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Once upon a time.....

Until recently, there was a common condition potentially causing blindness. Sometimes, 
however, it remains unrecognised or diagnosed at a late stage, despite the wide range 
of effective treatments available to slow down its progression and prevent the loss of 
vision.

Primary open-angle glaucoma is the most common form, but there are many other 
forms of open-angle or angle-closure glaucoma, without any particular aetiologic 
factors that are called primary, or secondary to ocular or systemic abnormalities.
These different forms of glaucoma often have their own particular symptoms, clinical 
presentation, pattern of progression and diagnostic strategies and management.

This book presents illustrated case histories of twenty primary and secondary forms of 
glaucoma, each with a brief referenced assessment. We have selected them for their 
typical features, noteworthy imaging characteristics or pedagogical value invoking 
clinical presentation, diagnostic tests, follow-up and management procedures. Our 
aim in writing this book is to help you manage these different forms of glaucoma, by 
adopting an approach similar to the one we use with our patients.

We wish to thank Théa Laboratories for their assistance from creation to publication 
of this book. This book will enrich the collection of literature on ophthalmology and 
glaucoma much appreciated by French-speaking health care providers who actively 
participate in the training of our young colleagues.

Happy reading!

Preface

Professor Florent APTEL 
(Michallon Hospital,  

Grenobles-Alpes University Hospital)

Professor Jean-François ROULAND 
(Claude Huriez Hospital, Lille 
Regional University Hospital)
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Deep anterior chamber…
yes indeed!

1
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Case report
Mrs. B, 41 year old was referred by a physician colleague for bilateral ocular hypertension, associated 
with the presence of anterior synechiae revealed upon gonioscopic examination. In his mail, he writes 
that he suspects a primary bilateral angle closure glaucoma, but is surprised by the significant deepness 
of the anterior chamber.

Mrs. B had history of asthma, which appeared a few year before. She was treated with inhaled 
corticosteroids when symptoms appeared.

On examination visual acuity is 20/40 in the right eye and 20/20 in the left eye with a correction of -2.50 
diopters in both eyes. Intraocular pressure without treatment is 32 mmHg on the right and 18 mmHg on 
the left without treatment.

The gonioscopic examination reveals numerous peripheral anterior synechiae on the right and only a few 
on the left with deep anterior chambers in the center (Figure 1).

Multiple choice question

Figure 1: Peripheral anterior synechiae of the right eye.
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What condition can explain the presence of anterior synechiae in this patient (one correct answer)

A. Primary angle-closure glaucoma

B. Chronic anterior uveitis

C. Neovascular glaucoma

D. Pupillary seclusion

E. Plateau iris syndrome

Answer to the MCQ on page 21
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Figure 2: Numerous irido-crystalline synechiae.

Complete case report and answer to the question
On examination visual acuity is 20/40 in the right and 20/20 in the left eye with a correction of -2.50 
diopters in both eyes.

Intraocular pressure without treatment is 32 mmHg on the right and 18 mmHg on the left without 
treatment.

The examination of the anterior segment reveals the presence of some bilateral granulomatous retro-
descemetic precipitates. The anterior chambers are quiet and deep. Numerous irido-crystalline synechiae 
are present on the right and very minimal on the left (Figure 2). 
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Figure 4: Retro-descemetic precipitates in OCT.

Figure 3: Iris nodules.

A highly magnified examination shows the presence of nodules on the iris margin (Koeppe nodules) and 
on the iris stroma (Busacca nodules) (Figures 3 and 4).



Figure 5: Cross-section of a peripheral anterior synechia.
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The gonioscopic examination reveals fairly extented peripheral anterior synechiae, numerous on the right 
and few on the left.

These synechiae exceed the anterior limit of the trabecular meshwork, concealing half of the its 
circumference on the right (Figure 5).
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Figure 6: Right macular edema.

Figure 7 : Non-excavated right disc.



The fundus examination shows a vitritis not concealing the details of the retina on the right (1+) and clear 
vitreous on the left.

The discs do not appear excavated with a vertical cup/disc ratio of 0.5 and a normal neuroretina rim 
following the ISNT rule.

There appears to be a macular edema on the right, which will be confirmed by the OCT (central macular 
thickness of 420 μm in the right eye and 255 μm in the left eye). (Figures 6 and 7).

OCT of optic disc is within normal limits and standard SITA 24-2 white-on-white visual field testing 
normal.

A granulomatous uveitis work up is performed, in particular of infectious serologies (HIV, syphilis), an 
intradermal tuberculin reaction test, an analysis of serum lysozyme and angiotensin converting enzyme 
and a chest scan.

The laboratory exam showed an increase in calcium serum levels, serum lysozyme and plasma angiotensin 
converting enzyme. The intradermal tuberculin reaction was negative. The chest scan noted the presence 
of numerous mediastinal adenopathies, infiltrates and interstitial pulmonary micronodules and suggested 
sarcoidosis (stage 2).

An additional exam performed by an internist (respiratory functional exploration, bronchial fibroscopy with 
broncho-alveolar lavage and bronchial spur biopsy) confirmed the diagnosis of sarcoidosis (lymphocyte 
alveolitis CD4+ at lavage and presence of giant cell and epithelioid granulomas without caseous necrosis 
in the biopsy).

A topical treatment with carbonic anhydrase inhibitor + beta-blocker fixed-combination was initiated 
on the right eye enabling normalization of intraocular pressure. The intravitreal injection of an implant of 
prolonged-release corticosteroids was discussed for the right eye (macular edema).

Due to the recent increase of IOP and frequent breathing difficulty, oral corticotherapy was preferred, 
which enabled a complete regression of the macular edema and functional respiratory signs after several 
months.
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Overview of the topic discussed in the case

1. What are the mechanisms of an increase in intraocular pressure during 
uveitis?

The mechanisms that can lead to an increase in intraocular pressure in case of uveitis are numerous and 
sometimes intricately linked in the same patient (1-5). The gonioscopic examination is fundamental to 
identify the mechanism(s) and guide therapeutic management.

When the iridocorneal angle is open, the following may occur:

- An increase of aqueous secretion, for example in the context of Posner-Schlossman syndrome 
(recurrent episodes of severe unilateral hypertension, typical in young patients, often with few 
symptoms and with few signs of inflammation upon clinical examination).

- An inflammation of the trabecular meshwork causing a decrease in its permeability to aqueous humor 
(example of viral uveitis, herpes family virus.

- An obstruction of the trabecular meshwork by inflammatory cells or by a hyphema (significant 
inflammation with hypopyon, spontaneous bleeding or after puncture of the anterior chamber).

- A steroid-induced hypertension, a common mechanism invoked when hypertonia appears secondary 
to or does not regress when the inflammation decreases, proportionally to the dose and the duration 
of the anti-inflammatory treatment, and more often following local rather than systemic administration 
of corticosteroids (topical, subconjunctival, subtenonian, intravitreal).

When the iridocorneal angle is closed or synechiated:

- A significant inflammation can cause the development of circumferential irido-crystalline synechiae 
(situation of pupillary seclusion), resulting in bulging of the iris forward due to the obstruction of 
aqueous humor flow and secondary iridocorneal angle-closure "tomato-like appearance".

- A significant and/or prolonged inflammation can also lead to the development of peripheral anterior 
synechiae - adhesion of the iris to the iridocorneal angle - forming an obstacle to the trabecular 
outflow of aqueous humor. These synechiae can form even when the anterior chamber is deep and 
the angle anatomically open. The risk of ocular hypertension is proportional to the extent of the 
synechiae (low when less of the circumference is affected, present when one-half to three-quarters 
of the circumference are affected, and very high for over three-quarters of the circumference).

- Some forms of uveitis, especially retinal vasculitis (Behçet’s disease, etc.), can be become complicated 
by a retinal neovascularization and/or of the anterior segment, with a situation of neovascular glaucoma 
and angle-closure by a shrinking neovascular membrane.

- Some forms of posterior uveitis (Vogt-Koyanagi-Harada disease) can be complicated by an uveal 
effusion leading to angle-closure by anterior rotation of the ciliary body. This situation is shown by 
an examination of the eye fundus or by ocular ultrasound and generally rapidly reversible after the 
systemic administration of corticotherapy.



2. Frequency and etiology of hypertensive uveitis

The onset of ocular hypertension is not rare in a subject with chronic inflammatory eye disease. Studies 
have estimated that 5% to 20% of acute or chronic uveitis cases become complicated by ocular 
hypertension(1-2). 

The forms of uveitis often associated with ocular hypertension are(4,5) :

• Infectious uveitis:

- viral (herpes, CMV, VZV)
- bacterial (BK, Syphilis)
- toxoplasmosis

•  Fuchs syndrome (rubella?)

•  Posner-Schlossman syndrome (CMV?)

• Sarcoidosis

• Uveitis HLA B27+

• Chronic juvenile arthritis

3. Management of hypertensive uveitis

Treatment obviously depends on the mechanism of pressure increase(6).

An aqueous hypersecretion, an inflammation of the trabecular meshwork or an obstruction of the 
trabecular meshwork by inflammatory material will be managed with a local or systemic inflammatory 
treatment.

On the other hand, a steroid-induced hypertension will require a rapid decrease of treatment with 
corticosteroids or replacement by other immunomodulatory therapy. 

Medical treatment

The following therapeutic classes can be used without particular restraint: beta-blockers, carbonic 
anyhydrase inhibitors and alpha-2 agonists.

Prostaglandin analogues must be avoided in cases of active inflammation (risk of cystoid macular edema, 
increase of inflammation). They can be used in cases of uveitis without active inflammation (extensive 
anterior synechiae, etc.) and are effective in cases of steroid-induced hypertension.
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Laser trabeculoplasty

Selective laser trabeculoplasty (SLT) must be avoided in the case of active inflammation, is not effective 
in the event of extensive anterior synechiae or iridocorneal angle-closure, is possible in the case of uveitis 
without active inflammation and without anterior synechiae and is effective in the case of steroid-induced 
hypertension.

Argon laser trabeculoretraction (ALTR) may induce intraocular inflammation and must be avoided.

Surgical treatment

Filtration surgery is sometimes envisaged in the case of hypertension resistant to medical treatment.

It must be performed if possible after an inflammatory episode and hedged with prolonged anti-
inflammatories treatment.

The risk of fibrosis is reduced by the preoperative use of antimitotics (mitomycin C, 5-fluorouracil) that is 
quasi systematic.

In the absence of angular synechiae or in the case of steroid-induced hypertension, a deep sclerectomy 
can be performed. When the angle is closed, a trabeculectomy or the insertion of a drain such as Molteno, 
Ahmed, Baerveldt, are preferred. 

Cyclocoagulation procedures

Diode laser cyclocoagulation can be used in the case of glaucoma resistant to other medical and surgical 
treatments.

The choice of parameters (potency and application time) must be safe.

In the short term, the risk of an inflammatory reaction and spikes of ocular hypertension are frequent.

In the medium and long term, the risk of chronic hypertension and phthisis is significant. 

Specific treatments

Numerous treatments other than steroid and non-steroid anti-inflammatories can be used to control 
inflammation and avoid recurrence of inflammation, while reducing ocular and systematic side effects of 
the treatment (biotherapies, immunosuppressants).

In the case of infectious uveitis, an etiologic treatment is often possible (antiviral, antibiotic).

Lastly, steroid-induced hypertonia can be managed by the use of mild hypertonic corticosteroids 
(fluorometholone, rimexolone), sometimes by the lavage of crystalline triamcinolone deposits in the 
anterior chamber or the removal of a vitreous implant by means of vitrectomy. 
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The sooner the better

2
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Case report
Mr. A, 56-year-old, without known medical history, was referred by a colleague for an additional exam for 
isolated hypertension found during a routine eye examination. Refraction is as follows:

• Right: 20/20 with +1.5(-1.0)60° diopter
• Left: 20/20 with +1.00 diopter

Intraocular pressure measured with the Noncontact tonometer  was 22 mmHg in the right eye and 20 
mmHg in the left. The eye fundus is reported normal in both eyes.

The referring doctor included an OCT of the retinal fibers done during this consultation that he considered 
as being normal (Figure 1).

Figure 1: Cirrus OCT RNFL normal.
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Multiple choice question
What is your attitude faced with this frequent request for a complementary exam? (one correct answer)

A. There is no sense of urgency, you will schedule the exam in 8 months.

B. Not enough clinical data but the OCT is normal. You will schedule it in 6 months.

C. The OCT alone is not enough, but it is normal. You will call the patient in 3 months.

D. Only one IOP measurement, no pachymetry test or gonioscopy, and oct artefacts seen on the right eye, 
so no time to waste. You decide to call the patient within the month.

E. You wonder why this patient, with normal results, was even referred.

Answer to the MCQ on page 39
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Figure 2: Small transparent membrane on the anterior crystalloid invoking pseudo-capsular exfoliation.

An examination is carried out in the month following the request.

Visual acuity is indeed 20/20 with the prescribed correction.

IOP without treatment measured twice is 23 mmHg in the right and 20 mmHg in the left eye. Ultrasonic 
pachymetry measured in the right eye is 475 μm and 480 μm in the left eye.

The biomicroscopic exam (Figures 2, 3 and 4).
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Figures 3 and 4: Confirmation of pseudo-capsular exfoliation.

Figure 5: Pigmented Sampaolesi line in an open angle.

Bilateral gonioscopy finds a Sampaolesi line and 4 elements visible on the four quadrants of both eyes 
(Figure 5).



Figure 6: Right optic disc.

Figure 7: Left optic disc.

Retinal photographs of the two optic discs need to be taken (Figures 6 and 7).
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Figure 8: Right visual field. Figure 9: Left visual field.

First standard measurement of visual field (Figures 8 and 9).
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Figure 10: Cirrus OCT RNFL normal.

As the first OCT RNFL presented artefacts on the right, further measurements need to be taken (Figure 10).
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Multiple choice question
What do you suggest at this stage of the test? (three correct answers)

A. The first visual fields do not present any characteristic defects of glaucoma.

B. IOP is underestimated because of the thin corneal thickness.

C. The optic discs are normal.

D. OCT RNFL is normal.

E. More data is needed before posing a diagnosis on this typical case of pseudo-capsular exfoliation.

Answer to the MCQ on page 39
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Figure 12: Picture with blue light: lower and upper axonal fibre defect (arrows).

Figure 11: Axonal fibre defects below and above (arrows).

To complete the examination, retinal photographs of the optic discs are re-assessed: right eye (Figures 
11 and 12) and left eye (Figures 13 and 14). 
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Figure 14: Picture with blue light: confirmation of upper fibre defect (arrow).

Figure 13: Small upper defect (arrow).
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Figure 15: Notch in the macular vulnerability zone on the right, consistent with the lower axonal fibre defect seen 
in the retinal photographs.

Finish with an exploration of the ganglion cell complex (Figure 15).
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Figure 16: Analysis of the trend and events of the right eye  
stability.

Figure 17: Analysis of the trend and events of the left eye: 
normality.
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In conclusion and at this stage, the diagnosis is a secondary pre-perimetric pseudoexfoliation capsular 
glaucoma.

Initiation of a treatment to reduce ocular hypertension with prostaglandin analogues is recommended.

After three year, the patient is stabilized by this monotherapy and the visual field has not worsened 
(Figures 16 and 17).
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Figure 18: Damage lower right, normality on the left.

On the other hand, OCT RNFL has changed and shows with a delay the axonal defect on the right but 
not yet on the left (Figure 18) the ganglion cell complex remains stable (Figure 19).
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Figure 19: OCT, ganglion cell complex: stability.
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Discussion
This clinical case highlights the importance, from the very first exam, of having an exhaustive assessment 
of the function through the visual field and the structure based on retinal photographs, OCT of axonal 
fibers (RNFL) and ganglion cell complex (GCC).

The OHTS(1) showed that in approximately 50% of cases the conversion of ocular hypertension into a 
PAOG occurred only by modification of the axonal fibers.

In 35% of cases the visual field alone was the determining factor that confirmed the conversion and two 
simultaneous involvements were only visible in about 10%.

Only two tests enabled confirmation of the diagnosis of pre-perimetric PAOG: retinal photographs and 
OCT by the study of the ganglion cell complex (GCC).

The RNFL analysis remained normal at first then defects appeared during the follow-up.

Literature does not favour either RNFL or GCC. A recent meta-analysis(2) reports that RNFL is reached 
earlier but is less accurate for short-sighted patients or for those with anatomical abnormalities of the 
optic nerve head. Their association is therefore logical(3-4).
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Answers to the MCQ on page 31: B, D and E
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Young people under pressure

3
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Case report
A 41-year-old patient is referred for management of narrow iridocorneal angle and ocular hypertension.

Upon examination visual acuity is 20/20 in both eyes with correction of a mild myopia (-1.5 diopters). 
Intraocular pressure is 25 mmHg in both eyes under prostaglandin analogues.

The anterior chambers are examined (Figure 1).

Figure 1: Anterior chamber.
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In the periphery (Figure 2):

Figure 2: In the periphery.
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Figure 3: 3-mirror lens examination.

Figure 4: Posner lens examination.

Then gonioscopy is performed.

Figure 3: 3-mirror lens examination.

Posner lens examination (Figure 4):
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Multiple choice questions
1 Which condition can explain the gonioscopic appearance? (one correct answer)

A. Primary angle-closure glaucoma

B. Choroidal melanoma

C. Neovascular glaucoma

D. Iridocorneal endothelial syndrome

E. Plateau iris syndrome

2. Regarding management, what are the good answers? (two correct answers)

A. Medical treatment alone is sufficient.

B. A selective trabeculoplasty can complete medical treatment.

C. Laser iridotomy can be performed to remove a pupillary block component.

D. Lens extraction must be performed.

E. If the iridotomy has no effect, laser iridoplasty can be envisaged.

Answers to the MCQ on page 51
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Complete case report and answer to the question
The slit lamp exam shows a deep anterior chamber in the center but narrow in the periphery.

The gonioscopic examination shows a flat iris with an anterior surface that runs straight outwards almost to 
the trabecular meshwork, then depicts a significant posterior convexity delineating a narrow angle recess 
strongly tilted in relation to the iris plane.

The passage of light to obscurity results in a complete apposition of the iris against the pigmented trabecular 
meshwork. Dynamic gonioscopy only allows a partial reopening of the iridocorneal angle.

During the indentation of the center of the cornea by the Posner lens, the persistence of a swelling iris prevents 
a large reopening of the angle (a double hump appearance).

The examination of the eye fundus shows no excavation of the optic disc. OCT of the peripapillary retinal 
nerve fiber layer and the 24-2 white-on-white visual field does not show any abnormalities.

A plateau iris syndrome is invoked and high-frequency ultrasound of the anterior segment (ultrasound 
biomicroscopy, Aviso 50 Mhz, Quantel, France) performed (Figure 5).

Figure 5
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Figure 6

This confirms the existence of a plateau iris syndrome by showing a voluminous anteriorly positioned 
ciliary body pressing against the posterior surface of the iris and thus concealing the ciliary sulcus. The 
anterior surface of the iris is flat, then depicts a posterior and external course, delineating a narrow angle 
recess in the shape of “a flute mouthpiece”.

Laser iridotomy is performed without anatomical effect on the opening of the iridocorneal angle. Bilateral 
Argon laser iridoplasty is performed. By thinning the base of the iris, it enables a significant reopening of 
the iridocorneal angle.

Before iridoplasty (Visante OCT, Zeiss Meditec, USA)(Figure 6): 

Figure 7

After iridoplasty (Figure 7):

Intraocular pressure under prostaglandin analogues is maintained at about 20 mmHg. A simple bi-annual 
follow-up is performed.
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Overview of the topic discussed in the case 
Plateau iris syndrome is a relatively uncommon form of primary angle-closure glaucoma that can occur 
despite the presence of a patent iridotomy.

The term “plateau iris” indicates the presence of a flat iris in which the anterior surface runs in a straight 
line almost to the trabecular meshwork, then depicts a significant posterior convexity, delineating a 
narrow angle recess strongly tilted in relation to the iris plane.

In the case of plateau iris syndrome, pupil dilation can result in iridocorneal angle closure by a thickening 
of the iris root, even in presence of an iridotomy and therefore without pupillary block.

In the case of a plateau iris configuration, a relatively similar anatomical configuration of the iris combines 
with a pupillary block component that results in iridocorneal angle closure and thus iridotomy in this case 
is able to reopen the iridocorneal angle.

Plateau iris configuration and plateau iris syndrome are anatomo-clinical entities that have been described 
relatively recently.

The advent of ultrasound biomicroscopy has made it possible to have a much better understanding of 
their pathophysiological mechanisms.



GLAUCOMA STORIES • 49 48 • GLAUCOMA STORIES

Plateau iris syndrome

Plateau iris syndrome occurs more frequently in young, far-sighted female subjects. Although the overall 
incidence of plateau iris syndrome is low, it is the primary cause of angle closure in subjects under 50 
year old(1).

Plateau iris syndrome is characterized by an acute or chronic iridocorneal closure secondary to 
abnormalities in the form and position of the ciliary body and iris root. An abnormally voluminous ciliary 
body anteriorly positioned will mechanically bring the peripheral iris in contact with the trabecular 
meshwork.

During pupillary dilation, or sometimes even spontaneously, the iris root will thicken and form the 
equivalent of a ridge that will bridge the angle recess and stick to the trabecular meshwork. In the case 
of a pure plateau iris syndrome, this mechanism alone will close the iridocorneal angle without the 
participation of a pupillary block mechanism.

Therefore, iridotomy or iridectomy will not change the position of the iris and will not enable the reopening 
of the iridocorneal angle. It should be noted that, in rare cases, multiple cysts of the ciliary body or 
pigmented epithelium can result in a comparable clinical picture. The ultrasound biomicroscopy test can 
eliminate these differential diagnoses and indicate a suitable treatment plan.

Plateau iris configuration

Plateau iris configuration combines, in variable parts, an anatomical aspect of plateau iris described above 
and a pupillary block mechanism.

It generally occurs in older subjects, as the increase in lens size increases the relative pupillary block. In 
this case, the abnormal form and position of the ciliary body and iris root do not enable it alone to achieve 
a complete closure of the iridocorneal angle.

The coexisting pupillary block mechanism will participate in the closure of the iridocorneal angle and this 
explains the efficacy of iridotomy or iridectomy.

The pupillary block is a result of the decrease of space between the anterior surface of the lens and the 
posterior surface of the iris, which leads to an increase of resistance to aqueous humor flow through 
the pupillary orifice and to an increase of the pressure gradient between the posterior chamber and the 
anterior chamber.

This difference in pressure on both sides of the iris will move the iris forward, especially the peripheral 
iris that is thinner and probably more mobile due to the anatomical situation of the dilator muscles and 
sphincter of the iris that are mainly responsible for the biomechanical properties of the iris. 



50 • GLAUCOMA STORIES

Clinical diagnosis and ultrasound

Angle closure resulting in an increase in intraocular pressure can be sudden or gradual and secondary to 
pupillary dilation or spontaneous.

The biomicroscopic test of the anterior segment shows the presence of an anterior chamber of normal 
depth or slightly less and a flat or slightly convex anterior surface of the iris.

The gonioscopic examination reveals a very narrow or closed iridocorneal angle with a very pronounced 
and deep angle recess (a very pronounced and very peripheral posterior convexity).

The passage from light to obscurity results in a peripheral thickening of the iris and to bridging of the 
angle recess sometimes visible during the gonioscopic examination.

Dynamic gonioscopy enables only a partial reopening of the iridocorneal angle, often less evident than 
that observed in the case of angle closure following a pupillary block.

Pure plateau iris syndrome is quite rare and combination with a pupillary block component quite frequent.

Therefore, the diagnosis of plateau iris syndrome can only be made in the case of persistent angle closure 
despite the presence of an iridotomy or patent iridectomy.

As clinical signs of plateau iris are often quite subtle, it is often the absence of reopening of the angle after 
iridotomy that prompts the clinician to look for and detect plateau iris syndrome.

Ultrasound biomicroscopy is the preferred method to examine the ciliary body and describe plateau iris 
syndrome(2,3). The main ultrasound characteristics of plateau iris syndrome are: 

• A voluminous ciliary body (especially voluminous processes)

• Antero-positioning of the ciliary body

• Partial or complete obliteration of the ciliary sulcus

• Normal or slightly reduced depth of the anterior chamber

• A very reduced ciliary-trabecular meshwork distance
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Iridotomy and iridoplasty

Pure plateau iris syndrome is quite rare and combination with a pupillary block component quite frequent.

Clinical exams as well as ultrasound can never eliminate an associated pupillary block mechanism with 
certainty.

Therefore, it is now universally recognised that laser iridotomy is the first stage of management and an 
indispensable pre-condition for the diagnosis of plateau iris syndrome.

The visualization of the clinical characteristics and ultrasound data described above and the absence of a 
reopening of the iridocorneal angle after a patent iridotomy will thus provide a basis for establishing the 
diagnosis of plateau iris syndrome.

An iridoplasty can also be proposed and sometimes, by retracting and thinning the base of the iris, can 
enlarge the angle recess and reopen the iridocorneal angle(4).

The existence of peripheral anterior synechiae does not appear to contraindicate the performance of laser 
iridoplasty, when they do not reach the entire circumference of the iridocorneal angle, thus enabling at 
least a partial reopening of the angle.

Medical treatment with myotics can also thin the peripheral iris and reopen the angle.

Lastly, without a reopening of the angle associated with poor pressure control, a trabeculectomy and/or 
lens extraction can also be indicated. Due to the configuration of the iridocorneal angle, non-perforating 
filtration surgery or micro-invasive surgery are probably not suitable, even after performance of laser 
iridoplasty.

Ciliary body coagulation techniques (diode laser, ultrasound) could also reduce the volume of the ciliary 
body and open the iridocorneal angle(5).
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More than just glaucoma
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Case report
Miss A, 16-year-old is referred to our department to assess an ocular hypertension, found incidentally 
during a renewal of her corrective lenses.

Intraocular pressure measured twice was 38 mmHg in both eyes.

A hypotonic treatment with a fixed prostaglandin analogue-beta blocker combination was started 
following the initial consultation.

The interview found no functional complaint. There is no particular personal or family eye history.

The ophthalmologic examination is as follows:

• AV Right: 20/20 (+1.50 (-0.5 175°))
• AV Left: 20/20 (+3.0 (-1.0 170°))

Corneal diameter is normal, without edema or corneal abnormality.

Intraocular pressure measured with the Goldmann tonometer is 15 mmHg in both eyes (pachymetry 495 
μm) under hypotonic treatment for 3 weeks.

Figure 1: Posterior embryotoxon found in both eyes.
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Figure 2: Posterior embryotoxon: enlargement in the temporal side of right eye.

The biomicroscopic test found a bilateral posterior embryotoxon (Figures 1 and 2).
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The eye fundus examination notes damage to the right optic disc but the left optic nerve head appears 
clinically unaffected (Figures 3 and 4).

Figure 3: Right optic disc.

Figure 4: Left optic disc.
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Multiple choice question
What diagnosis do you expect from this ophthalmologic exam?

A. A congenital glaucoma

B. Steroid-induced glaucoma

C. Primary juvenile glaucoma

D. Axenfeld-Rieger glaucoma

E. A bilateral post-traumatic glaucoma

Answer to the MCQ on page 65
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Figure 5: Goniodysgenesis between the iris and Schwalbe’s line.

Complete biomicroscopic exam and bilateral gonioscopy. The angle is wide with hypertrophy of 
Schwalbe’s line: posterior embryotoxon associated with numerous iris tissue bridges terminating on 
Schwalbe’s line: goniodysgenesis over 360° of both eyes (Figures 5 and 7).
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Figure 6: Extensive dysgenesis disorders.

Figure 7: Anomalies are found over 360° in both eyes.



Figure 8: OCT of the angle with iridocorneal bridge.

Figure 9: Detail of goniodysgenesis.
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The optical tomography examination of the angle shows a wide angle with a flat iris and dysgenesis seen 
in gonioscopy (Figures 8 and 9).
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The diagnosis of Axenfeld-Rieger syndrome is suspected and is supported by the examination of 
dentition (Figure 10).

Figure 10: Microdontia.

Figure 11: Abnormal standard right visual field. Figure 12: Normal standard left visual field.

Measurement of the visual field confirms right papillary damage with a superior scotoma (Figure 11) 
consistent with lack of defect in the left eye.



The RNFL exam found a significant defect in the fibers on the right and within the normal range on the 
left (Figure 13).
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Figure 13: RNFL of both eyes: damage predominant on the right (no normative values for patients 
under 18 year).
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Figure 14: inferior right GCC damage.

62 • GLAUCOMA STORIES

The exploration of the ganglion cell complex (GCC) is also altered on the right (Figure 14).



The diagnosis of Axenfeld-Rieger syndrome with glaucoma more developed on the right is suggested. As 
this is an initial assessment and the start of local hypotonic treatment is very recent, we recommend the 
continuation of this initial local treatment with a follow-up in three months and new comparative exam. 

Axenfeld-Rieger syndrome

Axenfeld-Rieger syndrome is a component of dysgnesis of the anterior segment.

This genetic disease attacks different organs other than the face and eye: heart, skeleton and skin.

Initially described by Axenfeld in 1920 given the association of a posterior embryotoxon and abnormalities 
of the iris, Rieger completed the clinical picture by adding goniodysgenesis and corectopia associated 
with the abnormalities described by Axenfeld.

Molecular genetics confirms that it is a common entity with various expressions of which 50% can result 
in glaucoma.

Ocular involvement

The age of diagnosis is very variable. Glaucoma can be present from birth, sometimes even with a clinical 
pattern of congenital glaucoma: buphthalmia, photophobia, corneal edema and ocular hypertension.

However, more often abnormalities of the iris (corectopia) prompt a consultation or in a family with Axenfeld-
Rieger, a exam is requested leading to the discovery of posterior embryotoxon and goniodysgenesis.

The most frequent abnormality is posterior embryotoxon, which is a complete (360°) hypertrophied 
Schwalbe’s ring.

Mandatory gonioscopy shows thin or thick bridges more or less numerous between the iris and Schwalbe’s 
line, bridging in front of the trabecular meshwork.

The traction of this adherences can cause corectopia.

Glaucoma, present in 50% of cases, is the consequence of a perturbation of the development of the 
trabecular meshwork with a reduction of intertrabecular spaces or even associated with a rudimentary 
Schlemm’s canal.

Defects in the iris can appear over time developing extensively or even cause a rupture of the iris sphincter.
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General involvement 

Facial dysmorphia is very frequent with a flattening of the base of the nose and hypertelorism, telecanthus, 
and mandibular ascending ramus hypoplasia can be found.

Microdontia is a dental abnormality that affects the upper incisors in particular or can even lead to missing 
teeth.

Deafness can be present.

Cardiac impairment especially of the valves must be systematically checked.

A common skin defect is the regression of peri-umbilical tissue that can be mistaken for an umbilical 
hernia.

The following general disorders are also reported, namely hypospadias and empty sella turcica syndrome.

Genetics

Autosomal dominant transmission. Two main genes have been identified: PITX2 and FOXC1.

Treatment of glaucoma

The management of glaucoma is identical to that of pediatric glaucoma. Initial treatment is most often 
medical with hypotonic eye drops.

Trabeculectomy surgery will be preferred to goniotomy.

In the event of failure, trabeculectomy or even a valve will be the preferred treatments(4).
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Indented iris
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Case report 
A 52-year-old patient is referred to receive laser peripheral iridotomy for a narrow iridocorneal angle in 
both eyes.

Visual acuity is 20/20 in both eyes without correction.

Intraocular pressure is 17 mmHg in both eyes without treatment.

The examination of the anterior segment shows a deep chamber in the center and narrow in the periphery.

In gonioscopy the anterior surface of the iris appears slightly bosselated around the entire circumference. 
The iridocorneal angle is narrow without reopening in dynamic gonioscopy. Fundus uneventful.

Peripheral anterior chamber depth shallow and iris with bosselated appearance (Figure 1).

Figure 1: Examination of the anterior segment.
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Figure 2: OCT of the anterior segment.

Multiple choice question
What complementary exam are you requesting? (one correct answer)

A. B-mode ultrasound of the posterior segment

B. Specular microscopy

C. Ultrasound bio-microscopy (UBM) examination of the anterior segment

D. Brain and orbit MRI

E: Ocular biometry

Answer to the MCQ on page 73
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Figure 3: UBM of the anterior segment.

Figure 4: UBM of the anterior segment.

A high frequency ultrasound of the anterior segment is performed (UBM):
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Figure 5: UBM of the anterior segment.

Multiple choice question
What is the cause of the iridocorneal angle closure? (One correct answer)

A. Iris nevus

B. Annular melanoma

C. Malignant glaucoma

D. Ciliary polycystosis

E. Iridocorneal endothelial syndrome

Answer to the MCQ on page 73
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Complete case report and answer to the question
The UBM shows a bilateral ciliary polycystosis reaching the entire circumference of the ciliary body (multiple, 
rounded lesions with clearly defined anechogenic area).

The cysts are developed at the expense of the pigmented epithelium of the ciliary body and sometimes of 
the iris and are benign.

The ciliary polycystosis is often primary, sometimes secondary to a traumatism or to repeated contacts with 
an implant placed in the ciliary sulcus. Involvement is most often bilateral.

As intraocular pressure is normal, regular follow-up appears acceptable. An iridotomy will probably be 
effective, because the cysts are numerous and developed at the expense of the entire circumference of the 
ciliary body (1-4).

An iridoplasty, by producing the retraction and a thinning of the base of the iris, can sometimes result in a 
limited reopening of the angle (5).

In the case of glaucoma that is resistant to medical treatments, the use of transscleral or endoscopic 
cyclophotocoagulation has sometimes been described (6).
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Details are in the angle
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Case report
Miss A, 19-year-old, without known medical history, is referred by a colleague for an additional exam of 
an ocular hypertension found during a follow-up ophthalmologic examination for myopia.

Refraction is as follows:

• Right: 20/20 -3.00 (-0.25) 0° d
• Left: 20/20 -3.50 d

The pressure measured with the Noncontact tonometer was 22 mmHg in the right eye and 20 mmHg 
in the left.

Gonioscopy finds the same anomalies in both eyes (Figures 1 and 2).

Figure 1: Appearance of the right eye in gonioscopy at the 6 o’clock position.
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Figure 2: Appearance of the left eye in gonioscopy at the 12 o’clock position.

Figure 3: Right optic disc.

The examination of the eye fundus is as follows (Figures 3 and 4).
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Figure 4: Right optic disc.
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Multiple choice question
What is your approach to the ophthalmologic examination? (one correct answer)

A. You look for an inflammatory episode to explain the synechiae.

B. You suspect an Axenfeld-Rieger syndrome.

C. They are iris processes unrelated to ocular hypertonia.

D. These anomalies obstruct the iridocorneal angle and explain the ocular hypertension.

E. It is a bilateral Iridocorneal endothelial syndrome (ICE syndrome).

Answer to the MCQ on page 85
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Figure 5: Image with blue light: no loss of visible fibres.

Figure 6: Image with blue light: no loss of visible fibres.

The exam also includes a measurement of the pachymetry that is 620 µm on the right and 615 µm on 
the left.

The intraocular pressure measured again with the Goldmann tonometer is 19 mmHg in both eyes.

The retinal photographs with blue light do not reveal any loss of axonal fibers of the optic nerve (Figures 
5 and 6).
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The visual fields analyzed for the first time are within normal ranges (Figures 7 ad 8) and the images of 
the optic nerve head and ganglion cell complex are strictly normal with large-size optic discs (Figures 9 
and 10).

Figure 7: Normal right visual field. Figure 8: Normal left visual field.



Figure 9: OCT exam of the RNFL: within normal range.
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Figure 10: Normal ganglion cell complex analysis.



This young patient presents an intraocular pressure modified by a high pachymetry reading.

The presence of bilateral iris trabeculae that are anomalies of angle development does not lead to ocular 
hypertension.

They must be recognized so as not to be led astray by other diagnoses or even start useless therapy.

The iris processes or iris trabeculae

Iris processes are very often found in normal iridocorneal angles. They are an expansion of iris tissue 
towards the trabecular meshwork. But they can also terminate on Schwalbe’s line.

They are visible in two forms: either as thin lines of iris tissue or thicker surfaces that appear to adhere to 
the bottom of the angle. Their colors are often identical to the color of the iris.

They do not cause any limitation of the aqueous humor pathways.

The differential diagnosis is goniosynechia or peripheral anterior synechiae.

Dynamic gonioscopy can very often distinguish them.
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A specific etiology 
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Figure 1

Case report
A 46-year-old male patient asks for a second opinion.

He is followed by his ophthalmologist for right unilateral ocular hypertension treated with sustained 
release beta blockers administered once a day.

Despite very good treatment compliance, intraocular pressure measured by his ophthalmologist is 
sometimes high (nearly 30 mmHg). There is no family history of glaucoma or ocular hypertension.

He recently read that ocular hypertension or glaucoma generally affect elderly patients and often both 
eyes and therefore wants to know the reasons for his ocular hypertension and if his treatment is adequate.

Examination shows acuity at 20/20 in both eyes with his correction. Intraocular pressure is 18 mmHg in 
the right and 13 mmHg in the left, under timolol 0.50% LP once daily in the morning in both eyes. A rapid 
exam of the anterior segment does not show any obvious anomalies.

Gonioscopic examination of the right eye is performed:
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Figure 2

A high magnification of the inferior portion of the angle:

Multiple choice question
What situation explains his right ocular hypertension? (One correct answer)

A. Angle recession

B. Chronic anterior uveitis

C. Pigmentary dispersion syndrome

D. Iridocorneal endothelial syndrome

E. Plateau iris syndrome

Answer to the MCQ on page 99
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Figure 3: Transillumination of the right eye.

Complete case report and answer to the question
A closer examination of the anterior segment shows a circumferential spoke-like iris transillumination 
defects (Figure 3).

Likewise, an examination at high magnification of the corneal endothelium shows the presence of a 
vertical retrocorneal deposit of pigments (Krukenberg’s spindle, Figure 4), confirming the diagnosis of 
bilateral pigment dispersion syndrome dominant in the right and complicated by ocular hypertension in 
the right eye. 
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Figure 4: Krukenberg’s spindle.
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Figure 5: Pigment deposits on the zonules.

After discussing with the patient, he complains of episodes of pain and perception of colored halos when 
practicing endurance sports.

Measuring his intraocular pressure after a jogging session is therefore suggested. Results are 40 mmHg 
in the right and 20 mmHg in the left eye.



GLAUCOMA STORIES • 93 

Figure 6: Pigmented Tyndall effect after sports activity.

Examination of the anterior segment shows a significant pigmented Tyndall effect on the right (Figure 6) 
and discreet on the left.
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Figure 7: OCT before iridotomy.

Figure 8: UBM before iridotomy.

Images of the anterior segment show an reverse pupillary block with iris recurvatum (concave iris) 
resulting in apposition of the iris against the zonular fibers and very likely in an erosion of the pigmented 
epithelium during pupillary movements (Figures 7 and 8).
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Figure 9: Effect of iridotomy on the configuration of the anterior segment (high before iridotomy, low after iridotomy).

Laser iridotomy is performed on the right pigment dispersion syndrome associated with ocular hypertension 
but without glaucomatous neuropathy.

This allows complete disappearance of the anatomical aspect (Figure 9). Intraocular pressure remains close to 
20 mmHg on the right, but the patients no longer complains of symptoms during sports activity.

Summary of the topic discussed in the case 
Pigment dispersion syndrome is an anatomo-clinical entity characterized by a release of the components 
of the pigment epithelium of the iris that are then transported by aqueous humor and deposit on different 
anterior segment structures, especially in the trabecular meshwork (1,2).

The progressive accumulation of pigment granules can lead to an increase of intraocular pressure 
(IOP) then, in the event of subsequent glaucomatous optic neuropathy, a particular form of open-angle 
glaucoma called pigment glaucoma.

Pigment dispersion syndrome, complicated or not by glaucoma, mainly affects young male adults with 
myopia (3).

The release of pigment is linked to a particular anatomical configuration of the iris: a concavity of the iris 
leads to close contact between the posterior surface of the iris and the anterior surface of the lens and 
anterior zonular fibers.
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Figure 10: Figure 10: Alternance of pigmented areas and atrophic areas (upper left). Release of pigments after pupillary dilation 
(upper right). Pigmented Tyndall effect at high magnification (lower left). Transilluminable fields (lower right).

During the variations in pupil size, especially in mydriasis, zonular fibers and the lens erode the pigment 
epithelium, resulting in the release of pigments. The accumulation of pigments in the trabecular meshwork 
probably reduces the drainage ability of aqueous humor and causes an increase in IOP.

Pigment dispersion is generally bilateral. It is often discovered accidentally when finding pigment deposits 
on the anterior segment structures (Figure 10) (4). 
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Figure 11: Iris concavity (top). Pigmented band in gonioscopy (bottom left). Pigments on the zonular fibers and the anterior hyaloid 
membrane (bottom right).

The vertical accumulation of pigments on the corneal epithelium constitutes the structures called 
Krukenberg’s spindle.

Pigmented Tyndall can sometimes be observed, especially after pupillary dilation. Atrophy of the pigment 
epithelium results in the formation of transilluminable defects of the iris that often take the form called 
circumferential spoke-like iris transillumination defects. The gonioscopic examination enables the 
visualization of a concave peripheral iris associated with a wide-open iridocorneal angle (Figure 11).

A densely pigmented band, anterior to the scleral spur capable of extending to Schwalbe’s ring is very 
characteristic of pigment dispersion syndrome.

An accumulation of pigments called Scheie’s line can also be observed in the anterior crystalloid and 
zonular fibers.

In some patients, pigment dispersion can be discovered during very high symptomatic increases of IOP. 
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Figure 12: Cross-sections of the anterior segment in optical coherence tomography (OCT): apposition of the iris on the anterior 
surface of the lens before (top) and after (bottom) pupillary dilation.

Optical or ultrasound imaging of the anterior segment can clearly visualize iris concavity and its apposition 
on the anterior surface of the lens and zonules (Figures 12 and 13) (5,6).

This anatomical configuration could according to certain authors be linked to an inversion of the pressure 
gradient between the posterior and anterior chambers and thus create a pupillary block situation.

Intermittent passage of aqueous humor between the lens and an abnormally mobile iris that would play 
the role of a valve could explain this possibility of temporary inversion of the natural pressure gradient 
between the posterior and anterior chambers.

Without an increase of IOP, normal follow-up can be performed(2).

In the case of pigment dispersion complicated by ocular hypertension, performance of peripheral iridotomy 
can often reduce iris concavity, probably through equalization of pressure between the posterior and 
anterior chambers (7,8).

Standard antiglaucomatous eye drops can be used to reduce IOP. Pilocarpine has the benefit of reducing 
iris movements and induce a relative pupillary block distancing the iris from the zonules, but is generally 
poorly tolerated due to induced myosis and myopia.



GLAUCOMA STORIES • 99 

Figure 13: Cross-sections of the anterior segment with ultrasound biomicroscopy (UBM Aviso 25 MHz): apposition of the iris and 
anterior surface of the lens (top) and pigment deposits on zonular fibres (bottom).

In the case of inefficacy or associated glaucoma, laser trabeculoplasty or filtration surgery can be 
considered.

It should be noted that laser trabeculoplasty, selective or not, is generally effective in patients with 
Pigmentary glaucoma but can be followed by significant pressure peaks difficult to normalize.

Therefore, adaptation of the level of energy and number of impacts must be done.
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Not a good mix
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Case report 
A 58-year-old male is referred for management of acute hypertension that occurred the day after an 
intravitreal injection of triamcinolone acetonide.

He has a past history of high myopia (approximately -12 diopters in both eyes) corrected during a 
cataract operation two year before. Three months before that, he developed a central retinal vein 
occlusion in the right eye complicated by a macular edema.

His visual acuity was 20/50 Pa4 in the right eye and 20/25 Pa2 in the left eye with correction in both 
eyes and an intraocular pressure of 18 mmHg in both eyes before he had the injection.

The day after the injection, right eye pressure is 50 mmHg, visual acuity 20/60 Pa4 and the patient 
complains of mild pain in the right eye.

The patient is examined with a slit lamp:

Figure 1: Slit lamp test of the anterior chamber.
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Figure 2: Pupillary reflex.

Multiple choice question
What is the most likely cause of acute hypertension? (one correct answer)

A. Acute endophthalmia secondary to the intravitreal injection

B. Undetected glaucoma in a highly myopic patient

C. Trabecular obstruction by triamcinolone acetonide crystals

D. 90-day neovascular glaucoma

E. Acute anterior uveitis

Answer to the MCQ on page 109
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Complete case report and answer to the question
The examination of the anterior segment shows a Tyndall effect probably due to triamcinolone acetonide 
crystal suspensions, as well as a sedimentation of these crystals in the inferior section of the anterior 
chamber.

The eye is not red and the cornea is transparent. There is no cyclitic membrane and the intraocular 
implant is free of deposits. The pupillary reflex is preserved.

Examination of fundus after dilation finds triamcinolone acetonide crystal suspensions in the vitreous.

Nevertheless, the retina is easily visible without anomalies other than areas of myopic chorioretinal 
atrophy.

There are therefore no signs suggestive of acute endophthalmia after IVT and conclusion is a ocular 
hypertension related to the flow of steroid crystals in the anterior chamber causing the obstruction of the 
trabecular meshwork.

Figure 3: Crystal suspension in the vitreous.
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Figure 4: Open iridocorneal angle.

The administration of three IOP lowering eye drops (beta-blockers, alpha-agonists and carbonic 
anhydrase inhibitors) combined with oral acetazolamide normalizes the IOP.

The treatment is progressively reduced and 10 days later the IOP is 16 mmHg with topical beta-blockers 
alone.

The patient is referred back to you two months later for the progressive reappearance of hypertension in 
the right eye. During the consultation, the IOP is 30 mmHg in the right eye under a fixed-combination of 
prostaglandins and beta-blockers, and 15 in the left without treatment.

The anterior segment is quiet.

The iridocorneal angle is open without visible neovessels.

Examination of the fundus does not show macular edema.

A selective trabeculoplasty is scheduled and subsequent injections of corticosteroids contraindicated.
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Summary of the topic discussed in the case

1. Mechanism of steroid-induced hypertension

Different mechanisms can be involved in the onset of hypertension after intraocular or periocular 
administration of corticosteroids. The kinetics of the increase of IOP can identify the mechanism involved.

Hypertension immediately after an intravitreal injection: injection of given liquid or solid volume into a 
closed organ and bounded by poorly expandable walls causes an immediate, significant and transitory 
increase of IOP.

This pressure increase is independent of the product injected and dependent on(1,2):

- the volume injected (less when the volume is 50 μL rather than100 μL),

- the volume of the eyeball (more for small eyes and vice-versa),

- the biomechanical properties of the eye walls (more in the case of high scleral rigidity, elderly subjects),

- a reflux (less in the case of a reflux),

- the size of the needle used (more with a small needle),

- the pressure before injection (the higher the IOP before injection, the greater the increase),

- on the status of the eye (according to some studies the risk is higher in the case of a pre-existing 
glaucoma, regardless of the pressure level before injection).

Finally, the obstruction of the trabecular meshwork by triamcinolone crystals under certain conditions can 
cause a delayed and often significant increase of IOP (in the following hours or days after the injection).

The intravitreal administration does not prevent this hypertension due to the frequent diffusion of crystals 
in the anterior chamber. A whitish deposit is visible in the iridocorneal angle.

Retarded ocular hypertension: Corticosteroids, especially dexamethasone, cause an increase of the 
volume of the extracellular matrix in the trabecular meshwork and a decrease in the size of the areas 
allowing the drainage of aqueous humor. The mechanisms leading to an increase of the volume of the 
extracellular matrix are numerous and complex and involve a hyperhydration of the glycosaminoglycans of 
the extracellular matrix of the trabecular meshwork and an inhibition of the metalloproteinases degrading 
certain molecules of the extracellular matrix.
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2. Frequency and risk factors of steroid-induced hypertension

Frequency:

Pressure increase immediately after an intravitreal injection in the absence of a significant reflux of the 
product, is quasi-continuous.

Studies report an increase of IOP at values over 30 or 35 mmHg in approximately 80% of cases after the 
injection of a volume of 50 μL (1,3). The maximum IOP is obtained just after injection of the product, with a 
peak of IOP often exceeding 40 mmHg, which then decreases rapidly with a return to the value measured 
before the injection in approximately 15 to 20 minutes.

After an injection of triamcinolone, a delayed increased of IOP occurs in 20 to 50% of cases. Hypertension 
starts typically after 2 to 3 weeks, but the pressure spike is observed later, typically around Day 100. 
Although the half-life of triamcinolone does not exceed 18 days, hypertension persists beyond this 
period when the quantity of the product in the vitreous chamber is high, usually for 8 to 12 months after 
injection of the product.

After injection of a dexamethasone implant, a significant increase of IOP occurs less frequently in 1 to 
20% of cases in literature, with comparable kinetic increase then decrease. Thus, in one of the pilot 
studies an IOP increase of over 10 mmHg was observed in 16% of cases 2 months after injection and 
in 1% of cases 6 months after injection, and IOP over 35 mmHg was reported in 3% of cases 2 months 
after injection and in 0.2% of cases 6 months after injection(4).

Risk factors: 

A high initial IOP, pre-existing glaucoma, molecule used (higher risk with triamcinolone), high dose, 
repeated injections, high myopia, patient age, diabetes and certain conditions (higher risk in the case 
of vein occlusion than in the case of diabetic macular edema or complicating an uveitis). The method of 
administration is also a risk factor, with in decreasing order, intraocular, periocular (sub-tenonian, sub-
conjunctival), topical and systemic use.
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3. Management

A complete examination including measurement of IOP, a meticulous examination of the optic disc 
and layer of peripapillary optical fibres eventually completed with an examination of the visual field is 
recommended before any intraocular injection of corticosteroids to look for a pre-existing glaucoma. The 
patient should be asked to confirm the absence of any past history of steroid-induced hypertension.

It has so far not been formally demonstrated that immediate and rapidly reversible IOP peaks caused 
by IVT, even repeated, could facilitate the development of a glaucomatous optic neuropathy in a non-
glaucoma or hypertensive patient. In patients with a pre-existing glaucoma, pharmacological prevention 
of IOP peaks is possible (topical alpha-agonists and/or oral acetazolamide), and an IOP check just after 
the injection is advisable.

When the increases of IOP is delayed, a medical treatment is often sufficient. All therapeutic classes 
can be used, avoiding nevertheless prostaglandin analogues in the case of aphakia or posterior capsular 
rupture.

In the Geneva study that assessed the use of a dexamethasone implant in subjects presenting with 
a macular oedema after retinal vein occlusion, approximately 4% of patients presented with ocular 
hypertension at follow-up, with a peak 60 days after injection and a return to normal 180 days later. The 
percentage of patients treated with IOP lowering drugs increased from 6% before injection to 24% 6 
months later(5).

A laser or surgical procedure was necessary in approximately 1% of patients. After injection of an 
intravitreal implant of fluocinolone, IOP increase is very frequent. A phase 3 pilot study showed that over 
one third of patients injected required anti-glaucoma eye drops to control IOP 12 and 36 months after 
the injection(6,7).

The percentage of patients who have benefited from filtration surgery was 4.8% in the group treated 
with a low dose, 8.1% in the group treated with a high dose (0.5% in the sham group). Therefore, the use 
of this implant is contraindicated in cases of pre-existing glaucoma.

Selective trabeculoplasty often has a temporary effect that can be adapted to steroid-induced 
hypertension.

In conclusion, perforating or non-perforating filtration surgery is necessary in some cases.

Deep sclerectomy or placement of a "micro-drain" can be envisaged in the case of steroid-induced 
hypertension.

An alternative can be a vitrectomy with removal of a steroid crystal implant.
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Head upside down
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Case report
Mrs. P, 53-year-old, is referred by a colleague for an additional exam for a primary open-angle glaucoma 
during an ophthalmologic follow-up examination for myopia. Refraction is as follows:

• Right: 20/20 with -5.50 (-1.0) 65°

• Left: 20/20 with -5.25 (-1.25) 125°

The pressure measured with the Noncontact tonometer was 17 mmHg in the right eye (pachymetry 495 
µm) and 18 mmHg in the left (pachymetry 500 µm)

Angle is open with 4 elements, flat iris and pigmentation at 2.

Eye fundus is as follows (Figures 1 and 2).
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Figure 1: Retinal photograph of the right optic disc.

Figure 2: Retinal photograph of the left optic disc.
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Standard visual field measurements are taken given this ocular hypertension (Figures 3 and 4).

Figure 3: Right eye visual field examination. Figure 4: Left eye visual field examination.
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Multiple choice question
In this case of probable ocular hypertension, what will your approach be? (two correct answers) 

A. It is a primary open-angle glaucoma with two risk factors: myopia and ocular hypertension.

B. It is a dysversion of the optic disc that can cause anomalies in the visual field.

C. Treatment must be started immediately given the damage to the visual field.

D. Given this hypertension, I recommend normal follow-up.

E. Imaging of the optic nerve head and ganglion cell complex is a determining factor in this case.

Answer to the MCQ on page 121
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You complete the exam with an optic disc imaging and a study of the ganglion cell complex (Figures 5 
and 6).

Figure 5: OCT exam of the RNFL: numerous artefacts despite several measurements.
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Figures 6: OCT exam of the ganglion cell complex provides little information in this myopic patient.



The assessment is discussed with the patient and follow-up without treatment for the time being is 
recommended .

Dysversion of the optic disc with lower nasal vergence in both eyes but the neuroretinal border appears 
preserved.

Visual field defects are compatible with peripapillary atrophy. Follow-up is begun every six months with 
the patient’s consent.

After 3 year of follow-up the visual field test shows no progression (Figures 7 and 8).

Figure 7: GPA in the right eye.
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Figure 8: GPA in the left eye.



Papilllary dysversion(1,2)

Papillary dysversion is a congenital malformation of the optic disc found in 1 to 2% of the population.

Damage is more often bilateral and can be associated with a myopia above 5 diopters (20% of cases). In 
cases of high myopia dysversion develops concomitantly with ocular elongation.

Visual field anomalies can be associated with it: upper bitemporal damage corresponding to peripapillary 
atrophy. At this level there is a thinning of the retina and choroid or even of the sclera with a sparsely 
pigmented area.

Upper or lower nasal vergence will depend on the orientation of the central vessels of the retina.

Differential diagnoses are: papillary hypoplasia, papillary staphyloma, optic disc pit or chiasmal lesions.

The association of papillary dysversion and ocular hypertension raises the difficult problem of glaucoma 
diagnosis given the papillary and visual field anomalies. In the case of papillary dysversion (excluding 
high myopia) if deficits are noted they are stable over time.

Imaging of the optic nerve head or ganglion cell complex often provides little information due to anatomical 
changes(3,4).
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Myopia or glaucoma
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Case report
A 52-year-old male with high myopia (-12 and -14 diopters right eye and left eye) is referred for suspected 
pathological excavation of the optic disc.

His intraocular pressure is 18 mmHg in both eyes without treatment.

Corneal thickness is 500 μm and visual acuity is 8/10 Pa2 with correction in both eyes.

Figure 1: Retinal photographs.

Figure 2: Detail of the optic discs.
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Multiple choice question
Concerning his discs, what is your suggestion?

A. Papillary dysversion.

B. Presence of beta type peripapillary atrophy noted.

C. Excavation of the optic disc is major, with a significant retraction of the perforated layer of sclera.

D. Probable myopic conus.

E. OCT analysis of the layer of optical fibers is not affected by the peripapillary atrophy.
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Figure 3: 30-2 SITA standard Humphrey visual field white-on-white.

Answer to the MCQ on page 131

Optical coherence tomography of the papillary region provides little information due to poor segmentation 
of the interfaces and a peripapillary circular scan radius crossing the area of chorioretinal atrophy.

Macular OCT is affected by the presence of a pronounced bilateral myopic conus and by diffuse 
chorioretinal atrophy of the back of the eye.

A visual field examination is requested.
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Multiple choice question
What do you suggest considering the visual field report?

A. High myopia can cause a decrease of retinal sensitivity.

B. On the right, the superior arciform scotoma confirms the presence of a glaucoma.

C. On the right, the superior arciform scotoma can be due to the area of inferior retinal atrophy of the 
posterior pole.

D. Determination of a temporal evolution of the deficits would favor a glaucoma.

E. Retinal lesions of the myopia do not cause visual field anomalies.

Answer to the MCQ on page 131
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Figure 4: Wide open, sparsely pigmented iridocorneal angle.

Complete case report and answer to the question
The presence of arciform defects of the visual field does in fact suggest a bilateral glaucomatous 
neuropathy, but may correspond to the areas of chorioretinal atrophy of essentially inferior topographies.

The examination of the anterior segment is uneventful and media are transparent. The iridocorneal angle 
is wide open and sparsely pigmented.

A daytime intraocular pressure curve is made with values varying from 18 to 24 mmHg in the right 
eye and from 18 to 26 mmHg in the left eye. An eye-pressure reducing treatment with prostaglandin 
analogues is instituted with a six-month follow-up examination (eye fundus, OCT, visual field) to look for 
the progression of defects over time. In this case medical treatment would be optimized.
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Summary of the topic discussed in the case 

1. Epidemiology of glaucoma in subjects with myopia
The relation between myopia and the risk of intraocular hypertension is not formally demonstrated as 
studies provide contradictory results.

Some studies show a relation between spherical equivalent, IOP level and/or prevalence of ocular 
hypertension (1-3). On the contrary, myopia was not a risk factor for conversion of ocular hypertension to 
glaucoma in the Ocular Hypertension Study (4).

An association between myopia and the prevalence of PAOG has been demonstrated in numerous 
studies.

In the Blue Mountain Eye Study, subjects with myopia had a 2 to 3 times greater risk of developing a 
PAOG than non-myopic subjects (2). This risk was 1.6 in the Beaver Dam Eye Study (5) and 1.5 in the 
Barbados Eye Study (6).

Furthermore, in the Los Angeles Latino Eye Study, Jiang showed that the increase of the axial length 
was significantly associated with the incidence of PAOG (OR per mmHg = 1.48, IC 95%, 1.22-1.80, p < 
0.001) (7). A recent meta-analysis compiling 11 population studies concluded that the risk was 2.46 for 
myopia higher than - 3 diopters and 1.65 for myopia < 3 diopters (8).

The relation between myopia and risk of progression or rate of progression of a PAOG are more 
controversial. To date, it has not been formally demonstrated that, other things being equal, myopic 
subjects have a higher risk of rapid progression of glaucoma.

2. Diagnosis and follow-up of glaucoma in myopic subjects

Clinical forms

Myopic subjects present an increased risk of PAOG or normal-tension glaucoma. Angle-closure glaucoma 
is very rare in high-myopic subjects, but not impossible. Moderate myopia increases the risk of pigmentary 
glaucoma. There is no relation between myopia and the risk of exfoliative glaucoma.

Clinical analysis of the optic disc

Many anatomical changes related to myopia often modify the appearance of the optic disc and make 
its analysis difficult. Optic discs of high-myopic subjects often have an abnormal bowl shape, modified 
orientation (tilted or dysversion, i.e. located on the border of a myopic conus), pale and somewhat excavated 
even in case of glaucoma (no retraction of the perforated layer of sclera). Peripapillary hemorrhages are 
possible even without glaucoma.

OCT analysis of the structure

Likewise, a cautious approach must be adopted to interpretation, as many papillary and retinal changes 
related to myopia can lead to the presence of numerous artefacts in OCT. Anomalies in shape and 
orientation of the optic disc as well as the presence of peripapillary chorioretinal atrophy often falsify the 
analysis of papillary anatomy and the thickness of the layer of optical fibers. The elongation of the eyeball, 



chorioretinal atrophy of the posterior pole, as well as frequent abnormalities of the vitreo-retinal interface 
and macular anatomy also falsify the analysis of the thickness of the macular ganglion cell complex. The 
demonstration of an evolutionary nature of the deficits during follow-up over time is a strong argument in 
favour of the presence of a glaucomatous neuropathy associated with myopia, even if an increase in axial 
length and worsening of myopia are possible at all ages in high-myopic subjects.

Analysis of the function by the visual field

The white-on-white visual field in static perimetry evaluates retinal sensitivity to contrast. This sensitivity 
is diminished in high-myopic subjects. As a consequence, changes in the eye fundus related to a high 
myopia can cause defects in the visual field imitating a glaucoma-induced deficit. It is worth recalling 
that the enlargement of the blind spot is not a sign of glaucoma, but merely the spatial consequence of 
a peripapillary atrophy. A frequent pitfall is to attribute a visual field deficit to a glaucoma rather that to a 
peripapillary atrophy. Once more longitudinal follow-up will provide information on the progression or not 
of this presumed glaucoma and help make a decision.

3. Management of glaucoma in myopic subjects

Decision to treat

As mentioned above, the different eye structure anomalies present in the case of myopia can sometimes 
make the diagnosis and follow-up of a glaucoma difficult and uncertain. In the case of visual field and 
optical nerve head anomalies without diagnostic certainty, it is probably preferable to treat as if it were 
a verified glaucoma, in particular by recourse to medical treatments that have a good tolerance profile in 
myopic subjects.

For a long time, it was recommended to systematically aim for a low target IOP in myopic subjects and 
threshold figures of 16 or 18 mmHg were sometimes suggested as maximum tolerable pressure.

Studies over the last decades have shown that high myopia was a risk factor for the conversion of 
hypertension to glaucoma, but on equal footing with other risk factors, such as IOP values, corneal 
thickness, age, family history, etc. It is therefore appropriate not to use the threshold figure, but to consider 
myopia in a subject with a high risk of glaucoma or glaucomatous subject as a risk factor that is taken into 
account together with other known risk factors when making treatment decisions then, where necessary, 
for the choice of treatment. 

Medical treatment

Few studies are specifically concerned with the efficacy of IOP lowering drugs in high-myopic subjects. 
The IOP lowering effect of the 4 therapeutic classes appears nevertheless comparable to that obtained in 
emmetropic subjects, with the same order between the different classes and molecules (9). Prostaglandin 
analogues are the most effective and are often used as first-line treatment. Myotics should probably be 
ruled out for high-myopic subjects, because they can prevent a regular and thorough examination of the 
peripheral retina and according to some favor the onset of peripheral retinal tears.
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Physical treatments

The effectiveness of laser trabeculoplasty in high-myopic subjects compared to the effect obtained 
in non-myopic subjects remains controversial. Most studies of predictive factors of the response to a 
trabeculoplasty (selective or argon laser) do not consider myopia, axial length or trabecular pigmentation 
to be factors influencing the response or pressure decrease after this procedure (10,11). The techniques, 
precautions, risks and post-management after laser trabeculoplasty are not specific. Non-steroid 
inflammatory drugs must be preferred to limit the risk of steroid-induced hypertension.

Surgical treatments

Surgery can be envisaged in the case of progressive glaucoma under maximum medical treatment, risk of 
loss of the fixation point or intolerance to eye drops. Successful surgery is sometimes difficult because the 
usual anatomical references are often modified or absent in a high-myopic subject, in particular during 
deep non-perforating sclerectomy. In the case of post-operative hypertension, the risk of complications 
such as choroidal detachment or macular edema is significant in high-myopic subjects, probably due 
to lower ocular rigidities. Therefore, the choice of dosage and time of application of anti-mitotics must 
be safe. When the risks are higher (advanced glaucoma with major visual field alterations, single eye, 
complications from glaucoma surgery in fellow eyes) an alternative physical procedure such as diode 
laser or ultrasound cyclocoagulation can sometimes be considered. The new microinvasive surgical 
procedures have not so far been assessed specifically in the case of high myopia.
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Glaucoma as the final blow
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Case report
Mr. W, 53-year-old is referred to the department for a recently diagnosed unilateral glaucoma in the left 
eye.

The Occupational Health Service of his company noted a loss of vision in the left eye and requested an 
ophthalmologic exam.

Refraction is as follows:

• Right: 20/20 with +1.5 (-1.0) 60°
• Left: 20/30 with + 1.00

The biomicroscopic examination of the right and left anterior segment appeared normal.

Intraocular pressure without treatment at this stage is measured:

• Right: 16 mmHg (pachymetry 540 μm)
• Left: 26 mmHg (pachymetry 550 μm)

Right and left gonioscopy is as follows (Figures 1 and 2). 

Figure 1: Gonioscopic image of the right eye: inferior temporal quadrant.
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Figure 2: Gonioscopic image of the left eye: temporal quadrant.

Multiple choice question
Gonioscopy performed on this patient help to conclude that (two correct answers):

A. It is a Cogan-Reese type ICE syndrome in the left eye.

B. It is a pigmentary dispersion syndrome.

C. All the quadrants in both eyes must be examined.

D. There is an angle recession in the left eye.

E. Sampaolesi’s line and exfoliative material found in the left eye.

Answer to the MCQ on page 141
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The interview with the patient easily confirms the diagnosis of post-traumatic angle-recession glaucoma.

He reports that, a few year before, while opening a valve, a plastic tube under pressure hit him in the left 
hemiface. An ophthalmologic exam at the Emergency Ward was not performed despite the presence of 
a voluminous orbital hematoma around the left eye.
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Figure 3: Normal standard visual field of right eye.

An examination of the visual field and optic disc as well as ganglion cell complex imaging confirms the 
diagnosis and quantifies the lesion (Figures 3 to 6).
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Figure 4: Standard visual field of left eye: severe lesion (MD - 15.15 dB).



GLAUCOMA STORIES • 139 GLAUCOMA STORIES • 139 

Figure 5: OCT examination of the RNFL: confirmation of left lesion.
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Figure 6: Examination of the ganglion cell complex: pronounced left deficit.
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Answer to the MCQ on page 135: C and D

Summary of the topic discussed in the case 
The diagnosis of post-traumatic angle-recession glaucoma is confirmed.

Medical treatment with prostaglandin analogue in monotherapy is started in the left eye, which lowers 
IOP to 14 mmHg after 6 weeks of treatment.

Post-contusive angle-recession glaucoma is a secondary glaucoma.

From 5 to 20% of angle recessions progress towards a glaucoma (1) and it can occur belatedly up to 50 
year after the contusion (2).

Hypertension of the aqueous humor on the iridocorneal angle will cause tears between the longitudinal 
and circular fibers of the ciliary muscle.

The lesions caused on the trabecular meshwork and on Schlemm’s canal explain the initial hypertension, 
but secondary hypertension is the result of the scar and fibrosis of the trabecular meshwork and 
Schlemm’s canal complex (3).

Medical treatment is the first-line treatment that provides good results (4).

Trabeculoplasty on the other hand is logically not very effective.

Surgery will be proposed given a medically uncontrolled progression. Results are identical to those 
expected in primary open-angle glaucoma surgery (6).
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Frozen eye

12
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Case report
A 63-year-old patient from North Africa consulted the Emergency Department for a decrease in visual 
acuity that occurred the day before with red eye and pain in the right eye.

He is regularly followed by an ophthalmologist and treated with a prostaglandin analogue for a glaucoma 
in the right eye. He says he lost his left eye 5 year before due to a retinal vein occlusion.

At the examination intraocular pressure is 40 mmHg in the right eye and 8 mmHg in the left. Visual acuity 
is 20/200 with his correction in the right eye and he has no perception of light in the left.

The examination of the anterior segment shows a moderate conjunctival hyperemia in the right and a 
significant corneal edema that prevents a detailed exam of the anterior chamber. It seems deep to you 
and the patient is phakic. The gonioscopic and eye fundus exam cannot be done due to the corneal 
edema.

He shows a report of his last ophthalmologic exam: visual acuity right eye 20/30 with +0.25, IOP 19 
mmHg under latanoprost 1 drop in the evening, gonioscopy open angle grade 4 and densely pigmented, 
nuclear cataract, eye fundus optical nerve glaucomatous c/d 0.9, OCT RNFL 58 μm. Left eye lost and not 
examined. 
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Multiple choice question
What are the two situations among the following that can explain the clinical picture of the right 
eye? (two correct answers)

A. Acute angle closure crisis

B. Neovascular glaucoma

C. Plateau iris syndrome

D. Exfoliative glaucoma

E. Pigmentary dispersion syndrome

Answer to the MCQ on page 153
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Complete case report and answer to the question
The examination of the left eye shows a rubeosis iridis probably old and a dense obturating cataract.

The patient is hospitalized and local and general IOP lowering drugs are initiated.

The next day IOP is 12 mmHg in the right eye, the corneal edema has regressed and the examination 
after pupillary dilation shows a pseudo-exfoliative syndrome with the presence of a white ring on the 
pupillary border and concentric deposits on the anterior surface of the lens.

The gonioscopic exam finds an open iridocorneal angle with dense trabecular meshwork pigmentation 
on Schwalbe’s ring (Sampaolesi’s line).

The right optic disc is deeply excavated with a vertical cup/disk ratio estimated at 0.9.

The visual field and OCT confirm advanced glaucomatous neuropathy.

A few days later successful pressure control is obtained with a prostaglandin and beta-blocker fixed-
combination.

A daytime intraocular pressure curve done 3 months later shows high-frequency pressure fluctuations 
throughout the day (16 to 28 mmHg). Combined cataract surgery and placement of a "micro-drain" is 
proposed to the patient. 
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Figure 1: anterior segment of the right eye: deposits of exfoliative materials on the pupillary border and anterior crystalloid membrane.
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Figure 2: Anterior segment of the left eye: iris neovascularisation and obturating cataract.

Figure 3: Gonioscopic exam of the right eye: finds an open iridocorneal angle, trabecular meshwork pigmentation, lines of pigment 
on Schwalbe’s ring (Sampaolesi’s line).
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Figure 4: Right eye fundus.
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Figure 5: Right visual field.
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Summary of the topic discussed in the case

Pathophysiology

Exfoliative syndrome is a systemic disease of the extracellular matrix, characterized by excessive 
production and progressive accumulation in the intra- and extra-ocular tissues of abnormal and insoluble 
fibrillated extracellular material (eye, brain, kidney, liver, striated muscles, cardiac muscle, etc.)(1).

Exfoliative syndrome is often hereditary and the presence of the gene of the LOXL1 enzyme increases the 
risk of exfoliative syndrome and exfoliative glaucoma (GXF)(1-4).

Diagnosis

The exfoliative syndrome is often unilateral.

Prevalence varies greatly depending on the subject’s geographical origin with a high frequency in 
Scandinavia, Brittany, Savoy and along the southern rim of the Mediterranean.

Women are affected more often than men. The deposits of fibrillated deposits can be observed on 
different structures of the eye (2-4).

The lens is the site of the pathognomonic sign of exfoliative syndrome with whitish, translucent deposits 
with a frozen appearance arranged in a halo sign on the anterior crystalloid. The iris lesion is also 
characteristic with whitish, frozen deposits irregularly spread out on the iris ring. Corneal alterations are 
possible with deposits of exfoliative material as well as pigment granules on the endothelium. Endothelial 
cell density is often decreased. The iridocorneal angle is usually open with pronounced but irregular 
pigmentation that generously spreads onto and in front of Schwalbe’s line forming the classic Sampaolesi 
line.

The exfoliative material can be seen on zonular fibers (Figure 6). They are sometimes fragile or even torn, 
explaining a possible phakodonesis and the possible complications during cataract surgery (subluxation or 
luxation of the capsular bag). Association with cerebrovascular and cardiac lesions has been described (4).

Evolution/prognosis

Some studies have reported an exfoliative syndrome to exfoliative glaucoma conversion rate of 30 to 
50% in 10 year (5).

Exfoliative glaucoma often progresses more rapidly than primary open-angle glaucoma and often leads to 
blindness (6). It often reacts less well to medical treatment but often responds well to laser trabeculoplasty.



Management

Medical treatment

All therapeutic classes can be used.

It should be noted that the initial IOP is often high and recourse to bitherapy - if possible, in the form of 
fixed-combination - is often necessary to reach an IOP target that can prevent the worsening of perimetric 
deficits. The prescription of bitherapy from the outset of treatment can sometimes be envisaged, if IOP is 
very high and glaucomatous neuropathy advanced. 

Laser trabeculoplasty

Pseudo-exfoliative syndromes complicated by hypertension or glaucoma are good indications for 
argon laser trabeculoplasty or selective trabeculoplasty often with a significant decrease in pressure. 
Trabeculoplasty can be followed by significant pressure spikes difficult to control that require regular 
follow-up and adaptation of energy level and number of impacts.

Filtration surgery

The use of surgery is common. The various routine techniques (trabeculectomy and deep sclerectomy) 
can be used. The peri- or post-operative application of antimitotics is frequent. 
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Figure 6: Deposits of exfoliative material on the zonules associated with lens subluxation.
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Did you say normal?
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Case report
Ms D. 60-year-old is referred to the Regional Glaucoma Centre by her ophthalmologist for an opinion on 
her bilateral normal-tension glaucoma.

The diagnosis was based on the papillary lesion in the left eye. However, IOP measured three times never 
exceeded 12 mmHg.

The interview with the patient did not reveal any personal or family history.

Visual acuity is:

• Right : 20/20 with (+0.50) 110°
• Left: 20/20 with (+0.25)

Intraocular pressure is:

• Right : 12 mmHg (pachymetry 562 μm)
• Left : 10 mmHg (pachymetry 556 μm)

The gonioscopic exam notes a grade 4 open angle in all four quadrants with grade 2 pigmentation in 
both eyes.

Eye fundus is as follows (Figures 1 and 2).
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Figure 1: Retinal photograph of right eye fundus.
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Figure 2: Retinal photograph of left eye fundus: thinning of inferior neuro-retinal ring and papillary pallor.
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Figure 3: Standard right eye visual field examination.

Visual fields are done (Figures 3 and 4):
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Figure 4: Standard visual field exam of the left eye.
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Multiple choice question
What diagnosis do you suspect from this initial ophthalmologic exam? (one correct answer)

A. A typical normal-tension glaucoma.

B. A 24-hour IOP curve should be done.

C. A primary open-angle glaucoma.

D. The perimetric defects are not compatible with glaucoma.

E. A bilateral post-traumatic glaucoma.

Answer to the MCQ on page 167
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Figure 5: MRI (sagittal slice): pituitary macroadenoma

Given these defects of the two visual fields suggesting a superior bitemporal quadrantanopia, cerebral 
imaging is requested at the neuroradiology department. MRI reveals a PITUITARY MACROADENOMA 
(Figures 5 and 6).
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Figure 6: MRI (coronal slice): pituitary macroadenoma

The patient is immediately referred to neurosurgery for management.

He is then seen a few weeks later for a post-operative check-up.

The visual fields are done again (Figures 7 and 8).



Figure 7: Visual field of the right eye.
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Figure 8: Visual field of the left eye.
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Summary of the topic discussed in the case
The decompression of the optic tract has led to a reduction of visual field defects.

Given a discordance between the visual field anomalies and the diagnosis of high or low tension glaucoma, 
other possible damage of the optic tract should be considered away from the eye (1).

The factors that suggest a differential diagnosis of normal-tension glaucoma:

• Age under 50 year (2)

• Severe decrease of visual acuity (2)

• Neuro-retinal ring pallor (2)

• No correlation between perimetric deficits and papillary excavation (3)
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Rare but intelligent
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Case report
A 62-year-old patient is referred by an ophthalmologist colleague one month after bilateral cataract 
surgery.

She has a past history of moderate hypermetropy (approximately +2.00 diopters in both eyes).

The cataract surgery was successful with implantation in the capsular bag of a +28.00-diopter implant 
in the right and left eyes.

The first eye progressed favorably with 20/20 acuity with correction, IOP of 14 mmHg and a quiet and 
deep anterior chamber.

The second eye operated presents on the other hand a myopization with 20/25 acuity with -4.00 diopters. 
IOP is 26 mmHg without treatment. The examination of the anterior segment notes a less deep anterior 
chamber than that of the fellow eye (Figure 1).

The eye fundus examination appears uneventful. 

Figure 1: Biomicroscopic exam of the second operated eye.
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Multiple choice question
What diagnosis? (one correct answer)

A. Primary angle-closure glaucoma

B. Neovascular glaucoma

C. Malignant glaucoma

D. Uveal effusion

E. Acute angle closure crisis

Answer to the MCQ on page 177
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Complete case report and answer to the question
Your examination confirms the visual acuity and IOP data.

The gonioscopic exam of the first eye operated reveals an open iridocorneal angle (grade 3 of 360°) but 
completely closed on the other eye without a marked reopening in dynamic gonioscopy.

An ultra-biomicroscopic exam of both eyes is done (Figures 2 and 3).

Imaging of the anterior segment of the second eye operated shows a forward movement of the entire 
iris-ciliary body block and implant, which explains the myopisation (implant overhang) and hypertension 
due to angle-closure, showing it is a mechanism of malignant glaucoma.

In first-line treatment, atropine is prescribed and a Nd: YAG laser capsulotomy scheduled. 
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Figure 2: UBM of the first eye.
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Figure 3: UBM of the second eye.
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Summary of the topic discussed in the case

Definition and mechanisms of malignant glaucoma

Malignant glaucoma is an anatomo-clinical entity characterized by an acute or chronic forward 
displacement of the layer consisting of the iris, ciliary body, zonules and content of the capsular bag, 
which leads to a flattening of the anterior chamber despite patent iridotomy and iridocorneal angle-
closure resulting in ocular hypertension (1,2).

The forward displacement of the structures of the anterior segment of the eye is not related to the presence 
of fluid or blood accumulation in the space between the choroid and the sclera (choroidal detachment, 
uveal effusion, choroidal hematoma).

It is more likely related to the secretion of aqueous humor in the vitreous through a permeable anterior 
hyaloid membrane, leading to an increase in volume of the vitreous then a forward displacement of all the 
structures of the anterior segment.

It is sometimes called cilio-lenticular or cilio-vitreal blockage or “aqueous misdirection” by English 
speakers. 

Circumstances of onset

The onset of malignant glaucoma was initially described as being a complication after surgery for angle-
closure glaucoma.

If hypermetropy is probably a risk factor, it appears that all surgery and laser procedures of the anterior 
segment can lead to the development of a malignant glaucoma(3,4). Rare cases of drug-induced malignant 
glaucoma have also been described.

It can occur in phakic, pseudophakic or aphakic eyes. Rare cases of malignant glaucoma in emmetropic or 
myopic patients have been described.

Following filtration surgery, a post-operative transitory bleb leak appears to be a risk factor.

The risk factors are: hypermetropy, short axial length, female, cataract with narrow anterior chamber and 
narrow iridocorneal angle with the presence of peripheral anterior synechiae. 
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Clinical and paraclinical findings

Malignant glaucoma is often symptomatic with a rapid and significant increase in IOP responsible for a 
decrease in visual acuity and eye pain.

Abnormal asymptomatic or paucisymptomatic forms are nevertheless possible. Onset delay after the 
triggering procedure is variable.

The clinical examination reveals ocular hypertension, flattening of the anterior chamber, forward 
protrusion of the lens or intraocular implant (sometimes with subluxation or anterior luxation of these 
structures), and iridocorneal angle-closure sometimes associated with the presence of peripheral anterior 
synechiae. The presence of an iridotomy or patent iridectomy is normally indispensable for the diagnosis.

The fundus examination must not reveal any uveal effusion or choroidal hematomas. When filtration 
surgery is the triggering factor, the filtering bleb can be functional and must not show signs of bleb leak.

Management

A hypotensive medical treatment (local and/or systemic) is initiated to reduce IOP(5-8). Treatment with 
cycloplegic (atropine) eye drops can often deepen the anterior chamber and improve the anatomy of the 
eye. Modification of the conformation of the ciliary body can help to restore a normal flow of aqueous 
humor to the posterior chamber then to the anterior chamber.

When medical treatment is not sufficient in a pseudophakic patient, Nd: YAG laser capsulotomy can also 
be performed to restore circulation of aqueous humor from the vitreous chamber to the anterior segment.

Lastly, in the case of drug-resistant malignant glaucoma, surgery can be envisaged.

Numerous techniques have been proposed. Vitrectomy as complete as possible eventually combined 
with lens extraction in a phakic patient appears to be the surgical technique most suitable for the 
pathophysiology of this disease.

Some authors have reported the efficacy of laser or ultrasound cyclo-coagulation, which can probably 
also reduce the volume of the ciliary body and modify the circulation of aqueous humor in the eye(8). 
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An ice storm
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Case report
Miss P, 19-year-old, is referred by her treating ophthalmologist.

She consulted him for the first time 3 months before for headaches and pain in the left eye.

At the interview, she reported episodes of paroxysmal hemicrania with aura.

At her first exam, visual acuity is 20/20 without correction in both eyes at both distance and near.

The biomicroscopic exam appears normal in both eyes.

Intraocular pressure (IOP) is measured at 12 mmHg in the right eye and 55 mmHg in the left.

The eye fundus appears normal in both eyes.

IOP lowering drugs combining alpha agonist and carbonic anyhydrase inhibitors is initiated.

After 15 days IOP is 11 mmHg in the right eye and 15 mmHg in the left eye for a pachymetry of 560 μm 
in the right and 680 μm in the left.

Figure 1: Left eye.
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Multiple choice question
What situation can explain unilateral paroxysmal hypertension in this young patient? (one correct 
answer)

A. Primary angle-closure glaucoma

B. Acute anterior uveitis

C. ICE Syndrome

D. Juvenile glaucoma

E. Plateau iris syndrome

Answer to the MCQ on page 193
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Figure 2: Left eye: moderate corneal edema.

Complete case report and answer to the question
Visual acuity in the left eye under IOP lowering drops is 20/20 without correction for distance and near 
vision.

The biomicroscopic exam reveals a discreet corneal opalescence (Figures 2 and 3) explaining the 
difference in measurement of corneal thickness: 560 μm vs 680 μm.
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Figure 3: Left eye: zoom on microcystic edema of the left cornea.

Gonioscopy is normal in the right but reveal peripheral anterior synechiae in the left (Figures 4 and 5).
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Figure 4: Gonioscopy of the left eye: peripheral synechiae.

Figure 5: Gonioscopy of the left eye: open-angle at a distance from the synechiae.
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Figure 6: Normal right optic disc.

The optic nerve head appears normal in both eyes (Figures 6 and 7).
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Figure 7: Normal left optic disc.
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Figure 8: Normal right visual field.

Visual fields are done (Figures 8 and 9):
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Figure 9: Normal left visual field.
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Figure 10: OCT RNFL normal in both eyes.

Optical coherence tomography confirms the absence of damage in the structure of the left eye (Figures 
10 and 11), on examination of the fibers as well as the ganglion cell complex.
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Figure 11: OCT GCC normal in both eyes.
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Figure 12: Normal right corneal endothelial cells.

Figure 13: Epithelial-like appearance of the left corneal endothelial cells.

Specular microscopy confirms the diagnosis in presence of an acute paroxysmal hypertension, unilateral 
corneal edema, angular synechiae outside any inflammatory context and a unilateral pseudo-epithelial 
appearance of corneal endothelial cells (Figures 12 and 13).
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Summary of the topic discussed in the case
Chandler’s syndrome is confirmed by the exam.

Under unchanged medical treatment intraocular pressure is stable without damage to function and 
structure.

ICE syndrome or endothelial iridocorneal syndrome is a group of three different clinical expressions: 
Chandler’s syndrome, Essential Iris Atrophy and Cogan-Reese syndrome or Iris Nevus (1).

If the etiology of these diseases is still being discussed (Herpesvirus or Epstein-Bar viral infections), 
damage to the endothelium that is replaced by pseudo-epithelial with a migration capacity that will reach 
the angle explains the peripheral synechiae and trabecular meshwork damage responsible for ocular 
hypertension (2).

Among the differential diagnoses are polymorphous posterior dystrophy, Axenfeld Rieger syndrome and 
aniridia.

The treatment of ocular hypertension is first and foremost medical, filtration surgery with anti-metabolites 
or even valves gives modest long-term results. Cyclodestruction can be proposed for this often-
unresponsive glaucoma (3).
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Trivial 
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Case report
A 62-year-old patient consults for episodes of right eye pain that occurs in the evening or sometimes at 
night.

She has no personal or family history and is not under treatment.

She had cataract surgery in the left eye 5 year before and has not been seen since.

She complains of episodes of eye pain occurring recurrently in the right eye, in the evening or even at 
night, for several year. She does not complain of vision loss.

At the examination IOP is 16 mmHg in the right eye and 13 mmHg in the left and acuity 20/25 in the right 
and 20/20 in the left with a mild astigmatism correction.

At the slit lamp test, she is indeed phakic in the right and pseudophakic in the left eye.

Gonioscopy is performed (Figure 2) as well as an eye fundus exam (Figure 3).
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Figure 2: Gonioscopy of the left eye.

Figure 1: Gonioscopy of the right eye.
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Figure 3: Right eye fundus.

Figure 4: Left eye fundus.
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Multiple choice questions
1 What is your diagnosis? (one correct answer)

A. Mixed glaucoma

B. Primary angle-closure glaucoma

C. Angle recession

D. Fuchs syndrome

E. Plateau iris syndrome

2. What is your treatment of the right eye (one correct answer)

A. Laser iridotomy

B. Laser trabeculoplasty

C. Cataract surgery

D. Fixed-combination prostaglandin and beta blocker

E. Filtration surgery

Answers to the MCQ on page 205
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Complete case report and answer to the question
The gonioscopic exam finds a narrow iridocorneal angle in the right eye with Grade 1 visibilty of 
Schwalbe's ring (grade 1) or of trabecular meshwork (grade 2).

The iris surface is convex, revealing a relative pupillary block. Dynamic gonioscopy finds an apposition of 
the iris on the trabecular meshwork over the majority of the angular circumference without the formation 
of synechiae. The exam of the left eye (pseudophakic) finds an open iridocorneal angle (Grade 4) and a 
flat iris.

The examination of optic disc at fundus and by OCT, as well as white-on-white visual field shows the 
existence of a glaucomatous neuropathy in the right eye. Function and structure exams are normal in the 
left eye.

Therefore, diagnosis of primary angle-closure glaucoma in the right eye is submitted. Right eye pain is 
probably due to episodes of angle-closure in obscurity, leading to a sudden and symptomatic increase 
of IOP.

Cataract surgery, performed in the left eye 5 year before, removed the relative pupillary block related to 
the increase in volume of the lens with age and prevented the development of an angle-closure in the 
left eye.
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Figure 5: OCT of the anterior segment.

Figure 6 : 24-2 white-on-white visual field.
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Summary of the topic discussed in the case

1. Mechanisms of angle-closure glaucoma

The relative pupillary block - proximity of the anterior surface of the lens and posterior surface of the iris 
leading to an increase of resistance to aqueous humor flow then a pressure gradient pushing the root 
of the iris towards the trabecular meshwork - is the main mechanism of angle-closure glaucoma. The 
pressure gradient pushes the root of the iris forward and partially or completely closes the iridocorneal 
angle, preventing drainage of the aqueous humor. Initially the apposition between the iris and trabecular 
meshwork is reversible (simple apposition).

Over time, apposition becomes irreversible, due to the formation of anterior synechiae. The increase of 
intraocular pressure by angle-closure can be chronic (chronic forms) or acute (acute forms), and eventually 
leads to optic neuropathy (acute or chronic primary angle-closure glaucoma).

The onset of a relative pupillary block is favored by certain anatomical characteristics such as short axial 
length, shallow depth of the anterior chamber, substantial lens thickness, anterior lens position, etc. In 
this regard, the increase of lens volume with age often plays an important role in the development of a 
pupillary block and angle closure.

Many recent studies have shown that anterior uveal anomalies - variations of iris volume during pupil 
dilation - and posterior - thickness and volume of the choroid - also participate in the genesis of iridocorneal 
angle closure and may explain that a small percentage of eyes presenting biometric predispositions 
develop an angle closure, whereas the majority do not develop one(1).

2. Epidemiology

Epidemiological studies have shown that angle-closure glaucomas represent approximately one-third of 
the total number of glaucomas worldwide.

In Europe and the USA, angle-closure glaucomas represent 10 to 20% of all forms of glaucoma (80 to 
90% of POAG).

In Asia (China, South-East Asia, Mongolia, etc.), angle-closure glaucomas represent up to 50% of all 
forms of glaucoma (only 50% of PAOG ). Thus, primary angle-closure glaucoma affects approximately 15 
to 20 million people, among which 4 to 5 million suffer from bilateral blindness. This form of glaucoma can 
therefore be considered to be more severe than open-angle glaucoma, because it leads more frequently 
and earlier to loss of vision. 
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Figure 7: Mechanism of action of laser iridotomy in the event of pupillary block. According to Kolker AE(3).

In Asia, chronic angle-closure glaucoma is much more frequent than acute and symptomatic angle-closure 
crisis. Therefore, a study reports an incidence of acute angle-closure crisis in Hong Kong of only 10 new 
cases per 100,000 inhabitants per year, far lower than the prevalence of angle-closure glaucoma in these 
countries (1 to 5% of the population) (2).

There are few similar studies in Europe, but it is likely that chronic angle-closure glaucoma is also more 
frequent than acute symptomatic crisis, even if the fact that they are often poorly diagnosed and identified 
mistakenly as open-angle glaucomas might suggest the contrary.

3. Management

Iridotomy

Peripheral laser iridotomy consists of perforating the root of the iris by focusing one or more laser beams 
on it in order to create an orifice large enough to enable the unobstructed drainage of aqueous humor 
from the posterior chamber to the anterior chamber, preventing or removing a permanent or definitive 
apposition of the iris to the trabecular meshwork (Figure 7).
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For a long time, laser iridotomy was considered as a procedure for first-line therapy for curative treatment 
of an acute angle-closure crisis, curative treatment for chronic angle-closure glaucoma and as preventive 
treatment in a subject at risk of angle closure.

Nevertheless, even if it is not a surgical procedure, the performance of laser iridotomy is not always a 
trivial procedure. Some thick irises can be difficult or sometimes even impossible to perforate.

Sometimes iridotomy only permits an incomplete or very partial reopening of the iridocorneal angle, in 
particular in the case of extensive peripheral anterior synechiae that are not removed by laser iridotomy. 
The release of pigments, bleeding or post-laser inflammation can even lead to a temporary pressure 
spike, or even the formation of anterior or posterior synechiae resulting in a definitive increase of IOP.

Lastly, laser iridotomy may speed up the development of a cataract.

Lens extraction

Many recent studies have demonstrated the possibility of proposing lens extraction as an alternative to 
laser iridotomy for first-line therapy (4-10).

This therapeutic option has several benefits. The ablation of a lens that is often voluminous completely 
removes the pupillary block and results in an angle opening often far greater than after iridotomy alone. 
The injection of viscoelastic products during the procedure pushes the iris away from the cornea and 
trabecular meshwork and can break the formation of peripheral anterior synechiae.

The ablation of a lens often presenting a cataract can improve visual acuity.

Lastly, due to advancements in cataract surgical techniques (reduction of the size of incisions, better 
handling of irrigation flow and pressure in the anterior chamber, etc.), this procedure is now relatively 
easy to perform, even in the case of a shallow anterior chamber, posterior pressure or risk of corneal 
edema.

Several large studies have evaluated the benefits and risks of the different management strategies of 
this form of glaucoma and shown that lens extraction could be a more effective and better tolerated 
alternative than laser iridotomy for acute forms of angle-closure crisis as well as for chronic forms of 
angle-closure glaucoma.

The international study Eagle has randomly compared laser iridotomy and lens extraction. All the 
parameters evaluated (quality of life score, IOP, number of anti-glaucomatous eye drops, percentage of 
patients without treatment, visual acuity) were in favour of lens extraction.

Therefore, this study supports this therapeutic strategy, particularly in subjects over 50 to 55 year old 
without accommodation and already presenting lens opacities. 
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So young

17
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Case report
Young D., 11-year-old, is referred by his ophthalmologist for a decrease in visual acuity of the right eye in 
a context of very high ocular hypertension.

Ocular hypotensive treatment with prostaglandin analogues was begun immediately after the diagnosis.

The medical history does not reveal any complaint of function apart from the decrease in acuity.

He has no particular personal or family history.

The ophthalmologic examination is as follows:

• VA Right : 20/25 with -0.75D
• VA Left: 20 with -0.50D

Corneal diameter is normal, without edema or corneal abnormality.

The anterior chamber is deep (Figure 1).

Intraocular pressure measured with the Goldmann tonometer is 45 mmHg in both eyes (pachymetry 510 μm) 
under hypotonic treatment with prostaglandin analogues for 8 weeks.

Figure 1: The anterior chamber is deep.
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Multiple choice question
What diagnosis do you expect from this ophthalmologic exam?

A. Congenital glaucoma

B. Plateau iris glaucoma

C. Primary juvenile glaucoma

D. Steroid-induced glaucoma

E. A bilateral post-traumatic glaucoma

Answer to the MCQ on page 221
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Figure 2: In gonioscopy voluminous trabecular meshwork and iris (arrows) can be seen.

Biomicroscopic exam is completed with bilateral gonioscopy.

The angle is wide with bridges of iris tissue that reach the trabecular meshwork (Figure 2).
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Figure 3: Voluminous inferior bridges in right eye (arrows).

These anomalies of the iridocorneal angle can be found in both eyes and over 360° (Figure3).



Figure 4: OCT of left eye angle at 3 o’clock.
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The optical tomography test of the angle shows a very wide angle with a pronounced concave iris. 
Insertion is unusual with an irido-trabecular bridge corresponding to the large trabeculae seen in 
gonioscopy (Figure 4).
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Figure 5: Right optic disc very excavated.

The exam of the optic discs confirms severe glaucomatous damage (Figures 5 and 6) and unfortunately 
explains the decrease of visual acuity in the right eye.



Figure 6: Deeper excavated left optic disc.
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Figure 7: Standard right eye visual field examination.

Measurements of the visual field are compatible with the structural damage noted in the eye fundus 
(Figures 7 and 8). Right eye VFI is at 40% with MD of -24 dB with a loss of the central visual field, 
indicating juvenile glaucoma.

The left visual field has a VFI of 49% and MD of -21 dB and also a loss of the central visual field.



Figure 8: Standard visual field exam of the left eye.
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Figure 9: Bilateral RNFL damage.

Ocular evaluation is completed with an exploration of the structure in OCT.

The RNFL exam, despite numerous artefacts shows important bilateral damage of the axonal fibers with 
a bilateral quasi-disappearance of the neuroretinal border (Figure 9). Note that the discs are large.



Figure 10: Bilateral GCC damage.
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The exploration of the ganglion cell complex (GCC) is also altered bilaterally (Figure 10).
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Figure 11: Right optic disc the day after trabeculectomy. Regression of the excavation and small hemorrhages along the papillary 
fringe. Surgery in the other eye is rapidly scheduled.

Given the importance of ocular hypertension and its impact in the case of juvenile glaucoma, filtration 
surgery is proposed to the child and his family.

A trabecular trabeculectomy without amethycine under general anesthesia is performed in the right eye.

Immediate postoperative recovery is normal and intraocular pressure measured on D1 is 6 mmHg without 
athalamia or choroidal detachment.

The deeply excavated right optic nerve presents microhaemorrhages from decompression and a 
spectacular regression of its excavation (Figure 11).
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Primary juvenile glaucoma (PJG)(1-2)

This primary open-angle glaucoma has the characteristic of developing in children.

Onset age is between 5 and 18 year for the majority of cases.

It is rare: less than 6% of primary open-angle glaucomas.

It results from an anomaly in the development of the iridocorneal angle, but to a lesser degree than that 
observed in primary congenital glaucoma.

Family history accounts for the majority of cases that are autosomal dominant with a high penetrance. 
However, several cases of recessive transmission have been reported, especially in consanguinity cases. 
There appears to be a 2:1 masculine predominance.

Very often asymptomatic, PJG will be discovered during a routine examination, ophthalmologic exam in 
a family with PJG or functional manifestations, such as headache and retro- or periocular pain or even 
decrease of visual acuity.

Therefore, the diagnosis is based, as in adults, on the measurement of intraocular pressure (IOP) that is 
often very high and its rapidly worsening impact on the optic nerve that is altered very quickly. It is always 
bilateral but can be asymmetric.

Myopia over 3 diopters is found in 73% of cases of PJG and over 6 diopters in 40%.

The examination of the iridocorneal angle by gonioscopy by the ophthalmologist sometimes finds 
anatomical anomalies, but the examination can appear normal without ruling out the diagnosis. 
Goniodysgenesis is sometimes present: very thick processes or iris trabeculae or high insertion (or anterior) 
of the root of the iris. An immature trabecular meshwork can be found with frosted glass appearance.

This diagnosis will be confirmed by the measurement of the visual field and the examination of the optic 
nerve like for primary open-angle glaucoma in adults.

Treatment is first and foremost surgery. Medical treatment can be initiated while waiting for surgery or at 
the post-operative stage given an unachieved target IOP. But it will not stabilize IOP permanently.

Glaucoma surgery in PJG is highly effective: in 80% of cases (with or without adjunctive medical treatment) 
whatever the technique used; trabeculotomy, trabeculectomy, goniotomy or even viscocanalostomy; 
intraocular pressure is controlled permanently.

These excellent pressure results obtained by filtration surgery are a particular characteristic of this juvenile 
form of primary open-angle glaucoma.
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