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INITIAL PRESENTATION

Chief Complaint

Worsening vision and elevated eye pressure

History of Present Illness

A 50-year-old Caucasian woman was referred to the University of lowa Glaucoma Service for evaluation of ocular
hypertension and anatomically narrow angles in both eyes. She was first examined in 2001 and was noted to
have intraocular pressures (IOP) within normal limits with normal appearing optic nerves. She returned in 2008
with pressures of 36 mmHg in both eyes (OU) and early optic nerve head cupping, prompting her provider to
start latanoprost. In 2011, the patient was noted to have anatomic narrow angles with reportedly normal visual
fields and ocular coherence tomography (OCT); laser peripheral iridotomies (LPI) OU were performed at that
time. In 2017, she was referred to the University of lowa Glaucoma Service for persistent ocular hypertension (28
mmHg in the right eye and 24 mmHg in the left eye) despite maximum tolerated medical therapy (latanoprost
every evening and dorzolamide-timolol twice a day in both eyes) and worsening visual fields and OCT.

Past Ocular History

e Ocular hypertension - treated with latanoprost and dorzolamide-timolol
* Anatomically narrow angles s/p LPI OU 2011
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e Moderate hyperopia with astigmatism OU

Past Medical History

* Atopic dermatitis

Medications

e None

Allergies

e Brimonidine
e Tetracyclines

Family History

e Grandparent with possible glaucoma

Social History

¢ Non-contributory

Review of Systems

¢ Negative

OCULAR EXAMINATION (upon initial presentation)

Visual Acuity with/without correction (by Snellen):

¢ Right eye (OD): 20/20
o Lefteye (0S):20/20

Intraocular Pressure (IOP): (by applanation)

e OD:18 mmHg
e (0S:19 mmHg

Pupils

e OU:3mmindark, 1 mmin bright light, with no relative afferent pupillary defect (RAPD)
External

Slit lamp exam

e Lids/lashes: Normal
e Conjunctiva/sclera: Quiet
e Cornea: Clear



Anterior chamber: Diffusely shallow with near iridocorneal apposition peripherally
Iris: Patent LPIs OU, otherwise unremarkable

Lens: 1+ nuclear sclerosis OU

Gonioscopy: A20b1+OU

Dilated fundus examination (DFE)

e Vitreous: Clear

e Disc: Peripapillary atrophy, relative thinning of neuroretinal rim inferiorly and superiorly
e Cup-to-discratio: 0.7 OD; 0.85 OS
e Macula: Flat

e \Vessels: Normal
e Periphery: Normal

..Jcases-i/case277/Figl-LRG.jpg

Figure 1. Color fundus photographs, OU. The optic nerves show peripapillary atrophy with relative thinning
of the neuroretinal rim inferiorly and superiorly OU.

Additional Testing

e Ultrasound pachymetry
o OD: 488 microns
o 0S: 490 microns
e Humphrey visual fields (HVF)
o OD: Early superior and inferior arcuate
o 0S: Dense superior and inferior arcuate
e Biometry: See Table 1
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Figure 2. Central 24-2 Humphrey visual fields, OU. Left image: There were dense superior and inferior
arcuate defects OS. Right image: Early inferior and superior arcuate defects OD were present.

Parameter oD (01

Axial Length 21.23mm 21.18 mm
ACD 2.1 mm 2.07 mm
Lens Thickness 4.36 mm 4.66 mm
Astigmatism 1.21D @102 220D@ 78
Central conreal thickness 476 microns 478 microns

|Table 1. Haag—Streit LENSTAR Biometry results.

CLINICAL COURSE

The patient was diagnosed with mixed mechanism glaucoma with a phacomorphic component in the setting of
increasing IOP, narrow angles despite patent LPI's bilaterally, and thick lenses on biometry. Phacoemulsification
with intraocular lens implantation with a plano target was performed in the left eye and was completed without
surgical complication. However, her post-operative course was complicated by spontaneous anterior
displacement of the nasal lens optic on post-operative day 0; this had been noted on the surgical video to be
fully within the capsular bag and well-centered with circumferential capsular overlap. The optic was
repositioned in the minor procedure suite without complication. On post-operative week (POW) 1, the patient
was noted to have a myopic shift of 4.0 diopters with a diffusely shallow anterior chamber. A B-scan ultrasound
was performed and showed no vitreous opacities, a posterior segment within normal limits, and no choroidal
effusions, retinal detachment, or mass lesions. Her IOP was 10 mmHg and 15 mmHg on repeat measurement by
applanation. All surgical wounds were Seidel negative. A presumptive diagnosis of aqueous misdirection was


file:///Volumes/Blue/Sites/eyeforum/cases-i/case277/Fig2-LRG.jpg

made, and she was started on atropine four times a day. On POW 2, there was significant improvement in her
myopic shift to -0.50 diopters, and on exam, she had deepening of her anterior chamber and an I0P of 15
mmHg. She tolerated a slow atropine taper but developed recurrence of chamber shallowing upon
discontinuation. A trial of cyclopentolate was unsuccessful. Yttrium aluminum garnet (YAG) laser anterior
hyaloidotomy was attempted with partial response in reduction in IOP, but the left eye ultimately required
chronic atropine. Pars plana vitrectomy with disruption of the hyaloid face was offered but declined by the
patient in favor of ongoing medical therapy. In the meantime, the IOP in her right eye increased to 35 mmHg and
required cataract extraction as well. After careful discussion of the surgical options, risks, benefits, and
alternatives, the decision was made to proceed with cataract extraction and implantation of intraocular lens
with planned prophylactic iridozonulohyaloidectomy (IZH) to minimize the risk of aqueous misdirection post-
operatively in the right eye.

During the cataract extraction of the right eye, immediately following the construction of the main incision, the
right eye developed marked posterior pressure with diffuse shallowing of the anterior chamber and iris prolapse
through both the paracentesis and the main wound. It was determined that the eye had developed
intraoperative aqueous misdirection. At this point, decision was made to proceed with IZH prior to cataract
extraction. The anterior vitrectomy hand-piece was inserted through the main wound through the preexisting
iridotomy site, and an iridectomy was performed. The anterior vitrector was then advanced into the sulcus and a
limited and careful zonulectomy was performed followed by an anterior hyaloidectomy. At this point, the
posterior pressure was relieved, the anterior chamber deepened, and the eye returned to a physiologic
intraocular pressure. Please refer to the surgical video linked below. The remainder of the procedure was
performed without complication with insertion of an intraocular lens implant in the capsular bag.

Intra-Operative Malignant Glaucoma (Aqueous Misdirection) Treated with Iridozonulohyaloidotomy (1ZH) by Dr.
Daniel | Bettis, M.D (https://youtu.be/o2WOnQW;jLYE).

Figure 3 shows slit lamp photos of the patient at POW 1. The IOP in the right eye was well controlled, the anterior
chamber remained deep, and the intraocular lens remained in proper position without evidence of aqueous
misdirection on repeat follow-up at post-operative month one (Table 2). At her six-month post-operative follow-
up, her IOP was well controlled (11 mmHg OD and 12 mmHg OS) with deep and symmetric anterior chambers in
both eyes.

Figure 3. Anterior segment photographs at post-operative week 1 after cataract extraction OD. Left
image: The right eye shows post-surgical changes of the iris with a peripheral iridotomy. However, the anterior
chamber remained deep and the lens was centered in excellent position. Right image: The left eye shows a
peripheral iridotomy with a deep anterior chamber and a lens centered in excellent position.

oD 0s
Visual acuity (sc) 20/20 20/25
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IOP (applanation) 11 mmHg 12 mmHg

External Normal Normal
Lids/Lashes/Adnexa |Normal Normal
Conjunctiva/Sclera |White and quiet White and quiet
Clear, X mattress at temporal incision, 2
Cornea single interrupted sutures at the Clear
paracenteses
Anterior chamber Deep and quiet Deep and quiet
Iris Round, no iridocorneal touch, large Irregular, dilated, patchy transillumination
iridectomy temporally with atrophy defects (TID), temporal LPI
Lens PCIOL centered PCIOL centered
Anterior Vitreous Clear Clear

|Table 2. Slit-lamp examination findings at post-operative 1 month follow-up OD.

DIAGNOSIS

Iridozonulohyaloidectomy (I1ZH) for treatment of aqueous misdirection

DISCUSSION

The patient in this case had a history of mixed mechanism glaucoma with narrow angles, exacerbated by thick
crystalline lenses (i.e., phacomorphic glaucoma). She ultimately developed aqueous misdirection OU during
different stages of cataract extraction. The left eye developed aqueous misdirection following cataract
extraction and responded to medical therapy, including chronic cycloplegia. The right eye developed aqueous
misdirection early intraoperatively and IZH had to be performed as a definitive treatment for the aqueous
misdirection and to allow safe phacoemulsification. Her IOP remained well-controlled on follow-up
examinations and at six months following the procedure. This case illustrates the heterogeneity of clinical
presentation and course of aqueous misdirection and demonstrates two different but effective treatment
options for this complex condition.

A more detailed discussion of aqueous misdirection can be found at the following Eye Rounds case:
www.EyeRounds.org/cases/244-aqueous-misdirection.htm (244-aqueous-misdirection.htm)

The discussion below will focus primarily on treatment modalities.

Etiology/Epidemiology

Aqueous misdirection, also known as malignant glaucoma, is an uncommon condition that can occur
spontaneously or following any intraocular procedure [1]. This condition was first described by Von Graefe in
1869 [2]. Commonly associated factors are hyperopia, chronic angle closure, pseudoexfoliation syndrome,
spherophakia, conditions causing loose zonules, or aggressive aspiration and irrigation [3].

Pathophysiology

There are several hypotheses regarding the mechanism of aqueous misdirection. One theory is that it develops
secondary to posterior displacement of aqueous humor. It is hypothesized that there is an abnormal spacial
relationship between the ciliary body, the lens, and the anterior hyaloid causing aqueous humor accumulation
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in the posterior chamber or vitreous causing flattening of the anterior chamber due to posterior pressure [1].
Others have suggested it may develop secondary to choroidal expansion [3]. This posterior pressure causes
anterior rotation of the iris and ciliary body, resulting in a diffusely shallow anterior chamber and ultimate
closure of the angle [1].

Signs/Symptoms

Aqueous misdirection presents with a diffusely flat chamber with elevated IOP, similar to pupillary block.
However, pupillary block classically presents with an iris bombe configuration with shallowing of the anterior
chamber peripherally more than centrally. Pupillary block is also less likely in the setting of patent peripheral
iridotomies. Other entities that can also manifest with a shallow anterior chamber is anterior rotation of the
ciliary body from a variety of causes, including suprachoroidal hemorrhage or effusion and aqueous
overfiltration [4].

Testing/Laboratory/Imaging Work-up

Aqueous misdirection remains a clinical diagnosis but depends on a careful anterior segment examination
showing the characteristics above. The rise in IOP may be abrupt or insidious. Care should be taken to rule out
other more common causes of shallow anterior chamber, and evaluation may include careful measurement of
IOP, gonioscopy, ultrasound biomicroscopy, and/or anterior segment OCT.

Treatment/Management/Guidelines

The initial treatment of aqueous misdirection includes aggressive cycloplegia and aqueous suppression. The
goal of medical therapy is to acutely manage the elevated IOP by moving the lens/iris diaphragm posteriorly and
reduce posterior chamber pressure by reducing aqueous production. Classically, it has been reported that as
many as 50% of cases of aqueous misdirection may respond to medical therapy alone. However, other reports of
success with medical therapy alone in literature are much lower and range from 8% to 14% [5]. Therefore, a
review of additional interventions useful in the management of aqueous misdirection is important.

Nd:YAG (neodymium-doped yttrium aluminum garnet) laser capsulotomy/hyaloidotomy and needle anterior
vitreous aspiration have both been described as non-operative treatment options after failure of medical
therapy. Both share the aim of attempting to create a unicameral eye, or one in which there is a direct channel
for flow of aqueous between the anterior and posterior segments. When possible, it may be advisable to create
the opening peripherally through a patent LPI in order to allow flow of aqueous around the lens. Patients should
be monitored carefully for complications such as retinal detachments due to anterior migration of the vitreous
or worsening of symptoms due to inflammation [3,5]. Initial success rates are typically high and range from 57%
to 71% [5]. However, recurrence rates may be as high as 75% as aqueous reaccumulates in the posterior
chamber [3].

Cyclophotocoagulation (CPC) has also been used in attempt to shrink the ciliary body and ultimately return the
iris/lens diaphragm to a posterior position. Several case series have reported promising results with success
rates approaching 80%. However, the largest series, to date, include only 12 patients without long-term follow-
up [5].

In eyes unresponsive to medical and/or laser therapy, surgical therapy is necessary to create a unicameral eye.
In a series of 20 patients, 10% responded to medications alone, 35% responded to laser iridohyaloidotomy, 30%
responded to anterior chamber reformation with hyaluronic acid, and 25% ultimately required creation of a
unicameral eye via iridozonulohyaloidectomy (IZH) with pars plana vitrectomy [6]. A larger case study of 50
patients looking at vitrectomy alone reported a recurrence rate of just 6% [7]. However, evidence suggests that
recurrence rates may be as high as 50% if completed in phakic patients compared to 10% in pseudophakic



patients [5]. Therefore, although reduction in the posterior pressure can temporarily treat aqueous misdirection,
a channel for aqueous flow must be made to allow passage of misdirected aqueous from the vitreous into the
anterior chamber. IZH with or without vitrectomy has also been shown to effectively treat aqueous misdirection
in series of five, 10, and 25 patients without recurrences with an average follow-up of 7.8 months, 12 months,
and 24 months, respectively [8-10]. However, long-term follow-up of 50.2 months showed recurrence rates in
four of 10 patients [11]. Reported causes of recurrence include vitreous, inflammatory fibrin, or lens haptics
plugging the hyaloidectomy [5,12]. Therefore, continued vigilance is necessary in patients with aqueous
misdirection beyond the short-term period.

EPIDEMIOLOGY OR ETIOLOGY SIGNS
e Rare, post-operative posterior misdirection of o Diffusely flat anterior chamber
aqueous humor e Elevated intraocular pressures
e Commonly associated factors are hyperopia, e Patent laser peripheral iridotomies (if present)
chronic angle closure, pseudoexfoliation e Absence of other etiologies of increased
syndrome, spherophakia, conditions causing posterior pressure (i.e., choroidal effusion or
loose zonules, or aggressive aspiration and suprachoroidal hemorrhage)
irrigation
SYMPTOMS TREATMENT/MANAGEMENT
e Eye pain e Cycloplegics and aqueous suppressants
¢ Decreased vision (myopic shift) e Nd:YAG Laser capsulotomy/hyaloidotomy
e Headaches e Anterior vitreous aspiration
e Nausea e Cyclophotocoagulation
e Pars plana vitrectomy
¢ Iridozonulohyaloidectomy (I1ZH)
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