences and Trends (PAT) survey among international vit-
reoretinal surgeons by the American Society of Retinal 
Specialists [4]. Nevertheless, some surgeons use 27-gauge 
systems almost exclusively for nearly the entire spectrum of 
vitreoretinal pathology, and a paradigm shift toward smaller 
incisions seems just a matter of time. Even injection of vis-
cous silicon oil (5000 cSt) is feasible with 27-gauge cannulas 
[5], and the range of instruments available for small-gauge 
surgery is being constantly expanded. Hybrid techniques have 
also been described, allowing the use of tools that require 
larger sclerotomies [6].

10.2	 �Common Platforms and Performance 
Characteristics

There are four major vitrectomy platforms available: 
Constellation® from Alcon (Fig.  10.1), Stellaris® PC from 
Bausch + Lomb (Fig. 10.2), EVA from the Dutch Ophthalmic 
Research Center (DORC, Fig.  10.3), and the OS4 system 
from Oertli Instruments. Cutting speed varies from 5000 to 
8000 cpm. However, with the newly designed double-cutting 
open-port vitrectomy probes, the effective cut rate goes up to 
16,000 cpm [7, 8], and flow rates are increased with this new 
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design. Performance characteristics of cutters are important 
to vitreoretinal surgeons because vitreous removal should be 
as efficient as possible with minimal retinal traction to avoid 
complications such as iatrogenic retinal breaks. High cut 
rates result in less pulsatile flow and minimal retinal traction. 
However, flow is affected by many factors other than cut rate 
like viscosity of aspirated material, the size of fragmented 
vitreous, or resistance inside the tubing system. With con-
ventional cutters, the aspiration rate at constant vacuum is 
somewhat dependent on the cutting rate, although to a lesser 
extent in smaller-gauge surgery. The decrease of the aspira-
tion flow with increasing cut rates can be explained by a less 
efficient duty cycle. However, in an experimental setting 
investigating double-cutting open-port probes at maximum 
fixed vacuum (650  mmHg), the flow rates measured were 
almost independent of the cut rate [7, 8]. In the same setting 
with fixed maximal cut rate, the flow increased approxi-
mately threefold to 10 ml/min with 23-gauge cutters when 
the vacuum was augmented from 100 to 650 mmHg. With 
27-gauge cutters the flow remained constant, however, at a 
much lower rate of only about 2.5 ml/min. Hence, with mod-
ern 27-gauge instrumentation, the flow is almost indepen-
dent of the vacuum applied.

10.3	 �Advantages and Limitations of Small-
Gauge Vitrectomy

The use of small-gauge microcannulas has advantages both 
during and after surgery. During the procedure, such systems 
ascertain alignment between conjunctiva and sclerotomy.  

As a result, tissue trauma and traction on the vitreous base are 
minimized, and the microcannulas facilitate smooth insertion 
and removal of instruments from the globe. Furthermore, the 
infusion line can be connected to any of the microcannulas 
intraoperatively if needed. In the postoperative course, small-
gauge surgery causes less inflammation and reduces morbid-
ity including pain and irritation. Recovery and healing are 
faster, and surgically induced corneal astigmatism is almost 
inexistent. Shorter operating times and minimal wound size 
paved the way for the widespread use of local anesthesia.

Another advantage of small-gauge surgery is decreased 
and less pulsatile intraocular flow, which, combined with 
high cutting rates, makes retinal detachment repair safer, 
reducing the incidence of iatrogenic breaks. In general, the 
sphere of influence is smaller for small-gauge cutters, but the 
efficiency is greater. This results in reduced traction and 
safer work in close proximity of the retina [9]. Additionally, 
in the modern small-gauge vitrectors, the distance between 
the mouth and the tip of the cutters is minimal. This allows 
more precise dissection for segmentation and delamination 
of fibrovascular preretinal tissue. For complex cases, a 
bimanual approach with the use of a chandelier endoillumi-
nation system allows even more sophisticated surgical 
manipulations.

Furthermore, valved microcannula systems increase the 
stability of the vitreous cavity during surgery and reduce 
reflux of fluids and the risk of retinal incarceration when no 
instrument is inserted, thus making the use of plugs superflu-
ous. This is particularly relevant for retinal detachment repair 
[10]. Many surgeons use valved microcannulas for the 
majority of cases [4].

Fig. 10.1  Instruments of the Constellation® 27-gauge platform by Alcon
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a b

c d

e f

Fig. 10.2  Stellaris® PC 
platform from Bausch + 
Lomb with color coding. 
Cutter (a) with non-valved 
trocar/microcannula system 
(c) in 23-gauge (green) and 
25-gauge (b, d, blue), 
respectively. 27-gauge trocar/
microcannulas with non-
valved (e) and valved (f) 
microcannulas

a b

c

Fig. 10.3  Instruments from the EVA platform by DORC. (a) Uniform 
design of double-cutting open-port vitrectors with tips available in 23-, 
25-, and 27-gauge shown in inset. (b) Backflush cannulas of different 

sizes (20-, 23-, 25-, and 27-gauge) with color coding. (c) Disposable 
27-gauge microforceps with extended reach and wide grip (tip shown at 
higher magnification in inset)
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10.4	 �Limitations of Small-Gauge 
Vitrectomy

10.4.1	 �Instrument Stiffness and Learning 
Curve

One of the main limitations of smaller-gauge vitrectomy 
is the instruments are prone to deforming and flexes dur-
ing manipulation (Fig.  10.4). Practically, this makes 
maneuvering the globe for anterior retinal pathology dif-
ficult, especially in phakic patients. Globe movement and 
rotation from incomplete eye block or light general anes-
thesia can also contribute to this problem. Poor access can 
add to the problem, e.g., patients with prominent brow, 
high nose bridge, and deep-set eyes. This can be partially 
circumvented by proper patient positioning. Superior-
inferior access can be improved by aligning the cheek 
bone to the brow line, while horizontal access can be 
improved by aligning the lateral canthus to the level of the 
top of the nose bridge. While this positioning can help 
improve access, it can be rather uncomfortable for the 
patient.

To overcome this inherent disadvantage of flimsy instru-
ments, some manufacturers have reinforced the base of the 
instruments to increase overall stiffness of the instrument 
while maintaining the size. Surgeons who are new to 
smaller-gauge vitrectomy often find that their instruments 
are completely deformed after the case. Dealing with the 

instrument’s lack of stiffness represents most of the learning 
curve associated with transitioning to smaller-gauge 
vitrectomy.

10.4.2	 �Range of Instrumentation 
and Endoillumination

During its infancy, smaller-gauge vitrectomy suffered from 
paucity of range of instruments and poorer level of illumina-
tion. However, as popularity of small-gauge surgery increased 
and improved stiffness of the instruments was achieved, the 
range of instrumentation in both disposable and reusable is 
now comparable to the larger-gauge platforms. Due to the 
smaller bore size of the fiber-optic cable, smaller-gauge vit-
rectomy also has poorer illumination. Various methods of cir-
cumventing this have been described, the simplest of which is 
to maximize the illumination intensity or supplementing the 
main light source with a chandelier illumination. While 
Xenon is the main source of endoillumination, advances in 
laser and high output LED light source are evolving and 
promising to deliver brighter light source while minimizing 
the risk of phototoxicity. However, increasingly brighter illu-
mination may not be necessary with the advent of digitization 
of the viewing system. Digitization allows the level of bright-
ness to be digitally “gained” while keeping the actual light 
input the same. Having too much light can “flood” the range 
of the camera and may lead to degradation of contrast.

a bFig. 10.4  Cutter 
characteristics of different 
gauge sizes. (a) Comparison 
of instrument stiffness with 
identical weight hanged to 
end of vitrectors. (b) 
Comparison of diameter size 
and cutting opening to tip 
distance for 23-, 25-, and 
27-gauge. “+” sign on 
instruments indicates 
reinforced base of the 
instruments and special 
materials for enhanced 
stiffness
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10.5	 �Complications Specific to  
Small-Gauge Vitrectomy

10.5.1	 �Hypotony

Although sclerotomies in small-gauge vitrectomy are primar-
ily self-sealing, hypotony is not an uncommon finding after 
transconjunctival sutureless vitrectomy. Risk factors predis-
posing to wound leakage include previous vitreoretinal sur-
gery (in particular 20-gauge ppV with opening of the 
conjunctiva), multiple exchanges of instrument, larger instru-
ment diameter, young patient age, high myopia, connective 
tissue disorders such as Marfan’s disease, and extensive vitre-
ous base dissection. Rates as high as 25% have been reported 
2 h after surgery [11], but postoperative hypotony is generally 
transient and resolves within hours to a few days. Nevertheless, 
hypotony increases the risk for serious postoperative compli-
cations like expulsive hemorrhages or decompression reti-
nopathy and is associated with higher endophthalmitis rates. 
Several techniques have been described to lower the inci-
dence of hypotony. Surgeons have advocated gentle massag-
ing of wounds after removal of microcannulas, partial air 
tamponade and supine positioning, counter stab incisions, use 
of fibrin glue, or suturing of scleral incisions. If sutures are 
required after small-gauge vitrectomy, dissolvable transcon-
junctival sutures are most commonly used (e.g., Vicryl 7-0). 
Importantly, in children, all sclerotomies are routinely closed 
with sutures because of the high elasticity of the sclera. We 
also tend to use sutures when silicone oil tamponade is used 
to consistently avoid subconjunctival leakage.

10.5.2	 �Endophthalmitis

Initial papers reported elevated endophthalmitis rates after 
25-gauge vitrectomy, attributed to the lack of mechanical 
closure, lower rate of sterile fluid flow during the procedure, 
and less thorough removal of vitreous from the vitreous base. 
However, more recent reports have not confirmed this differ-
ence in postoperative endophthalmitis incidence [12]. 
Several technical modifications such as angled wound con-
struction, misalignment of conjunctival and scleral incisions, 
or use of sutures for leaking incisions in any doubt about 
sealing might have contributed to improvement. Interestingly, 
despite identical spectrum of microorganisms, visual out-
comes of endophthalmitis after small-gauge vitrectomy have 
been reported to be better than in 20-gauge cases [13].

10.5.3	 �Jamming

Jamming was first described in 25-gauge vitrectomy [14].  
It means mechanical blockage of an instrument in the micro-
cannula, which can result in inadvertent dislocation of the 
microcannula upon removal of the instrument from the eye. 
Jamming is caused by organized vitreous membranes accu-
mulating in the microcannula and occurs frequently during 
surgery for dense vitreous hemorrhages. It is more likely to 
happen with small-gauge instrumentation with reduced 
lumen diameter. To avoid this complication, 23-gauge vitrec-
tomy seems more appropriate than 25- or 27-gauge surgery 
for dense vitreous hemorrhages.

10.5.4	 �Difficult Induction of Posterior Vitreous 
Detachment (PVD)

The presence of a complete vitreous detachment is key for 
successful outcomes in many vitreoretinal procedures, in 
particular retinal detachment repairs. For better visualiza-
tion of the posterior vitreous face, triamcinolone acetate is 
commonly used. A major drawback of smaller-gauge instru-
mentation is reduced purchase of vitreous fibers at the optic 
nerve head because of the smaller cutter opening. The small 
inner diameters of 25- and 27-gauge cutters result in a lower 
aspiration rate by about a factor of 6 compared to 20-gauge 
ppV [1]. Despite higher vacuum settings, it is harder to 
engage and hold vitreous with small-gauge instrumentation, 
which can result in substantial difficulty in inducing a PVD, 
particularly in younger patients with more adherent 
vitreous.

10.5.5	 �Iatrogenic “Jet Stream” Injury

The small lumen of cannulas produces a high velocity of flu-
ids injected, to the extent that the impact of the fluid on the 
retina can cause tissue damage. The jet of fluid can disrupt 
the retina, which can result in subretinal penetration, typi-
cally when vital dyes are injected manually. Iatrogenic 
breaks and localized retinal detachments have also been 
reported to be caused by the infusion fluid flow [15]. 
Obviously, the smaller the diameter of instruments, the 
higher the risk of such complications. Hence, surgeons need 
to be aware of this hazard and take precautions injecting 
slowly.

10  Basic Principles in 23-, 25-, and 27-Gauge Pars Plana Vitrectomy
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10.6	 �Technique

10.6.1	 �Wound Construction

In modern small-gauge vitrectomy, the incisions are most 
commonly created in single-step angled or two-step tech-
nique (Fig. 10.5) using microcannulas that are preloaded on 
needle trocars with a handle (representative images in 
Fig.  10.2c–f). For 27-gauge systems, some surgeons even 
use one-step vertical insertion [3, 16].

The blade design determines wound architecture and to 
some extent postoperative sealing of sclerotomies [17]. It is 
important to bear in mind that during insertion of trocars 
and microcannulas, relatively high intraocular pressures are 
generated, and special caution should be taken in eyes with 
structural weakness. Therefore, recent corneal or scleral 
wounds sometimes need to be secured with sutures. A 30° 
angle of entry is commonly used for trocar insertion to cre-
ate self-sealing scleral tunnels tangential to the limbus. 
Once past the trocar sleeve, the angle is changed to be per-
pendicular to the ocular surface, and the microcannula is 
fully inserted into the eye. Most surgeons aim to place the 
three microcannulas 3–4 mm from the limbus in the con-
ventional locations inferotemporal, supero-temporal, and 
supero-nasal. The microcannula for the infusion infero-
temporally should be inserted first and the infusion line then 
connected immediately. Before placement of the microcan-
nulas in the superior quadrants, the infusion is preferably 
turned on after verification that the tip of the microcannula 
reaches into the vitreous cavity, visualizing the tip by push-
ing the microcannula centrally or shining light on its tip 
using the light pipe while observing through the pupil. 
Visualization of the tip is crucial to avoid suprachoroidal 
infusion. Inserting the microcannulas in the superior quad-
rants is easier and safer if the infusion is running and the 
globe pressurized, especially in previously vitrectomized 
eyes, which otherwise provide no resistance for insertion of 
the trocars. A chandelier illuminator can be placed infero-
nasal (Fig.  10.6) if needed, preferably before insertion of 
any of the trocars. To improve sealing, the conjunctiva/

Tenon’s capsule is displaced anteriorly when inserting the 
trocars. This results in misalignment of the conjunctival and 
scleral incision after withdrawal at the end of surgery, 
decreasing the likelihood of microorganisms gaining access 
to the scleral incision and intraocular contents. Carefully 
constructed wounds generally seal well. However, if there is 
any doubt about leakage, the sclerotomy should be sutured 
with a single Vicryl 7-0 transconjunctival suture to avoid 
postoperative hypotony and endophthalmitis.

10.6.2	 �Vitrectomy

After insertion of the light pipe and the cutter, the viewing 
system is adjusted to get an overview over the intraocular 
situation. A core vitrectomy is then performed, followed by 
injection of a small amount of triamcinolone acetonide to 
visualize the vitreous. If a PVD is not present, this is achieved 
by lifting the posterior vitreous hyaloid membrane at the 
optic nerve head. As soon as vitreous is engaged, maximum 
suction is applied, and the vitreous is pulled in a sweeping 
centrifugal movement anteriorly. This process needs to be 
executed repetitively in case of adherent posterior hyaloid. 
The area of the papillo-macular bundle should best be 
avoided. Once the Weiss ring is fully mobilized, it is pulled 
anteriorly to extend the posterior hyaloid detachment toward 
the periphery. If needed, more triamcinolone acetonide can 
be injected to visualize remaining cortical vitreous, 
particularly in eyes with suspected vitreoschisis. With very 
few exceptions (e.g., endophthalmitis), it is of paramount 
importance for the success of the surgery to achieve a 
complete PVD. Once the PVD is complete, the vitreous can 
be quickly removed up to the vitreous base. If needed, the 
vitreous base can be shaved using indentation, for which 
different techniques exist that are not further discussed here. 
In phakic eyes, the surgeon needs to be bear in mind that the 
space to maneuver with instruments in the eye is restricted 
by the crystalline lens. When crossing the midline in phakic 
eyes, the tip of the cutter should not move anterior to the 
equator to avoid a lens touch.

a b cFig. 10.5  Different types of 
wound construction. (a) 
One-step straight 
perpendicular to sclera, 
possible for 27-gauge 
instrumentation only. (b) 
One-step angled (30°). (c) 
Two-step angled (30°)

A. Ebneter et al.



107

10.6.3	 �Removal of Ports

It is very important to lower the infusion pressure to about 
20–25 mmHg before removal of the ports, in particular with 
small-gauge surgery because the infusion pressures are typi-
cally high. The infusion microcannula is removed last to 
keep the posterior chamber pressurized and enhance sealing 
of the other sclerotomies. The infusion line is removed 
together with its microcannula. Occlusion is further pro-
moted by gentle massaging of the conjunctiva and Tenon’s 
capsule. Subconjunctival antibiotics are routinely given at 
the end of surgery to prevent postoperative endophthalmitis.

Acknowledgments  Nonclinical illustrations are courtesy of Alcon, 
Bausch + Lomb, and Dutch Ophthalmic Research Center.
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Robot-Assisted Retinal Surgery: 
Overcoming Human Limitations
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G. J. L. Naus, M. P. Simunovic, M. D. de Smet, 
and R. E. MacLaren

11.1	 �Introduction to Robotic Eye Surgery

Robotics offer the potential to improve the precision and 
safety of retinal surgery. The starting point of advanced 
mechanical assistance in vitreoretinal surgery may be 
traced back to the invention of the motorized vitreous 
cutter by Machemer in the 1970s [1]. This revolutionized 
vitreoretinal surgical techniques and made it possible to 
treat complex retinal detachments, vitreous haemorrhage, 
epiretinal membranes and macular holes. Over the last 
decade, the use of vital dyes to stain retinal membranes 
has further improved the safety of some of the most intri-
cate surgical steps such as peeling internal limiting mem-
brane (ILM), stripping epiretinal membrane (ERM) and 
removing proliferative vitreoretinopathy (PVR), but 
minor retinal trauma remains inevitable even in experi-
enced hands. Further improvements in the precision of 
retinal surgery are limited by human physiology, not only 
in terms of hand tremor and stability but also the resolv-
ing power of human vision even with the aid of the oper-
ating microscope. Modern laser-based in  vivo imaging 
techniques such as intraoperative OCT can provide histo-
logical levels of detail, yet the limitations of human depth 
perception and hand-eye coordination mean that it 
remains a challenge for a surgeon to translate detailed 
imaging information into enhanced surgical performance. 
Various types of robotic assistance could help propel 
intraocular surgery beyond these human physiological 
limitations.

11.2	 �Co-manipulation

The first stepping-stone towards true robotic intraocular sur-
gery are the advanced ‘hand stabilization devices’. These can 
provide co-manipulation of the instrument by sensing the 
forces from the surgeon’s hand movements, in order to 
smooth out instrument motion and suppress unwanted physi-
ological tremor in real time [2]. Co-manipulation devices 
have seen some limited clinical applications so far, in par-
ticular during the most delicate but relatively static surgical 
manoeuvers, such as the cannulation of retinal blood vessels 
to enable the injection of thrombolytic agents to treat 
occluded retinal vasculature [3, 4]. While this limited robot-
assisted approach allows the surgeon to maintain intuitive 
and direct control over the instrument, it introduces increased 
dampening or motion resistance during dynamic movements. 
Co-manipulation devices could potentially be integrated 
with intraoperative imaging (e.g. intraoperative OCT) to pro-
vide live feedback about the relative position of the instru-
ment tip to the retina but would offer limited options for 
robotic automation.

11.3	 �Telemanipulation

To fully take advantage of the potential benefits of robotic 
assistance, telemanipulation systems have been engineered 
to give the surgeon remote control of robotic instrument 
manipulators, usually via a motion controller (‘joystick’) or 
console (Fig. 11.1). This approach not only enables tremor 
filtering as does co-manipulation devices but also dynamic 
motion scaling and semiautomation of surgical tasks 
(Table 11.1).

The da Vinci Surgical System (Intuitive Surgical Inc., 
Sunnyvale, CA, USA) is one of the first telemanipulation 
robots to receive FDA approval and see widespread applica-
tion in various types of minimally invasive surgery [5]. 
However, the microscopic scale of ocular surgery and rota-
tional instability of the globe within the orbit place additional 
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demands. One of the key design features of ophthalmic 
robotic systems has been the introduction of a remote centre 
of motion (RCM), which is a virtual pivot point (usually at 
the site of the sclerostomy) around which all instrument x- 
and y-movements are centred [6] (Fig. 11.2). The first human 
clinical trial of a telemanipulation system for intraocular sur-
gery (the Preceyes Surgical System) demonstrated the safety 
and feasibility of robot-assisted membrane peeling and sub-
retinal injection supported by a microscope with integrated 
intraoperative OCT (Zeiss Rescan 7000, Carl Zeiss Meditec 
AG, Jena, Germany) [7].

The Preceyes Surgical System is sufficiently compact to 
be attached to the side of the patient’s headrest when on 
‘stand by’ and ‘swung’ into the surgical field when 
ultraprecise instrument control is required. The robotic 
system can assist instrument manipulation by one hand, 
while the other hand could maintain patient contact, e.g. by 

holding a light pipe. This is called ‘hybrid surgery’ and a 
major contributor to safety as the surgeon is still able to sense 
and anticipate patient movement. One of the key design 
features of the robot to enable intuitive and predictable 
instrument tip movements is the design of the conical 
docking system between the instrument manipulator and the 
scleral port (Fig.  11.3). The docking system aligns the 
instrument axis with that of the scleral port, enabling flexible 
angles of approach, rotational stabilization of the globe 
within the orbit and pivoting movement of the instrument 
around the RCM located at the sclerostomy. Once the 
instrument tip has been advanced to a point near the surface 
of the retina, the Preceyes robotic manipulator can be 
commanded to execute longitudinal movements of the 
instrument tip in the z-axis by preset increments as small as 
10  μm. In addition, by setting a virtual z-axis boundary 
which limits further instrument advancement, it is possible 

Fig. 11.1  A telemanipulated robotic vitreoretinal surgical system. The 
Preceyes Surgical System (Preceyes BV, Eindhoven, The Netherlands) 
allows the surgeon to control a robotic instrument manipulator mounted 
on the side of the headrest via a motion controller (‘joystick’, left hand), 
while endoillumination is provided by a light pipe held in the right 
hand. The system can also be mounted on the opposite side of the head-
rest for right eye surgery

Table 11.1  Comparison between co-manipulation and telemanipula-
tion robotic systems

Key functionalities Co-manipulation Telemanipulation
Tremor filtering ✓ ✓
Motion scaling X ✓
Remote centre of motion ✓ ✓
Semiautomation of tasks O ✓
Static tasks, e.g. drug delivery ✓ ✓
Dynamic tasks, e.g. peeling X ✓
Intuitive control O O
Operating room workflow 
integration

O O

Ergonomics X ✓
Suitability of functions: ✓ (yes), X (no), O (potentially)

Fig. 11.2  A robotic instrument manipulator. Close-up view of a 
retractable robotic manipulator from the Preceyes Surgical System 
mounted on the side of a standard operating table headrest. Its motions 
in the x- and y-axes pivot around a virtual remote centre of motion 
(RCM) corresponding to the location of the sclerostomy. In this case, 
the manipulator has been fitted with a 41-gauge extendable subretinal 
cannula connected to a 1 ml syringe driven by the standard air pressure 
control port of a vitrectomy system. Other surgical instruments can be 
mounted to the robotic manipulator using different adaptors
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to engage the ILM or ERM in a controlled manner without 
disturbing deeper retinal structures and perform controlled 
penetration of the retina to enter the subretinal space under 
intraoperative OCT feedback.

For prolonged static tasks such as performing a slow drug 
injection in a precise location, robotic assistance provides 
clear advantages over manual surgery. Laboratory studies 
have demonstrated the static stability of the robotic instru-
ment tip to be under 2 μm, whereas the hand-held instrument 
tip showed micro jerks in the regions of 100 μm which wors-
ened with time (Fig. 11.4).

In addition to increased stability and therefore precision, 
semiautomation of robotic motion could help with specific 
tasks. For instance, minute robotic spiral motion of a fine 
cannula tip has been used to create transscleral subretinal 
blebs with higher rate of success compared with manual sur-
gery: improving the successful rate of this technically chal-
lenging procedure by an inexperienced surgeon from 10% 
unaided to 92% robot-assisted, compared with 84% for an 
experienced unaided surgeon [8] (Fig.  11.5). Therefore, 
robotic assistance has the potential to make complex retinal 
procedures more accessible to patients. Moreover, robotic 

a

b

c

d

e

f

Fig. 11.3  Robot-assisted subretinal injection of tissue plasminogen 
activator for sub-macular haemorrhage. (a) The Preceyes Surgical 
System (Preceyes BV, Eindhoven, The Netherlands) utilizes a conical 
docking mechanism between the robotic instrument manipulator and 
the scleral port. (b) Once docked, the whole system exerts gentle pres-
sure onto the globe which prevents unwanted rotation within the orbit. 
(c) A 23G/41G extendible subretinal cannula (Dutch Ophthalmic 

Research Center) can be passed through the scleral port into the eye. (d) 
The 41G Teflon tip is extended inside the eye and moved to a location 
close to the retinal surface. (e) The robotic system allows precise 
advancement of the cannula tip by increments as small as 10 μm to 
gently penetrate the retina. (f) Slow sub-macular injection of tissue 
plasminogen activator can be performed via Viscous Fluid 
Control pedal with intraoperative OCT guidance

11  Robot-Assisted Retinal Surgery: Overcoming Human Limitations



112

assistance could also lead to the development of entirely new 
surgical techniques which are not possible to perform safely 
by hand. For example, the Preceyes Surgical System has 
been used to perform ultrafine cannulation of retinal blood 
vessels and injection of antithrombotic agents in the pig 
model [9] (Fig. 11.6). These applications may be extended to 
the slow infusion of drugs, gene therapy vector or stem cells 
into the subretinal space in the future.

As with the introduction of any new technology into 
the operating room, there is an initial learning curve asso-
ciated with training of the surgeon and assistant and inte-
gration of the robotic system into existing surgical 
workflow. Clinical trials have shown that while surgical 
time is somewhat increased using the Preceyes Surgical 
System for routine membrane peels, it provides compara-
ble or superior safety (e.g. in terms of the amount of reti-
nal microtrauma caused) compared with conventional 
manual surgery. To facilitate surgeon training and system 
validation, a telemanipulation robotic system can be 
linked to a virtual reality surgical simulator, such as the 
Eyesi Surgical (VRmagic GmbH, Mannheim, Germany) 
(Fig. 11.7). This would enable the trainee’s performance 
to be assessed and recorded in an objective manor using 
the simulator’s evidence-based scoring metrics to quan-
tify instrument handling, surgical efficiency and tissue 
treatment.

11.4	 �Future Perspective

While current robotic ophthalmic surgical systems can pro-
vide suprahuman levels of motor precision, future develop-
ments towards enhanced surgical manoeuvrability, 
adaptability and, ultimately, automation would require 
improved sensory input. For instance, the limitation of 
human depth perception could be overcome using an OCT-
based distance sensor built into the instrument tip, which 
could precisely monitor the distance between the instru-
ment and the retina [10]. This sensory input could enable 
computer-generated safety boundaries during tissue manip-
ulation and potentially semiautomated vitrectomy through 
real-time feedback. One of the practical challenges of 
robotic assistance during vitreoretinal surgery is that some 
of the added stability can be negated by small degrees of 
voluntary and involuntary patient movement under local 
anaesthesia, e.g. head tilt or rhythmic head movements 
associated with breathing. While initial development of 
robotic intraocular surgery will involve improving the 
safety of challenging surgical steps, future developments 
will require a rethink in our approach to retinal surgery, tri-
als of novel surgical techniques and potential introduction 
of artificial intelligence (AI)-based software to connect 
sensory input (e.g. from intraoperative OCT imaging) with 
robotic motor output.

5 µm

100 µm

200 µm

D
is

ta
nc

e 
(µ

m
)

E
rr

or
 (
µm

)

70 80 90 100

Time (s)

Robotic

Static positioning task

Manual

Time (s)

110 90 100 110 120

Fig. 11.4  Comparison of static stability between robotic and manual 
instrument tips. The robotic instrument tip position was measured to 
deviate around 2 μm, while the human-held instrument tip showed jerky 

movements in the region of 100 μm and worsened over time. Note that 
a spike in the robotic instrument position measurement was due to a 
person hitting the base of the table
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Fig. 11.5  Transscleral subretinal bleb formation involving a scleral incision and passage of a fine cannula in between choroidal vessels using a 
robot-assisted spiral motion of the cannula tip to reach the subretinal space without causing choroidal haemorrhage or retinal perforation

Fig. 11.6  Robot-assisted cannulation of a retinal vein in the pig eye. 
The surgeon can be seen holding the robotic motion controller in the 
right hand, which controls the robotic instrument manipulator, and an 
endoillumination light pipe in the left hand. Inset: cannulation of a reti-
nal vein and injection of thrombolytic agent

Fig. 11.7  Robotic eye surgery training using the Preceyes Surgical 
System linked to the virtual reality simulator, Eyesi Surgical (VRmagic 
GmbH, Mannheim, Germany)
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