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Inferior Removal of Dislocated Polymethyl Methacrylate Intraocular Lens and Scleral Refixation in 
Glaucomatous Eyes

Video 1:  After incision of the 8 o’clock conjunctiva and sclerocorneal incision, the PMMA IOL was 
removed. Remaining Soemmering tissue was washed away while pushing the sclerocorneal 
incision site under perfusion flow. Since vitrectomy was performed, a new IOL was inserted 
through the 8 o’clock schlerocorneal incision. The inserted IOL was fixed in the sclera using the 
Yamane’s method.

Effect of Different Preoperative Intraocular Pressures on the Prognosis of Traumatic Cyclodialysis 
Cleft Associated with Lens Subluxation

Peer-reviewed videos describing the effect of different preoperative pressures on the prognosis of 
traumatic cyclodialysis cleft associated with lens subluxation.

Video 1:  The capsular bag is implanted to support the zonules, and a foldable intraocular lens is inserted 
into the capsule. After zonular dialysis, a 13-mm Morcher Type 2 L CTR, MCTR, with two 
perforations is pre-placed into the ciliary sulcus with 10-0 polypropylene, and then the end of 
the Prolene suture is placed on the sclera and it is tied 1 mm behind the edge of the surgical 
site. 

Video 2:  The location of a small hole is pushed to the maximum height of the fissure, which causes the 
detached ciliary body to be reconnected to the scleral spur via direct mechanical packaging. 
Furthermore, the cyclodialysis cleft closure was confirmed by gonioscopy at the end of surgery.



Abstract

Introduction: The aim of this study was to report a technique for the removal of dislocated poly-
methyl methacrylate (PMMA) intraocular lenses (IOLs) in glaucomatous eyes.
Methods: Dislocated PMMA IOLs were removed from the inferior sclerocorneal incision, 
and sutureless intrascleral fixation of each IOL was performed to preserve the intact superior 
conjunctiva and sclera for future trabeculectomy or to maintain a functional filtering bleb of 
trabeculectomy.
Results: In two cases, the condition of the bleb did not change, while the intraocular pressure 
improved or did not change after the procedures. IOL fixation was stable with no complications, 
such as tilt, decentration, or extrication of the IOL haptics.
Conclusion: This procedure of preserving the superior conjunctiva and sclera can maintain 
the function of the bleb, superior cornea and sclera and may contribute to the success of future 
trabeculectomy.

Keywords: Dislocated intraocular lens, Filtering bleb, Glaucoma, Polymethyl methacrylate, 
Sutureless intrascleral fixation
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Introduction

The frequency of dislocation of an intraocular lens (IOL), a major postoperative complication 
after cataract surgery, has been reported to be 0.4–0.8% [1–3]. Pseudoexfoliation (PE) and uveitis 
are common risk factors. [4–6] However, eyes with PE or uveitis can be complicated by advanced 
secondary glaucoma that requires subsequent trabeculectomy [7, 8]. Thus, in these cases, surgical 
technique for the repair of a dislocated IOL that can preserve the intact superior conjunctiva is 
needed for possible future trabeculectomy. However, if the dislocated IOL is a polymethyl meth-
acrylate (PMMA) IOL, an incision with a large width of 6 mm is required to remove it. To the 
best of our knowledge, a treatment strategy for dislocated PMMA IOL removal and new intrascle-
ral fixation that minimizes superior conjunctival damage in glaucomatous eyes has not yet been 
reported. We report here the removal of a dislocated PMMA IOL from the inferior incision in eyes 
with functional or non-functional blebs of trabeculectomy. The surgical technique did not cause 
filtering bleb failure or a postoperative intraocular pressure (IOP) spike.

This study was performed in accordance with the Declaration of Helsinki, and all patients 
included in the study provided informed consent.

Methods

The details of the proposed methodology are presented in Video 1. Initially, three ports for pars 
plana vitrectomy were set up with twin chandeliers (DORC Dutch Ophthalmic Research Center 
International BV, Zuidland, the Netherlands). After we made an incision of the inferior conjunc-
tiva for the sclerocorneal incision, we created a 2.2-mm superior corneal main port and two side 
ports, as is standard procedure for cataract surgery. We then moved the dislocated IOL onto the 
iris with a hook or anterior capsular forceps, following which a 6-mm inferior sclerocorneal inci-
sion was created with a 2.2-mm slit knife (MANI Inc., Utsunomiya, Tochigi, Japan) at the 7–8 
o’clock position (Fig. 1a). Then, the PMMA IOL was removed entirely from the 6-mm inferior 
sclerocorneal incision (Fig. 1b). If any Soemmering tissue was left in the anterior chamber, it was 
washed away while pushing the sclerocorneal incision site under the perfusion flow of the IOP 
control system of the vitrectomy machine (Constellation Vitrectomy System; Alcon Laboratories, 
Inc., Fort Worth, TX, USA). After the incision was sutured and shortened with 10-0 nylon thread, 
vitrectomy was performed using the Constellation Vitrectomy System. A new 3-piece soft acryl 

Key Summary Points
Why carry out this study?

A treatment strategy for dislocated polymethyl methacrylate (PMMA) intraocular lens (IOL) removal and new 
intrascleral fixation in glaucomatous eyes have not yet been reported.

What was learned from the study?

Inferior removal of the dislocated PMMA IOL is a safe method to filter blebs in glaucoma.

This technique can reduce damage to the cornea and create a minimally invasive corneal incision.

This technique can preserve the superior conjunctiva for possible future filtering surgeries and maintain a good IOL 
fixation after trabeculectomy.
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IOL (NX-70; Santen, Osaka, Japan) was inserted using an IOL injector in the original sclero-
corneal incision used for IOL removal. When the patient’s nose interrupted the manipulation of 
the IOL injector, the IOL was inserted in the 2.2-mm superior corneal main port. The inserted 
IOL was fixed in the sclera using Yamane’s method (Fig. 1c) [9]. After this sutureless intrascleral 
fixation of the IOL, an acetylcholine chloride (Ovisot; Daiichi Pharmaceutical, Tokyo, Japan) solu-
tion was added to the anterior chamber to confirm the presence of vitreous prolapse. Finally, all 
of the ports for vitrectomy were removed. If leakage was observed at the ports or corneal incision, 
suturing was performed.

Results

This technique was performed in the left eye of two patients (Fig. 2a, c). The dislocated IOL was 
composed of PMMA in both patients. In the first case, the dislocated IOL was complicated with 
bullous keratopathy (BK), with one functional filtering bleb from trabeculectomy. In the second 
case, the dislocated IOL was complicated with BK after Descemet’s stripping automated endothe-
lial keratoplasty (DSAEK) and three non-functional filtering blebs of trabeculectomy. In all cases, 
following the procedures the condition of the bleb did not change and the IOP either improved 
or did not change. IOL fixation was stable with no complications, such as tilt, decentration or 
extrication of the IOL haptics (Fig. 2b, d). In the first case, postoperative astigmatism increased. 
The change in refraction may have been caused by damage to the corneal endothelium, resulting 
in a worsening of BK because the corneal endothelium with BK is thinner than that of normal 
eyes. However, this patient underwent DSAEK, which is originally scheduled after surgery for 
a dislocated IOL. Postoperative visual acuity (VA) in the second case did not change from the 
preoperative VA.

Discussion

The presence of a filtering bleb in the superior conjunctiva prevents the surgeon from remov-
ing the dislocated IOL at the superior sclerocorneal incision. In nonfunctioning filtering blebs of 

Fig. 1: Procedure for the removal of a PMMA IOL at the inferior schlerocorneal incision in the left eye of the first 
case (surgeon’s view). a A limbal incision is created in the 8 o’clock position after a 6-mm schlerocorneal incision is 
created in the inferior conjunctiva. b Removal of the dislocated PMMA IOL from the nasal-inferior schlerocorneal 
incision. c Sutureless fixation of IOL with the Yamane method. PMMA IOL Dislocated polymethyl methacrylate 
intraocular lens.

with 10-0 nylon thread, vitrectomy was performed
using the Constellation Vitrectomy System. A new
3-piece soft acryl IOL (NX-70; Santen, Osaka, Japan)
was inserted using an IOL injector in the original
sclerocorneal incision used for IOL removal. When
the patient’s nose interrupted the manipulation of the
IOL injector, the IOL was inserted in the 2.2-mm
superior corneal main port. The inserted IOL was
fixed in the sclera using Yamane’s method (Fig. 1c)
[9]. After this sutureless intrascleral fixation of the
IOL, an acetylcholine chloride (Ovisot; Daiichi
Pharmaceutical, Tokyo, Japan) solution was added to
the anterior chamber to confirm the presence of
vitreous prolapse. Finally, all of the ports for vitrec-
tomy were removed. If leakage was observed at the
ports or corneal incision, suturing was performed.

RESULTS

This technique was performed in the left eye of
two patients (Fig. 2a, c). The dislocated IOL was
composed of PMMA in both patients. In the first
case, the dislocated IOL was complicated with
bullous keratopathy (BK), with one functional
filtering bleb from trabeculectomy. In the sec-
ond case, the dislocated IOL was complicated
with BK after Descemet’s stripping automated
endothelial keratoplasty (DSAEK) and three
non-functional filtering blebs of trabeculec-
tomy. In all cases, following the procedures the
condition of the bleb did not change and the
IOP either improved or did not change. IOL

fixation was stable with no complications, such
as tilt, decentration or extrication of the IOL
haptics (Fig. 2b, d). In the first case, postopera-
tive astigmatism increased. The change in
refraction may have been caused by damage to
the corneal endothelium, resulting in a wors-
ening of BK because the corneal endothelium
with BK is thinner than that of normal eyes.
However, this patient underwent DSAEK, which
is originally scheduled after surgery for a dislo-
cated IOL. Postoperative visual acuity (VA) in
the second case did not change from the pre-
operative VA.

DISCUSSION

The presence of a filtering bleb in the superior
conjunctiva prevents the surgeon from remov-
ing the dislocated IOL at the superior sclero-
corneal incision. In nonfunctioning filtering
blebs of trabeculectomy, the sclera and con-
junctiva are vulnerable and are not suitable for
creating an incision for IOL exchange. In con-
trast, in cases where the bleb is functioning,
damage to the superior conjunctiva and sclera
should be avoided. Therefore, removal of the
dislocated IOL from different sites is necessary.
With acrylic lenses, it is possible to cut and
remove the dislocated IOL from the 3-mm cor-
neal incision; however, with PMMA lenses, a
corneal incision of at least 6-mm and multiple
sutures of the cornea are required. Multiple
sutures can cause astigmatism, which may lead
to reduced VA. Therefore, it is important to

Fig. 1 Procedure for the removal of a PMMA IOL at the
inferior schlerocorneal incision in the left eye of the first
case (surgeon’s view). a A limbal incision is created in the 8
o’clock position after a 6-mm schlerocorneal incision is
created in the inferior conjunctiva. b Removal of the

dislocated PMMA IOL from the nasal-inferior schlero-
corneal incision. c Sutureless fixation of IOL with the
Yamane method. PMMA IOL Dislocated polymethyl
methacrylate intraocular lens

Ophthalmol Ther (2022) 11:881–886 883
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trabeculectomy, the sclera and conjunctiva are vulnerable and are not suitable for creating an inci-
sion for IOL exchange. In contrast, in cases where the bleb is functioning, damage to the superior 
conjunctiva and sclera should be avoided. Therefore, removal of the dislocated IOL from different 
sites is necessary. With acrylic lenses, it is possible to cut and remove the dislocated IOL from the 
3-mm corneal incision; however, with PMMA lenses, a corneal incision of at least 6-mm and mul-
tiple sutures of the cornea are required. Multiple sutures can cause astigmatism, which may lead to 
reduced VA. Therefore, it is important to remove the PMMA IOL from the sclerocorneal incision 
and from locations other than the superior location. Mano et al. reported a case in which removal 
of a dislocated IOL and insertion of a new IOL were performed at the 8 o’clock position of the right 
eye during their combined surgery with trabeculectomy [10], with the aim of the inferotemporal 
approach for the removal and insertion of the right eye being the same, namely to preserve the 
intact superior conjunctiva and sclera. Similarly, our technique is also effective for preserving the 
superior conjunctiva and sclera, and especially effective for removing the dislocated PMMA IOL. 
Our technique has a number of advantages. First, the procedures of IOL removal and insertion 
and suturing at the inferior sclerocorneal incision are less invasive to the cornea; in particular, this 

remove the PMMA IOL from the sclerocorneal
incision and from locations other than the
superior location. Mano et al. reported a case in
which removal of a dislocated IOL and insertion
of a new IOL were performed at the 8 o’clock
position of the right eye during their combined
surgery with trabeculectomy [10], with the aim
of the inferotemporal approach for the removal
and insertion of the right eye being the same,
namely to preserve the intact superior con-
junctiva and sclera. Similarly, our technique is
also effective for preserving the superior con-
junctiva and sclera, and especially effective for
removing the dislocated PMMA IOL. Our tech-
nique has a number of advantages. First, the
procedures of IOL removal and insertion and
suturing at the inferior sclerocorneal incision
are less invasive to the cornea; in particular, this
technique appears to be useful in corneal-graf-
ted eyes after penetrating keratoplasty and

DSAEK to avoid corneal damage that causes
postoperative BK and delayed Descemet mem-
brane folds. Second, this technique can protect
the filtering bleb during trabeculectomy and
preserve the intact superior conjunctiva for
future trabeculectomy; this preservation is
paramount to achieving successful trabeculec-
tomy [11].

However, this technique has one important
limitation: when a new acryl IOL is inserted
with an IOL injector into the left eye, the
patient’s nose may limit the movement of the
injector. There are two possible solutions to this
problem. The first solution is to use a 2.2- to 2.4-
mm pre-placed superior incision of the cornea
to insert the IOL, unless it is inserted after a
corneal transplant. The small size of the 2.2- to
2.4-mm corneal incision reduces the risk of
corneal damage without influencing the bleb of
trabeculectomy. In the first case reported here,

Fig. 2 Preoperative and postoperative anterior pho-
tographs. a The first case was a dislocated IOL with
bullous keratopathy and diffuse bleb after trabeculectomy.
b In the first case, the cornea and bleb did not change in
the first 3 months postoperatively. c The second case

preoperatively was a dislocated IOL with bullous ker-
atopathy after DSAEK and three non-functional blebs
after trabeculectomy. d In the second case, the cornea and
bleb did not change 3 months postoperatively. DSAEK
Descemet’s stripping automated endothelial keratoplasty

884 Ophthalmol Ther (2022) 11:881–886

Fig. 2: Preoperative and postoperative anterior photographs. a The first case was a dislocated IOL with bullous 
keratopathy and diffuse bleb after trabeculectomy. b In the first case, the cornea and bleb did not change in the 
first 3 months postoperatively. c The second case preoperatively was a dislocated IOL with bullous keratopathy 
after DSAEK and three non-functional blebs after trabeculectomy. d In the second case, the cornea and bleb did not 
change 3 months postoperatively. DSAEK Descemet’s stripping automated endothelial keratoplasty.
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technique appears to be useful in corneal-grafted eyes after penetrating keratoplasty and DSAEK 
to avoid corneal damage that causes postoperative BK and delayed Descemet membrane folds. 
Second, this technique can protect the filtering bleb during trabeculectomy and preserve the 
intact superior conjunctiva for future trabeculectomy; this preservation is paramount to achiev-
ing successful trabeculectomy [11].

However, this technique has one important limitation: when a new acryl IOL is inserted with 
an IOL injector into the left eye, the patient’s nose may limit the movement of the injector. There 
are two possible solutions to this problem. The first solution is to use a 2.2- to 2.4-mm pre-placed 
superior incision of the cornea to insert the IOL, unless it is inserted after a corneal transplant. 
The small size of the 2.2- to 2.4-mm corneal incision reduces the risk of corneal damage without 
influencing the bleb of trabeculectomy. In the first case reported here, because the patient’s nose 
was high, a new IOL was inserted through a superior corneal incision. However, in the second 
case, because the patient’s nose was not high, it was possible to insert the IOL from below without 
any problems. The second solution is to alter the position of the sclerocorneal incision for IOL 
removal from the inferonasal incision to the inferotemporal incision in the left eye. If the incision 
for the removal of the dislocated IOL is created at the inferotemporal position, the positions of the 
three ports of vitrectomy must be changed, or the position of the infusion tube must be changed 
accordingly, from the inferotemporal port to the other port.

Conclusion

The inferior approach of dislocated IOL removal and new IOL insertion with a superior corneal 
main port and two side ports could become a standard technique that contributes to protecting 
the existing filtering bleb and leaving the intact superior conjunctiva for future trabeculectomy.
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Abstract

Purpose: To evaluate the prognosis of patients with blunt trauma-mediated cyclodialysis cleft 
and lens subluxation treated by dual capsular tension rings (CTRs) with different preoperative 
intraocular pressures (IOPs).
Methods: Twenty-five patients with cyclodialysis cleft and lens subluxation after blunt trauma 
were recruited in this study. They were categorized into the low IOP group (IOP < 10 mmHg) 
and normal IOP group (between 10 mm and 21 mmHg). A modified CTR (MCTR) or CTR was 
sutured into the ciliary sulcus, and another MCTR or CTR was implanted in the capsular bag. The 
prognosis outcome measurements, including BCVA (LogMAR), IOP, UBM, and macular charac-
ter on OCT, were collected during the regular outpatient follow-up after surgery until the recovery 
of cyclodialysis cleft was found. Measures of cyclodialysis cleft recovery included successful IOP 
control (defined as an IOP within 10–21 mmHg), confirmation of cleft closure on UBM, and con-
firmation of IOL centration under slit-lamp examination. Follow-up period or recovery time was 

Effect of Different Preoperative Intraocular 
Pressures on the Prognosis of Traumatic 
Cyclodialysis Cleft Associated with Lens 
Subluxation
Li Ning,Yinuo Wen, Lina Lan, Ying Yang, Tianhui Chen, ZeXu Chen,  
Jiahui Chen, Yongxiang Jiang

L. Ning,  L. Lan,  T. Chen,  ZeX. Chen,  J. Chen, Y. Jiang () 
Eye Institute and Department of Ophthalmology, Eye & ENT Hospital, Fudan University, Shanghai 200031, China 
e-mail: yongxiang_jiang@163.com; 15301050187@fudan.edu.cn 

L. Ning  L. Lan  T. Chen  ZeX. Chen  J. Chen, Y. Jiang 
NHC Key Laboratory of Myopia (Fudan University), Key Laboratory of Myopia, Chinese Academy of Medical Sciences, Shanghai 
200031, China 

L. Ning,  L. Lan,  T. Chen,  ZeX. Chen,  J. Chen, Y. Jiang 
Shanghai Key Laboratory of Visual Impairment and Restoration, Shanghai 200031, China 

Y. Wen 
The First Clinical Medical College, Wenzhou Medical University, Wenzhou 325035, China 

Y. Yang 
Jiangsu Province Hospital of Chinese Medicine, Affiliated Hospital of Nanjing University of Chinese Medicine, Nanjing 210029, China

Li Ning and Yinuo Wen contributed equally to this work.



8 • CUT TING EDGE - GLAUCOMA

regarded as the duration between discharge from the hospital after the operation and the recovery 
of cyclodialysis cleft. The longest follow-up period was 1 year.
Results: Cyclodialysis cleft was successfully treated in 21/25 eyes, whereas lens subluxation was 
treated effectively in all 25 eyes. CTRs and IOLs were stable in all eyes. BCVA (P < 0.001) and IOP 
(P < 0.001) were significantly improved after surgery. The primary surgical complication included 
reversible IOP spike in seven eyes. Postoperative BCVA was found to have correlation with the 
preoperative IOP (P = 0.016), maculopathy (P = 0.002,), and trauma duration (P = 0.046). Worse 
BCVA (P = 0.037) and more severe grade of maculopathy (P = 0.030) were observed in the low IOP 
group (14 eyes). In contrast, a better prognosis and greater probability of IOP spike (P = 0.021) 
were observed in the normal IOP group (11 eyes).
Conclusion: Timely and proper intervention for traumatic cyclodialysis cleft associated with 
lens subluxation is essential. Lower preoperative IOP is associated with worse prognosis and pro-
longed recovery time, while caution should be taken in IOP spike monitoring in patients with 
normal preoperative IOP.

Keywords: Cyclodialysis cleft, Lens subluxation, Trauma, Dual capsular tension ring

Key Summary Points
Why carry out this study?

Traumatic cyclodialysis coexisting with lens subluxation is rare and complicated. It can further cause hypotony, leading 
to several associated complications, such as cataracts. Early detection and surgical recovery of ciliary body separation 
and lens dislocation are helpful in the recovery of visual function. However, the relationship between preoperative 
intraocular pressure and patient prognosis remains unclear.

What was learned from the study?

Timely and proper intervention for traumatic cyclodialysis cleft associated with lens subluxation is essential. Lower 
preoperative IOP is associated with worse prognosis and prolonged recovery time, while caution should be taken in IOP 
spike monitoring in patients with normal preoperative IOP.

Introduction

Cyclodialysis cleft occurs because of separation of the longitudinal ciliary muscle fibers from the 
scleral spur, creating an abnormal and additional pathway for the aqueous humor drainage [1]. 
Excessive drainage of aqueous humor along with hypofunction of the ciliary body leads to chronic 
hypotony and associated complications [2]. Reported incidences of blunt trauma-mediated cyclo-
dialysis cleft are between 1 and 11% of all the cases [3]. In addition, the incorrect insertion of 
the ciliary body from the origin of the lens zonular fibers can cause zonular weakness and lens 
subluxation [1,  4,  5]. Cyclodialysis itself is a rare condition; traumatic cyclodialysis coexisting 
with lens subluxation is even more uncommon and complicated. Conservative management does 
not help in the resolution of lens subluxation in cyclodialysis patients; hence, prompt surgical 
interventions are necessary. Early detection with accurate intervention helps in restoration of the 
apposition of the detached ciliary body and dislocated lens, which further aids in the recovery of 
visual function [6].
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Various surgical methods are employed for the management of cyclodialysis [7–11], though 
using a classic surgical procedure of direct cyclopexy can only resolve the problem of cyclodi-
alysis cleft but requires extensive surgical skills [12]. Moreover, after direct cyclopexy, patients 
still require a secondary intervention for traumatic cataracts, lens subluxation, vitreous prolapse, 
and so on. Therefore, an innovative and combined surgical method could offer a better interven-
tional option. Gupta et al. [13] used the procedure of placing two capsular tension rings (CTRs) 
for treating blunt trauma-mediated cataract, zonular dialysis, iridodialysis, and cyclodialysis. We 
also previously used the method of dual CTRs combined with phacoemulsification while dealing 
with traumatic cyclodialysis cleft and zonular dialysis [6]. During the procedure, a modified cap-
sular tension ring (MCTR) suturing was pushed toward the maximum height of the cleft, which 
resulted in the re-attachment of the detached ciliary body to the scleral spur by direct mechanical 
tamponade. Meanwhile, lens subluxation was treated by phacoemulsification and CTR implan-
tation. This modified surgical intervention was beneficial in reducing patient’s pain, the risk of 
repeated surgery, and the financial burden. Of note, this technique involved a small incision, use 
of routine technique, minimal sutures, and fewer complications.

Cyclodialysis cleft can further cause hypotony, leading to several associated complications, 
such as cataracts, optic disk swelling, refractive changes, retinochoroidal folds, and maculopathy. 
Interestingly, in our previous study, normal intraocular pressure (IOP) was seen after traumatic 
cyclodialysis cleft [6]. However, changes in IOP after traumatic cyclodialysis cleft can be attributed 
to lens dislocation, shallow anterior chamber, anterior segment inflammation, anterior chamber 
angle closure, vitreous prolapse, peripheral anterior synechiae, and so on. However, during our 
clinical observation, we noted better best-corrected visual acuity (BCVA) and susceptibility to 
transient IOP rise in these normal IOP patients.

In the present study, the patients with cyclodialysis cleft and lens subluxation after blunt 
trauma were categorized into the normal IOP group (preoperative IOP from 10 to 21 mmHg) 
and low IOP group (preoperative IOP < 10 mmHg). All the patients underwent the same surgical 
procedure as reported before [6]. The two groups were compared postoperatively for BCVA, IOP 
spike, and macular changes to determine the differences in prognosis due to different preopera-
tive IOPs.

Methods

Compliance with Ethics Guidelines

All procedures performed on human participants followed the 1964 Declaration of Helsinki and 
its later amendments after receiving proper approval from the Human Research Ethics Committee 
of the Eye & ENT Hospital of Fudan University (no. 2020126-1). Furthermore, informed consent 
was obtained from all participants and the guardians of those under 18 years of age. Informed 
consent for publication was obtained from all participants.
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Patients

The study recruited 25 eligible patients in this prospective case series study, from January 2017 
to December 2019, who attended the ophthalmology clinic at the Eye and ENT Hospital of 
Fudan University, Shanghai, China. Cyclodialysis cleft was diagnosed as previously reported [14]. 
Inclusion criteria: Patients with cyclodialysis cleft and lens subluxation after blunt trauma who 
underwent combined insertion of a CTR or MCTR into the ciliary sulcus and another CTR or 
MCTR into the capsular bag. Exclusion criteria: (1) patients with concomitant vitrectomy for 
severe ectopia lentis and vitreous prolapse; (2) patients with severe ocular complications such as 
scleral laceration and choroidal laceration; (3) patients with traumatic maculopathy except for 
hypotony maculopathy; (4) follow-up loss; (5) history of vision correction surgery, glaucoma, 
keratoconus, uveitis, or retinal detachment.

Preoperative Measures

Preoperative data collection included demographic profile, trauma history and duration of trauma, 
BCVA, IOP, anterior chamber depth (ACD), cyclodialysis cleft size, axial length, and maculopa-
thy. The BCVA measurements were converted to logarithm of the minimal angle of resolution 
(logMAR) notation. Slit-lamp examination, non-contact tonometer (CT-80, Topcon Medical 
Systems, Oakland, NJ, USA), B-scan ultrasonography (Aviso, Quantel Médical, Clermont-
Ferrand, France), partial coherence interferometry (IOLMaster 500 and 700, Carl Zeiss Meditec 
AG, Jena, Germany), optical coherence tomography (Spectrialis OCT, Heidelberg Engineering, 
Heidelberg, Germany), and UBM (MD-300 L, MEDA, Tianjin, China) were performed in all 
patients. Hypotony maculopathy was diagnosed as described by Costa et al. [15]. For statistical 
analysis, maculopathy was graded as normal (grade 0), mild chorioretinal folds (grade 1), moder-
ate chorioretinal folds with macular fovea edema (grade 2), and severe macular change such as 
severe edema and retinal thinning (grade 3) (Fig. 1).

Surgical Plan

All surgeries were performed by the same surgeon (Dr. YX Jiang). The surgical procedure was 
adopted as described by Jiahui Chen [6]. The operation process is briefly described as follows: 
Under anesthesia or general anesthesia, an upper transparent corneal tunnel incision and punc-
ture are performed. After standard stopping and chopping or tilting and rolling phacoemulsifi-
cation techniques and cortical aspiration, the viscous OVD is re-injected into the capsular bag. 
CTR (Morcher Type 14C, Type 14A or Type 14, GmbH, Germany) or MCTR (Morcher Type 1 L 
or Type 2C, GmbH, Germany) with perforation preset with 9-0 polypropylene is aligned along 
the zonular dialysis zone. The capsular bag is implanted to support the zonules, and then a fold-
able intraocular lens is inserted into the capsule. After zonular dialysis, a 13-mm Morcher Type 2 
L CTR (Morcher GmbH, Germany), MCTR, with two perforations is pre-placed into the ciliary 
sulcus with 10-0 polypropylene, and then the end of the Prolene suture is placed on the sclera 
and it is tied 1 mm behind the edge of the surgical site. The location of a small hole is pushed to 
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the maximum height of the fissure, which causes the detached ciliary body to be reconnected to 
the scleral spur via direct mechanical packaging. Furthermore, the cyclodialysis cleft closure was 
confirmed by gonioscopy at the end of surgery (Supplementary Material: Surgical video 1 and 2).

Postoperative Outcome Measures

Postoperative follow-up measurements, including BCVA, IOP, UBM, B-scan ultrasonography, and 
macular character on OCT, were collected during the regular outpatient follow-up after surgery 
(1 month, 3 months, 6 months, 9 months, and 12 months), until the recovery of cyclodialysis 
cleft was found in two consecutive follow-ups. Measures of cyclodialysis cleft recovery included 
a successful IOP control (defined as an IOP within 10–21 mmHg), confirmation of cleft closure 
on UBM, and confirmation of IOL centration under slit-lamp examination. Follow-up period or 
recovery time was regarded as the duration between discharge from the hospital after the opera-
tion and the recovery of cyclodialysis cleft. The longest follow-up period was 1 year. Eyes with 
postoperative IOP spikes received antiglaucoma eye drops.

Statistical Analysis

Statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). 
The data distribution was confirmed by the Shapiro-Wilk test. Quantitative variables were pre-
sented as mean ± standard deviation whereas the median (quartiles) and categorical statistics were 
described in the counts. Independent  t-test or Mann-Whitney U-test was applied as appropri-
ate to compare the clinical characteristics between the two groups. Wilcoxon signed rank test 
or paired t-test was used for pre- and postoperative parameters. Chi-square test or Fisher’s exact 
probability test was used for categorical variables, such as IOP spike and maculopathy, between 
the two groups. Pearson’s or Spearman’s correlation analysis was used to explore the relevant 
factors. The results of two-tailed tests were considered significant at P < 0.05.

Results

Twenty-five eyes of 25 patients were enrolled in the present study (Fig. 2). The baseline charac-
teristics between the two groups are presented in Table  1. Significant difference was observed 
in the IOP and macular change parameters only at baseline. During the procedure, one MCTR 

ultrasonography (Aviso, Quantel Médical, Cler-
mont-Ferrand, France), partial coherence inter-
ferometry (IOLMaster 500 and 700, Carl Zeiss
Meditec AG, Jena, Germany), optical coherence
tomography (Spectrialis OCT, Heidelberg Engi-
neering, Heidelberg, Germany), and UBM (MD-
300 L, MEDA, Tianjin, China) were performed
in all patients. Hypotony maculopathy was
diagnosed as described by Costa et al. [15]. For
statistical analysis, maculopathy was graded as
normal (grade 0), mild chorioretinal folds
(grade 1), moderate chorioretinal folds with
macular fovea edema (grade 2), and severe
macular change such as severe edema and reti-
nal thinning (grade 3) (Fig. 1).

Surgical Plan

All surgeries were performed by the same sur-
geon (Dr. YX Jiang). The surgical procedure was
adopted as described by Jiahui Chen [6]. The
operation process is briefly described as follows:
Under anesthesia or general anesthesia, an
upper transparent corneal tunnel incision and
puncture are performed. After standard stop-
ping and chopping or tilting and rolling pha-
coemulsification techniques and cortical
aspiration, the viscous OVD is re-injected into
the capsular bag. CTR (Morcher Type 14C, Type
14A or Type 14, GmbH, Germany) or MCTR
(Morcher Type 1 L or Type 2C, GmbH, Ger-
many) with perforation preset with 9-0
polypropylene is aligned along the zonular
dialysis zone. The capsular bag is implanted to
support the zonules, and then a foldable
intraocular lens is inserted into the capsule.
After zonular dialysis, a 13-mm Morcher Type 2
L CTR (Morcher GmbH, Germany), MCTR, with
two perforations is pre-placed into the ciliary

sulcus with 10-0 polypropylene, and then the
end of the Prolene suture is placed on the sclera
and it is tied 1 mm behind the edge of the sur-
gical site. The location of a small hole is pushed
to the maximum height of the fissure, which
causes the detached ciliary body to be recon-
nected to the scleral spur via direct mechanical
packaging. Furthermore, the cyclodialysis cleft
closure was confirmed by gonioscopy at the end
of surgery. (Supplementary Material: Surgical
video 1 and 2).

Postoperative Outcome Measures

Postoperative follow-up measurements, includ-
ing BCVA, IOP, UBM, B-scan ultrasonography,
and macular character on OCT, were collected
during the regular outpatient follow-up after
surgery (1 month, 3 months, 6 months,
9 months, and 12 months), until the recovery of
cyclodialysis cleft was found in two consecutive
follow-ups. Measures of cyclodialysis cleft
recovery included a successful IOP control (de-
fined as an IOP within 10–21 mmHg), confir-
mation of cleft closure on UBM, and
confirmation of IOL centration under slit-lamp
examination. Follow-up period or recovery time
was regarded as the duration between discharge
from the hospital after the operation and the
recovery of cyclodialysis cleft. The longest fol-
low-up period was 1 year. Eyes with postopera-
tive IOP spikes received antiglaucoma eye
drops.

Statistical Analysis

Statistical analyses were performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA).
The data distribution was confirmed by the

Fig. 1 Grade of maculopathy. a Mild chorioretinal folds (grade 1); b moderate chorioretinal folds (grade 2); c severe
macular change (grade 3)
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Fig. 1: Grade of maculopathy. a Mild chorioretinal folds (grade 1); b moderate chorioretinal folds (grade 2); c severe 
macular change (grade 3).
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Shapiro-Wilk test. Quantitative variables were
presented as mean ± standard deviation
whereas the median (quartiles) and categorical
statistics were described in the counts. Inde-
pendent t-test or Mann-Whitney U-test was
applied as appropriate to compare the clinical
characteristics between the two groups. Wil-
coxon signed rank test or paired t-test was used
for pre- and postoperative parameters. Chi-
square test or Fisher’s exact probability test was
used for categorical variables, such as IOP spike
and maculopathy, between the two groups.
Pearson’s or Spearman’s correlation analysis was
used to explore the relevant factors. The results
of two-tailed tests were considered significant at
P\ 0.05.

RESULTS

Twenty-five eyes of 25 patients were enrolled in
the present study (Fig. 2). The baseline charac-
teristics between the two groups are presented
in Table 1. Significant difference was observed
in the IOP and macular change parameters only
at baseline. During the procedure, one MCTR or
CTR was successfully sutured into the ciliary
sulcus, whereas another MCTR or CTR was
implanted in the capsular bag after

phacoemulsification. In this study, all patients
were followed up for 3 to 12 months, with an
average of 7.55 ± 4.03 months: low IOP group:
7.89 ± 2.53 (range: 6–12 months); normal IOP
group 7.21 ± 3.13 (range: 3–11 months).
Within 1 year after surgery, the cyclodialysis
cleft was closed in 21 eyes (84%). Although
clefts remained in four eyes at 1-year follow-up,
no surgical intervention was required. CTRs and
IOLs were stable in all the patients (25 eyes,
100.0%). At the final follow-up examination,
BCVA improved from 1.1 ± 0.8 LogMAR before
surgery to 0.2 ± 0.4 LogMAR after surgery
(P\0.001). IOP was also significantly increased
from 9.6 ± 2.8 mmHg preoperatively to
13.1 ± 3.5 mmHg at the last postoperative fol-
low-up (P\0.001). First day post-surgery IOP
spike was detected in seven eyes (28.0%), which
was reversible and could be controlled by anti-
glaucoma drugs. However, mild-to-severe mac-
ulopathy occurred in 16 patients (64%).
Importantly, postoperative BCVA had a signifi-
cant correlation with preoperative IOP
(P = 0.016, r = - 0.486), maculopathy
(P = 0.002, r = 0.596), and trauma duration
(P = 0.046, r = - 0.420). Of note, no other seri-
ous complications were observed during the
follow-up period.

Fig. 2 Flow chart of participant recruitment and participation. CTR capsular tension rings; MCTR modified CTR

Ophthalmol Ther (2022) 11:689–699 693

Fig. 2: Flow chart of participant recruitment and participation. CTR capsular tension rings; MCTR modified CTR.

Table 1: Baseline characteristics of all 25 patients.
Characteristics Groups P

Low IOP (n = 14) Normal IOP (n = 11)

No. of eyes (left/right, n) 14 (5/9) 11 (6/5)  

Gender (male/female, n) 11/3 8/3 1.000

Age (year, min–max) 50.6 ± 7.1 (35–74) 53.4 ± 7.3 (44–66) 0.357

Duration of trauma (month, min–max) 5.8 ± 7.0 (1–24) 6.0 ± 4.7(1–18) 0.335a

Cleft size (clock, min–max) 2.4 ± 2.0 (1–5.5) 2.3 ± 1.4 (1–4) 0.789a

ACD (mm, min–max) 2.1 ± 0.5 (1.28–2.87) 2.0 ± 0.3 (1.33–2.63) 0.540

Axial length (mm, min–max) 22.7 ± 0.8 (21.13–26.25) 23.2 ± 1.7 (21.64–27.81) 0.547a

K1 (D, min–max) 43.6 ± 1.5 (39.7–46.1) 43.3 ± 1.8 (40.1–47.3) 0.753

K2 (D, min–max) 44.2 ± 1.5 (40.2–46.1) 44.6 ± 1.6 (39.8–46.2) 0.534

Traumatic cataract (n) 14 11  

Choroidal detachment (n) 13 11  

Optic disk swelling (n) 6 7  

Secondary angle closure or cracked 
narrowing (n)

11 10

ACD, anterior chamber depth; K, keratometry; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimal angle of 
resolution; IOP, intraocular pressure
aMann–Whitney U test
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or CTR was successfully sutured into the ciliary sulcus, whereas another MCTR or CTR was 
implanted in the capsular bag after phacoemulsification. In this study, all patients were followed 
up for 3 to 12 months, with an average of 7.55 ± 4.03 months: low IOP group: 7.89 ± 2.53 (range: 
6–12 months); normal IOP group 7.21 ± 3.13 (range: 3–11 months). Within 1 year after surgery, 
the cyclodialysis cleft was closed in 21 eyes (84%). Although clefts remained in four eyes at 1-year 
follow-up, no surgical intervention was required. CTRs and IOLs were stable in all the patients  
(25 eyes, 100.0%). At the final follow-up examination, BCVA improved from 1.1 ± 0.8 LogMAR 
before surgery to 0.2 ± 0.4 LogMAR after surgery (P < 0.001). IOP was also significantly increased 
from 9.6 ± 2.8  mmHg preoperatively to 13.1 ± 3.5  mmHg at the last postoperative follow-up 
(P < 0.001). First day post-surgery IOP spike was detected in seven eyes (28.0%), which was 
reversible and could be controlled by anti-glaucoma drugs. However, mild-to-severe maculopathy 
occurred in 16 patients (64%). Importantly, postoperative BCVA had a significant correlation with 
preoperative IOP (P = 0.016, r = − 0.486), maculopathy (P = 0.002, r = 0.596), and trauma duration 
(P = 0.046, r = − 0.420). Of note, no other serious complications were observed during the follow-
up period.

Table 2: Pre- and postoperative clinical characteristics of low and normal IOP groups.
Characteristics Groups P value

Low IOP (n = 14) Normal IOP (n = 11)

Preoperative    

 BCVA(LogMAR, min–max) 1.20 ± 0.9 (0.22–3.00) 1.00 ± 0.7 (0.22–2.10) 0.527a

 IOP (mmHg, min–max) 7.67 ± 1.0 (6.3–9.5) 12.60 ± 2.2 (10–15.3)  < 0.001a

  Maculopathy (normal/mild/moderate/
severe, n)

3/6/0/5 6/4/1/0 0.049b

Postoperative    

 Follow-up periods (month, min–max) 7.89 ± 2.53 (6–12) 7.21 ± 3.13 (3–11)  

 BCVA(LogMAR, min–max) 0.59 ± 0.75 (0.00–0.50) 0.38 ± 0.65 (0.00–2.70) 0.037a

 IOP (mmHg, min–max) 11.62 ± 3.37 (10.0–16.7) 14.95 ± 2.51 (10–20.0) 0.013c

 IOP spike ratio (%, n) 7.1 (1/14) 54.5 (6/11) 0.021b

 Maculopathy (normal/mild/moderate/
severe, n)

3/6/0/5 7/3/1/0 0.030b

P value (pre- vs. postoperative)   \

 BCVA(LogMAR, min–max) 0.005d 0.003d \

 IOP (mmHg, min–max)  < 0.001e 0.079e \

 Maculopathy (normal/mild/moderate/
severe, n)

\ \ \

The significance of bold indicated p < 0.05
ACD anterior chamber depth; K keratometry; BCVA best-corrected visual acuity; LogMAR logarithm of the minimal angle of 
resolution; IOP intraocular pressure
aMann-Whitney U test
bChi-square test
ct-test
dWilcoxon signed rank test
ePaired t-test
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Postoperative comparisons between the two groups are shown in Table 2. Postoperatively, 
significant differences were seen in BCVA, IOP, IOP spike ratio, and maculopathy. However, in 
both groups, BCVA and IOP were significantly improved (Fig. 3a, b).

In the normal IOP group, the postoperative BCVA was better (P = 0.037), while the inci-
dence of IOP spike was significantly higher than in the low IOP group (6/11 vs. 1/14, P = 0.021). 
However, no significant correlation was observed between the IOP spike and BCVA for the normal 
IOP group (P = 0.147). Moreover, no case of a persistent elevated IOP was seen in this group; also 
patients without IOP spike maintained stable IOPs during the follow-up.

In the low IOP group, postoperative BCVA was comparatively poor (P = 0.037), with more 
severe postoperative macular change (P = 0.030). IOP recovery time also varied from 1 week to 
6 months, and only four eyes reverted to normal IOP within 1 month postoperatively. Three eyes 
had low IOP (7.8 mmHg, 8.0 mmHg, 8.1 mmHg, respectively) until the last follow-up. However, 
IOP recovery time did not have an association with age (P = 0.617), duration of trauma (P = 0.660), 
preoperative IOP (P = 0.839), or cleft extension (P = 0.534).

Discussion

In the current study, 25 eyes with cyclodialysis cleft and lens subluxation were surgically treated 
with dual CTR implantation. Overall surgical results were satisfying; however, the prognosis of 
normal preoperative IOPs differed from that for low preoperative IOPs.

Cyclodialysis combined with lens subluxation is a rare but intricate situation. When and 
how to operate are worth exploring. Conflicting views exist on the surgical intervention timing 
for treating cyclodialysis cleft. Ormerod [5] suggested that IOP restoration within 2 months was 

to vascular damage of the nerve fiber layer (such
as hypotony maculopathy) and direct mechan-
ical forces that lead to photoreceptor and retinal
pigment epithelium destruction (such as chor-
oidal ruptures, submacular hemorrhages, trau-
matic macular holes, and photoreceptor and
retinal pigment epithelium injury). In this
study, we evaluate the outcome of patients with
blunt trauma-mediated cyclodialysis cleft and
lens subluxation treated by dual CTRs in dif-
ferent preoperative IOPs. Except for hypotony
maculopathy, patients with another traumatic
maculopathy were excluded. Hypotony macu-
lopathy is caused by inward scleral wall col-
lapse, causing redundancy of the choroid and
retina, which eventually leads to chorioretinal
folds, vascular tortuosity, and disc edema,
especially at the macula [15]. Although preop-
erative IOPs were not ‘‘typical’’ hypotony in our
study, hypotony maculopathy was observed in
our patients, especially in the low IOP group.
OCT parameter was helpful and convenient for
diagnosing hypotonous maculopathy. Murta
suggested that vision loss probably happens
because of the distortion and misalignment of
photoreceptors [20]. Based on our observation,
severe maculopathy such as irreversible macular
edema and retinal thinning could cause com-
plete loss of vision, while mild chorioretinal
folds imposed a minor threat to BCVA. Some
patients had visual acuity better than 15/25
despite the mild chorioretinal folds seen during

follow-up. Of note, hypotony maculopathy was
more severe and persistent in the low than
normal IOP group, which resulted in worse
BCVA.

IOP recovery was expected after closure of
the cyclodialysis cleft. However, lower preoper-
ative IOP patients required a long time to return
to the normal range, whereas some patients had
hypotony until our last follow-up at 6 months
post-surgery. No significant factor was observed
for IOP recovery time in the current study. The
recovery and stability of IOP after cyclodialysis
surgery are subtle processes, which mainly
depend on restoring the ciliary body as well as
the trabecular meshwork and eventual balance
of secretion and aqueous humor outflow.

Sometimes, closure of the cyclodialysis cleft
leads to a painful and unexpected IOP spike.
However, in the present study, the incidence of
IOP spike following surgical intervention was
much lower than in the previous reports [11, 16],
since our technique was minimally invasive and
least interruptive to the anterior chamber angle.
The incomplete recovery of trabecularmeshwork
function following the restoration of aqueous
humor production by the ciliary body causes IOP
spike [1]. Patients with normal IOP might con-
serve more residual aqueous humor secretion
function or have severe anterior segment
inflammation preoperatively. The immediate
postoperative functional recovery in combina-
tion with inflammation might lead to an IOP

Fig. 3 a Pre- and postoperative BCVA; b pre- and postoperative IOP. *P\ 0.05

696 Ophthalmol Ther (2022) 11:689–699

Fig. 3: a Pre- and postoperative BCVA; b pre- and postoperative IOP. *P < 0.05.
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associated with better prognosis, whereas Jing et al. [4] advised closing the cyclodialysis as soon 
as possible after the diagnosis. While many reported significant visual recoveries after many years 
of cyclodialysis onset, the longest documented interval was 30 years [16, 17]. Agrawal and Hwang 
[16, 18] found no correlation between the duration of hypotony and final visual acuity in these 
patients. In the present study, a significant correlation was observed between the postoperative 
BCVA and time of trauma. Based on the findings, we suggest a prompt intervention for cyclodi-
alysis cleft, especially if it is accompanied by lens subluxation.

IOP reduction is the focal point for the cyclodialysis cleft. However, occurrence of normal 
IOP in patients with cyclodialysis and zonular dialysis might occur because of the mixed etiology, 
which reduces the outflow of aqueous humor from the trabecular meshwork. Of note, preopera-
tive IOP was higher in the present study than in previous reports [16, 19, 20]; however, only a 
few patients met the criteria for “statistical” hypotony [21]. Therefore, we chose the lower limit of 
normal IOP (10 mmHg) based on the grouping standard to investigate the clinical outcomes in 
different preoperative IOPs.

The etiopathogenesis of traumatic maculopathy has been suggested to be due to a combina-
tion of hemodynamic forces that lead to vascular damage of the nerve fiber layer (such as hypo-
tony maculopathy) and direct mechanical forces that lead to photoreceptor and retinal pigment 
epithelium destruction (such as choroidal ruptures, submacular hemorrhages, traumatic macular 
holes, and photoreceptor and retinal pigment epithelium injury). In this study, we evaluate the 
outcome of patients with blunt trauma-mediated cyclodialysis cleft and lens subluxation treated 
by dual CTRs in different preoperative IOPs. Except for hypotony maculopathy, patients with 
another traumatic maculopathy were excluded. Hypotony maculopathy is caused by inward 
scleral wall collapse, causing redundancy of the choroid and retina, which eventually leads to 
chorioretinal folds, vascular tortuosity, and disc edema, especially at the macula [15]. Although 
preoperative IOPs were not “typical” hypotony in our study, hypotony maculopathy was observed 
in our patients, especially in the low IOP group. OCT parameter was helpful and convenient for 
diagnosing hypotonous maculopathy. Murta suggested that vision loss probably happens because 
of the distortion and misalignment of photoreceptors [20]. Based on our observation, severe 
maculopathy such as irreversible macular edema and retinal thinning could cause complete loss 
of vision, while mild chorioretinal folds imposed a minor threat to BCVA. Some patients had 
visual acuity better than 15/25 despite the mild chorioretinal folds seen during follow-up. Of note, 
hypotony maculopathy was more severe and persistent in the low than normal IOP group, which 
resulted in worse BCVA.

IOP recovery was expected after closure of the cyclodialysis cleft. However, lower preopera-
tive IOP patients required a long time to return to the normal range, whereas some patients had 
hypotony until our last follow-up at 6 months post-surgery. No significant factor was observed 
for IOP recovery time in the current study. The recovery and stability of IOP after cyclodialysis 
surgery are subtle processes, which mainly depend on restoring the ciliary body as well as the 
trabecular meshwork and eventual balance of secretion and aqueous humor outflow.

Sometimes, closure of the cyclodialysis cleft leads to a painful and unexpected IOP spike. 
However, in the present study, the incidence of IOP spike following surgical intervention was 
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much lower than in the previous reports [11, 16], since our technique was minimally invasive 
and least interruptive to the anterior chamber angle. The incomplete recovery of trabecular mesh-
work function following the restoration of aqueous humor production by the ciliary body causes 
IOP spike [1]. Patients with normal IOP might conserve more residual aqueous humor secretion 
function or have severe anterior segment inflammation preoperatively. The immediate postopera-
tive functional recovery in combination with inflammation might lead to an IOP spike, which 
can be easily controlled and hence does produce significant damage to the optic nerve. However, 
with the functional recovery of the trabecular meshwork, the IOP generally returns to the normal 
range [22]. Therefore, preoperatively normal IOP patients have a greater probability of IOP spike. 
Moreover these patients had satisfactory prognosis, confirming that such transient spikes cause 
little to no damage to the eye. According to Murta et al. and Kato et al., IOP spike eventually 
plays a positive role in flattening retinal and choroidal folds and in re-attachment of the ciliary 
body to the scleral spur [20, 23]. In our study, the IOP spike’s impact on choroidal detachment 
was also explored. Although there was a differential tendency in the recovery time of choroidal 
detachment in patients with or without IOP spike, no significant difference was observed, prob-
ably because of the relatively small sample size.

The present study had the limitation of small sample size and short follow-up time as some 
patients were lost to follow-up because of COVID-19. Also, considering the rarity of cyclodialysis 
cleft, most of the other published papers are single case reports. However, precise expertise in this 
rare disease requires larger samples and long-term observations. Also, if we had a larger sample 
size, a multivariable model could be considered.

Conclusions

To conclude, our method using dual CTRs to treat cyclodialysis cleft associated with lens subluxa-
tion was found to be safe and effective; however, prompt intervention is recommended. Patients 
with different preoperative IOPs had different prognoses. Therefore, informed consent for low 
IOP subjects should include a long recovery time and dissatisfaction with visual function recovery.
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Abstract

Purpose: To investigate the efficacy and safety of non-valved Aurolab aqueous drainage implant 
(AADI) surgery combined with phacoemulsification in eyes with refractory glaucoma and coex-
istent cataract.
Methods: Included patients of 18  years or older who underwent combined AADI-
Phacoemulsification from June 2015 to January 2017 with at least 12  months of consecutive  
follow-up. The best-corrected visual acuity, intraocular pressure (IOP), and the number of IOP-
lowering medications were recorded at baseline, 2 weeks, 1, 3, 6, 12, 18, and 24 months. Cumulative 
probability of success was defined as IOP < 18 mmHg or 30% reduction from the baseline at two 
consecutive postoperative visits after 3-months. Loss of light perception or reoperation for uncon-
trolled glaucoma or a complication was considered failure apart from IOP criteria.
Results: Seventeen eyes of 17 patients with a mean follow-up of 22.6 ± 4.0 months were included. 
Baseline IOP and ocular hypotensive drugs reduced significantly from 27.9 ± 7.6  mmHg to 
14.0 ± 3.0  mmHg (p < 0.001) and 3.24 ± 0.7 to 1.33 ± 1.1 (p = 0.001), respectively, at 24  months. 
Cumulative probability of qualified success was 71.4% (95% Confidence Interval [CI] 40.6–88.2%) 
at 3 months and was maintained from 6 months onwards at 64.3% (95% CI 34.3–83.3%), up to 
2 years. Intravitreal steroid was injected in one eye (5.9%) of chronic cystoid macular edema, and 
tube repositioning was done in another for focal corneal decompensation.
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Conclusions: Combined AADI-Phacoemulsification surgery is a safe and effective option in pro-
viding favorable visual and IOP outcomes at an affordable cost in eyes with refractory glaucoma 
and coexistent cataract.

Keywords: Non-valved glaucoma drainage devices, Aurolab aqueous drainage device, 
Phacoemulsification

Introduction

Glaucoma is the leading cause of irreversible blindness in the world, and the prevalence of glau-
coma in India ranges from 2.2 to 5.8% [1, 2]. In India, an estimated eleven million people aged 
40  years and older are suffering from glaucoma [3]. Cataract and glaucoma often coexist in 
this population, and the management becomes more complex with regard to choosing an ideal 
surgery. Performing a combined procedure (cataract extraction with trabeculectomy) versus 
staged or sequential surgery (trabeculectomy or Glaucoma Drainage Device [GDD] first and then 
cataract extraction or vice versa) is the available options in treating coexistent cataract and glau-
coma. Surgeons often have a dilemma in choosing the appropriate surgery in these eyes, and the 
decision-making often depends on the age of the individual, grade of cataract, type of glaucoma, 
and disease severity.

Phacotrabeculectomy was first introduced in the literature in 1991, as a method to treat coex-
isting glaucoma and cataract [4]. However, in refractory glaucomas with previous failed filtering 
surgery and/or in eyes with greater risk of conjunctival fibrosis, performing a combined trab-
eculectomy and cataract extraction (CE) may have poor outcomes. When glaucoma is refractory 
to medical or surgical treatment and the patient also has a significant cataract, performing a com-
bined GDD with cataract extraction is a viable surgical option. Previous reports on combining 
CE with both the Ahmed glaucoma valve (AGV) [New World Medical, Cucamonga, CA] and the 
non-valved GDDs (Baerveldt Glaucoma Implant (BGI) [Abbott Medical Optics, Abbott Park, IL] 
and Aurolab aqueous drainage implant (AADI) [Aurolab, Madurai, India]) in eyes with refractory 
glaucoma have shown favorable safety and efficacy outcomes [5–9].

GDD plays a major role in patients with refractory glaucoma, in eyes with failed trabeculec-
tomy, and in whom primary trabeculectomy is not possible due to scarred conjunctiva from pre-
vious intraocular surgery. Currently, there are only two drainage devices available in India, and 
the cost of the non-valved AADI is much lesser than the AGV. Earlier studies comparing these 
two implants individually have shown equal efficacy in terms of controlling intraocular pressure 
(IOP), but the performance of each of these when combined with cataract is less reported [10, 11]. 
The purpose of our study is to evaluate the safety and efficacy of cost-effective AADI implantation 
combined with cataract surgery in eyes with refractory glaucoma and coexisting cataract.

Materials and Methods

This was a retrospective, interventional study, where we reviewed the charts of consecutive adult 
patients who underwent AADI surgery together with cataract extraction by phacoemulsification 
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from June 2015 to January 2017 by a single fellowship-trained glaucoma surgeon (R.S). The study 
was approved by the Institutional Review Board (RET202000300), and the study adhered to the 
tenets laid down by the Declaration of Helsinki. Informed consent was obtained from all patients 
before surgical intervention. Records of all patients were identified and drawn from a computer-
ized database. Case files of all these patients were screened, and data were traced until the last 
follow-up and were included in the analysis.

After identifying eligible patients, their demographics such as age, sex, laterality of disease, 
and clinical history were noted from the case files, followed by preoperative glaucoma diagnosis 
such as primary or secondary glaucoma, the grade of cataract, pachymetry, baseline Goldmann 
applanation IOP, number of antiglaucoma medications, baseline best-corrected visual acuity 
(BCVA), previous surgical history, mean deviation values in visual fields, optic disk changes and 
the date and details of AADI surgery. Patients with insufficient follow-up and those who under-
went adjunctive procedures along with phacoemulsification and AADI were excluded. Surgical 
details included the type of GDD, quadrant of implantation, type and the number of ligating 
sutures used, and intraoperative complications. Postoperatively, IOP, the number of IOP-lowering 
medications, BCVA, fundus findings, complications, and interventions/ re-surgery if any were 
recorded on day 1 and then at months 1, 3, 6, 9, 12, 18, and 24. A time window of ± 1 week up 
to 6 months and ± 1 month thereafter was considered in data collection due to the retrospective 
nature of the study.

Surgical Technique

Under sub-tenon’s anesthesia with a 2.5  ml mixture of (Lidocaine 2% and Bupivacaine 0.5%,) 
a superior corneal traction suture was placed with 4-0 silk (Aurolab, Madurai, India) to allow 
adequate exposure of the surgical field. A fornix‐based conjunctival peritomy was created in the 
superotemporal (ST) quadrant covering more than 5 clock hours to access the superior and lateral 
recti muscles. Blunt dissection was done to separate the underlying tenons capsule and adhesions 
if any and then the muscle hooks were inserted deeper and turned right and left side to isolate 
the two recti muscles (superior and lateral recti). After isolating the recti and confirming that 
the posterior muscle surface is free from adhesions, the two wings of 350mm2 plate AADI were 
pushed to slide under the muscles, and then, the plate was secured to the sclera using two 9-0 
nylon sutures (Aurolon, Aurolab, India) through the eyelets of the plate. It is important to make 
sure that the anterior edge of the plate is 8–10 mm away from the limbus. The patency of the tube 
was checked with a balanced salt solution in a syringe with a 30G cannula. The tube was then fixed 
to the sclera with a box suture using 9-0 nylon. Distal to this suture, the tube was ligated with a 6‐0 
vicryl (braided coated polyglactin 910 violet; Ethicon, Johnson and Johnson Ltd, Mumbai, India) 
suture at the plate-end, and occlusion was tested. Extreme care was taken to achieve a water-tight 
closure of the tube.

Following this step, the surgeon shifts temporally, and 2.8 mm clear corneal phacoemulsifica-
tion was performed with Infinity vision system (Alcon Laboratories, Inc., Fort Worth, TX, the USA). 
Hydrophilic foldable-Acrylic intraocular lenses were implanted in the capsular bag in all cases. 
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Hydroxypropyl methylcellulose 2% was used in all cases to protect endothelium and prevent col-
lapsing of the anterior chamber (AC). At the end of the surgery, the temporal corneal incision was 
opposed with a single interrupted 10-2 nylon (Aurolab, Madurai, India) suture. The tube length was 
shortened as appropriate after prior marking and inserted bevel-up through a 23G needle-generated 
sinuous scleral track 4 mm behind the limbus and 2 mm medially. To facilitate tube placement into 
the AC, the needle entry was made anterior and parallel to the iris, and for sulcus tube placement, 
the needle was oriented to enter behind the iris. Venting slits were made if necessary, according 
to the surgeon’s discretion based on preoperative IOP using a TG 160-6, 5.5-mm length 1/2 circle 
spatulated needle (Ethicon, Johnson and Johnson Ltd.).

We do not routinely use a patch graft to cover the tube, as we usually create a long sclero-
corneal tunnel of 4 mm to avoid tube exposures. A good water-tight closure of the conjunctiva 
along with Tenon’s fascia was achieved using 8‐0 vicryl (Braided coated polyglactin 910 violet; 
Ethicon, Johnson and Johnson) wing sutures on the sides. On completion, two corneal anchoring 
sutures were placed at the limbus using 10-0 nylon to avoid conjunctival retraction. Postoperatively, 
topical steroid eye drops were started 6 times daily, tapered biweekly over a period of 12 weeks, 
topical cycloplegic eye drops were used once a day for 8 weeks and topical antibiotic eye drops 
4 times daily for 4 weeks. Additionally, aqueous suppressants were continued up to 6 weeks and 
discontinued thereafter as per IOP levels.

Outcome Measures

The primary outcome measure was the percentage of IOP reduction and the reduction in the 
number of IOP-lowering medications. Secondary outcome measures were visual outcomes and 
the cumulative probability of success with the definition of IOP ≤  18  mmHg or at least 30% 
reduction from the baseline at two consecutive visits after 3 months. Complete success was defined 
when the target IOP criteria were reached without the use of IOP-lowering medications. Qualified 
success was defined when this was reached with the use of IOP-lowering medications. Failure was 
defined as IOP > 18 mmHg or reduced < 30% from baseline at two consecutive follow-up visits 
after 3 months of surgery or loss of light perception or reoperation for uncontrolled glaucoma or 
a complication. The hypertensive phase was identified in eyes with previously controlled IOP and 
later when the IOP of > 21 mmHg was seen between 6 and 10 weeks of AADI implantation, with 
or without IOP-lowering medications.

Statistical Methods

Statistical analyses were performed using the software STATA 14.0 (Texas, the USA). BCVA 
was assessed using the ETDRS chart and confirmed to the base-10 logarithm of minimal angle 
of resolution (logMAR) scale for statistical analysis. Variables were assessed for normality 
using the Shapiro–Wilk test and Box–Whisker plot. For normally distributed variables, mean 
and standard deviation (SD) was presented, and for skewed variables, median with interquar-
tile range (IQR) was presented. Descriptive categorical variables were presented in frequency 
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numbers and percentages (%). Postoperative comparison of intraocular pressure was analyzed 
using paired t-test and IOP-lowering medications and best-corrected visual acuity were compared 
using Wilcoxon signed-rank test. Survival analysis was performed, and Kaplan–Meier (KM) curves 
were plotted to represent the cumulative survival rates at various time points. Cumulative prob-
ability of complete and qualified success was analyzed using different IOP criteria. All the statisti-
cal tests used in this article were conducted at a 5% level of significance and were 2 tailed. p values 
of less than 0.05 were considered to be statistically significant.

Results

Twenty-one eyes underwent combined AADI with phacoemulsification surgery in the study 
period, and 17 eyes meeting the inclusion criteria were included. The mean follow-up of these 
patients was 22.6 ± 4.0 months, all except two of these eyes completed a minimum follow-up of 
two years. Preoperative baseline demographic characteristics are shown in (Table 1). The median 
age of the patients in this cohort was 52 (IQR 44–55) years, and the majority (52.9%) of them 
suffered from systemic co-morbidities. Less than one-third (29.4%) of these were treatment naïve 
eyes with mainly nuclear sclerosis grade 2–3 (64.7%) cataract. Nearly two-thirds (58.8%) of the 
eyes suffered from secondary glaucoma with advanced disk damage in the majority (94.1%). Eyes 
with neovascular glaucoma (NVG) had received pan-retinal laser photocoagulation and intravit-
real anti-VEGF two weeks before the AADI surgery.

Intraoperatively, the tube was placed predominantly in the AC in 15 (88.2%) eyes, with one 
case of sulcus tube placement in ICE syndrome and another case of NVG where the tube was 
placed in the vitreous cavity. Venting slits were performed in 4 eyes given very high preoperative 
IOP. Pupil expanding devices like Greischaber iris hooks were used in 4 eyes with small pupil 
diameter and synechiolysis was done in 2 eyes with uveitis and a capsular tension ring (CTR) was 
used in one eye with pseudoexfoliation.

Comparison of preoperative logMar BCVA, mean IOP, and the mean number of IOP-
lowering medications with postoperative visits at day 1, week 1, week 4, months 3, 6, 12, 18, 
and 24 months is presented in Table 2. The mean preoperative IOP was 27.9 ± 7.6 mmHg, and 
the mean number of IOP-lowering medications was 3.2 ± 0.7, which changed significantly with a 
reduction in IOP (p < 0.001) and the mean number of medications (p < 0.001) at all-time points 
after 3 months during follow-up visits. Figure 1 depicts the distribution of IOP decline at various 
time points with a line graph.

Figure 2 presents the comparison of baseline visual acuity with postoperative visits. Visual 
improvement was present in 64.7% of eyes, unchanged in 11.8%, and worsened in 23.5% at 
6 months. A similar trend was seen at one year (improvement in 64.7% and worsening in 35.3%) 
and 2 years (improvement in 73.3% and worsening in 26.7%), respectively.

Four eyes had high IOP in the early postoperative period (< 3 months), which was related 
to the hypertensive phase. These were managed by stepping-up IOP lowering medications. One 
of these underwent tube repositioning post-focal corneal decompensation. The IOP, however, 
remained stable.
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Table 1: Demographic and baseline characteristics of the study participants.
Mean ± SD or n (%)

Number of eyes 17

Age, (Years)

 Mean ± SD 49.5 ± 12.3

 Male gender, n (%) 11(64.7)

 Right eye, n (%) 12(70.6)

Systemic illness, n (%)

 DM 1(5.9)

 HTN 2(11.8)

 Cardiac 2(11.8)

 Asthma 1(5.9)

 Multiple comorbidities 3(17.6)

 Nil 8(47.0)

Pachymetry (µm)

 Mean ± SD 538.9 ± 22.2

Trabeculectomy, n (%) 12(70.6)

Cataract grade, n (%)

 NS-2 10(58.8)

 NS-3 1(5.9)

 PSCC 6(35.3)

CDR, n (%)

 < 0.8 1(5.9)

 0.8–0.9 16(94.1)

Diagnosis, n (%)

 POAG 3(17.6)

 PACG 3(17.6)

 PXG 2(11.8)

 NVG 2(11.8)

 ICE syndrome 2(11.8)

 JOAG 1(5.9)

 Silicone oil-induced glaucoma 4(23.5)

IOP, mmHg

 Mean ± SD 27.9 ± 7.6

BCVA, logMAR

 Median (IQR) 0.60(0.48–1.00)

IOP-lowering medications

 Mean ± SD 3.23 ± 0.7

Mean Deviation (dB)

 Mean ± SD − 20.9 ± 7.1

PSD (dB)

 Mean ± SD 10.4 ± 3.2
Quantitative variables were presented with mean and standard deviation (SD); Qualitative variables were presented with numbers 
(n) & percentages (%)
BCVA best-corrected visual acuity; CDR cup-to-disk ratio; dB decibels; DM diabetes mellitus; HTN hypertension; ICE iridocorneal 
endothelial syndrome; IOP intraocular pressure; JOAG juvenile open-angle glaucoma; LogMAR Logarithm of minimum angle of 
resolution; µm micrometers; NS nuclear sclerosis; NVG neovascular glaucoma; PACG primary angle-closure glaucoma; POAG primary 
open-angle glaucoma; PSCC posterior subcapsular cataract; PSD pattern standard deviation; PXFG pseudoexfoliation glaucoma
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Table  3  enlists the postoperative complications timeline and their management. Vitreous 
hemorrhage was seen in a NVG eye at 1-month follow-up which persisted until 3 months. Cystoid 
macular edema (CME) was seen in 4 eyes that mostly resolved with topical non-steroidal anti-
inflammatory drugs (NSAIDs), except in one patient who had chronic CME that required intra-
vitreal triamcinolone acetonide injection and persisted until 2 years. Tube corneal touch was seen 
in one eye at 12 months which later was managed with tube repositioning. Severe fibrin reaction 
due to reactivation of uveitis was seen at 12 months, which was managed with YAG laser mem-
branolysis. Severe corneal edema and drop in vision (no light perception) were observed in one 

Table 2: Comparison of intraocular pressure (IOP), IOP-lowering medications, and visual 
outcomes at various follow-up time points.

IOP No. of IOP-lowering 
medications

BCVA

Mean (SD) p value Mean (SD) p value Median (IQR) p value
Baseline 27.9(7.6) – 3.24(0.7) – 0.60(0.48–1.00) –

Day 1 26.6(6.9) 0.619 – – 0.60(0.18–1.30) 0.924

Week 2 23.9(11.4) 0.080 1.71(1.3) 0.001 0.18(0.18–0.60) 0.021

Month 1 20.8(14.4) 0.024 1.53(1.3) 0.001 0.18(0.18–1.00) 0.216

Month 3 17.8(5.4)  < 0.001 1.47(1.1)  < 0.001 0.30(0.18–1.00) 0.191

Month 6 16.4(4.1)  < 0.001 1.47(0.9)  < 0.001 0.30(0.18–1.00) 0.083

Month 12 17.1(6.1)  < 0.001 1.47(0.9)  < 0.001 0.30(0.18–1.00) 0.619

Month 18 15.5(3.7)  < 0.001 1.33(1.0) 0.001 0.18(0.18–1.00) 0.268

Month 24 14.9(3.0)  < 0.001 1.33(1.1) 0.001 0.48(0.18–1.08) 0.394
Two subjects were lost to follow up at month18 and month 24
BCVA best-corrected visual acuity; IOP intraocular pressure; SD standard deviation
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Figure 2 presents the comparison of baseline vis-
ual acuity with postoperative visits. Visual improve-
ment was present in 64.7% of eyes, unchanged in 
11.8%, and worsened in 23.5% at 6 months. A simi-
lar trend was seen at one year (improvement in 64.7% 
and worsening in 35.3%) and 2 years (improvement in 
73.3% and worsening in 26.7%), respectively.

Four eyes had high IOP in the early postopera-
tive period (< 3  months), which was related to the 

hypertensive phase. These were managed by step-
ping-up IOP lowering medications. One of these 
underwent tube repositioning post-focal corneal 
decompensation. The IOP, however, remained stable.

Table  3 enlists the postoperative complications 
timeline and their management. Vitreous hemor-
rhage was seen in a NVG eye at 1-month follow-up 
which persisted until 3  months. Cystoid macular 
edema (CME) was seen in 4 eyes that mostly resolved 
with topical non-steroidal anti-inflammatory drugs 
(NSAIDs), except in one patient who had chronic 
CME that required intravitreal triamcinolone aceto-
nide injection and persisted until 2  years. Tube cor-
neal touch was seen in one eye at 12 months which 
later was managed with tube repositioning. Severe 
fibrin reaction due to reactivation of uveitis was seen 
at 12  months, which was managed with YAG laser 
membranolysis. Severe corneal edema and drop in 

corneal endothelial syndrome; IOP intraocular pressure; JOAG 
juvenile open-angle glaucoma; LogMAR Logarithm of mini-
mum angle of resolution; µm micrometers; NS nuclear sclero-
sis; NVG neovascular glaucoma; PACG  primary angle-closure 
glaucoma; POAG primary open-angle glaucoma; PSCC pos-
terior subcapsular cataract; PSD pattern standard deviation; 
PXFG pseudoexfoliation glaucoma

Table 1  (continued)

Table 2  Comparison of 
intraocular pressure (IOP), 
IOP-lowering medications, 
and visual outcomes at 
various follow-up time 
points

Two subjects were lost to 
follow up at month18 and 
month 24
BCVA best-corrected visual 
acuity; IOP intraocular 
pressure; SD standard 
deviation

IOP No. of IOP-lowering 
medications

BCVA

Mean (SD) p value Mean (SD) p value Median (IQR) p value

Baseline 27.9(7.6) – 3.24(0.7) – 0.60(0.48–1.00) –
Day 1 26.6(6.9) 0.619 – – 0.60(0.18–1.30) 0.924
Week 2 23.9(11.4) 0.080 1.71(1.3) 0.001 0.18(0.18–0.60) 0.021
Month 1 20.8(14.4) 0.024 1.53(1.3) 0.001 0.18(0.18–1.00) 0.216
Month 3 17.8(5.4)  < 0.001 1.47(1.1)  < 0.001 0.30(0.18–1.00) 0.191
Month 6 16.4(4.1)  < 0.001 1.47(0.9)  < 0.001 0.30(0.18–1.00) 0.083
Month 12 17.1(6.1)  < 0.001 1.47(0.9)  < 0.001 0.30(0.18–1.00) 0.619
Month 18 15.5(3.7)  < 0.001 1.33(1.0) 0.001 0.18(0.18–1.00) 0.268
Month 24 14.9(3.0)  < 0.001 1.33(1.1) 0.001 0.48(0.18–1.08) 0.394

Fig. 1  Graph showing 
intraocular pressure (IOP) 
at baseline and follow-
up. Data are presented as 
mean ± standard deviation 
at each visit

Fig. 1: Graph showing intraocular pressure (IOP) at baseline and follow-up. Data are presented as mean ± standard 
deviation at each visit.
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patient with ICE syndrome at 6 months who worsened to corneal decompensation at 2 years with 
bullous keratoplasty requiring bandage contact lens and topical hyperosmotic drugs.

Success Outcome

The K–M plot for cumulative success at various time points is shown in Fig. 3. The cumulative 
probability of success reduced from 76.5% (95% CI 48.8% to 90.4%) at 3rd month to 70.6% (95% 
CI 43.1% to 86.6%) at 24 months.

Complete success and qualified successes were 80% and 92.3% at all postoperative visits when 
the success criteria were based on IOP ≤ 21 mmHg or 20% reduction from baseline (Table 4). On 
defining success based on IOP ≤ 18  mmHg or 30% IOP reduction, the complete and qualified 
successes were 50% and 71.4% until 3rd month, which then further dropped to 37.5% and 64.3% 
until last the follow-up visit. Lastly, when success was based on IOP ≤ 15 mmHg or 40% reduc-
tion from baseline, the complete and qualified successes were 50.0% and 57.1% at month 1, which 
reduced to 41.7% and 50.0% at month 3, 33.3%, and 42.9% at month 6, and 25.0% and 35.7% at 
the final visit at 2 years. Failure was seen in three (17.6%) eyes, one at 6 months, and two (13.3%) 
eyes at 24 months. Except one eye re-operated for tube repositioning, all failures were due to the 
inability to meet the IOP criteria.
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Fig. 2  Changes in the 
visual acuity over the 
follow-up from the baseline

Table 3  Complications, 
management, and 
interventions

AC anterior chamber; BCL 
bandage contact lens; CME 
cystoid macular edema; 
IOL intraocular lens; IOP 
intraocular pressure; IVB 
intravitreal bevacizumab; 
IVTA intravitreal 
triamcinolone acetonide; 
NSAIDs non-steroidal anti-
inflammatory drugs; VH 
vitreous hemorrhage; YAG  
yttrium–aluminum-garnet 
laser

Complication Conservative management Intervention n

Week 2
Horseshoe tear Barrage laser 1
Month 1
CME Topical NSAID – 1
VH Observation – 1

–
Month 3
Shallow AC Atropine – 1
CME Topical steroid drops – 2
VH – IVB 1
Month 6
AC shallow Atropine – 1
CME Topical NSAID RE IVTA 2
Corneal edema Hyperosmotic drug – 1
Year 1
Chronic CME Steroid drops – 1
Fibrinous membrane – YAG laser membranolysis 1
Tube endothelial touch –
Granulomatous uveitis Tube repositioning 1

Topical and oral steroids 1
Year 2 (n = 8)
Endothelial decompensation Bandage contact lens – 1

Hyperosmotic eye drops
Chronic CME Topical steroids – 1

Fig. 2: Changes in the visual acuity over the follow-up from the baseline.
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Discussion

Combined cataract with glaucoma drainage implant surgeries (GDD) is usually reserved for eyes 
with refractory glaucomas where previous treatment modalities to control IOP have failed. Our 
study results of combined AADI with cataract surgery revealed a significant postoperative reduc-
tion in IOP and the number of IOP-lowering medications with > 40% reduction from baseline at 
every postoperative visit after 3rd-month follow-up. Total (complete and qualified) success in our 
cohort, at 12 months (n = 11) and 24 months (n = 15) were 64.7% and 100.0%, respectively.

Our study had also witnessed a greater and more sustained IOP reduction of > 50% compared 
to Rao et al. study which reported a 34.7% IOP reduction at 12 months [9]. Likewise, Hoffmann et 
al. study using the non-valved Baerveldt implant combined with cataract surgery reported 89.5% 
success [6]. Similar success rates were observed in another study by Chung et al. [5] on 32 Asian 
eyes using both the valved and non-valved devices (BGI and AGV), with only 4 failures seen in 

Table 3: Complications, management, and interventions.
Complication Conservative management Intervention n
Week 2

Horseshoe tear  Barrage laser 1

Month 1

CME Topical NSAID – 1

VH Observation – 1

  –  

Month 3

Shallow AC Atropine – 1

CME Topical steroid drops – 2

VH – IVB 1

Month 6

AC shallow Atropine – 1

CME Topical NSAID RE IVTA 2

Corneal edema Hyperosmotic drug – 1

Year 1

Chronic CME Steroid drops – 1

Fibrinous membrane – YAG laser membranolysis 1

Tube endothelial touch –   

Granulomatous uveitis  Tube repositioning 1

 Topical and oral steroids  1

Year 2 (n = 8)

Endothelial decompensation Bandage contact lens – 1

 Hyperosmotic eye drops   

Chronic CME Topical steroids – 1
AC anterior chamber; BCL bandage contact lens; CME cystoid macular edema; IOL intraocular lens; IOP intraocular pressure; IVB 
intravitreal bevacizumab; IVTA intravitreal triamcinolone acetonide; NSAIDs non-steroidal anti-inflammatory drugs; VH vitreous 
hemorrhage; YAG yttrium–aluminum-garnet laser
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eyes that received BGI. Hafeezullah et al. study on the outcomes of the two non-valved devices 
(AADI vs. BGV) also reported AADI to be equally as efficacious as the BGI [12]. In developing 
countries like India, the high cost and non-availability of the BGI are important reasons to choose 
either the cost-effective AADI or AGV as an alternative to treat patients with cataract and refrac-
tory glaucomas.

Although we had a success rate exceeding 85%, we had encountered failure to control IOP in 3 
eyes at 6 months and 2 eyes at 2 years. Interestingly, all eyes responded well to IOP-lowering medi-
cations and none required any re-surgery. The differences in surgical success or failure reported 
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vision (no light perception) were observed in one 
patient with ICE syndrome at 6  months who wors-
ened to corneal decompensation at 2 years with bul-
lous keratoplasty requiring bandage contact lens and 
topical hyperosmotic drugs.

Success outcome

The K–M plot for cumulative success at various time 
points is shown in Fig.  3. The cumulative probabil-
ity of success reduced from 76.5% (95% CI 48.8% 
to 90.4%) at 3rd month to 70.6% (95% CI 43.1% to 
86.6%) at 24 months.

Complete success and qualified successes were 
80% and 92.3% at all postoperative visits when the 
success criteria were based on IOP ≤ 21  mmHg or 
20% reduction from baseline. (Table  4) On defin-
ing success based on IOP ≤ 18  mmHg or 30% IOP 
reduction, the complete and qualified successes 
were 50% and 71.4% until 3rd month, which then 
further dropped to 37.5% and 64.3% until last the 
follow-up visit. Lastly, when success was based on 
IOP ≤ 15 mmHg or 40% reduction from baseline, the 
complete and qualified successes were 50.0% and 
57.1% at month 1, which reduced to 41.7% and 50.0% 
at month 3, 33.3%, and 42.9% at month 6, and 25.0% 

Fig. 3  The Kaplan–Meier 
curve of cumulative prob-
ability of success at various 
follow-up time points

Table 4  Cumulative probability of complete and qualified success based on different criteria at different time points

* Success–IOP ≤ 21 mmHg and ≥ 5 mmHg or 20% reduction from baseline
† Success–IOP ≤ 18 mmHg and ≥ 5 mmHg or 30% reduction from baseline
‡ Success–IOP ≤ 15 mmHg and ≥ 5 mmHg or 40% reduction from baseline

Complete success 
(≤ 21)*

Qualified success 
(≤ 21)*

Complete success 
(≤ 18)†

Qualified success 
(≤ 18)†

Complete success 
(≤ 15)‡

Qualified success 
(≤ 15)‡

Month 1 80.0(20.4–96.9) 92.3(56.6–98.9) 50.0(15.2–77.5) 71.4(40.6–88.2) 50.0(20.8–73.6) 57.1(28.4–78.0)
Month 3 80.0(20.4–96.9) 92.3(56.6–98.9) 50.0(15.2–77.5) 71.4(40.6–88.2) 41.7(15.2–66.5) 50.0(22.9–72.2)
Month 6 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 33.3(10.3–58.8) 42.9(17.7–66.0)
Month 12 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 25.0(6.0–50.5) 35.7(13.0–59.4)
Month 24 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 25.0(6.0–50.5) 35.7(13.0–59.4)

Fig. 3: The Kaplan–Meier curve of cumulative probability of success at various follow-up time points.

Table 4: Cumulative probability of complete and qualified success based on different criteria at 
different time points.

Complete 
success (≤ 21)*

Qualified 
success (≤ 21)*

Complete 
success (≤ 18)†

Qualified 
success (≤ 18)†

Complete success 
(≤ 15)‡

Qualified 
success (≤ 15)‡

Month 1 80.0(20.4–96.9) 92.3(56.6–98.9) 50.0(15.2–77.5) 71.4(40.6–88.2) 50.0(20.8–73.6) 57.1(28.4–78.0)

Month 3 80.0(20.4–96.9) 92.3(56.6–98.9) 50.0(15.2–77.5) 71.4(40.6–88.2) 41.7(15.2–66.5) 50.0(22.9–72.2)

Month 6 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 33.3(10.3–58.8) 42.9(17.7–66.0)

Month 12 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 25.0(6.0–50.5) 35.7(13.0–59.4)

Month 24 80.0(20.4–96.9) 92.3(56.6–98.9) 37.5(8.7–67.4) 64.3(34.3–83.3) 25.0(6.0–50.5) 35.7(13.0–59.4)
*Success–IOP ≤ 21 mmHg and ≥ 5 mmHg or 20% reduction from baseline
†Success–IOP ≤ 18 mmHg and ≥ 5 mmHg or 30% reduction from baseline
‡Success–IOP ≤ 15 mmHg and ≥ 5 mmHg or 40% reduction from baseline
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in previous studies could be partly due to the varied IOP criteria used to define success, or due to 
the difference in ethnicity, disease severity, and preoperative indication for surgery. Also, surgical 
failure with implants is unavoidable as there is a continued remodeling of the fibrous capsule with 
thickening resulting in loss of permeability, diminished aqueous drainage, and failure of satisfac-
tory bleb formation.

In our cohort overall visual improvement was seen in 64.7% of eyes, of which 72.7% had 
visual acuity of 20/30 at 12 months. Similarly, Chung et al. [5] reported a visual improvement 
in 72%, with 69% of them having a visual acuity of 20/40 or better. Our cohort showed better 
visual improvement compared to the 43.3% reported in Rao et al. cohort and 36% in Hoffman  
et al. cohort using the AADI and BGI, respectively [6, 9]. Any intraocular surgery generally breaks 
down the blood-aqueous barrier, releasing a lot of pro-inflammatory factors thereby increasing 
the likelihood of visual impairment due to cystoid macular edema and this risk is even higher 
in eyes with a previous history of surgery. The IOP fluctuations with past surgeries could have 
also compromised the perfusion of the optic nerve head, thereby affecting postoperative vision. 
Reasons for the drop in vision were vitreous hemorrhage at 1 month in an eye with NVG and 
corneal decompensation which first occurred at month 6 and persisted until 2 years in a case of 
ICE syndrome.

In general, valved implants have a greater incidence of hypertensive phase secondary to 
immediate aqueous fluid flow [13]. However, this phenomenon has been reported with non-
valved devices as well, although at a lower rate [13, 14]. When combined with cataract surgery the 
“hypertensive phase” of GDD may appear more exaggerated with a greater storm of inflammation 
due to iris manipulation, pigment release, and retained viscoelastic causing high IOP. Additionally, 
inflammatory mediators and cells released during cataract extraction could flow through the tube 
and stimulate further scarring around the plate reservoir. Subsequently, increased thickening of 
the fibrous capsule around the plate could lead to a hypertensive phase. With additional manipu-
lations such as iris expanding devices, synechiolysis, and CTR in 7 (41.1%) eyes, the hypertensive 
phase was seen in only 2 eyes (11.8%) in our study compared to 7 (22%) in Chung’s study and 
9 (47.4%) in Pathak study [5, 9]. All the eyes responded well to conservative management with 
IOP-lowering medications with none needing any intervention in the form of needling or surgery. 
Earlier reports have shown a longer hypertensive phase in eyes undergoing combined surgery 
(AADI + CE) than those undergoing GDD alone. The persistence of inflammatory factors in the 
AC well beyond ligature autolysis at 5–6 weeks, maybe the reason for the longer “hypertensive 
phase” reported in the literature. We had a relatively low hypertensive phase in our cohort, pos-
sibly due to frequent postoperative dosing of potent topical steroids in the early postoperative 
period.

Hypotony resulting in shallow AC and choroidal effusions is commonly encountered with 
both valved and non-valved devices despite the tube ligation as seen in Chung et al. study [5]. Our 
cohort had 3 eyes with hypotony and shallow AC in the early postoperative period and one case at 
6 months. However, all these eyes responded well to conservative management with atropine and 
steroids. In contrast to Chung’s study where 22% had hypotony and 12% had choroidal effusions 
requiring surgical intervention, none of our patients required any surgery. The low postoperative 
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hypotony seen in our study could be due to the use of more stringent double tube ligation sutures 
and also possibly related to the venting slits which were done case specifically.

Vitreous hemorrhage was seen in one of our patients at 4  weeks which persisted until 
3 months and resolved with conservative management. Another patient with ICE syndrome had 
severe visual impairment with no light perception who developed corneal decompensation with 
bullous keratopathy and was put on a bandage contact lens for symptomatic relief. The reason for 
corneal decompensation in this case could be due to phacoemulsification-induced endothelial 
cell insult. Similar complications were seen by Rao et al. in the late postoperative period, where 
one eye had corneal edema due to decompensation in ICE syndrome and another eye encoun-
tered vitreous hemorrhage due to unrelated vein occlusion [9]. Fortunately, we did not encounter 
endophthalmitis, malignant glaucoma, or retinal detachment in any of our patients as seen in the 
report by Hafeezullah et al.

Our cohort had four eyes with CME that were treated with NSAIDs, with two of them persist-
ing until the last follow-up causing underlying RPE changes and visual impairment. One patient 
had tube corneal touch causing focal corneal decompensation and was managed by tube trim-
ming and repositioning. As with earlier reports, we had seen 2 eyes with severe fibrinous reaction 
causing reactivation of iritis and fibrin membrane requiring YAG laser membranolysis. Intense 
inflammatory reactions are bound to happen with combined surgeries as there are excessive tissue 
manipulation and the presence of pro-inflammatory factors that are likely to persist until or some-
times even after the tube ligation opens.

The major limitations of our study were the retrospective and non-randomized design, with 
a small sample size. Secondly, the study included only the non-valved implant, and hence, the 
performance may not be generalized to all types of GDD with cataract surgery. Venting slits were 
performed case-specifically, which might have added a confounding variable to our results. Future 
prospective randomized studies with head-on comparison to Ahmed Glaucoma valve could help 
us understand the surgical performance of the two available GDDs in our setting along with cost–
benefit analysis.

To the best of our knowledge, our study had the longest follow-up for AADI combined with 
cataract surgery in eyes with refractory glaucomas, reporting a qualified success of > 92% 64% and 
35% at various criteria based on IOP < 21, 18 and 15 mm Hg, respectively, at 2 years post-surgery. 
AADI combined with phacoemulsification had definite advantages of providing significant IOP 
reduction and visual improvement at an affordable cost and thus can be considered as a viable 
therapeutic option in the management of refractory glaucomas and cataract. Additionally, it also 
provides better safety with a relatively lower risk for sight-threatening complications and fewer 
postoperative failures.
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Abstract

Background: Pigmented paravenous retinochoroidal atrophy (PPRCA) is a rare fundus disease 
characterized by the presence of osteoblast-like pigment, atrophy of retinal pigment epithelium 
(RPE), and choroid deposition along the large retinal veins.
Case presentation: A 55-year-old Chinese female presented with right eye distention and bilateral 
vision loss. Osteocyte-like pigmentation and retinal choroidal atrophy distributed along the large 
retinal veins were seen in the fundus of bilateral eyes. The atrophy in the left eye was more severe 
compared to the right eye. The patient also presented with bilateral acute angle-closure glaucoma 
(AACG) and posterior subcapsular cataract (PSC) accompanied with anterior segmental mani-
festations, similar to the complications of retinitis pigmentosa (RP). The patient underwent ultra-
sound biomicroscopy (UBM), Humphrey field analyser (HFA), optical coherence tomography 
(OCT), fundus autofluorescence (FAF), fluorescein fundus angiography (FFA), electroretinogram 
(ERG), and electrooculography (EOG), all of which confirmed the aforementioned diagnose.
Conclusion: PPRCA is a rare disease of unknown etiology. The patient in this case presented with 
complications similar to those of RP, and the two conditions may share a genetic basis. Further 
studies are needed to confirm this relationship.

Keywords: Pigmented paravenous retinochoroidal atrophy, Retinitis pigmentosa, Acute angle-
closure glaucoma, Posterior subcapsular cataract

Background

PPRCA is characterized by osteoblast-like pigmentation along the large retinal veins accompa-
nied with atrophy of the outer retina and choroid. This condition is prevalent in men, and it is 
symmetrical in bilateral eyes [1]. The cause of PPRCA remains unknown, and there is no effective 
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treatment. PPRCA can be diagnosed by visual field examination, fundus photography, optical 
coherence tomography (OCT), fundus autofluorescence (FAF), fluorescein fundus angiography 
(FFA), electroretinogram (ERG), and electrooculography (EOG). Since both RP and PPRCA have 
mutations in the CRB1 locus [2], some researchers have suggested that PPRCA is another form of 
RP [1]. Here, the patient was a 55-year-old Chinese woman who had asymmetrical fundus mani-
festations. She presented with AACG and PSC accompanied with PPRCA, which was consistent 
with the complications of RP. This case report might suggest a genetic link between PPRCA and 
RP.

Case Presentation

A 55-year-old Chinese woman was first seen at our hospital due to distention and vision loss in 
her right eye (oculus dexter [OD]) for one month. She was diagnosed with PPRCA twenty years 
ago and had no history of night blindness, ocular or systemic diseases or any other inflammatory 
and infection diseases. Best corrected visual acuity (BCVA) at the first visit was 0.2 in bilateral 
eyes, and the anterior segmental examination of the bilateral eyes revealed characteristic symp-
toms of AACG and PSC such as shallow anterior chamber and posterior subcapsular cataract. 
Intraocular pressure (IOP) in the OD was 37 mmHg and 18 mmHg in the left eye (oculus sinister 
[OS]). In bilateral eyes, HFA demonstrated that the visual field was extremely poor (Fig. 1 a to b). 
UBM results showed chamber angle closure in the OD and narrowing in the OS (Fig. 2 a to b). 
Wide-angle fundus photography confirmed retinal choroidal atrophy and osteocyte-like pigmen-
tation along the large veins in bilateral eyes, and large choroidal vessels could be seen in the area of 
atrophy near the optic disc. Large foci of atrophy was seen in the inferior temporal area of the OS. 
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Fig. 1 Humphrey visual field (HFA) showed a total vision loss in the OD (a) and the OS (b)

Fig. 2 Ultrasound biomicroscopy (UBM) of the bilateral eyes. a Showing UBM in the OD with full circumferential closure of the atrial angle. b 
Showing UBM in the OS with narrowed atrial angle

Fig. 1: Humphrey visual field (HFA) showed a total vision loss in the OD (a) and the OS (b).
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Further, FAF showed significant hypoautofluorescence in bilateral eyes corresponding to the area 
of atrophy, with some borders surrounding the jagged hyperautofluorescence, suggesting progres-
sive RPE atrophy. In addition, there was a weak background fluorescence in the early atrophic 
area and transmitted fluorescence at the edge of atrophy that was affected by pigmentation. The 
pigmentation resulted in obscured fluorescence seen next to the veins. A small patch of obscured 
fluorescence was found in the posterior pole affected by posterior subcapsular cataract. In the late 
stage, fluorescence staining was seen in the atrophic areas (Fig. 3 a to h). Analysis of OCT revealed 
a significant thinning of the retinal nerve fiber layer in the macula of the OD and detachment of 
the neuroepithelial layer in the macula. The outer retina in the atrophic area had thinned. There 
was no RPE in the area with severe atrophy and thinning of the choroid was confirmed (Fig. 4 a 
to d). Results of the ERG showed a drop in photopic and scotopic amplitudes of a-and b-wave, 
more significantly in the OS. EOG revealed a bimanual Arden ratio of 1.2, which was below the 
standard value (Fig. 5). The axial length of the OD was 21.09 mm and the OS was 20.15 mm. These 
findings lead to the diagnosis of PPRCA, AACG, and PSC in both eyes.

This patient underwent trabeculectomy combined with cataract phacoemulsification aspira-
tion followed by IOL implantation in the OD and Nd-YAG laser iridotomy in the OS. Intraoperative 
dilatation of the pupil in the OD revealed that the patient’s lens suspensory ligament was relaxed. 
Three months after surgery, the patient’s BCVA was 0.6 in the OD and 0.2 in the OS, IOP was 
17 mmHg in the OD and 13 mmHg in the OS. A further OCT showed the area of intraretinal 
capsule-like hyporeflective signal in the macula had disappeared, but the other fundus symptoms 
did not improve significantly (Fig. 4 a to d). The patient was examined for the entire exome gene, 
and no ocularly significant mutation loci were identified.
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area of atrophy near the optic disc. Large foci of atrophy 
was seen in the inferior temporal area of the OS. Further, 
FAF showed significant hypoautofluorescence in bilat-
eral eyes corresponding to the area of atrophy, with some 
borders surrounding the jagged hyperautofluorescence, 
suggesting progressive RPE atrophy. In addition, there 
was a weak background fluorescence in the early atrophic 
area and transmitted fluorescence at the edge of atrophy 

that was affected by pigmentation. The pigmentation 
resulted in obscured fluorescence seen next to the veins. 
A small patch of obscured fluorescence was found in the 
posterior pole affected by posterior subcapsular cataract. 
In the late stage, fluorescence staining was seen in the 
atrophic areas. (Fig. 3 a to h) Analysis of OCT revealed a 
significant thinning of the retinal nerve fiber layer in the 
macula of the OD and detachment of the neuroepithelial 

Fig. 3 a, b Wide angle under-eye photography of the OD and OS showing retinal choroidal atrophy distributed along the large retinal veins, 
with large choroidal vessels visible around the optic disc. c, d Fundus autofluorescence of the OD and OS indicating significant low fluorescence 
surrounding the high fluorescence band corresponding to the atrophy zone. e, f Early fluorescein fundus angiography of the OD and OS showing 
transmitted fluorescence at the edges of atrophy, and fluorescence masking the pigmented areas. g, h Late FFA of the OD and OS showing weak 
fluorescence in the atrophic areas of both eyes, with some areas of fluorescence staining. Cataract occlusion in the macular region of the OS

Fig. 3: a, b Wide angle under-eye photography of the OD and OS showing retinal choroidal atrophy distributed 
along the large retinal veins, with large choroidal vessels visible around the optic disc. c, d Fundus autofluorescence 
of the OD and OS indicating significant low fluorescence surrounding the high fluorescence band corresponding to 
the atrophy zone. e, f Early fluorescein fundus angiography of the OD and OS showing transmitted fluorescence at 
the edges of atrophy, and fluorescence masking the pigmented areas. g, h Late FFA of the OD and OS showing weak 
fluorescence in the atrophic areas of both eyes, with some areas of fluorescence staining. Cataract occlusion in the 
macular region of the OS.
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Fig. 4: Optical coherence tomography (OCT) of the OD at diagnosis (a, b) and three months postoperatively (c, d). 
The hyporeflective signal was seen near the macula (a) and disappeared three months postoperatively (c). Atrophy 
of the retinal pigment epithelium (RPE) is shown (b, d).

Fig.5: Electroretinogram (ERG) and Electrooculography (EOG) of our patient. The photopic and scotopic 
amplitudes of a- and b- waves reduced in bilateral eyes, and the OS was more severe. The Arden ratio was 1.2 in 
bilateral eyes.
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was 0.6 in the OD and 0.2 in the OS, IOP was 17 mmHg in 
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the area of intraretinal capsule-like hyporeflective sig-
nal in the macula had disappeared, but the other fundus 
symptoms did not improve significantly. (Fig. 4 a to d) The 
patient was examined for the entire exome gene, and no 
ocularly significant mutation loci were identified.

Discussion
PPRCA is a rare degenerative disease of the fundus of the 
eye with unknown etiology. It was originally discovered by 
Brown et al. during fundus examination of a male patient 
with mottled baldness [3]. Typically, PPRCA is character-

ized by RPE and choroidal atrophy along the large retinal 
veins with osteoblast-like pigmentation. The disorder is 
prevalent in men, and is always symmetrical in both eyes, 
develops slowly, rarely affects the macula, and it does not 
affect central vision. As a consequence, it is difficult to 
identify this condition in patients. There have been pre-
vious reports of PPRCA with strabismus [4], amblyopia 
[5], nystagmus [5], macular cystoid edema [6], macular 
hole [7], etc., but its relationship with concomitant dis-
eases has not been reported. Huang et al. suggested that 
PPRCA is an additional, incomplete, self-limiting form of 
retinitis pigmentosa (RP) [1]. Mckay et al. identified het-
erozygosity for a val162-to-met (V162M; 604,210.0010) 
mutation within the fourth EGF-like domain of the 
CRB1 gene in PPRCA patients that was very close to the 
mutated CRB1 gene locus in RP patients [2]. We have 
found no ocularly significant mutation loci. The genetic 
test we made could only detect known mutated loci, and 
there might be some unknown mutant loci that have not 
been identified in RP and PPRCA. Therefore, even if the 

Fig. 4 Optical coherence tomography (OCT) of the OD at diagnosis (a, b) and three months postoperatively (c, d). The hyporeflective signal was 
seen near the macula (a) and disappeared three months postoperatively (c). Atrophy of the retinal pigment epithelium (RPE) is shown. (b, d)
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Discussion

PPRCA is a rare degenerative disease of the fundus of the eye with unknown etiology. It was 
originally discovered by Brown et al. during fundus examination of a male patient with mottled 
baldness [3]. Typically, PPRCA is characterized by RPE and choroidal atrophy along the large 
retinal veins with osteoblast-like pigmentation. The disorder is prevalent in men, and is always 
symmetrical in both eyes, develops slowly, rarely affects the macula, and it does not affect central 
vision. As a consequence, it is difficult to identify this condition in patients. There have been 
previous reports of PPRCA with strabismus [4], amblyopia [5], nystagmus [5], macular cystoid 
edema [6], macular hole [7], etc., but its relationship with concomitant diseases has not been 
reported. Huang et al. suggested that PPRCA is an additional, incomplete, self-limiting form of 
retinitis pigmentosa (RP) [1]. Mckay et al. identified heterozygosity for a val162-to-met (V162M; 
604,210.0010) mutation within the fourth EGF-like domain of the CRB1 gene in PPRCA patients 
that was very close to the mutated CRB1 gene locus in RP patients [2]. We have found no ocu-
larly significant mutation loci. The genetic test we made could only detect known mutated loci, 
and there might be some unknown mutant loci that have not been identified in RP and PPRCA. 
Therefore, even if the test was negative, it might not prove that PPRCA is not associated with RP. 
The 55-year-old woman presented with severe PSC in bilateral eyes, posterior subcapsular cata-
ract more in left eye than in the right eye, most probably due to a more serious PPRCA in the OS. 
During surgery, we discovered laxity of the lens zonules and suspensory ligaments, which seemed 
like RP complicated by cataract. We hypothesized that the PPRCA was linked to RP, and that the 
mechanisms of co-occurrence of AACG and PSC are similar to that of RP complicated by the 
latter two diseases.

This patient showed severe PSC in bilateral eyes and laxity of the lens zonules and suspensory 
ligaments, which is similar to the symptoms of RP with PSC. We speculate that PPRCA trig-
gered RPE and choroidal atrophy, and the degenerated retinal tissue produced cytokines which 
broke through the damaged blood-retinal barrier and to injure the lens. The ensued long-term 
inflammatory state triggered laxity of the suspensory ligament [8–10]. This patient had a relaxed 
lens suspensory ligament, short axial length, and anterior segment crowding which predisposed 
her to AACG. The patient had a plasma exudate in the macular region of the OD, which was 
absorbed after IOP stabilization. PPRCA triggered RPE and choroidal atrophy, making the patient 
less tolerant to high IOP than an average patient with AACG. The fluid exuded from the choroidal 
vessels broke the blood-retinal intraocular barrier to accumulate in the neuroepithelium, which 
was gradually absorbed after IOP stabilization.

Conclusions

In conclusion, we reported a rare case of PPRCA accompanied with AACG and PSC. We specu-
lated that PPRCA might be an incomplete manifestation of RP. Given the poor understanding 
of PPRCA etiology, further genetic testing and more case studies are needed to investigate the 
relationship between PPRCA and RP.



38 • CUT TING EDGE - GLAUCOMA

Abbreviations: PPRCA : Pigmented paravenous retinochoroidal atrophy; AACG : Acute angleclosure glaucoma; PSC: Posterior subcap-
sular cataract; OD: Oculus dexter; OS: Oculus sinister; RPE: Retinal pigment epithelium.; RP: Retinitis pigmentosa; BCVA: Best corrected 
visual acuity; UBM: Ultrasound biomicroscopy; HFA: Humphrey field analyser; OCT: Optical coherence tomography; FAF: Fundus auto-
fluorescence; FFA: Fluorescein fundus angiography; ERG: Electroretinogram; EOG: Electrooculography; IOP: Intraocular pressure.

Supplementary Information: The online version contains supplementary material available at https:// doi.org/ 10. 1186/ s12886- 022- 02355-5.

Additional file 1. Patient perspective.

Acknowledgements: Thank you for the help of Home for Researchers editorial team (www.homeforresearchers.com).

Authors’ contributions: YS acquired data and drafted the article. JL and LY performed acquisition and analysis of the data. YZ performed 
the surgery, critically revised the manuscript, and substantively revised it. All authors read and approved the final manuscript.

Funding: This work was supported by the Jilin Scientific and Technological Development Program (20190303186SF). The role of this 
funding was in the collection and analysis of genetic data.

Availability of data and materials: All date generated and analyzed during this study are included in this article.

Declarations

Ethics approval and consent to participate: No ethical approval required.

Consent for publication: The patient gave written permission for clinical details and images in this study. This report does not contain any 
personal information that could lead to the identification of the patient.

Competing interests: The authors declare that they have no competing interests.

Received: 26 July 2021 Accepted: 15 March 2022 
Published online: 22 April 2022

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

References
1. Huang HB, Zhang YX. Pigmented paravenous retinochoroidal atrophy (Review). Exp Ther Med. 2014;7(6):1439–45.
2. McKay GJ, Clarke S, Davis JA, Simpson DAC, Silvestri G. Pigmented Paravenous Chorioretinal Atrophy Is 

Associated with a Mutation within the Crumbs Homolog 1 (CRB1) Gene. Investigative Opthalmology & Visual. 
Science. 2005;46(1):322–8.

3. Brown TH. Retino-Choroiditis Radiata. Br J Ophthalmol. 1937;21(12):645–8.
4. Choi WJ, Joo K, Park KH. Pigmented Paravenous Retinochoroidal Atrophy. Korean J Ophthalmol. 2020;34(1):90–1.
5. Traboulsi EI, Maumenee IH. Hereditary pigmented paravenous chorioretinal atrophy. Arch Ophthalmol. 

1986;104(11):1636–40.
6. Figueiredo R, Morais Sarmento T, Garrido J, Ramalho A. Pigmented paravenous retinochoroidal atrophy 

associated with unilateral cystoid macular oedema. BMJ Case Reports. 2019;12(8):e230633.
7. Lessel MR, Thaler A, Heilig P. ERG and EOG in progressive paravenous retinochoroidal atrophy. Doc Ophthalmol. 

1986;62(1):25–9.
8. Hong Y, Li H, Sun Y, Ji Y. A Review of Complicated Cataract in Retinitis Pigmentosa: Pathogenesis and Cataract 

Surgery. J Ophthalmol. 2020;2020:6699103.
9. ten Berge JC, Fazil Z, Born LI, Wolfs RCW, Schreurs MWJ, Dik WA, et al. Intraocular cytokine profile and 

autoimmune reactions in retinitis pigmentosa, age-related macular degeneration, glaucoma and cataract. Acta 
Ophthalmol. 2018;97(2):185–92.

10. Pasol J. Neuro-ophthalmic disease and optical coherence tomography: glaucoma look-alikes. Curr Opin 
Ophthalmol. 2011;22(2):124–32.

Publisher’s Note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Source: Sun, Y., Li, J., Yu, L. et al. Pigmented paravenous retinochoroidal atrophy with acute angle-closure glaucoma and posterior 
subcapsular cataract: a case report. BMC Ophthalmol 22, 184 (2022). https://doi.org/10.1186/s12886-022-02355-5. © The Author(s) 
2022.



Abstract

Purpose: All published cases of iris retraction syndrome have been associated with low intraoc-
ular pressure. We report here a case clinically indistinguishable from iris retraction syndrome 
except for the absence of hypotony, which has not been previously described in the literature.
Observations: A 35-year-old woman with a history of atopic dermatitis developed a rapidly pro-
gressive anterior subcapsular cataract and acute uveitis. During follow-up, the presence of bilateral 
iris retraction was noted, while ocular pressure was either normal or elevated, and the position did 
not normalize with pupillary dilation. The clinical course was complicated by retinal detachment 
and posterior cyclitic membrane, which was managed with pars plana vitrectomy, lensectomy, 
and dissection of cyclitic membrane. The case was further complicated by ocular hypertension 
attributed to steroid response and formation of an epiretinal membrane. Following micropulse 
cyclophotocoagulation, placement of an Ahmed tube shunt, epiretinal membrane peel, and place-
ment of secondary intraocular lens, our patient eventually had a good visual outcome.
Conclusions and Importance: Hypotony is generally recognized as a key physiological step in 
the development of iris retraction syndrome. Our case demonstrates that posterior bowing of the 
iris can occur in the absence of hypotony, and suggests that an alternative mechanism involving 
posterior cyclitic membrane may be responsible.

Keywords: Atopic Dermatitis, Cyclitic Membrane, Iris Retraction
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by itchy, erythema-
tous, cracked skin, especially on the insides of the knees and elbows. With regard to ophthalmic 
manifestations, itching and rubbing predisposes to blepharitis, keratoconjunctivitis, and kerato-
conus [1–4]. However, further ophthalmic diseases are associated with AD and the mechanisms 
are not as clear.

Cataracts may develop rapidly, especially with classic “shield-like” anterior subcapsular cata-
ract (ASC) morphology [5, 6]; however, a posterior subcapsular cataract (PSC) is more common 
[7]. Rhegmatogenous retinal detachment (RD) is the most vision-threatening complication asso-
ciated with atopic dermatitis, and the incidence of RD correlates with the severity of AD [8]. 
Postulated mechanisms of RD in AD include retinal edema [9], uveitis [10, 11], vascular changes 
[12], and vitreous disease [13]; however, the characteristics of RD in patients with atopic dermati-
tis are similar to traumatic RD, and case series have demonstrated an association with eye rubbing 
and tapping [14–16].

“Iris retraction syndrome” (IRS) was initially described by Campbell in 1984 as a phe-
nomenon that may follow rhegmatogenous RD, where reabsorption of fluid though the retinal 
pigment epithelium (RPE) pump at a rate exceeding production by the ciliary body causes retro-
grade aqueous flow and posterior iris bowing. This general mechanism was annotated by Geyer, 
who demonstrated that IRS may occur in the absence of RD when chronic inflammation causes 
decreased aqueous production and extreme hypotony permits retrograde flow through Schlemm’s 
canal [17]. Regardless of the supposed mechanism, in all documented cases of iris retraction, 
hypotony is considered an essential component.

Here we present a case of a patient with atopic dermatitis who presented due to a rapidly 
progressive ASC and iris retraction with a posterior cyclitic membrane in the absence of both 
rhegmatogenous RD and hypotony. This is a unique case in the literature that sheds light on alter-
native mechanisms for iris retraction.

Consent to publish this case report was obtained from the patient in writing.

Case Report

A 35-year-old Asian woman presented to our institution with 1 week of gradual-onset blurry 
vision in the right eye. She complained of dryness and itching but denied all other symptoms 
including pain, erythema, or any problems with her left eye. The medical history was significant 

Key Summary Points
Hypotony has previously been understood to be essential in causing iris retraction.

This case demonstrates iris retraction in the absence of hypotony.

A new mechanism causing iris retraction is suggested that has not been documented in the literature.

Atopic dermatitis may be associated with intraocular inflammation and retinal detachment.
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for eczema, asthma, and seasonal allergies. Ocular history included myopia of −2.00 D in both 
eyes. There were no prior episodes of blurry vision or notable trauma.

Best-corrected visual acuity was 20/60 in the right eye and 20/20 in the left eye. Intraocular 
pressure (IOP) was 21 and 16  mmHg, respectively. Pupils were equal, round and reactive. 
Significant findings in the right eye included anterior chamber (AC) pigmented and inflamma-
tory cells and flare, ASC (see Fig. 1), and vitreous pigment. The left eye exhibited trace AC pig-
mented and inflammatory cells. At this time, the bilateral irides were noted to bow posteriorly, 
right more than left, as shown in Fig. 2. In addition, gonioscopy demonstrated open angles with 
4+ pigment in the trabecular meshwork of both eyes. She did not have iris transillumination 
defects or Krukenberg spindles. Iris retraction did not normalize after dilation. The rest of the 
exam, including 360-degree scleral depression, was unremarkable. Optical coherence tomography 
(OCT) and fluorescein angiogram of the right eye demonstrated the absence of cystoid macular 
edema (CME), with minimal vascular leakage (Fig. 3).

A clinical diagnosis of posterior cyclitis was made based on AC and vitreous cells. A systemic 
workup was ordered including human leukocyte antigen (HLA)-B27, treponema antigen, chest 
X-ray, antinuclear antibody (ANA), antineutrophil cytoplasmic antibodies (ANCA), C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), angiotensin-converting enzyme (ACE), and 
urinalysis. Except for HLA-B27, which was positive, all tests were negative. The patient was started 
on prednisolone acetate hourly in the right eye and four times daily in the left eye.

Intraocular inflammation was reduced at follow-up and sub-tenon triamcinolone (STK) was 
administered as longer-term therapy for posterior cyclitis. After 2 weeks, the patient returned 
complaining of headache for 1 week. Intraocular pressure was 55 and 12 mmHg in the right and 
left eye, respectively. Pressure elevation was attributed to steroid response. Anti-glaucomatous 
therapy was started as follows: acetazolamide 500 mg by mouth twice daily, dorzolamide/timolol 
2%/0.5% one drop twice daily, brimonidine 0.2% one drop twice daily. The patient quickly 
responded and oral therapy was withdrawn after 4 days. Pressure and inflammation were much 
improved after 1 week.

Fig. 1 The left image demonstrates periocular eczema and lenticular opacity seen in our patient. The photograph on the
right highlights the characteristic ‘‘shield’’-like appearance of the ASC

Fig. 2 The image on the left demonstrates the anterior
segment in the right eye of our patient. Note the presence
of dilation. The vertical beam is lost centrally as it nears
the pupillary margin, highlighting the posterior bow of the

iris. The photograph on the right shows the anterior
segment of the left eye of our patient. While not as severe
as the right eye, nonetheless, posterior bowing is evident

Fig. 3 The image on the left demonstrates the normal
OCT of the right eye, without inflammatory CME. The
image on the right is the fluorescein angiogram of the right

eye at time of 5 min. General haze is apparent, due to the
ASC. Again, there is no significant CME but mild
peripheral vascular leakage is observed
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Fig. 1: The left image demonstrates periocular eczema and lenticular opacity seen in our patient. The photograph 
on the right highlights the characteristic “shield”-like appearance of the ASC.
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After 2 weeks, our patient returned due to feeling a “soft eyeball” in her right eye. IOP in 
this eye was 6 mmHg, and B-scan ultrasonography, seen in Fig. 4, was concerning for RD, either 
exudative or rhegmatogenous.

Scleral encircling buckle was placed, followed by pars plana lensectomy in order to view 
the posterior segment without obscuration by cataract. After the lens was removed, a posterior 
cyclitic membrane was visualized directly and dissected. Subsequently, vitrectomy was completed. 
No breaks were observed but there were two areas of retinal thinning and significant choroidal 
folds. These areas were treated as breaks with endolaser and silicone oil (SO) tamponade. The 
patient was left aphakic. Following surgery, retraction resolved and the iris returned to the normal 
configuration.

The postoperative course was complicated for 4 weeks by recurrent prolonged elevation 
of IOP up to 47  mmHg while on antiglaucoma therapy as mentioned above. Ocular hyper-
tension was attributed to emulsified silicone oil in a unicameral eye. Interventions escalated 
from micropulse cyclophotocoagulation to silicone oil removal with placement of an Ahmed 
glaucoma valve. Approximately 2 months post-op, the patient developed retinal detachment, 
managed with posterior retinotomy, pneumatic retinopexy, and endolaser. After 4 months of 

Fig. 1 The left image demonstrates periocular eczema and lenticular opacity seen in our patient. The photograph on the
right highlights the characteristic ‘‘shield’’-like appearance of the ASC

Fig. 2 The image on the left demonstrates the anterior
segment in the right eye of our patient. Note the presence
of dilation. The vertical beam is lost centrally as it nears
the pupillary margin, highlighting the posterior bow of the

iris. The photograph on the right shows the anterior
segment of the left eye of our patient. While not as severe
as the right eye, nonetheless, posterior bowing is evident

Fig. 3 The image on the left demonstrates the normal
OCT of the right eye, without inflammatory CME. The
image on the right is the fluorescein angiogram of the right

eye at time of 5 min. General haze is apparent, due to the
ASC. Again, there is no significant CME but mild
peripheral vascular leakage is observed

Ophthalmol Ther (2022) 11:1273–1279 1275

Fig. 2: The image on the left demonstrates the anterior segment in the right eye of our patient. Note the presence 
of dilation. The vertical beam is lost centrally as it nears the pupillary margin, highlighting the posterior bow of the 
iris. The photograph on the right shows the anterior segment of the left eye of our patient. While not as severe as 
the right eye, nonetheless, posterior bowing is evident.

Fig. 3: The image on the left demonstrates the normal OCT of the right eye, without inflammatory CME. The image 
on the right is the fluorescein angiogram of the right eye at time of 5 min. General haze is apparent, due to the ASC. 
Again, there is no significant CME but mild peripheral vascular leakage is observed.
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ASC. Again, there is no significant CME but mild
peripheral vascular leakage is observed
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clinical stability, secondary intraocular lens (IOL) was placed in the right eye via the Yamane 
technique, along with removal of an epiretinal membrane that had formed due to chronic 
intraocular inflammation.

With regard to the left eye, ASC progressed in this eye as well, and cataract extraction with 
primary IOL placement was performed with perioperative STK and methylprednisolone without 
significant complication.

At the latest follow-up, the patient was stable on topical anti-inflammatory agents and 
aqueous suppressants along with azathioprine for chronic immunomodulation. Her distance 
visual acuity was measured at 20/30–1 and 20/20 and pressure at 13 and 19, respectively. Both 
eyes were quiet. The retina of the right eye was attached, with mild proliferative vitreoretinopathy 

transillumination defects or Krukenberg spin-
dles. Iris retraction did not normalize after
dilation. The rest of the exam, including
360-degree scleral depression, was unremark-
able. Optical coherence tomography (OCT) and
fluorescein angiogram of the right eye demon-
strated the absence of cystoid macular edema
(CME), with minimal vascular leakage (Fig. 3).

A clinical diagnosis of posterior cyclitis was
made based on AC and vitreous cells. A systemic
workup was ordered including human leuko-
cyte antigen (HLA)-B27, treponema antigen,
chest X-ray, antinuclear antibody (ANA),
antineutrophil cytoplasmic antibodies (ANCA),
C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), angiotensin-converting
enzyme (ACE), and urinalysis. Except for HLA-
B27, which was positive, all tests were negative.
The patient was started on prednisolone acetate
hourly in the right eye and four times daily in
the left eye.

Intraocular inflammation was reduced at
follow-up and sub-tenon triamcinolone (STK)
was administered as longer-term therapy for
posterior cyclitis. After 2 weeks, the patient
returned complaining of headache for 1 week.
Intraocular pressure was 55 and 12 mmHg in
the right and left eye, respectively. Pressure
elevation was attributed to steroid response.
Anti-glaucomatous therapy was started as fol-
lows: acetazolamide 500 mg by mouth twice
daily, dorzolamide/timolol 2%/0.5% one drop

twice daily, brimonidine 0.2% one drop twice
daily. The patient quickly responded and oral
therapy was withdrawn after 4 days. Pressure
and inflammation were much improved after 1
week.

After 2 weeks, our patient returned due to
feeling a ‘‘soft eyeball’’ in her right eye. IOP in
this eye was 6 mmHg, and B-scan ultrasonog-
raphy, seen in Fig. 4, was concerning for RD,
either exudative or rhegmatogenous.

Scleral encircling buckle was placed, fol-
lowed by pars plana lensectomy in order to view
the posterior segment without obscuration by
cataract. After the lens was removed, a posterior
cyclitic membrane was visualized directly and
dissected. Subsequently, vitrectomy was com-
pleted. No breaks were observed but there were
two areas of retinal thinning and significant
choroidal folds. These areas were treated as
breaks with endolaser and silicone oil (SO)
tamponade. The patient was left aphakic. Fol-
lowing surgery, retraction resolved and the iris
returned to the normal configuration.

The postoperative course was complicated
for 4 weeks by recurrent prolonged elevation of
IOP up to 47 mmHg while on antiglaucoma
therapy as mentioned above. Ocular hyperten-
sion was attributed to emulsified silicone oil in a
unicameral eye. Interventions escalated from
micropulse cyclophotocoagulation to silicone
oil removal with placement of an Ahmed glau-
coma valve. Approximately 2 months post-op,

Fig. 4 Images of B-scan ultrasonography of the right eye
of our patient. The image on the left demonstrates vitreous
debris and subretinal fluid, concerning for RD in the
setting of vitreous pigment, myopia, and chronic rubbing

of the eye. The scan on the right demonstrates thickened
choroid and sub-tenon fluid, concerning for exudative RD
in the setting of uveitis
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Fig. 4: Images of B-scan ultrasonography of the right eye of our patient. The image on the left demonstrates 
vitreous debris and subretinal fluid, concerning for RD in the setting of vitreous pigment, myopia, and chronic 
rubbing of the eye. The scan on the right demonstrates thickened choroid and sub-tenon fluid, concerning for 
exudative RD in the setting of uveitis.

Fig. 5: En face infrared image of macula 
of the right eye after operations, 
demonstrating attached retina with only 
minor distortions following removal of 
epiretinal membrane.

the patient developed retinal detachment,
managed with posterior retinotomy, pneumatic
retinopexy, and endolaser. After 4 months of
clinical stability, secondary intraocular lens
(IOL) was placed in the right eye via the Yamane
technique, along with removal of an epiretinal
membrane that had formed due to chronic
intraocular inflammation.

With regard to the left eye, ASC progressed in
this eye as well, and cataract extraction with
primary IOL placement was performed with
perioperative STK and methylprednisolone
without significant complication.

At the latest follow-up, the patient was
stable on topical anti-inflammatory agents and
aqueous suppressants along with azathioprine
for chronic immunomodulation. Her distance
visual acuity was measured at 20/30–1 and
20/20 and pressure at 13 and 19, respectively.
Both eyes were quiet. The retina of the right eye
was attached, with mild proliferative vitreo-
retinopathy (PVR) around the site of the
retinotomy. En face infrared imaging of the
macula of the right eye is shown in Fig. 5.

DISCUSSION

Many features of this case are typical for AD. As
she is of Asian descent, our patient corresponds
to the most common demographic affected by
ophthalmic complications of AD [18, 19]. She
admitted to frequent rubbing and tapping of
the globe, a risk factor for complications [15]. A
rapidly progressive ‘‘shield-like’’ ASC developed
[20]. As discussed previously, there is increased
risk of rhegmatogenous RD associated with PVR
in patients with AD [15]. While our patient did
not have any definitive retinal breaks, she did
have a posterior cyclitic membrane that corre-
sponds to the proliferative phenotype of AD
[15, 21]. If just for these factors, our patient
would be a typical presentation for a well-doc-
umented, albeit rare, pathological process.

Iris retraction in the absence of hypotony is
unique to the literature. Posterior bowing of the
iris is a rare phenomenon initially described by
Schnaubel in 1876 in a myopic eye with RD that
suddenly developed hypotony and deepened
anterior chamber [22]. While it was purportedly
due to rupture of a posterior staphyloma, the
eye quickly regained normal pressure and
appearance. The association of RD with hypot-
ony was well documented by subsequent
authors [23, 24]; however, Graham in 1958 was
next to also report deepening of the anterior
chamber, which he attributed to ciliary body
detachment and vitreous contraction [25].
Mechanical traction on anterior structures was
proposed by Jarret when he noted PVR in eyes
with a posteriorly bowing iris following RD [26].
The term ‘‘iris retraction syndrome’’ was not
coined until 1984, and both Cambell’s original
explanation and Geyer’s subsequent amend-
ment in 1998 require hypotony as a key physi-
ological step [17, 27]. In summary, all
documented cases of posterior iris bowing from
Schnaubel in 1876 to Geyer in 1998 occur in the
setting of hypotony due to either rhegmatoge-
nous RD or ciliary body shutdown. While our
patient eventually developed intraocular pres-
sure as low as 6 mmHg, the IOP was 21 when iris
retraction was first noted. In addition, mild iris
retraction was noted in the left eye, which never

Fig. 5 En face infrared image of macula of the right eye
after operations, demonstrating attached retina with only
minor distortions following removal of epiretinal
membrane
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(PVR) around the site of the retinotomy. En face infrared imaging of the macula of the right eye 
is shown in Fig. 5.

Discussion

Many features of this case are typical for AD. As she is of Asian descent, our patient corresponds 
to the most common demographic affected by ophthalmic complications of AD [18, 19]. She 
admitted to frequent rubbing and tapping of the globe, a risk factor for complications [15]. A 
rapidly progressive “shield-like” ASC developed [20]. As discussed previously, there is increased 
risk of rhegmatogenous RD associated with PVR in patients with AD [15]. While our patient 
did not have any definitive retinal breaks, she did have a posterior cyclitic membrane that corre-
sponds to the proliferative phenotype of AD [15, 21]. If just for these factors, our patient would 
be a typical presentation for a well-documented, albeit rare, pathological process.

Iris retraction in the absence of hypotony is unique to the literature. Posterior bowing of 
the iris is a rare phenomenon initially described by Schnaubel in 1876 in a myopic eye with RD 
that suddenly developed hypotony and deepened anterior chamber [22]. While it was purport-
edly due to rupture of a posterior staphyloma, the eye quickly regained normal pressure and 
appearance. The association of RD with hypotony was well documented by subsequent authors 
[23, 24]; however, Graham in 1958 was next to also report deepening of the anterior chamber, 
which he attributed to ciliary body detachment and vitreous contraction [25]. Mechanical trac-
tion on anterior structures was proposed by Jarret when he noted PVR in eyes with a posteriorly 
bowing iris following RD [26]. The term “iris retraction syndrome” was not coined until 1984, 
and both Cambell’s original explanation and Geyer’s subsequent amendment in 1998 require 
hypotony as a key physiological step [17, 27]. In summary, all documented cases of posterior 
iris bowing from Schnaubel in 1876 to Geyer in 1998 occur in the setting of hypotony due to 
either rhegmatogenous RD or ciliary body shutdown. While our patient eventually developed 
intraocular pressure as low as 6 mmHg, the IOP was 21 when iris retraction was first noted. In 
addition, mild iris retraction was noted in the left eye, which never developed hypotony or any 
other significant complication beyond ASC.

Although it was subsequent to the development of iris retraction, our patient did eventu-
ally develop hypotony of the right eye. At that time, B-scan ultrasound demonstrated evidence 
of RD that prompted surgical repair; however, during the operation there were no definitive 
retinal breaks visualized. This signifies that the etiology of the hypotony in this case was ciliary 
body shutdown rather than rhegmatogenous RD. Geyer is the only other author to report IRS in 
patients without RD; however, IRS in his patients resolved with pupillary dilation, while bilat-
eral iris retraction in our patient persisted with dilation, as seen in Fig. 2 [17].

The absence of hypotony and persistence following dilation both suggest an alternative 
mechanism for IRS than has been previously described. A posterior cyclitic membrane was 
encountered and dissected during surgery in our patient, and this may suggest a posterior-pull-
ing mechanism as suggested by Jarret or Graham, though even their patients were hypotonous 
[25, 26]. Contraction of the cyclitic membrane would be mechanically consistent with posterior 
bowing in the absence of hypotony and would explain persistence following dilation.
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Conclusions

Iris retraction syndrome is associated with hypotony due to retinal detachment or ciliary body 
shutdown. However, posterior bowing of the iris may also occur in the absence of hypotony and 
may be a sign of contraction from a posterior cyclitic membrane.
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Abstract

Background: Axenfeld-Rieger syndrome (ARS) is a rare autosomal dominant eye disorder that 
can also affect other organs of the human body. The condition is primarily characterized by the 
anterior segmental abnormalities of the eye. Here, we present an observational case series of a 
three-generation family with ARS and unexpected foveal anomaly.
Case presentation: A 33-year-old woman was admitted to an Ophthalmology Clinic in Bialystok 
for left eye congenital cataract surgery. The patient (proband) was diagnosed with visual deterio-
ration, multiple defects of iris, corectopia, displacement of the Schwalbe’s line, and phenotypic 
characteristics of ARS. A perimetric examination indicated peripheral visual field loss and signs 
typical for glaucoma. Based on the phenotypic symptoms and genetic test, the patient was diag-
nosed with Axenfeld Rieger Syndrome. However, the optical coherence tomography of the macula 
showed foveal anomaly (absence of the physiological pit), which is not typically associated with 
this genetic disorder. The patient’s family history revealed that her two daughters were undergoing 
treatment for congenital glaucoma, and one of the daughters also had foveal anomaly the same 
as her mother. Interestingly, an examination of the patient’s mother showed typical phenotypic 
features of ARS such as a defect of the iris, posterior embryotoxon, and coloboma, as well as foveal 
anomaly. A genetic test confirmed PITX2 mutation in both, proband’s two daughters and mother.
Conclusions: This study highlights the occurrence of ARS with unusual ophthalmic features such 
as foveal anomaly (absence of the physiological pit) in a three-generation family. Although ARS 
is known to represent the developmental defects of the anterior segment of the eye, it is very 
important to perform fundus evaluation to identify associated posterior segment anomalies that 
may affect visual acuity. The presence of ocular defects not typically associated with ARS suggests 
a wide spectrum of mutations within PITX2 gene which are required to identify in order to deter-
mine genotype– phenotype correlation in ARS affected individuals.
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Background

Axenfeld-Rieger syndrome (ARS) is an inherited, mostly autosomal dominant developmental dis-
order, but it could also be sporadic [1]. Clinical features are variable and can be divided into ocular 
and extra-ocular symptoms. ARS has traditionally encompassed three different subcategories 
[2] – Axenfeld’s anomaly, which is characterized by the anterior displacement of the Schwalbe’s 
line, thereby causing posterior embryotoxon; Rieger’s anomaly, which consists of the iris stroma 
hypoplasia, pupil displacement (corectopia), pigmentation (ectropion uveae), and secondary 
glaucoma; and Rieger syndrome, which is a combination of Rieger anomalies, and non-ocular 
malformations such as hypodontia or microdontia, as well as craniofacial abnormalities such as 
maxillary hypoplasia, broad and flat nasal bridge, telecanthus, and hypertelorism [3]. Around 
50 % of patients with Rieger’s anomaly will eventually develop glaucoma in their early childhood 
or young adulthood. Such cases are often associated with abnormalities in the angle of filtration or 
secondary angle closure due to adhesions [4]. The diagnosis of ARS can be made by a constellation 
of ocular findings, including excessive iris tearing (polycoria), iris hypoplasia, eccentric pupils, 
prominent and displaced Schwalb's line (posterior embryotoxon), and iridocorneal tissue adhe-
sions. Extraocular developmental abnormalities, especially of the teeth, facial bones, and perium-
bilical skin, have also been reported to be associated with ARS [5].

A clear delineation of each of these phenotypes is seldom observed and since most cases 
present with overlapping features, the term “Axenfeld-Rieger syndrome” is commonly used to 
refer to such cases [6]. Although ARS-associated characteristics have been well-documented, 
fundus anomalies, other than typical glaucomatous changes during the clinical course of ARS, 
have not yet been reported to be associated with ARS. This syndrome is primarily caused by 
PITX2 and FOXC1 mutations but can also include PAX6 and FOXF1 mutations [7]. Mutations 
in PITX2 and FOXC1 genes are estimated to account for ∼40 % of ARS cases [8, 9]. To date, 5 
chromosomal loci have been implicated to cause ARS – 4q25, 6p25, 11p13, 13q14, 16q24, which 
include different genes such as PITX2, FOXC1, PAX6, and FOXF1. Based on the genetic cause and 
phenotypic traits, ARS can be categorized into three different types – Type 1, caused by muta-
tions in the PITX2 gene; Type 2, unknown gene but it is believed to be located on chromosome 
13 [9, 10]; and Type 3, caused by mutations in the FOXC1 gene. Although several studies have 
reported the occurrence of ARS in different families, only one previous report, to the best of our 
knowledge, have shown ARS with coexisting atypical foveal anomaly in a three-generation family. 
The findings of previous studies suggest that the deterioration of the best corrected visual acuity 
(BCVA) in subjects with ARS is usually caused by anterior segment anomalies such as cataract 
and/or advanced glaucoma.

In this study, we encountered a unique patient with both typical and atypical ARS features. 
Since the occurrence of ARS combined with a foveal anomaly is extremely rare, we aimed to 
understand the molecular basis and inheritance pattern of this phenotype by performing detailed 
ocular and genetic examinations in both the patient and her three-generation family members.
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Case Presentation

This study was performed after obtaining approval from the Bioethics Committee of the Medical 
University of Bialystok and in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments or comparable ethical standards.

All subjects provided written informed consent for the examination (including extraction of 
their DNA) and use of their clinical data for publication.

Case I: 2 (the Proband)

A 33-year-old female patient was admitted to the Department of Ophthalmology, Medical 
University of Bialystok, Poland, in September 2018, for developmental cataract left eye surgery.

The proband complained of blurred vision for the past 6 months in both eyes. She did not 
receive any ophthalmic medications in the past, except 0.5 % timolol 2 times daily for the last 2 
years after the diagnosis of glaucoma. We performed a comprehensive ophthalmic examination. 
The BCVA of both her eyes was 0.5 (Snellen notification converted into decimals, which equals 
logMAR, 0,3), while the intraocular pressure (IOP, measured by the Goldmann Applanation 
Tonometer) was 16 and 19 mmHg in the right and left eye, respectively. Slit-lamp microscope 
examination, anterior segment photography, gonioscopy, fundus examination, field of vision 
test (Humphrey Visual Field Analyzer, 24 − 2 Carl Zeiss, Jena, Germany) and optical coherence 
tomography (OCT) measurements of the retina and retinal nerve fibre layer (RNFL) thickness (3D 
OCT − 1000 Topcon, Tokyo, Japan) were performed. Three-dimensional cube scans centred at the 
fovea were also obtained. The location of the foveal scan was determined based on the features of 
foveal specialization as described elsewhere [11]. Slit-lamp examination, in addition to cataract, 
showed a displacement of the pupil in both eyes – corectopia (Fig. 1), and anteriorly displaced 
Schwalbe’s line – posterior embryotoxon. Additionally, gonioscopy indicated iridocorneal adhe-
sions. Collectively, these features are indicative of anterior angle dysgenesis in both eyes. Fundus 
examination showed that the cup-to-disc ratio was 0.5 in both eyes and the macula was without 
reflection. OCT revealed foveal anomaly, which was characterized by absence of the foveal pit 
(Fig. 2). Among the perimetry features arcuate scotoma was detected in upper hemisphere (which 
could be caused by cataract artefact as well) and RNFL thickness measurements revealed nerve 
fibre defects at the lower quadrants. General examination showed mild dysmorphic facial fea-
tures – hypertelorism, wide nasal bridge, and hypodontia. Based on these clinical symptoms and 
phenotypic features, the patient was diagnosed with Axenfeld Rieger Syndrome. We looked for 
PITX2 mutation that may cause an unusual ophthalmic feature in this family. The screening of 
the PITX2 gene for possible mutations was the only available test in Poland at the time of this study. 
Therefore, a different mutation test for comparison was not available to order. The genetic test was 
carried out at the GENESIS Medical Genetics Center in Poland. Genomic DNA was extracted 
from the patient’s blood sample following standard procedures (DNA miniprep kit for blood – 
Axygen Scientific, Union City, CA, USA) as described elsewhere [12]. Expending genomic DNA 
from the obtained specimen, the coding regions and splice junctions of the supposed gene were 
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Fig. 1: Ocular characteristic of the 
proband with ARS. Corectopia, 
left eye.

Fig. 2: Optical coherent tomography revealed foveal hypoplasia.

PCR amplified and capillary sequencing is performed (the technique of genetic testing PITX2 
gene was Sanger sequencing of the coding exonic and flanking intronic regions of the respec-
tive genes.) The bi-directional sequence was collected, aligned to reference gene sequences based 
on NCBI RefSeq transcript and human genome build GRCh37/UCSC hg19, and examined for 
sequence variants. Concurrent Multiplex Ligation-dependent Probe Amplification (MLPA) was 
performed to detect common whole gene copy number events of the evaluated gene(s) in the 
specimen, compared to control specimen(s). Reported clinically significant variants were con-
firmed by using alternate primer pairs to significantly reduce the possibility of allele drop-out.
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Sequence analysis of the PITX2 gene revealed c.206G > A (P.R69H) nonsense mutation 
involving chromosome 4q25. This study is the first reported case of this mutation that extends the 
phenotypic consequences of PITX2 mutations to foveal hypoplasia.

We also examined the history of the patient’s family. Data on other health conditions were 
collected from the proband and her mother’s medical reports. The patient’s pedigree is shown in 
Fig. 3.

Case II: 3 and 4 (the Proband’s Daughters)

The proband’s 6-year-old and 14-year-old daughters were undergoing treatment for congenital 
glaucoma in a children’s ophthalmological clinic. They were enrolled in this study in November 
2018. Data and ophthalmic medical history were collected, and as mentioned above, both daugh-
ters underwent ophthalmological examinations. In the 6-year-old daughter, the BCVA of both 
eyes was significantly reduced (0.2 in Snellen notification, logMAR 0.7). The IOP, in both eyes, 
was 18 mmHg (on topical medication timolol 0.5 % applied to both right and left eyes twice daily). 
Slit-lamp examination revealed iris hypoplasia with cavities mainly temporal and in lower quad-
rants. Additionally, traces of foetal vessels were found on the lens. Gonioscopy showed iridoc-
orneal adhesions from both angles. Fundus examination revealed that the cup-to-disc ratio was 
within the normal range. No abnormalities of the macula were perceptible in physical examina-
tion. In the 14-year-old daughter, the BCVA of the right eye was 0.9 and that of the left eye was 0.6. 
The IOP was 15 and 16 mmHg for the right eye and left eye, respectively, after a combined glau-
coma therapy (timolol 0.5 % and dorzolamide 2.0 % twice daily one drop to both the right and left 
eyes). Biomicroscopic examination revealed hypoplasia of the iris parenchyma, ectropion uveae, 
and lens opacities in both eyes. Gonioscopy showed posterior embryotoxon and a dysgenesis 
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nerve fibre defects. The OCT examination of the macula
in the 6-year-old showed, similar to that of her mother,
a foveal abnormality, as indicated by the absence of the
physiological pit. A general evaluation did not reveal any
systemic abnormalities or hearing loss.

Case III: 1 (the proband’s mother)
The proband’s 54-year-old mother, with a history of
cataract surgery in both eyes, was recruited in this study
in January 2019. Her BCVA was 0.5 and 0.6 for the right
eye and left eye, respectively. She was using a combin-
ation of topical medications in both eyes – timolol 0.5 %
with dorzolamide 2.0 % (twice daily, one drop in the
right and left eye) and latanoprost 0,005 % once daily,
(one drop in the right and left eye). Her IOP was 21 and
19 mmHg in the right eye and the left eye, respectively.
Slit-lamp examination revealed conveys like iris defects,
indicative of posterior embryotoxon. In the fundus
examination, the fundal coloboma and a widening of the
cup of the optic nerve disc (0.9 cup-to-disc ratio (CDR)
in the right eye and 0.8 CDR in the left eye) were ob-
served. Gonioscopy showed multiple iridocorneal adhe-
sions in both eyes. Static perimetry revealed defects in
the visual field – arcuate scotoma in upper hemisphere,
and the OCT examination of the macula revealed the
absence of the physiological pit.
Medical records of the family members did not indi-

cate any history of infantile nystagmus. Ocular albinism
such as transillumination defects of the iris and blond
fundus were absent.
A genetic examination confirmed a non-sense muta-

tion in the PITX2 gene in all four subjects, known to
occur in ARS. A dental assessment was carried out for
the evaluation of craniofacial anomalies and dental

Fig. 3 Figure 3. Patient’s pedigree; Legend: (II,2) proband, our patient (c.206G > A (P.R69H) mutation - result of probands genetic testing);
(III,1)(III,3) affected daughters (c.206G > A (P.R69H) mutation - information from interview); (II,5) affected sister and her daughter (III,4) (we have
only information from interview that location of mutation was on chromosome 4q25) ; (II,6) affected patient’s brother (we have only information
from interview that location of mutation was on chromosome 4q25); (I,2) patient’s mother (c.206G > A (P.R69H) mutation - information
from interview)
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Fig. 3: Patient’s pedigree; Legend: (II,2) proband, our patient (c.206G > A (P.R69H) mutation – result of probands 
genetic testing); (III,1)(III,3) affected daughters (c.206G > A (P.R69H) mutation – information from interview); (II,5) 
affected sister and her daughter (III,4) (we have only information from interview that location of mutation was 
on chromosome 4q25); (II,6) affected patient’s brother (we have only information from interview that location 
of mutation was on chromosome 4q25); (I,2) patient’s mother (c.206G > A (P.R69H) mutation – information from 
interview).
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of the angular structure. Fundus examination revealed that the cup-to-disc ratio was within the 
normal range. OCT examination, performed in both daughters, showed nerve fibre defects. The 
OCT examination of the macula in the 6-year-old showed, similar to that of her mother, a foveal 
abnormality, as indicated by the absence of the physiological pit. A general evaluation did not 
reveal any systemic abnormalities or hearing loss.

Case III: 1 (the Proband’s Mother)

The proband’s 54-year-old mother, with a history of cataract surgery in both eyes, was recruited in 
this study in January 2019. Her BCVA was 0.5 and 0.6 for the right eye and left eye, respectively. 
She was using a combination of topical medications in both eyes – timolol 0.5 % with dorzola-
mide 2.0 % (twice daily, one drop in the right and left eye) and latanoprost 0,005 % once daily, 
(one drop in the right and left eye). Her IOP was 21 and 19 mmHg in the right eye and the left 
eye, respectively. Slit-lamp examination revealed conveys like iris defects, indicative of posterior 
embryotoxon. In the fundus examination, the fundal coloboma and a widening of the cup of the 
optic nerve disc (0.9 cup-to-disc ratio (CDR) in the right eye and 0.8 CDR in the left eye) were 
observed. Gonioscopy showed multiple iridocorneal adhesions in both eyes. Static perimetry 
revealed defects in the visual field – arcuate scotoma in upper hemisphere, and the OCT examina-
tion of the macula revealed the absence of the physiological pit.

Medical records of the family members did not indicate any history of infantile nystagmus. 
Ocular albinism such as transillumination defects of the iris and blond fundus were absent.

A genetic examination confirmed a non-sense mutation in the PITX2 gene in all four sub-
jects, known to occur in ARS. A dental assessment was carried out for the evaluation of crani-
ofacial anomalies and dental abnormalities, which revealed hypodontia, microdontia, and abnor-
mally shaped teeth in all four subjects.

Discussion and Conclusions

ARS, is well characterized by the presence of anterior segment anomalies and typical systemic 
disorders [13]. In this study, the proband had distinctive ocular signs such as vision deteriora-
tion, multiple defects of iris, corectopia, displacement of the Schwalbe’s line indicating poste-
rior embryotoxon, and visual field loss indicative of mild glaucoma. In addition to these typical 
symptoms that are frequently observed in ARS cases, we also observed foveal anomaly character-
ized by the absence of physiological pit – a unique finding, which, to the best of our knowledge, 
has been reported to be associated with ARS only once [10]. Additionally, this unique finding 
was confirmed in two other members of the proband’s family. Clinical examinations revealed 
dysmorphic facial features, and dental disorders, while a genetic test confirmed a c.206G > A 
(P.R69H) nonsense mutation covering chromosome 4q25 in the PITX2  gene in all four sub-
jects. The PITX2 gene encodes a homeodomain-containing transcription factor, which identi-
fies and binds to specific DNA sequences through the homeodomain, and acts as a transcrip-
tion regulator during embryogenesis and elaboration of different tissues of the anterior segment.  
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The gene produces four mRNA transcripts (PITX2A-D), but a translation product of PITX2D 
has never been recognized. The three other isoforms (A–C) differ at the N terminus, but they all 
include the 60-amino-acid homeodomain. They all have identical C termini with a conserved 
14-amino-acid OAR domain (otp, aristaless and rax), which is predicted to mediate protein–
protein interactions and self-inhibitory interactions with the N terminus [14].

The integrity of PITX2 is essential for binding DNA and is critical for PITX2 to act as a tran-
scription factor [15]. The above-reported mutation was predicted to abolish the DNA-binding 
functions of the affected allele and to lead to a premature termination codon (PTC) and are subject 
to nonsense-mediated mRNA decay (NMD). The mechanism for the PITX2-related severity of 
the ocular phenotype in these patients may be the consequence of PITX2 haploinsufficiency [14]. 
This mutation may lead to foveal hypoplasia phenotype.

As mentioned earlier, a foveal anomaly is not typically associated with ARS. This unusual 
coexistence was previously described by Pal et al. [10] who describe a large consanguineous Asian 
family with three separate sibships with variations in Axenfeld’s anomaly and posterior embryo-
toxon, in which foveal hypoplasia was noted following an autosomal recessive pattern of inherit-
ance. They assumed that a defective protein, like PAX6, will have a significant role in the develop-
mental process that controls the formation of the eye.

The absence of foveal pit can usually be observed in cases of hereditary developmental retinal 
disorders such as albinism, PAX6-related phenotypes, achromatopsia [16], as well as aniridia [17] 
and Stickler syndrome [18]; infantile nystagmus is a common feature associated with these condi-
tions [16]. However, foveal hypoplasia as an isolated defect, without any other ocular abnormali-
ties, has been previously observed [19].

Previous studies have described some unusual ocular manifestations in ARS cases such as 
detached Schwalbe’s line suspended in the anterior chamber [20], which can also be explained by 
impaired neural crest cell migration and differentiation during embryonic development. Different 
types of esotropia caused by the atypical hypoplasia of different extraocular muscles, which are 
derived from the mesodermal complex, have also been reported [21]. Interestingly, a previous 
study reported a posterior segment abnormality in ARS cases such as retinal detachment due to 
proliferative vitreoretinopathy or due to persistent hyperplastic primary vitreous [22]. However, 
to the best of our knowledge, only one study to date has described foveal hypoplasia in one patient 
among a group of twenty-six unrelated patients with different forms of ARS[8]. Similar to the 
findings of our study, the patient in the above study had also dental and midface abnormalities 
caused by a PITX2 gene mutation as well as hearing defects [8].

Several studies have reported the inheritance of ARS. Wu et al. reported a case where two of 
the 7 living family members were affected by ARS [23]. The authors detected a novel heterozy-
gous mutation in the FOXC1 gene of the affected family members. Yang et al. reported 5 ARS 
cases, in a three-generation family, with only ocular manifestations [12]. The authors detected 
two novel FOXC1 mutations, and suggested that ocular abnormalities (such posterior embryo-
toxon, iridocorneal adhesion, iris hypoplasia, or corectopia) and systemic abnormalities are fre-
quently and occasionally, respectively, reported in ARS cases resulting from FOXC1 mutations; 
whereas, PITX2 mutations mainly cause polycoria and systemic abnormalities along with ocular 
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defects. Additionally, FOXC1 duplication is often characterized by iridogoniodysgenesis, and has 
a worse prognosis than other mutations [23]. In our study, we did not screen for FOXC1 muta-
tions for the reason mentioned above. However, it should be noted that in all our patients the 
course of glaucoma, as well as the visual function, were quite well preserved, including in the 
oldest affected member of the proband’s family (Case III: 1). Such observations suggest that these 
patients most likely did not harbour FOXC1 mutations.

Along with PITX2 defects, mutations in the PAX6 gene, located on chromosome 11p13, as 
well as the deletion of 13q14 and 16q23-24 chromosomal loci, where a causative gene is yet to 
be identified, have been implicated to cause ARS [24, 25]. Recent studies also showed that muta-
tions in the CYPB1 gene, which plays a crucial role in vitamin A metabolism and thus, is essential 
for ocular development, and the PRDM5 gene, which is responsible for the differentiation and 
maintenance of extracellular matrix, can contribute to the development of ARS [26-28]. However, 
despite many advancements in genetic research, the molecular cause in approximately 60 % of 
ARS cases still remains elusive [28].

This study has a few limitations. First, we only screened for PITX2 mutations, since it was the 
only test available in Poland at the time of this study. Second, we did not perform genetic tests in 
the rest of the family members and data on their health were obtained from interviews. Finally, we 
did not screen our patients for potential FOXC1 mutations. PAX6 mutations were also not tested, 
PITX2 AND PAX6 mutations are unlikely to occur together. Even with the above limitations, the 
main finding of this study – atypical report of ARS combined with the absence of foveal pit in a 
three-generation family – is noteworthy.

In summary, our study described a novel presentation of an unusual ophthalmic phenotype 
in the form of a foveal anomaly (absence of the physiological pit) in a three-generation ARS family 
with a PITX2 mutation. The presence of ocular defects, which are not typically associated with 
ARS, suggests that a wide spectrum of mutations/genetic alterations can contribute towards ARS 
aetiology. Additional studies are required to validate a causal association between ARS-related 
mutations and foveal anomaly, as well as to identify other implicated genes.

Abbreviations: ARS: Axenfeld-Rieger syndrome; BCVA: Best corrected visual acuity; IOP: Intraocular pressure; OCT: Optical coherence 
tomography; CDR: Cup-todisc ratio; RNFL: Retinal nerve fibre layer
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