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INTRODUCTION

Ocular trauma, or ocular contusion, often results in hy-
phema, angle recession, lens dislocation, trabecular
meshwork injuries, and inflammation, which can block the
outflow of aqueous humor, thus leading to secondary
glaucoma (1-5). Along with elimination of the blood and
inflammation, the function of the trabecular meshwork
may achieve recovery or compensation. Because damage
to the visual function induced by high intraocular pressure
(IOP) can usually be avoided through positive treatment,
intensive follow-up is necessary in these patients. If the
IOP cannot be controlled by medicine, in time surgical in-
tervention is necessary. As for the relationship between
medically controlling IOP and the need for surgery, we
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PURPOSE. To study the cause, treatment, and cure of traumatic secondary glaucoma in 103 cas-
es (103 eyes). 
METHODS. The records of 103 patients (103 eyes) were reviewed. Causes of the high intraocu-
lar pressure (IOP) were analyzed according to the time after trauma. Most patients achieved a
better visual acuity and ideal IOP after positive medical, neodymium:Yttrium aluminium garnet
(Nd:YAG) laser, or surgical treatment. The operations included anterior chamber irrigation, fil-
tering operation combined with mitomycin C, lensectomy, vitrectomy, and combination surgery.
RESULTS. Clinical findings of secondary glaucoma associated with ocular trauma are complex.
Causes resulting in high IOP include intraocular bleeding, lens dislocation, phacoanaphylax-
is, angle recession, and siderosis. After medical, laser, or surgical treatment, the IOP of most
patients could be ideally controlled. After follow-up for half a year, the IOP of 3 cases (2.91%)
was below 10 mmHg and 92 (89.32%) cases between 10 and 21 mmHg; only 8 cases (7.77%)
still had IOP over 21 mmHg. 
CONCLUSIONS. In traumatic secondary glaucoma, antiglaucoma medication should be used at
the early stage, and surgery should be carried out when medical treatment does not reduce
the elevated IOP, or in difficult cases to avoid severe complications. The postoperative IOP of
most injured eyes was controlled within the safe range. (Eur J Ophthalmol 2009; 19: 201-6)
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prefer medical treatment early after surgery, except for
anterior lens displacement, which needs emergency
surgery because of lens corneal touch. Surgical interven-
tion is indicated when medical treatment does not reduce
the elevated IOP, or in difficult cases to avoid severe com-
plications. Many of the complications that may develop
are preventable. Management is aimed at preventing fur-
ther damage to the injured eye. According to the mecha-
nism of intraocular hypertension, the traumatic secondary
glaucoma can be divided into inflammation glaucoma, an-
gle recession glaucoma, hyphema glaucoma, lens injury
glaucoma, and siderotic glaucoma. We practiced corre-
spondingly medical or surgical treatments on these pa-
tients based on their different causes. Anterior chamber
irrigation was recommended to hyphema, lensectomy to
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the subluxated lens, in some cases combined by vitrecto-
my, neodymium:Yttrium aluminium garnet (Nd:YAG) laser
iridotomy to pupil block, removal of the lens and thorough
anterior chamber irrigation to phacoanaphylactic glauco-
ma, trabeculectomy to angle recession glaucoma and
other cases that failed in lowering the IOP after the above
surgery intervention, and lensectomy combined with vit-
rectomy and trabeculectomy to siderotic glaucoma. The
postoperation IOP among most patients was controlled
within the safe range after at least half a year’s follow-up.
After one or more subsequent operations, the success
rate of surgical intervention was 92.23% (95 among 103
cases) (the inclusion criteria of successful surgery are de-
fined as follows: half a year after one or more subsequent
operations, with or without antiglaucoma drugs, IOP
ranges from 6 to 21 mmHg, no serious complications).
Here we share some experiences treating trauma-related
glaucoma, a relatively complex clinical scenario.

METHODS 

Case selection and classification

In all, 103 patients (103 eyes) with ocular trauma related
glaucoma were admitted into our department during Jan-
uary 2004 until January 2006. They were between 11 and
86 years old, and the mean age was 44.71±19.83 years. A
total of 76 patients were male, and 27 female. A total of
70 patients were injured by closed globe trauma, and 33
patients by open globe trauma, including 1 by intraocular
foreign body. The IOP of 28 patients was between 30~40
mmHg, 49 patients between 41~50 mmHg, 26 patients
beyond 50 mmHg. Their visual acuity varied from light
perception to 0.2 (Tab. I). The selected patients were clas-

sified into three categories according to the onset time of
glaucoma after ocular trauma, including early stage, with-
in 1 month after ocular trauma, intermediate stage, 1 to 6
months, and advanced stage, more than 6 months. Dur-
ing the early stage, high IOP developed due to inflamma-
tion in 33 eyes (32.04%), hyphema in 36 eyes (34.95%),
and lens dislocation in 22 eyes (21.36%). In intermediate
stage, 3 (2.91%) eyes developed glaucoma due to pupil
block, and 2 (1.94%) eyes showed phacoanaphylactic
glaucoma. During advanced stage, the IOP gradually rose
in 6 (5.82%) eyes due to angle recession, and in 1
(0.97%) eye due to siderosis.

Treatments

Early stage. Eyes with inflammation were given 0.1% dex-
amethasone eyedrop and dexamethasone 0.1~0.2
mg/Kg/d through intravenous route for 5 to 7 days. Drugs
for depressing IOP were also necessary, such as 0.5%
timolol, 0.2% brimonidine tartrate, 0.005% latanoprost,
and 20% mannitol. Trabeculectomy with or without mito-
mycin C was carried on when medical treatment failed to
depress the high IOP. Eyes with hyphema needed careful
inspection and follow-up. If the hyphema showed no
signs of resolving for more than 5 days, surgical interven-
tion was indicated to remove the blood, as well as to re-
duce the high IOP. Anterior chamber irrigation was chosen
first. After irrigation, if IOP still could not be controlled
with the help of medicine, trabeculectomy with or without
mitomycin C was taken.
Eyes with lens dislocation underwent lensectomy. If lens
dropped into vitreous cavities, vitrectomy would be done
at the same time. If IOP could not be controlled ideally,
further trabeculectomy with or without mitomycin C was
adopted as well.

Intermediate stage. Patients with pupil block underwent
neodymium:Yttrium aluminium garnet (Nd:YAG) laser iri-
dotomy first. If IOP still could not be controlled, trabecu-
lectomy was considered. Patients with phacoanaphylactic
glaucoma were given lensectomy combined with thoro-
ugh anterior chamber irrigation.

Advanced stage. Patients with angle recession under-
went trabeculectomy with or without mitomycin C. Pa-
tients with siderotic glaucoma underwent trabeculecto-
my with or without mitomycin C combined with
lensectomy.

TABLE I - PREOPERATIVE AND POSTOPERATIVE (final
visit) VISUAL ACUITIES

Visual acuity Preoperatively, Postoperatively, 
n (%) n (%)

Light perception 11 (10.68) 6 (5.83)
Hand movements 23 (22.33) 15 (14.56)
Counting fingers 30 (29.13) 22 (21.36)
0.02~0.2 39 (37.86) 22 (21.36)
0.3~0.5 0 28 (27.18)
0.6~1.0 0 10 (9.71)
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RESULTS

IOP

Table II shows the different causes, respective treatments,
and IOP outcomes according to treatments in different
stages of the ocular trauma related glaucoma. All patients
were followed for at least 6 months.
Table III indicates the results of IOP after long-term follow-
up. However, with time elapsed, many patients gave up
further examination, and their data were unavailable.

Visual acuity

The visual acuity of all eyes with early onset glaucoma
was enhanced after treatment. Eyes with glaucoma due
to intermediate or advanced trauma had improved or
equal visual acuity versus that before treatment (Tab. I). 

DISCUSSION

Causes of traumatic secondary glaucoma are compli-
cated. Elevated IOP may be caused by a single factor,

but most of the time it results from multiple factors
combined. The mechanisms for the various types of
traumatic secondary glaucoma are different, depend-
ing on the degree and extent of the related injured tis-
sue. The risk factors for ocular contusion secondary
glaucoma include age, visual acuity regression, lens
injury, and angle recession (1). The key point of open
traumatic secondary glaucoma is prevention. The an-
gle of anterior chamber should be carefully preserved
by reforming a flat anterior chamber and avoiding the
block of aqueous humor during one-stage operation.
Usually sodium hyaluronate is necessary to maintain
the integrity of the angle of the anterior chamber. Ac-
cording to the mechanism of ocular trauma related
glaucoma, we divide traumatic secondary glaucoma
into inflammation related glaucoma, angle recession
related glaucoma, hyphema related glaucoma, lens in-
jury related glaucoma, siderosis related glaucoma, and
other causes like vitreous agent. We also divide ocular
trauma related glaucoma into three stages, including
early stage, intermediate stage, and advanced stage,
based on the time of the high IOP rise after injury. Clin-
ically, therapeutic measures are carried out according-
ly based on different causes.

TABLE II - CAUSES, TREATMENTS, AND INTRAOCULAR PRESSURE (IOP)

Stage Cause Treatment No. IOP 6 mo after treatment, mmHg
<10 10~21 >21

Early stage
(<1 mo) Inflammation Medicine 17 0 16 1

Trabeculectomy 16 1 14 1
Hyphema Medicine 8 0 7 1

Anterior chamber irrigation 12 0 12 0
Anterior chamber irrigation+ trabeculectomy 11 0 9 2

Trabeculectomy 5 1 4 0
Lens dislocation Lensectomy 4 0 4 0

Lensectomy+vitrectomy 15 1 13 1
Trabeculectomy* 3 0 3 0

Intermediate stage
(1~6 mo) Pupil block Nd:YAG laser iridotomy 1 0 1 0

Trabeculectomy† 2 0 2 0
Phacoanaphylactic Lensectomy+anterior

glaucoma chamber irrigation 2 0 1 1
Advanced stage
(>6 mo) Angle recession Trabeculectomy 6 0 5 1

Siderosis Lensectomy+trabeculectomy 1 0 1 0

*Trabeculectomy in case of failure in controlling IOP after lensectomy combined with vitrectomy.
†Trabeculectomy in case of failure in controlling IOP after neodymium:Yttrium aluminium garnet (Nd:YAG) laser iridotomy.
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Early stage

Within 2 weeks to 1 month after injury, usually, the causes
for elevated IOP are inflammation, hyphema, and lens dislo-
cation. 

Inflammation-related glaucoma. Inflammation is one of the
major reactions from trauma and can induce high IOP sec-
ondary to outflow obstruction from inflammatory cells, de-
bris, or protein in the anterior chamber, and possibly due to
inflammation at the trabecular meshwork. This elevated IOP
can occur without hyphema, angle recession, or disruption
of the trabecular meshwork (2). Seventeen cases (16.50%)
in this study were given corticosteroid and nonsteroid antiin-
flammatory drug systematically and topically for 1 to 2
weeks. The IOP was controlled effectively. Obvious perma-
nent lesion of visual function did not occur according to the
scotometer examination. However, there were 16 cases
(15.53%) whose IOP could not be controlled by medicine.
They were given trabeculectomy with the use of mitomycin
C, until the IOP was controlled.

Hyphema related glaucoma. Hyphema may be one of the
most common signs of ocular contusion (4, 6), and it is of-
ten associated with angle recession (4, 5, 7). Hyphema is al-
so one of the most common causes of ocular trauma relat-
ed glaucoma. High IOP greater than 50 mmHg lasting for
3–5 days or greater than 35 mmHg for 7 days are good indi-
cation for an anterior chamber irrigation to wash out blood.
Anterior chamber irrigation should also be performed when
patients feel great discomfort because of ocular hyperten-
sion. In our study, rebleeding did not appear in the 12 cases
(11.65%) given anterior chamber irrigation. Thus, rebleeding
after anterior chamber irrigation can be avoided, as long as
adequate anti-inflammatory therapy and hemostat are giv-
en. Since all cases were treated with medicine at least 1
week before anterior chamber irrigation, the effect of anteri-
or chamber irrigation earlier after ocular trauma should be
observed in future study. IOP of 11 cases (10.68%) could

not be controlled after anterior chamber irrigation, and tra-
beculectomy with mitomycin was finally performed. Two
cases among them whose preoperative IOP was beyond 50
mmHg showed serous choroidal detachment after the oper-
ation. Therefore, before and after this procedure anti-inflam-
matory therapy was very important for these patients. Thir-
teen cases (12.62%) with hyphema did not undergo anterior
chamber irrigation because of less bleeding. After medical
treatment, hyphema was absorbed. In most cases, the IOP
was reduced to normal, while 5 cases (4.85%) underwent
trabeculectomy with the use of mitomycin C because of
high IOP after blood cleansing.

Lens dislocation related glaucoma. In our study, 22 (21.36%)
patients had secondary glaucoma resulting from lens dislo-
cation or subluxation. In case of anterior displacement of
the lens, there is not only the high IOP, but also a high risk
for early corneal endothelium injury because of lens corneal
touch. Therefore, the 4 patients (3.88%) with lens anterior
displacement were given lensectomy to relieve the papillary
block as emergency case. After lensectomy, their IOP was
controlled. The other 18 cases (17.48%) had lens posterior
displacement, which underwent lensectomy combined with
vitrectomy. The IOP of 15 cases (14.56%) was controlled af-
ter surgery, while the other 3 cases (2.91%) failed. They
were then given trabeculectomy with mitomycin C in 2
weeks. These cases are often associated with the rupture of
the vitreous anterior limiting membrane. Medical treatment
is not very effective due to involvement of vitreous, and fil-
tering surgery may easily fail. In early stage, lensectomy
combined with vitrectomy is a better choice. Once vitreous
prolapses into the anterior chamber, it may result in perma-
nent lesion of the trabecular meshwork.

Intermediate stage

One to 6 months after injury, the cause for elevated IOP is
usually the complications of ocular trauma, such as pupil
block caused by wide posterior synechia of the iris, go-
niosynechia, and endophthalmitis caused by lens injury.
Few penetrating ocular traumas result in posttraumatic
glaucoma. Intraocular inflammation, lens injury, and advanc-
ing age may be the main factors (1).
Complications of inflammation in anterior segment. Three
cases (2.91%) had secondary angle-closure glaucoma be-
cause the inflammation caused by ocular trauma was not
controlled in time, so synechia iridis anterior peripherica or
pupil block happened, which resulted in angle closure.

TABLE III - INTRAOCULAR PRESSURE AFTER LONG-TERM
FOLLOW–UP

0.5~1 yr 1~1.5 yr 1.5~2 yr >2 yr

6~10 mmHg 2 2 1 1
10~21 mmHg 65 52 39 32
21~35 mmHg 7 6 6 4
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Steroids and nonsteroidal anti-inflammatory drugs should
be taken first; at the same time, drugs for depressing IOP
were also necessary. Nd:YAG laser iridotomy should be
done in case of pupil block. When IOP cannot be de-
pressed by drugs or Nd:YAG laser iridotomy, filtering
surgery may be considered. Intraocular and conjunctival
inflammation significantly enhanced fibrosis after filtering
surgery. Therefore, morphologic change of the bleb
should be observed carefully and intensively during early
period of follow up in order to detect the blebs that incline
to fail. For the failing bleb, 5-fluorouracil (5-FU) was used
through subconjunctival injection.

Phacoanaphylactic glaucoma. Two eyes with phacoanaphy-
lactic glaucoma had the main symptom of gradual inflam-
mation and elevated IOP which could not be controlled by
drugs. Rupture of the anterior lens capsule and cortex
egress was obvious in one case. The other one showed se-
vere iridocyclitis and elevated IOP. Cortex outflow and trau-
matic cataract became obvious 2 months after ocular trau-
ma. Both eyes had extracapsular cataract extraction
followed by sufficient anterior chamber irrigation. Their IOP
was still beyond 21 mmHg shortly after surgery, so antiglau-
coma drugs were supplied until the IOP declined 1 month
later. As corrected visual acuity was better in one case, im-
plantation of intraocular lens was carried out 2 months later.
The main reason for high IOP in these cases was the out-
flow of cortex, so thoroughly removing the cortex should be
focused on during operation. After surgery and anti-inflam-
mation treatment, IOP of most patients can be controlled,
so filtering surgery is not necessary.

Advanced stage

More than 6 months after ocular trauma, the common cause
of high IOP is angle recession, or another uncommon rea-
son such as siderosis.

Angle recession glaucoma. Angle recession glaucoma is an
advanced stage complication of blunt ocular contusion. In
the presence of hyphema, angle recession has been ob-
served in 71% to 100% (3). Although a common finding, on-
ly 7% to 9% of patients with angle recession develop glau-
coma (4, 5, 8, 9). Late onset increased IOP related to
contusion trauma is the character of angle recession glau-
coma. There is a deep slit into the ciliary body, while the tip
of the slit cannot be seen by gonioscope. Thus, patients
with angle recession should be followed up for a relatively

long time. Gonioscopy examination should be done first in
the contralateral uninjured eye for comparison (7, 10), in or-
der to avoid missing diagnosis because of the anterior iris
synechia covering the recessed angle. However, the risk of
glaucoma caused just by angle recession appears seldom.
Therefore, the cause of elevated IOP after ocular contusion
should be identified carefully. Surgery intervention cannot be
carried on cursorily. Prostanoid is the better antiglaucoma
drug for these patients, such as latanoprost, which can effi-
ciently depress the IOP. The possible explanation may be
changes of the outflow pathway of aqueous humor in these
angle recession patients, which facilitates the egress of
aqueous humor. The exact mechanisms are unknown. In
this study, 6 cases (5.83%) were identified as angle reces-
sion glaucoma by gonioscopy examination. Duration be-
tween ocular trauma and onset of high IOP varied from 2
months to 60 months, and the mean time was 23 months.
After the failure of antiglaucoma medication, all of them un-
derwent trabeculectomy with mitomycin C. Nonpenetrating
trabecular surgery is not fit for these patients because of the
severe damage of the trabecular meshwork, according to
our previous experiences. In addition, because of the
anatomic structure changes of anterior chamber, the
Schlemm’s canal may also be damaged. Therefore, non-
penetrating trabecular surgery should be avoided in these
cases. Trabeculectomy with mitomycin C should be the first
choice. Related studies indicated that the surgery achieve-
ment ratio could be elevated by using mitomycin C in tra-
beculectomy for traumatic angle recession glaucoma pa-
tients (11, 12).

Siderotic glaucoma. Ironic intraocular foreign body can
cause siderotic glaucoma, which is a rare condition. Late el-
evation in IOP may be related to iron toxicity (13). Surgery
should be taken on as early as possible once diagnosed.
Lee et al pointed out that in case of intralenticular foreign
body, the crystalline lens served as a natural barrier to irre-
versible intraocular toxicity (14). The barrier could be broken
and other intraocular tissue could also be affected by iron
toxicity as the iron foreign body stayed long enough in the
lens. There was only one patient in this study who was diag-
nosed with siderotic glaucoma and traumatic cataract, with
ironic foreign body in one eye undetected for 3 years, until
his vision dropped gradually to light perception and IOP
rose to beyond 40 mmHg. The patient underwent tra-
beculectomy combined with lensectomy and vitrectomy im-
mediately after admission into our department. Though IOP
was controlled ideally after surgery, visual function was not
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recovered because of persistent iron toxicity to retina and
other intraocular tissue. This case reminded us that in pa-
tients with repeated and long duration intraocular inflamma-
tion, imaging examination should be used to make a definite
diagnosis in time. We should be alert to an occult intraocular
foreign body in the event of ocular trauma, even if none had
been detected during prior imaging examinations (15).
In addition, patients with severe ocular surface disease of-
ten displayed high IOP. The overall prevalence of glaucoma
in patients with severe ocular surface disease is 65.7%. Ear-
ly diagnosis and effective treatment can usually depress the
onset of concurrent glaucoma (16). However, our data
showed little experience in treating this kind of case.
In summary, mechanisms of traumatic glaucoma are com-
plex. The depth of the lesions and the extent along the cir-
cumference is variable, without a close relationship between
the type and place of the injury. In this study, we artificially
classified traumatic glaucoma into early, intermediate, and
advanced stages in order to analyze the mechanisms and
treatments of injuries more easily. In fact, the evolution of
eye injury was continued and uninterrupted. Following the
recovery of injured eyes, usually by several weeks to several
months, factors such as inflammation and hyphema result-
ing in high IOP gradually become extinct, while factors such

as scar formation and alteration of the eye structure be-
come the main causes blocking the outflow of the aqueous
humor. In the early stage, inflammation, hyphema, and lens
dislocation are the main causes. In intermediate and ad-
vanced stages, the main causes are inflammatory complica-
tions of anterior segment and angle recession. Therefore,
choice of treatment is complicated. For patients with defi-
nite surgery indication, such as lens dislocation, operation
should be done promptly. Conservative treatments are usu-
ally needed in patients with ambiguous indication for
surgery, because many patients recover from the ocular
trauma gradually and eventually achieve controlled IOP
without filtering surgery. 
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