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ABSTRACT

Introduction: Hypotony maculopathy is ocular

hypotony complicated by papilledema and/or

folding of the retina and choroid in the

posterior pole. Our objective was to examine

the current literature regarding hypotony

maculopathy and treatment methods.

Methods: A systematic review of the

English-language literature was conducted by

performing a broad search of PubMed from

1972 through 2015 using the keywords

hypotony maculopathy and hypotony.

Additional articles were identified from

bibliographies of relevant articles.

Results: Hypotony maculopathy was

infrequent before the introduction of

antimetabolite agents in glaucoma-filtering

surgery, and the incidence of this entity is

now up to 20%. Risk factors for developing

hypotony maculopathy include male gender,

young age, myopia, and primary filtering

surgery. Correctly identifying the etiology of

hypotony is essential for successful treatment.

Treatment of hypotony maculopathy includes

procedures to elevate the intraocular pressure,

thus reversing the collapse of the scleral wall

and chorioretinal wrinkling.

Conclusion: This review discusses the

definition, clinical presentation,

pathophysiology, incidence and risk factors,

prevention and treatment of hypotony

maculopathy.

Keywords: Hypotony maculopathy; Hypotony;

Retina; Glaucoma filtration surgery

INTRODUCTION

Ocular hypotony has two types: statistical and

clinical hypotony. ‘‘Statistical’’ hypotony is

defined as an intraocular pressure (IOP) of less

than 6.5 mmHg, three standard deviations

below the mean [1]. ‘‘Clinically significant’’

hypotony is when a patient’s IOP is so low

that there is resultant visual loss. Hypotony has

also been described as ‘‘low pressure in an

individual eye, leading to functional changes

and structural changes’’ [2].
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The many causes of ocular hypotony can be

divided into five large groups, as described by

Schubert. An external fistula, such as that

created in glaucoma-filtering surgery and

aqueous shunts, connects the anterior

chamber to the ocular surface or the

subconjunctival space. An internal fistula

connects the anterior or posterior chamber to

the suprachoroidal space, as with retinal holes

or traumatic cyclodialysis. Ciliary body

insufficiency after cyclophotocoagulation or

ciliary body detachment is another cause of

hypotony. Inflammation, from either a surgical

or nonsurgical cause, contributes to decreased

aqueous production and increased uveoscleral

outflow. There are also multiple miscellaneous

causes of hypotony, including hormonal

factors, anemia and ocular ischemia [2].

The most common cause of hypotony is

glaucoma. The goal of glaucoma filtration

surgery is reduction of the IOP, and up to 20%

of cases of glaucoma-filtering surgery are

associated with hypotony maculopathy [3–5].

The Early Manifest Glaucoma Trial was the first

study to demonstrate that reduction of the IOP

in patients with early glaucomais correlated to

reduced progression of the disease [6]. The

Advanced Glaucoma Intervention Study then

revealed that surgical intervention is indicated

in advanced glaucomatous disease when the

IOP remains elevated on maximum medical

therapy [7]. These findings have motivated an

increase in surgical interventions for patients

and, in turn, a rise in the number of

complications that accompany such

procedures, including ocular hypotony and

hypotony maculopathy.

This review discusses the definition of

hypotony maculopathy, clinical presentation,

pathophysiology, incidence and risk factors,

prevention and therapeutic methods.

METHODS

A systematic review of the English-language

literature was conducted by performing a broad

search of PubMed from 1972 through 2015

using the keywords hypotony maculopathy and

hypotony. Additional articles were identified

from bibliographies of relevant articles. This

review article is based on previously conducted

studies and does not involve any new studies of

human or animal subjects performed by any of

the authors.

CLINICAL PRESENTATION

Patients afflicted with hypotony maculopathy

typically present with loss of central vision and

distortions as well as a relative hyperopia due to

reduction of the anterior-posterior diameter of

the eye. On clinical examination, optic nerve

swelling associated with folding of the retina

and choroid in the posterior pole may be noted.

The macular folds often radiate outward from

the fovea (Fig. 1) [8]. Reduction of the IOP may

cause abnormal retinal capillary permeability

and increase the risk of cystoid macular edema

and serous retinal detachment, although these

are not common findings [9]. Optical coherence

tomography (OCT) is an important tool for

diagnosing hypotony maculopathy and

assessing resolution of abnormal anatomy

following improvement of the IOP. OCT can

be most helpful in patients with reduced visual

acuity and normal clinical ocular examination

results associated with hypotony (Fig. 2).

Budenz et al. reported three cases of hypotony

maculopathy that exhibited a normal ocular

examination but a decrease in best-corrected

visual acuity, and all cases were diagnosed with

OCT revealing retinal and/or choroidal folding

[10]. Elevation of the IOP was achieved by
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closure of the sclerostomy site with a scleral

patch graft, direct suture closure of the

trabeculectomy site and closure of the

cyclodialysis cleft after atropinization,

respectively. The maculopathy was shown to

resolve on OCT after normalization of the IOP.

It was suggested that these patients may have

subclinical hypotony maculopathy that is not

discernable on fundus examination but can be

detected on OCT. A careful review of all radial

line B-scans is important in diagnosing these

cases of subclinical hypotony maculopathy as

the retinal folds are often oriented in the

0�–180� axis [10]. Although an uncommon

finding, macular edema has also been

documented on OCT in patients with

hypotony maculopathy. The mechanistic

theory is that low IOP causes a higher

hydrostatic pressure gradient across retinal

vasculature that allows movement of fluid into

extracellular spaces. Kokame et al. described an

eye where the IOP normalized and the macular

edema subsequently resolved on OCT [9].

Fluorescein angiography can also

demonstrate chorioretinal folds and

differentiate choroidal folds from retinal folds.

Characteristic findings include an irregular

increase in background choroidal fluorescence,

producing a series of hyperfluorescent streaks

corresponding to the crests of the choroidal

folds. The troughs of the folds appear

hypofluorescent. There is also some leakage

Fig. 1 Fundus photograph of an eye with hypotony
maculopathy exhibiting inferior macular chorioretinal
folds

Fig. 2 Optical coherence tomography of macula using Spectralis OCT (Heidelberg, Germany) showing chorioretinal folds
secondary to hypotony maculopathy
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from the optic nerve capillaries but usually not

from the retinal capillaries [8].

As mentioned earlier, glaucoma-filtering

surgery is the most common etiology of

hypotony and subsequent hypotony

maculopathy. Reports of this complication

rose in number with the introduction of

antimetabolites in glaucoma surgery [11]. Both

mitomycin C (MMC) and 5-fluorouracil (5-FU)

appear to be associated with an increased

incidence of hypotonymaculopathy. In Costa

et al.’s review, 508 eyes underwent

trabeculectomy, and 6 of these eyes (1.2%)

exhibited hypotony maculopathy. Of these six

eyes, three (50%) had received postoperative

application of 5-FU injections [12]. Rasheed

et al. compared the efficacy of trabeculectomy

with intraoperative MMC to standard

trabeculectomy without MMC. After a mean

follow-up period of 18 months, three eyes (12%)

of the MMC group developed hypotony

maculopathy while the group that did not

receive MMC did not develop hypotony

maculopathy [13].

Nonpenetrating surgery for glaucoma,

including canaloplasty and deep sclerotomy,

was developed to decrease the risk of

complications associated with filtering

procedures such as trabeculectomy and

glaucoma drainage implantation. Rulli et al.

demonstrated that the trabeculectomy was

more effective in decreasing IOP than

nonpenetrating surgery although the absolute

risk of hypotony was higher in trabeculectomies

versus nonpenetrating surgeries (RR = 2.3, 95%

CI 1.3–3.8). When an intraoperative

antimetabolite was added to the treatment

regimen, the rate of complications, including

hypotony, increased in both groups [14].

Chronic hypotony is defined as IOP less than

6 mmHg over 3 months and may lead to

permanent chorioretinal changes such as

maculopathy, choroidal effusion and

subsequent decreased vision [12, 15]. However,

eyes with chronic hypotony can maintain good

vision without any associated complications.

Yun et al. studied the effect of chronic

hypotony following trabeculectomy with

MMC, and maculopathy was documented by

clinical examination in 23.5% of 34 eyes with

hypotony; there were no complications in

32.4%. There was no statistical difference in

the final visual acuity or Humphrey visual field

mean deviation between those with chronic

hypotony (34 eyes) and those without (34 eyes)

[16]. Besides hypotony maculopathy, there are

many other etiologies of vision loss after

glaucoma surgery that must be considered

when a patient has postsurgical visual

symptoms. Costa et al. reviewed 508 eyes that

underwent trabeculectomy to determine the

cause of postoperative vision loss. Forty-two

eyes (8.3%) had loss of visual acuity 3 months

after surgery. Lens opacification was the main

cause of early visual acuity loss followed by

hypotony maculopathy and ‘‘wipeout’’ [17].

Lens opacification has been reported as the

leading cause of postoperative vision loss with

other causes including progressive glaucoma,

vein occlusion, endophthalmitis, cystoids

macular edema, corneal edema, corneal folds

and chronic choroidal detachment [18, 19].

Hypotony maculopathy following blunt trauma

is a serious complication that must be

monitored closely. Traumatic hypotony may

be either transient, often caused by ciliary body

injury and decreased aqueous humor secretion,

or persistent, caused by a mechanism that

creates a direct pathway for the aqueous

humor to the suprachoroidal space such as

cyclodialysis. Ciliochoroidal detachment,

traumatic retinal detachment and anterior

proliferative retinopathy have all been shown

to be associated with hypotony [20].
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PATHOPHYSIOLOGY

Hypotony occurs when aqueous fluid

production is not equal to the aqueous fluid

outflow. Aqueous humor production may be

inadequate in conditions such as iridocyclitis or

ciliochoroidal detachment [21–23]. On the

other hand, aqueous humor outflow may

exceed production, especially after

glaucoma-filtering surgery [12, 13]. Ocular

inflammation is a key component in the

pathophysiology of hypotony and utilizes two

mechanisms: impaired aqueous humor

secretion and increased uveoscleral outflow.

Reduced aqueous secretion is most likely due

to direct inflammatory damage to the ciliary

body epithelium [24]. Animal studies showed

that ocular inflammation was associated with

increased levels of prostaglandin F2-alpha that

reduce the density of extracellular matrix

around the ciliary muscle, thus leading to

decreased resistance to uveoscleral outflow [25].

Gass discussed the currently accepted

mechanism of hypotony maculopathy. With

hypotony, the scleral wall collapses and causes

secondary redundancy of the retina and

choroid. In the macula, short radial retinal

folds extend from the fovea, while in the

periphery the folds are often linear and radiate

temporally, away from the optic disc [8]. Visual

symptoms are primarily caused by the

distortion of the retinal photoreceptors [11].

With time, the folds become more prominent

with the compression of retinal pigment

epithelial cells in the fold valleys and thinning

of the pigment epithelium at the fold peaks.

The alteration of the structure of the retinal

pigment epithelial cells produces the

alternating dark and light streaks that can be

observed on examination [8].

INCIDENCE AND RISK FACTORS

The incidence of hypotony maculopathy was

infrequent before the introduction of

antifibrotic agents for glaucoma surgery [15,

26]. After glaucoma-filtering surgery, the

incidence of hypotony maculopathy has been

reported as 1.3–20% [3, 13, 23, 27, 28]. The use

of antimetabolites leads to reduced scar

formation and increased risk of overfiltration.

MMC may also have a direct toxic effect on the

ciliary, causing reduced production of aqueous

fluid [15]. When comparing trabeculectomy

with MMC versus 5-FU, there was no

significant difference in the incidence of

hypotony (3% with MMC and 1% with 5-FU)

[29]. Glaucoma drainage implant surgery has

allowed better IOP control and increased

avoidance of persistent hypotony. In the Tube

Versus Trabeculectomy (TVT) Study, 13% of

patients status post tube surgery had persistent

hypotony when compared to 29% of patients

after trabeculectomy, and 1% of patients after

tube surgery had hypotony maculopathy as

compared to 4% of patients after

trabeculectomy [30]. In the Ahmed Baerveldt

Comparison (ABC) Study, patients with the

Ahmed implant had less incidence of

persistent hypotony (2%) compared to the

Baerveldt group (13%) [31].

Fannin et al. conducted a case-control study

of 186 patients to assess the clinical risk factors

for developing hypotony maculopathy. Male

sex, myopia and young age (less than 60 years

of age) were associated with an increased risk of

hypotony maculopathy [23]. A suggested

mechanism for these associations is reduced

scleral rigidity in these groups of patients that

may contribute to the collapse of the scleral

wall during hypotony, causing chorioretinal
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folds [8, 32]. Other authors have since

confirmed these risk factors [28, 33]. Diabetes

and choridal effusions were associated with

decreased risk of maculopathy in hypotonous

eyes. It is unclear why the association between

diabetes and decreased risk of maculopathy

exists. Gass noted that choroidal effusions

rarely occur with hypotony maculopathy, and

it has been presumed that choroidal effusions

may be a protective mechanism against its

development [8]. A likely explanation may

relate to an individual’s scleral thickness,

rigidity and resistance to transscleral fluid

outflow. An individual with a relatively thick

and rigid sclera may be more likely to develop

choroidal effusions in the setting of hypotony

as transscleral fluid outflow would be expected

to be diminished. Indeed, a subset of eyes with

primary uveal effusion syndrome has been

found to display these characteristics on

histopathology [34]. These features likely

protect against the development of hypotony

maculopathy as a thicker and more rigid sclera

would be less likely to collapse inwards in the

setting of ocular hypotony.

PREVENTION AND TREATMENT

As some patients are at increased risk of

hypotony maculopathy, preoperative

counseling of patients with these risk factors is

important if they are to have glaucoma-filtering

surgery [23]. In addition, these patient

populations may require more careful

operative and postoperative management of

controlling IOP, including safety-valve

incisions, a greater number of scleral flap

sutures and removing sutures gradually to

avoid sudden hypotony [28]. The safety-valve

incision is a scleral tunnel dissected anterior to

the peripheral cornea with creation of an

ostium at the peripheral cornea that resists

flow by way of the wound architecture,

preventing severe hypotony [35].

The treatment of hypotony maculopathy is

dependent on correctly identifying the cause of

hypotony and treating this cause as soon as

possible. Delayed treatment of hypotony can

result in permanent changes in the retina and

choroid and cause vision loss [12, 15]. Suñer

et al. observed that hypotony maculopathy

occurred most often after laser suture lysis,

bleb leaks and needling procedures [28]. As

laser suture lysis is often necessary to assist with

postoperative IOP control, preventing this

event is difficult.

Glaucoma filtration bleb leaks are another

cause of hypotony maculopathy after glaucoma

surgery. Conservative management includes

pressure patching, placement of a collagen

shield or contact lens, and/or use of aqueous

suppressants [36, 37]. Bleb leaks have also been

treated with low-power argon laser application

[38], cryotherapy [12, 15], trichloroaceticacid

[15, 32], intrableb or peribleb autologous blood

injection [39], and topical fibrin glue [40, 41].

Palmberg suggested conjunctival

compression sutures to the scleral flap to

isolate the area of leakage and induce

adherence of the conjunctiva to the

underlying tissues. A nylon suture was passed

at the peripheral cornea, over the bleb, passed

posterior to the bleb and tied. Forty-six eyes of

44 patients were treated, and 69% of these eyes

were successfully treated for bleb leaks [41].

Quaranta et al. used conjunctival compression

sutures for enlarged overfiltering blebs

associated with hypotony, and 29 eyes of 45

patients (64%) had resolution of hypotony

although these sutures were not as successful

in patients with over 360� of conjunctival bleb

diffusion [42]. Letartre et al. described a

technique of transconjunctival suturing of the

sclera flap for excess filtration. With this
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technique, the site of excess filtration at the

scleral flap is identified, and the flap is sutured

through the conjunctiva with the knots buried

under the conjunctiva. After 6 months of

follow-up using this technique, 33 (94%) of 35

eyes had an IOP after the procedure that was

higher than before the procedure (IOP 6 mmHg

or greater) [43].

In order to control overfiltration, an

alternative method of revising the sclera flap

has been shown to be successful [28]. This

technique includes reopening the conjunctival

incision behind the bleb and resuturing the

scleral flap with two sets of sutures. The first set

of sutures was adjusted to achieve a pressure of

8–12 mmHg, and the second set of sutures was

placed to elevate the pressure to 20–25 mmHg.

The eye remained at this higher pressure to

allow expansion of the sclera and flattening of

the chorioretinal folds. After 1–6 weeks (after

the folds had resolved), the second set of sutures

was lysed with an argon laser to achieve the

final target pressure. Eight (89%) of nine

patients achieved visual acuity of 20/30 or

better, and the mean IOP at 15 months was

14.5 ± 4.0 mmHg [28].

Use of gas injected into the anterior chamber

has been proposed to treat hypotony and a

shallow anterior chamber after

glaucoma-filtering surgery. Chambers and

Baker placed 14% C3F8 gas with viscoelastic in

the anterior chamber of 13 eyes that had

undergone glaucoma drainage surgery and had

subsequent hypotony. Twelve (92%) of the 13

eyes had successful hypotony treatment

without complications [44]. Intravitreal gas

has also been used as treatment for

hypotonous maculopathy. Friedman and

Mahootchi reported a patient who underwent

trabeculectomy with MMC who exhibited

postoperative hypotony maculopathy.

Conservative treatments failed. The patient

was given an intravitreal injection of 0.25 ml

perfluoropropane gas using a 30-gauge needle.

Nine days after the treatment, the gas had

expanded to 30% of the vitreous cavity. The IOP

increased to 10 mmHg, the visual acuity

improved from 20/200 to 20/30, and the

chorioretinal folds resolved. Once the gas

dissipated after 3 months, the visual acuity

returned to 20/20. Suggested mechanisms for

this treatment include gas occlusion of the

filtration site with an associated mild

inflammatory response that initiated scarring

at the site or tamponade of a small

ciliochoroidal detachment [45].

Vitreoretinal surgery has also been introduced

as a novel approach to treat anatomic hypotony

maculopathy when the IOP has normalized

using perfluorocarbon to flatten chorioretinal

folds. Duker and Schuman reported performing a

pars plana vitrectomy with insertion of 1 ml of

perfluorophenanthrene. Perfluorophenanthrene

is a heavy perfluorocarbon liquid (specific

gravity, 2.03). The IOP was elevated to

50 mmHg intraoperatively for approximately

10 min, and then the perfluorophenanthrene

was removed. Six weeks after the operation, the

patient’s vision improved from 20/200 to 20/20,

and minimal chorioretinal folds still remained.

Nine months postoperatively, the patient’s

vision was 20/25, and the choroidal folds had

resolved. Some stellate retinal folds remained

[46].

CONCLUSIONS

Hypotony maculopathy is an uncommon

condition that has increased in incidence after

the introduction of glaucoma-filtering surgery.

Male sex, myopia, primary filtering surgery with

an antifibrotic agent and young age are all risk

factors associated with hypotony maculopathy.
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Treatment options include conservative

methods such as pressure patching or bandage

contact lenses to prevent excess filtration,

conjunctival compression sutures, scleral flap

revisions, anterior chamber gas, intravitreal gas

and vitrectomy with perfluorocarbon gas. Early

detection of hypotony maculopathy is essential

as permanent chorioretinal changes and poor

visual outcome can occur without treatment.
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