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Summary

Secondary glaucoma is a disease of multifactorial ethiopathogenesis. The word “secondary” indicates that its cause lies in
other pathological lesions within the eye or often — outside it. One of the risk factors that predisposes to secondary glaucoma
development is the patient’s age. The risk of systemic and eye diseases increases with age. Some types of secondary glau-
coma may occur in patients of every age, others are more common in the group of young patients and some of them are only
relevant to the group of the oldest ones. In the group of age between 20 and 40 years the most common ethiopathogenesis
of secondary glaucoma was trauma and an eye surgery. In the group of patients above 40 years of age the most common
reason to develop the secondary glaucoma occur to be the lens pathology, cataracta surgery and the neovascularization.
There are presented many typs of secondary glaucoma. During the examination it is worth to consider the age of the patient
as it can expedite diagnosis, appropriate treatment and avoid complicated operations with serious risk.
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Streszczenie

Jaskra wtérna jest chorobg o wieloczynnikowej etiopatogenezie, wtoérnej — jak wskazuje nazwa — do innych patologii le-
zacych w obrebie narzadu wzroku, a takze czesto poza nim. Wiek pacjenta jest niewatpliwie jednym z czynnikéw predys-
ponujacych do rozwoju jaskry wtornej. Wraz z wiekiem wzrasta ryzyko rozwoju choréb ogélnoustrojowych i choréb oczu.
Niektére typy jaskry wtérnej moga wystapi¢ u pacjentdéw niezaleznie od wieku, inne sg bardziej charakterystyczne dla mtodych
dorostych, a jeszcze inne czes$ciej spotykamy u starszych pacjentow. W grupie wiekowej do 40. roku zycia najczesciej rozpo-
znawano jaskre wtorng do urazéw lub zabiegdéw chirurgicznych. Pacjenci powyzej 40. roku zycia rozwijali jaskre wtérng naj-
czesciej w wyniku patologii soczewki lub neowaskularyzaciji. Mozemy wyrdzni¢ wiele przyczyn wystepowania jaskry wtérnej.
Powyzszy podziat przedstawia jedynie najczestsze jej typy zwigzane z wiekiem. Diagnozujac chorego z jaskrg wtorng, warto
wiec zwroci¢ uwage na jego wiek, gdyz moze to niekiedy znacznie przyspieszy¢ diagnostyke i pozwoli¢ na szybsze wdrozenie

odpowiedniego leczenia jak réwniez pozwoli unikngé skomplikowanych operacji obarczonych powaznym rokowaniem.

Stowa kluczowe: wiek, jaskra wtdrna, jaskra fakolityczna, cisnienie wewnatrzgatkowe, kat przesgczania

INTRODUCTION

According to the definition by the European Glau-
coma Society (EGS), the secondary glaucoma is an
elevated intraocular pressure which causes progres-
sive typical glaucomatous optic neuropathy and visual
field loss caused by other ophthalmological or extra-
ocular diseases, drugs and treatments (1). Glaucoma,
both secondary and primary, is divided into two types
—open-angle and closed-angle. What is more, it is pos-
sible for one form to gradually convert into the other.
Another factor according to which the secondary glau-
coma is classified is the cause. We can distinguish sev-
eral types of glaucoma, e.g. traumatic, uveitic or lens-
related. The number of causes of glaucoma makes it
impossible to present all of its forms. Therefore, the
main area of interest has been the relation between the
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patient’s age and the occurrence of specific forms of
secondary glaucoma.

In a study published by the Indian Journal of Ophthal-
mology, 2997 patients with suspected glaucoma were
examined. The diagnosis was confirmed in 2650 cases
and 579 of those patients (21.84%) were diagnosed with
secondary glaucoma. The following observations were
made during the analysis of the group’s age:

— patients of 0-20 years of age constituted 25%,

— patients of 21-40 years of age constituted 27%,
— patients of 41-61 years of age constituted 30%,
— patients above 60 years of age constituted 18%.

In younger patients (age below 20 years) the sec-
ondary glaucoma developed mostly due to some
kind of trauma. In the group of age between 21 and
40 years, the development of glaucoma was usually



Age-related secondary glaucoma

following an eye surgery. Patients of 41-60 years old usu-
ally developed secondary glaucoma during the course of
neovascularization. In patients above 60 years of age, lens
pathology and surgeries (mostly cataract surgery) are re-
garded as the main causes of secondary glaucoma (2-4).

TRAUMATIC GLAUCOMA

It is a type of secondary glaucoma which can de-
velop at any age but statistically it is observed more
often in younger, active persons without any health
burdens.

Posttraumatic haemorrhages to the anterior cham-
ber can cause an elevation of the IOP because of
erythrocytes blocking the trabeculation (erythroclastic
glaucoma). Although most of posttraumatic haemor-
rhages to the anterior chamber are temporary and not
particularly dangerous, sometimes a prolonged and in-
tensive IOP elevation can damage the optic nerve and
cause the cornea to be infiltrated with blood. The optic
nerve is at risk when an IOP of more than 50 mmHg
persists for 2 days. The extent of the haemorrhage to
the anterior chamber is a useful prognostic hint re-
garding visual acuity and risk of complications. If the
haemorrhage takes less than half of the anterior cham-
ber then in 4% of cases an IOP elevation will occur, in
22% of cases — complications and the final visual acuity
will be > 6/18. A haemorrhage taking more than half
of the anterior chamber will cause an IOP elevation in
85% of cases, complications in 78% of cases and final
visual acuity > 6/18 in only 28% of cases.

Treatment: hospitalization. IOP lowering drugs.
Miotics are to be avoided due to the possibility of pu-
pillary block. Steroids used locally as they lower the
inflammatory state and the risk of secondary haemor-
rhage. Mydriatics lower the risk of a new haemorrhage
from the iris and the ciliary body. Surgical removal of
blood when:

— |OP > 50 mmHg for 2 days or > 35 mmHg for 7 days,

— in case of early blood infiltration of the cornea as it
can lead to its intensive opacification,

— when the anterior chamber is completely filled with
blood (4).

Secondary angle recession glaucoma

As a result of a blunt trauma to the eyeball, the
anterior part of the ciliary body can be torn (angle
recession). Although traits of angle recession are
observed in many patients with posttraumatic haem-
orrhage to the anterior chamber, after 10 years only
6-9% of them will develop glaucoma (angle recession
glaucoma). Gonioscopy can show and irregular wid-
ening of the ciliary body which can be accompanied
by cicatrization and pigment in the area of angle re-
cession. In a cursory examination, angle hyperpigmen-
tation can be erroneously diagnosed as pigmentary
glaucoma.

Treatment: The most effective treatment is trabecu-
lectomy with antimetabolites. An artificial filtration fistu-
la can be applied in case of trabeculectomy failure (4).

Ghost cell glaucoma

The ghost cell glaucoma is caused by blocking
of the trabecular meshwork by lixiviated erythro-
cytes which stem from the blood extravasated to
the vitreous humour. After losing their haemoglo-
bin, empty, inflexible erythrocytes penetrate the dam-
aged limited membrane of the vitreous humour to the
anterior chamber where they settle on the trabecular
meshwork. This occurs ca. 3 months after the trauma
with haemorrhage in an aphakial eye and sometimes
after vitrectomy and cataract removal. A suspension of
green-brown coloured cells, visible with slit lamp, ap-
pears in the anterior chamber.

Treatment: IOP-lowering drugs, anterior chamber ir-
rigation, vitrectomy in exceptional cases (4).

In patients between 21 and 40 years of age, as
mentioned above, the most frequently encountered
is a surgery-related glaucoma. An increase in IOP
can be observed immediately after the surgery as
well as some time after it. There are several causes
which can be the reason for IOP increase, namely:
pigment dispersion (pigmentary glaucoma), haem-
orrhage, ghost cell, inflammations, viscoelastic, epi-
thelial ingrowth (1).

PIGMENTARY GLAUCOMA

The IOP elevation is currently thought to be
caused by the intratrabecular spaces being clogged
by the pigment and by damage to the trabeculation
which is secondary to its lowering, collapse and
hardening. Pigment dispersion syndrome (PDS) is
considered to be the leading cause of its occur-
rence. It is characterised by a release of pigment
granules from the pigment epithelium of the iris and
their accumulation in the anterior segment of the
eye. The release of pigment is caused by mechani-
cal rubbing of the posterior pigment layer of the iris
against small ligaments of the ciliary zonule as a re-
sult of an excessive bulging of the iris in its middle
area. A possibility exists of certain abnormalities in
the very pigment epithelium of the iris which facilitate
the release of the pigment molecules. In some peo-
ple an overly strenuous effort can cause episodes of
pigment dispersion accompanied by IOP elevation.
In the course of pigment dispersion syndrome, glau-
coma usually manifests in 1/3 of patients in aged
30-40 years. Pigment granules are released into the
ventricular fluid, move with its current and accumu-
late in all structures of the anterior chamber including
ciliary zonule fibres. A cataract surgery can lead to
a release of the pigment and to trabeculation block-
ing, which causes IOP elevation. The symptoms are
similar to glaucoma in the course of PDS: IOP eleva-
tion, Krukenberg’s spindle — vertical pigment accu-
mulation on the corneal endothelium, small pigment
granules on the iris and lens, iris pigment epithelium
atrophy which leads to images of slit-like, radial de-
fects which cause a transillumination effect, and tra-
beculation hyperpigmentation in gonioscopy.
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Treatment: IOP-lowering drugs, laser trabeculoplas-
ty (effects are better in younger patients), laser iridoto-
my, trabeculectomy (2).

INFLAMMATORY GLAUCOMA

Inflammation and haemorrhage are a frequent con-
sequence of surgical operations. If they occur, they
can lead to fibrosis and anatomic changes. Fibrosis is
more commonly found in certain patients (e.g. diabe-
tes patients or with history of uveitis), and after using
certain types of lenses, such as anterior chamber intra-
ocular lens. The inflammatory glaucoma can develop
as a result of various mechanisms such as oedema
of the filtration angle structures, dysfunction of endo-
thelial cells in the angle area, trabeculation block by
inflammatory cells and fibrin, breakdown of the blood-
aqueous humour barrier resulting from prostaglandins
activity or by steroid-induced reduction in aqueous hu-
mour flow through trabeculation (3-6). Secondary glau-
coma is especially common in Fuchs’ iritis syndrome
an in chronic inflammation of the anterior segment of
the vascular membrane. Most of the cases of anterior
inflammation of the vascular membrane can be classi-
fied as idiopathic. Presence of corneal precipitates and
a constricted pupil suggest that iritis is the cause of
elevated IOP. During a gonioscopic examination, deli-
cate sediments in the filtration angle can be observed.
Sometimes peripheral anterior and posterior synechiae
with iris bombe can form and lead to angle closure.

The treatment of glaucoma is made more difficult
by several factors: corticosteroid therapy can lead
to IOP elevation through minimising of the inflam-
matory process, by decreasing of the inflammatory
and an improvement in aqueous humour produc-
tion or by limiting of the outflow. Miotics are to be
avoided in patients with iritis as they can intensify the
inflammatory process and lead to posterior synechiae.
In the case of active inflammation, IOP elevation should
be ascribed to the inflammatory rather than to state ste-
roids application (2, 4, 5). Surgical treatment includes
trabeculectomy, artificial filtration fistula, cyclodestruc-
tion (2).

Viscoelastics are a technologically advanced bio-
polymers used during operations to protect the endo-
thelium and maintain the intraocular space. Two basic
types can be distinguished — cohesive and dispersive.
Cohesive viscoelastics are usually responsible for the
early postoperative IOP increase. Remains of the vis-
coelastic can sometimes accumulate in the trabecula-
tion. Washing out the substance depends on its type
and on the patient’s clinical state. Usually, in 16 hours
after the operation, the substance should be absorbed
and the IOP should normalize (2).

EPITHELIAL INGROWTH

Epithelial ingrowth is a rare complication after
an anterior segment or trauma operation and may
potentially lead to blindness. Corneal or conjunctival
epithelium cells migrate through the wound and prolif-
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erate in the area of the anterior segment in a diffused
form or by forming cysts. The IOP increase is caused by
overlapping of several mechanisms, such as presence
of peripheral anterior synechiae, often already existing,
destruction of trabeculation by epithelial membrane
and blocking of the trabeculation by desquamated
epithelial cells and accompanying inflammatory cells.
The diagnosis consists of identifying a persistent post-
operative anterior uveitis, a diffused proliferation of the
epithelium in a form of transparent membrane of undu-
lant borders on the surface of the corneal endothelium
and on the anterior surface of the vitreous humour in
the area of incision and also identifying pupil deforma-
tions. The essence of the treatment is an eradication of
the ingrowing epithelium to avoid a relapse. A wedge
resection or a transscleral cryotherapy can be applied.
The artificial filtration fistula is used when conservative
therapy does not yield results (2).

In patients older than 40 years, neovasculariza-
tion is considered to be the most common cause
of glaucoma. It is an often occurring and severe type
of glaucoma, caused by various diseases character-
ised by hypoxia of the retina or of the entire eyeball,
or by eyeball inflammation. The most common causes
are diabetes, central retinal vein occlusion or internal
carotid artery stenosis. Diabetes occurs in 1/3 of neo-
vascular glaucoma patients. The probability of NVG
(neovascular glaucoma) is much higher in patients
diagnosed with proliferative retinopathy. Diabetes pa-
tients who underwent vitrectomy are also at a higher
risk of developing NVG. Rupture of the posterior cap-
sule resulting from cataract surgery complications or
even after using Nd:YAG laser during capsulotomy can
cause VEGF to access the anterior segment more eas-
ily and accelerate neovascularization (1, 4). Ischaemic
thrombosis of the central retinal vein is the cause of
NVG in 36% of cases. The NVG develops in 50% of
eyes with ischaemic thrombus. Glaucoma usually
develops in 3 months after the thrombosis (‘100 day
glaucoma’) (2). Internal carotid artery stenosis is the
third most common cause of NVG and can easily be
overlooked due to unusual symptoms. Quite frequently
an IOP decrease can occur despite the neovascular-
ization in the angle an in the iris. This is caused by a
decreased ciliary body perfusion which manifests as
a lowered production of aqueous humour. Early diag-
nosis of significant carotid artery stenosis is of utmost
importance as it can save the patient’s eye and some-
times even life (7). Independently from the partial over-
lapping of symptoms, it is worth dividing the NVG into
three stages: iris neovascularization, primary open-an-
gle glaucoma and secondary closed angle glaucoma
caused by synechia (2).

Neovascularization of the iris (NVI) usually starts as
small vascular patches on the pupillary margin. As the
vessel grows, these patches elongate radially on the
iris and take over the filtration angle (neovasculariza-
tion of the angle — NVA). In the angle, new vessels
branch off and form a fibrovascular membrane which
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blocks the trabeculation causing secondary open-
angle glaucoma. In some cases, NVA can precede
the NVI. This can take place in, for example, central
retinal vein thrombosis. Because of that, an accurate
gonioscopic examination is crucial. An angiography of
the iris and filtration angle can confirm the presence
of clinically visible NVI and NVA as well as recognize
their subclinical forms. However, such examination is
expensive and thus not commonly available, unlike go-
nioscopy which, when performed accurately, can de-
tect neovascularization just as early (7).

The therapy consists of IOP reduction and causal
treatment. Panretinal laser photocoagulation (PRP) is
a method of choice in all cases. The PRP can stabilise
the IOP in primary open-angle glaucoma and can en-
hance the effects of filtration procedures if it is used in
the preoperative period. The mechanism of PRP is not
entirely clear. Most probably the partial destruction of
the retinal pigment epithelium, which is responsible for
most of the oxygen usage by the retina, enables the
oxygen to penetrate from the choroid to the more inner
layers of the retina and thus lowering the production
of vascular growth factor. It has been reported that at
least 1200 to 1600 laser foci causes NVI regression of
much higher degree than their lesser number (7).

Treatment: lowering the |IOP; drugs — prostaglan-
dins are not effective due to their mechanism of action,
B blockers and systemic drugs are preferred. However,
very often it is not possible to reach a stable lowering
of the pressure. In such cases, a surgical procedure
is necessary. Anti-inflammatory treatment: steroids in
drops and cycloplegics (atropine) — they lessen the in-
flammatory reaction as well as pain (2, 4).

One of the most common ophthalmologic diseases,
which occurrence increases as the body ages, is cata-
ract. The changes taking place in the ageing lens are
often the cause of IOP elevation. Most of the glauco-
mas of this type can be associated with symptoms of
inflammation in the eyeball. Therefore, apart from the
IOP decrease, sometimes with systemic drugs, it may
be necessary to treat the inflammatory process.

PHACOLYTIC GLAUCOMA

Phacolytic glaucoma (lens protein glaucoma) is
an open-angle glaucoma which occurs in eyes with
mature or hypermature cataract and typically in el-
derly people. It appears more frequently in develop-
ing countries where cataract patients do not contact
their doctors immediately. Trabeculation plugging is
caused by multimolecular lens proteins, which pene-
trate through the undamaged crystalline capsule to the
aqueous humour, and also by macrophages burdened
with lens proteins.

The early stage of the disease manifests as pain.
Visual acuity is already low due to cataract. Examination
in slit lamp shows a corneal oedema, hypermature cata-
ract and deep anterior chamber. White particles can be
floating in the aqueous humour and with enough den-
sity, they can form a pus level (pseudohypopyon).

Treatment: after stabilising the IOP and the inflam-
matory process with conservative therapy, the cataract
should be removed and the anterior chamber should
be rinsed out of the protein material. Additional care
should be taken during anterior capsulotomy to avoid
rupturing of the lens ligamentous apparatus (2). The
prognosis depends on the duration of the elevated IOP
and the degree of damage to the optic nerve. In one
of the examinations, patients above 60 years of age in
whom the elevated IOP lasted for more than 5 days de-
spite the surgical procedure, had more unfavourable
prognosis than younger patients with shorter duration
of the symptoms (5, 8-17).

PHAKOMORPHIC GLAUCOMA

Phakomorphic glaucoma is a secondary acute
closed-angle glaucoma caused by intumescent
cataract. Vision deterioration or increased myopia in
medical history. The lends grows throughout the whole
life. Enlargement of the lens in the equator loosens the
ciliary zonule ligaments and causes the lens to move
forward, and with an anteroposterior diameter increase
it increases iris-lens adherence which favours pupillary
block.

The symptoms resemble a primary acute angle clo-
sure with shallow anterior chamber and dilated pupil.
Cataract is rather evident. An examination of the sec-
ond eye can show a deep anterior chamber and an
open angle, which usually excludes the primary angle
closure.

Treatment: laser iridotomy performed after IOP sta-
bilisation. The cataract is removed when the eye is no
longer irritated (2).

PHAKOANAPHYLACTIC GLAUCOMA

Phakoanaphylaxis is a rare state in which a patients
becomes allergic to their own lens proteins which are
released as a result of a surgical procedure or trauma
which leads to granulomatous inflammation. The clini-
cal picture is quite varied but in most patients a moder-
ate inflammatory reaction in the anterior chamber oc-
curs, as well as presence of sediments on the corneal
endothelium and on the front surface of the lens. Ad-
ditionally, a small inflammatory reaction in the vitreous,
formation of synechiae and lens debris in the anterior
chamber can be observed.

The treatment on based on using corticosteroids
and aqueous humour production reducing drugs. If the
pharmacological treatment proves ineffective, the lens
debris should be removed (2).

SECONDARY GLAUCOMA IN THE COURSE
OF PSEUDOEXFOLIATION SYNDROME (PEX)

The pseudoexfoliation syndrome is a disorder in
which a grey-white, fibrous material of the extra-
cellular matrix, produced by the ageing trabecula-
tion epithelium cells, crystalline capsule equatorial
part cells, iris and ciliary body cells, accumulates
on the front surface of the crystalline capsule, on
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ligaments, ciliary body, iris, trabeculation, front sur-
face of the aqueous humour and on conjunctiva.

It is the most common cause of secondary glauco-
ma. In the United States, PEX have been observed in
0.6% of persons aged 52-64 years and in persons aged
75-85 years it occurred in as many as 5%. The sec-
ondary glaucoma in the course of pseudoexfoliation
syndrome, unlike other types of glaucoma, poorly re-
sponds to conservative treatment and can quickly lead
to severe damage to the optic nerve. PEX rarely oc-
curs in persons of less than 50 years of age. Diagnosis
of the pseudoexfoliation syndrome can be performed
successfully with a slit lamp. The examination is sensi-
tive in 85% and specific in almost 100%. Cornea — PEX
on endothelium, anterior chamber — sometimes a slight
clouding of the ventricular fluid, iris — PEX on pupillary
margin, sphincter atrophy (defects looking as though
‘eaten out by clothes moths’), front surface of the lens
— central disc and peripheral band with a clear zone
between it, trabeculation — hyperpigmentation resem-
bling ‘dandruff’, poorly dilating pupil (18). Diagnosis:
IOP measurement, slit lamp examination, gonioscopy.

Treatment: there are several methods of treating
secondary glaucoma in the course of pseudoexfolia-
tion syndrome. The method should be chosen individ-
ually for every patient. Traditional pressure-lowering
drugs are not as effective in glaucoma in the course of
PEX as they are in POAG but are often used as first-line
therapy. These are mainly B-blockers, selective alpha
receptor agonists, inhibitors of carbonic anhydrase
and prostaglandin analogue. The second-line therapy
is either argon laser treatment (ALT) or selective la-
ser trabeculoplasty (SLT). Most studies show a good
response to ALT and SLT. If drugs and laser therapy
are insufficient for proper IOP control, trabeculectomy
should be considered.
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