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Permanent ocular remodeling in the setting of chronic hypotony after 
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Purpose: Trabeculectomy surgery is a commonly performed procedure for treatment of glaucoma. While the goal 
is to lower intraocular pressure, over-filtration may cause hypotony with ocular structural changes and vision 
loss. 
Observations: A 53-year-old woman with primary open-angle glaucoma was referred to our service for further 
evaluation. The patient previously underwent trabeculectomy 9 years prior and was found to have a cataract and 
hypotony maculopathy in the right eye. Treatment options included cataract surgery alone, bleb revision alone, 
or combined cataract extraction and bleb revision. Biometry revealed corneal astigmatism in the right eye, and 
significant disparity in axial length between the two eyes. Since the axial length and corneal astigmatic changes 
were presumed to be at least partially reversible, measurements from the non-operative left eye influenced the 
lens selection for the hypotonous right eye. The patient underwent combined phacoemulsification and bleb 
revision. While IOP increased and hypotony was partly reversed, there was hyperopic and astigmatic refractive 
surprise after surgery. 
The patient subsequently underwent intraocular lens exchange using biometric values of the previously hypot
onous eye and met the target post-operative refractive goal. 
Conclusions and importance: This case demonstrates changes to the axial length and ocular structure following 
longstanding hypotony maculopathy may be permanent, even after restoration of normotensive intraocular 
pressure.   

1. Introduction 

Trabeculectomy surgery remains the gold standard intervention in 
many glaucoma practices for patients requiring low intraocular pres
sure1 with over 20,000 procedures being performed annually among 
Medicare patients alone.2 While the primary goal of surgery is to lower 
intra-ocular pressure (IOP) to slow or stop the progression of retinal 
ganglion cell loss, over-filtration may occur and cause hypotony, defined 
as structural changes to the eye resulting in vision loss. Vision loss in the 
setting of hypotony may result from corneal edema, corneal astigma
tism, cystoid macular edema, subretinal fluid, optic nerve head edema, 
or chorioretinal folds.3–6 The visual effects can be profound as the 
average visual acuity in the setting of hypotony maculopathy reaches 
that of legal blindness at 20/200.7 Younger age, myopia, and antime
tabolite exposure are all risk factors for the development of hypotony 
maculopathy after trabeculectomy surgery.6,8 

The standard treatment for hypotony maculopathy is to increase the 
IOP. Conservative medical management may be attempted with aqueous 
suppressants to induce some degree of bleb failure or bandage contact 
lens; however, surgical intervention is typically required with either 
trans-conjunctival compression sutures or an open revision of the tra
beculectomy bleb to re-suture the scleral flap.7,9–12 Successful elevation 
of the IOP can lead to structural and visual recovery for many patients. 
However, long-standing hypotony has the potential to cause retinal, 
choroidal, or scleral fibrosis, which may impair resolution of chorior
etinal folding.3 In addition to vision loss, these architectural changes 
may carry refractive consequences. Subsequent cataract surgery may 
pose a unique challenge due to possible changes in axial length mea
surements.13,14 Herein, we present a case of presumed permanent 
remodeling of the eye induced by chronic hypotony that resulted in a 
refractive surprise following cataract surgery, requiring a lens exchange 
for visual rehabilitation. 
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2. Case report 

A 53-year-old woman diagnosed with primary open angle glaucoma 
nearly two decades prior was referred to our glaucoma service for 
further evaluation. The patient previously underwent argon laser tra
beculoplasty (ALT) in 2000 and a trabeculectomy with mitomycin C in 

2010 of her right eye. On presentation in 2019, the patient was taking 4 
glaucoma medications in each eye despite an IOP of 1 mmHg in the right 
eye post-trabeculectomy. The IOP was 19 mmHg in the fellow left eye. 
Best corrected visual acuity (BCVA) was 20/125 (pinhole 20/60-1) in 
the right eye and 20/15 in the left eye. Anterior segment examination of 
the right eye revealed evidence of anterior segment hypotony with 

Fig. 1. Pre-bleb revision and cataract extraction. Baseline testing prior to cataract extraction and trabeculectomy revision. A) Photograph taken at the start of 
surgery for bleb revision and cataract extraction showing avascular bleb. Corneal light shield in place B) Optical coherence tomography of the macula showed 
choroidal folds. C) Ocular biometry showed significant differences in axial length and corneal astigmatism between fellow eyes (right eye had chronic hypotony). 
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microstriae in the cornea under cobalt blue light, a low-lying cystic and 
avascular bleb (Fig. 1A), a relatively deep anterior chamber, and a likely 
visually significant nuclear sclerotic and cortical cataract. Fundoscopy 
showed glaucomatous cupping with choroidal folds that were also 
visible by optical coherence tomography of the macula (Fig. 1B). Given 
the IOP of 1 mmHg, all glaucoma medications were stopped in the right 
eye after which the IOP increased to 4 mmHg. Surgical options were 
discussed with the patient. The patient was subsequently lost to follow- 
up in the context of the COVID-19 pandemic. 

Two years later, IOP and BCVA visual acuity remained relatively 
stable at 3 mmHg and 20/200 (pinhole 20/100), respectively, in the 
right eye. Given the visually significant cataract and hypotony macul
opathy, several options were discussed with the patient including 
cataract surgery alone with the possibility of inducing scarring to the 
bleb and subsequent IOP elevation, bleb revision alone noting that 
future cataract surgery may induce bleb failure once the IOP was stable, 
or combined cataract extraction and bleb revision. The patient elected to 
proceed with combined cataract extraction and bleb revision. Preoper
ative refractive error was − 1.75 + 3.00 × 084◦ in the right eye and 
− 3.50 + 0.50 × 001◦ in the left eye (Table 1). Of note, pre- 
trabeculectomy refractive error was similar between the two eyes: 
4.00 + 1.25 × 029◦ and − 3.50 + 0.50 × 173◦ for the right and left eyes, 
respectively. Ocular biometry indicated axial lengths of 21.70 mm and 
24.83 mm, and corneal astigmatism of 5.3 diopters and 0.5 diopters, in 
the right and left eyes, respectively (Fig. 1C). The anterior chamber 
depth was 2.78 mm in the right eye and 3.18 mm in the left eye, with a 
lens thickness of 4.19 mm in the right eye and 4.33 mm in the left eye. Of 
note, no pre-trabeculectomy axial length or other biometric data was 
available. 

Given evidence of anterior and posterior segment hypotony that was 
presumed to be at least in part reversible, ocular biometric calculations 
from the fellow left eye were used to influence selection of an intraocular 
lens (IOL) for the right eye. Using the Barrett formula, a +19.0 D hy
drophobic acrylic IOL was selected to aim for a desired post-operative 
refraction of − 2.0 D to balance the fellow eye. For the bleb revision, a 
peritomy was made superiorly through the prior ischemic, thin-walled 
bleb. After exposure, the prior scleral flap was found to have melted 
therefore requiring a pericardial patch graft to cover the sclera over the 
fistula. Ischemic conjunctiva was resected, and healthy vascular con
junctiva was advanced to the limbus and sutured with a running 10- 
0 nylon. The bleb revision was followed by uncomplicated phacoemul
sification and intraocular lens insertion. 

Three months after surgery, IOP improved to 10 mmHg with healthy 
bleb morphology (Fig. 2A). The choroidal folds were significantly 
reduced (Fig. 2B) and uncorrected visual acuity was 20/200. Despite 

targeting − 2.0 D, postoperative manifest refraction was +1.75 + 4.25 ×
085◦ with BCVA 20/40. The hyperopic and astigmatic refractive surprise 
suggested that permanent scleral remodeling had occurred during the 
chronic period of hypotony. The patient was offered an IOL exchange. 
Repeat ocular biometry three months after bleb revision and cataract 
surgery showed axial lengths of 22.05 mm in the right eye and 24.85 mm 
in the left eye with corneal astigmatism of 4.8 D in the right eye indi
cating that the axial length and corneal astigmatism had minimally 
corrected after reversal of hypotony (Fig. 2C). An IOL exchange with a 
+29.0 D hydrophobic acrylic IOL with 6 D of astigmatism correction in 
the IOL plane at 85◦ was performed. Refractive error at 4 months after 
IOL exchange was − 3.0 D sphere (no cylinder, Table 1) with best- 
corrected visual acuity of 20/25. 

3. Discussion 

We present a case of presumed permanent ocular remodeling after 
hypotony from trabeculectomy as evidenced by a hyperopic and astig
matic surprise after cataract surgery. The patient ultimately did well 
after an IOL exchange with 20/25 vision while meeting the refractive 
target of reading myopia without cylindrical correction. 

Axial length shortening after trabeculectomy had been previously 
reported to be 0.14–0.42 mm.13–15 As reviewed by Alvani and col
leagues, which included patients from 25 different studies, showed an 
axial length reduction of up to 0.19 mm with contact biometry and up to 
0.9 mm with noncontact biometry. Furthermore, up to 1.4 diopters of 
with the rule astigmatism was seen in this patient population.16 In 
another study of 39 patients who underwent trabeculectomy, patients 
with IOP <4 mmHg had an axial length reduction of 0.39 mm while 
trabeculectomy eyes with IOP >4 mmHg had an axial length reduction 
of 0.14 mm.13 Another report of 62 phakic patients found a decrease in 
axial length of 0.42 mm in patients who underwent trabeculectomy. 
Furthermore, hypotony maculopathy was associated with a decrease in 
axial length.14 Based on this, various suggestions have been made to 
determine the correct IOL power in a phakic patient 
post-trabeculectomy needing cataract surgery from obtaining 
pre-trabeculectomy IOL measurements in phakic patients, though often 
this data is unavailable, to using an average of pre-trabeculectomy and 
post-trabeculectomy axial lengths.14 

Since our patient had an axial length difference of 3.13 mm between 
the two eyes and 5.3 D of with-the-rule astigmatism prior to bleb revi
sion, and we hypothesized that likely a significant a portion of these two 
metrics would be reversible with correction of hypotony. Repeated 
biometry four months after trabeculectomy revision (prior to IOL ex
change) found that the axial length difference between eyes reduced to 
2.80 mm and corneal astigmatism had reduced to 4.8 D suggesting that 
the vast majority of the axial length astigmatism changes actually did 
not correct with reversal of hypotony in our case. The 0.35 mm increase 
in axial length of the right eye after increasing the IOP to the normo
tensive range with bleb revision was more consistent with the studies 
above as far as axial changes after trabeculectomy. Therefore, we hy
pothesize that the residual 2.80 mm difference between the two eyes 
was related to scleral fibrosis contributing to the permanent shortening 
of axial length. 

Improvement in vision in patients with hypotony after trabeculec
tomy following normalization of the IOP11,15 is likely due to resolution 
of chorioretinal folds with recovery of retinal photoreceptors.3 Consis
tent with this, since our patient ultimately achieved 20/25 BCVA after 
bleb revision and IOL exchange, the changes in the neurosensory retina 
were largely reversible while restoration of axial length was not. Though 
the patient presented with evidence of hypotony as evidenced by 
choroidal folds 9 years after initial trabeculectomy surgery, the duration 
of hypotony was not known. Noting an IOP of 4 at the end of the post 
operative period, no outside documentation of choroidal folds or other 
clinical findings of hypotony were present. This case highlights the de
gree and permanent nature to which these changes can occur even with 

Table 1 
Refractive error and acuity history. Best corrected visual acuity (BCVA).*Pinhole 
visual acuity.  

Date & Surgery 
Status 

Right eye Left eye 

Sphere Cylinder BCVA Sphere Cylinder BCVA 

2009, pre- 
trabeculectomy 

− 4.00 +1.25 20/ 
20-2 

− 3.50 +0.50 20/ 
20 

2019, pre-bleb 
revision 

− 1.00 +2.75 20/ 
60-1* 

− 3.75 +0.50 20/ 
15 

2021, pre-bleb 
revision 

+0.25 +4.00 20/ 
40-2 

− 3.75 +0.75 20/ 
20 

2022, 3 months 
post- bleb 
revision & CE/ 
IOL 

+1.75 +4.25 20/ 
30-2 

− 3.75 +0.75 20/ 
15 

2022, 4 months 
post- lens 
exchange 

− 3.00 Sphere 20/ 
25-1 

− 3.75 +1.00 20/ 
20 

2023, 14 months 
post-lens 
exchange 

− 3.00 Sphere 20/ 
25-2 

− 3.75 +1.00 20/ 
20  
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reversal of hypotony and normalization of IOP. 
It should be noted that our case may be somewhat atypical. A myopic 

surprise following cataract extraction post trabeculectomy is not un
commonly observed.17 Furthermore, an IOP ≤9 following trabeculec
tomy has been shown to be a risk factor development of a myopic 

surprise when undergoing subsequent cataract extraction.18 This study 
also suggested that an IOP spike after phacoemulsification was associ
ated with a high risk of myopic surprise in the low IOP group.18 Our 
patient had no documented IOP spike either after initial trabeculectomy, 
after combined cataract extraction and bleb revision or after IOL 

Fig. 2. Post-bleb revision and cataract extraction. A) After revision, the bleb was low, diffuse, and without ischemia. B) Optical coherence tomography of the 
macula showed an incomplete improvement in choroidal folds. C) Ocular biometry measurements showed a slight increase in axial length and reduction in corneal 
astigmatism in the right eye. 

N. Cameron et al.                                                                                                                                                                                                                               



American Journal of Ophthalmology Case Reports 34 (2024) 102003

5

exchange. Furthermore, astigmatic changes after trabeculectomy are 
common and tend to occur in the direction of the scleral flap.19 A lim
itation to our study is the lack of pre-trabeculectomy biometric mea
surements including axial length measurements. However, given the 
symmetric pre-trabeculectomy refractive error of moderate myopia we 
hypothesize that the disparity of axial length measurements 9 years after 
trabeculectomy was secondary to chronic and permanent remodeling 
changes. 

4. Conclusion 

In summary, this case demonstrates permanent structural remodel
ing likely caused by chronic hypotony despite normalization of IOP. This 
can lead to refractive surprises when using the fellow eye as a basis for 
IOL calculations in anticipation of the hypotonous eye returning to its 
original structure. We recommend repeating biometry in the setting of 
prolonged choroidal folds when planning for eventual cataract extrac
tion with IOL placement. With normalization of IOP and an appropriate 
IOL selection, visual potential may be excellent as in our patient’s case. 

Patient consent to publish 

The patient described in this report granted their verbal consent to 
publish this case report and images contained within. 
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