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Purpose: Pseudophakic glaucoma is a secondary glaucoma in which intra-ocular pressure is
elevated following cataract removal. The current study aimed to evaluate the role of ultra-
sound biomicroscopy (UBM) in assessing post-operative pseudophakic glaucoma.

Patients and Methods: This is a case series, prospective, observational and analytical
study. It included 29 eyes of 29 patients with post-operative pseudophakic glaucoma. The
patients were evaluated by medical history, detailed ophthalmologic examination and UBM.
Results: UBM examination has unmasked different causes of pseudophakic glaucoma. The
detected causes were classified into 3 main groups, including intraocular lens (IOL)-related
causes, lens remnants and intra-ocular inflammation. Haptic-related causes were present in 9
eyes, while 6 eyes had decentered or tilted IOLs. Soemmering’s ring was the main cause in 3
eyes while in one eye the cause was lens particle in the anterior chamber (AC). Silicone oil in
AC with seclusio pupillae was the main cause in one eye. Peripheral anterior synechiae were
detected in 8 eyes while, posterior synechiae were evident in 7 eyes. Uveitis induced by
anterior chamber IOL (ACIOL) was found in 3 eyes and one eye had peripheral anterior
synechiae due to neovascular glaucoma.

Conclusion: UBM is a helpful diagnostic tool to evaluate causes of pseudophakic glaucoma
through adequate visualization of different angle structures.

Keywords: ultrasound biomicroscopy, UBM, pseudophakic glaucoma, hyphaema,

neovascularization

Introduction
Pseudophakic glaucoma is a secondary glaucoma in which intraocular pressure (IOP) is
elevated following cataract removal. This diagnosis is given only if there was no
glaucoma prior to cataract removal.! Transient or permanent intraocular pressure eleva-
tion occurs in pseudophakic eyes as a result of several mechanisms including; vitreous
filling the anterior chamber (AC), peripheral anterior synechia, lens particle glaucoma,
corticosteroid-induced glaucoma,” aqueous misdirection syndrome,® capsular block
syndrome,* haptic-induced post-operative pseudophakic glaucoma,” post-operative
chronic inflammation,® intraocular lens (IOL) dislocation,” uveitis-glaucoma-hyphema
(HUG) syndrome,® pupillary block glaucoma,’ and pigment release glaucoma. '
Ultrasound biomicroscopy (UBM) is based on unique 50 to 100 MHz high-
frequency ultrasound transducers, incorporated into a B-mode clinical scanner.
Transducers of different frequencies have been used, depending on the region to be
imaged. In general, higher-frequency transducers are used for fine resolution of more
superficial structures. A computer program then converts these sound waves into a
high-resolution image.""
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UBM provides non-invasive, high-definition, reliable,
and repeatable, cross-sectional images of the iris, posterior
chamber IOL, lens zonule, ciliary body and even the ante-
rior choroid.'> UBM provides measurements of several
angle parameters, including the trabecular-iris angle, the
trabecular-ciliary process distance, iris thickness, iris-cili-
ary process distance, iris-IOL contact distance, iris-zonular
distance, AC angle, iris-IOL angle, and AC depth.ll

UBM can be used to detect causes of pseudophakic
glaucoma such as malposition of the IOL,” pupillary block
glaucoma,® misplaced haptics, anterior and posterior syne-
chiae, as well as occlusion of the trabecular meshwork by
inflammatory cells and debris."?

Patients and Methods

This is a case series prospective, observational and analy-
tical study. It included 29 eyes of 29 patients with post-
operative pseudophakic glaucoma attending the outpatient
clinics at Mansoura University Ophthalmic Center (a cen-
tral university hospital and a tertiary referral center in
Egypt), in the period from March 2017 to March 2019.
The inclusion criteria included patients with elevated IOP
after cataract extraction and intraocular lens implantation.
Patients with chronic iridocyclitis or preoperative glau-
coma were excluded from the study.

All the patients in this study were evaluated starting with
medical history, detailed ophthalmologic examination includ-
ing visual acuity measurement, slit lamp biomicroscopy, tono-
metry, fundus examination, gonioscopy and UBM.

UBM was used to examine the angle structures in
which iris, ciliary body, and scleral spur can be recognized
easily. The scleral spur is the only constant landmark used
to interpret images and can be identified in the region
where the radiopaque shadow of the sclera merges with
the relatively radiolucent shadow of the cornea.

UBM scanning was performed in the supine position.
Eye cup was used to separate the eyelids after applying a
drop of benoxinate Hcl 0.4% and was filled with 2.5%
methylcellulose as a coupling medium. Scanning was per-
formed in eight directions, placing the probe close to the
area of interest. Measurements were repeated five times to
confirm reproducibility and eliminate artefacts.

Statistical Analysis

Data were coded, computed then analyzed using IBM
SPSS (Statistical package for social science) version 24
for Windows. Descriptive statistics were calculated in the
form of mean + SD. The significance of difference in

between groups was tested using Student’s #-test, Mann—
Whitney, chi square test and Fisher Exact Test. P value
less than 0.05 (5%) was considered to be statistically
significant.

Results

The study included 29 eyes of 29 patients, 8 (27.6%)
males and 21 (72.4%) females. The mean age was 52.4 +
15.4 (mean = SD) years. Twelve (41.3%) patients were
diabetic, 4 (13.8%) of them had diabetic retinopathy. The
study included 25 (86.2%) eyes with previous phaco-sur-
gery, versus 4 (13.8%) eyes with extra capsular cataract
extraction (ECCE). AIOLs were implanted in AC in 4
(13.8%) eyes and intra-bagal posterior chamber IOL
(PCIOL) in 24 (82.8%) eyes while one (3.4%) eye was
presented with sulcus PCIOL. The median time from
cataract surgery till study inclusion was 12 months.

The mean IOP was 34.3 = 7.5 mmHg. The C/D ratio
was >0.8 in 2 (6.9%) cases, around 0.6 in 2 (6.9%) cases
and 0.3 or less in 25 (86.2%) cases. Gonioscopy showed
10 (34.5%) eyes with open angle glaucoma and 19
(65.5%) eyes with closed angle glaucoma.

UBM was able to detect the possible causes of glaucoma
in 28 (96.6%) eyes, while in one (3.4%) eye it could not offer
a glaucoma explanation (Figure 1). Haptic-related causes
were present in 9 (31%) eyes, with the haptic pushing the
iris against the cornea (Figure 2) While 6 (20.6%) eyes had
decentered or tilted IOL (Figures 3 and 4). Soemmering’s
ring was found to be the main cause in 3 (10.3%) eyes
(Figure 5). In 1 (3.4%) eye the detected cause was lens
particle in AC. Silicone oil in AC with seclusio-pupillae
was the main cause in 1 (3.4%) eye (Figure 6). Peripheral
anterior synechiae were detected in 8 (27.5%) eyes
(Figure 7), posterior synechiaec were evident in 7 (24.1%)
eyes. Uveitis induced by ACIOL haptics was found in 3
(10.3%) eyes (Figures 8) and 1 (3.4%) eye had peripheral

Figure 1 No UBM explanation for elevated IOP.
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Figure 2 IOL haptic pushing iris (arrow) leading to iridocorneal apposition and
angle closure.

Figure 3 Decentered PCIOL, haptic impacted in ciliary body (arrow) leading to
chronic uveitis.

B s P,

Figure 5 Soemmering’s ring (arrow), peripheral anterior synechiae.

anterior synechiae due to neovascular glaucoma (Figure 9).
Data are shown in Table 1.

The study showed significant association (P < 0.05)
between pseudophakic glaucoma and types of cataract
surgery. It was more common in cases having ECCE
(100%) than cases having phaco-surgery (44%).

Figure 4 A, B Tilted IOL pushing iris anteriorly (arrow) causing peripheral anterior
synechiae.

Figure 6 Silicone oil in anterior chamber (arrow), seclusio pupillae.

The anterior chamber angle morphology is affected by
patient age, IOL type and the presence of synaechia. Open
angle glaucoma was more evident in older age group (mean
age was 60.4 + 9.9 years) while closed angle glaucoma
occurred in younger age group (mean age 48.2 + 16.3 years).
Also, open angle glaucoma was noted in all cases of ACIOL
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Figure 8 Haptic of ACIOL (arrow) inducing chronic irritation with pigment
dispersion evident on slit lamp examination.

Figure 9 Peripheral anterior synechiae (arrow) due to neovascularization at angle.

(100%) cases and 6 (24%) cases of PCIOL, while closed angle
19 (76%) of PCIOL
(P value <0.05). The incidence of synechiae detected by

glaucoma occurred in cases
UBM was more common in cases of closed angle glaucoma
(13 cases, 68.4%) than open angle glaucoma (2 cases, 20%) (P
value <0.05).

Discussion
Traditionally, IOP is expected to decrease after cataract sur-
gery. It is due to widening of the anterior chamber angle. This
was reported by Hayashi et al, 2000,'* Slabaugh & Chen,
2014," and Bojikian & Chen, 2018.'°

The current study analyzed cases with elevated IOP after
either complicated or non-complicated cataract surgery.
Similar literature research work focused on this paradoxical

Table | Causes of Pseudophakic Glaucoma Detected by UBM

Parameters N (%)
No detected cause by UBM I (3.4%)
Intra ocular lens (IOL) causes
® Haptic induced (pushing iris against cornea) 9 (31%)
® Decentered & tilted IOL 6 (20.6%)
Uveitis & synechiae causes
® Peripheral anterior synechiae (PAS) 8 (27.5%)
® Posterior synechiae (PS) 7 (24.1%)
® Haptic induced Uveitis 3 (10.3%)
® Neovascular glaucoma | (3.4%)
Lens particle & foreign material causes
® Soemmering’s ring 3 (10.3%)
® |ens particle I (3.4%)
® Silicone oil in anterior chamber | (3.4%)

IOP response after cataract surgery like Hansen et al, 1995,"
Elfersy et al, 2016,'® and Annam et al, 2018."” However, only
a few of these previous studies made a good use of UMB and
most of these studies were of small sample size, even some of
them were merely case reports. Such studies are illustrated in
Table 2. The aim of this prospective, case series, observational
and analytical study was to evaluate the role of UBM in
assessing causes of post-operative pseudophakic glaucoma.

In the current study, the IOP was found to be elevated in 4
eyes (13.8%) with ACIOL. The causes of IOP elevation in
cases with ACIOL were presumed to be due to inflammation,
pigment dispersion and HUG syndrome, this is also noted by
Giell etal 2014,> Sousa et al 2016,>' and Peralba et al 2018.>

On the other hand, IOP eclevation was associated with
PCIOL in 25 eyes (86.2%). PCIOL was reported to
increase IOP due to IOL de-centration, haptic malposition,
uveitis, synaechiae formation and micro-hyphaema. This is
agreed by Alfaro-Judrez et al, 2015.°

Haptic malposition was evident in 9 (31%) cases leading
to recurrent microhyphema due to continuous irritation of
ciliary body, what is traditionally called “HUG syndrome”,
this was reported by Mostafavi et al, 2013,> Alniemi et al,
2018.2 Also, this malposition may lead to chronic post-
operative inflammation and pushing iris anteriorly causing
narrow angle, this is agreed by Lima et al, 2014.°

Arvind et al, 2005,24 Zhang et al, 2016,25 documented
that prolonged iridocorneal apposition due to haptic mal-
position leads to peripheral anterior synechiae and angle
closure glaucoma. This is reported in 5 cases in the current
study.
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Table 2 UBM Finding of Other Studies for Pseudophakic
Glaucoma

Author No. of Main UBM Finding

Cases

Annam et al'? 45 Vitreous loss

2018

Alniemi et al”? 10 UGH

2018

Elfersy et al'® 189 |. Post operative inflammation

2016 2. Vitreous loss

Giiell et al®® 2014 | 124 1. Uveitis

2. Pigment dispersion

Jawad et al*® 2016 | 30 Silicone oil in anterior chamber

Kee and Lee?’ Case Lens particle

2001 report

Kobayashi et al*® Case Soemmering’s ring
2000 report

Lima et al® 2014 20 Intra-ocular inflammation due to

misplaced haptics

Mostafavi et al® 5 Uveitis, glaucoma, hyphaema
2013

Peralba et al* 24 Inflammation, Pigment dispersion
2018

Piette et al*> 2002 | 8 UGH

Suwan et al’ 2016 | 3 Soemmering’s ring

Uy et al'® 2006 10 Pigment dispersion
Zhang et al* Case Pupillary block glaucoma
2016 report

Eight (27.6%) eyes had mainly uveitis as a leader cause
in elevation of intra-ocular pressure. Lima et al, 2014,°
Aptel et al, 2017,%° and Peralba et al, 2018,* emphasize
that IOLs might lead to chronic inflammation and second-
ary glaucoma.

The studies conducted by Sathish et al, 2000,13 Zhang et al,
2016,% and Zhang & Chen 2017, illustrated that intra-ocular
inflammation after cataract surgery causes seclusio pupillae,
pupillary block, iris bombe and angle closure that elevate IOP.
This was evident in 5 cases in this study.

Soemmering’s ring was detected in three eyes (10.3%) in
this study. Kobayashi et al 2000, and Suwan et al 2016’
found that proliferation of remnants of lens epithelium and
the peripheral part of the capsular bag leads to formation of
Soemmering’s ring and pupillary block glaucoma. Remnants
of lens particle were the cause of increase of IOP in one eye
(3.4%) in this study. The study conducted by Kee & Lee

2001,%° documents that lens particles can obstruct trabecular
meshwork and elevate IOP after cataract surgery.

Another cause of pseudophakic glaucoma detected in
one (3.4%) eye in this study was silicone oil in anterior
chamber after incomplete silicone oil removal in previous
retinal surgery. IOP elevation was due to either blocking of
trabecular meshwork by oil droplets or seclusio pupillae;
this is also documented with Jawad et al 2016.*°

One (3.4%) eye in the study had neovascular glaucoma
in a diabetic patient with diabetic retinopathy. Eyes with
diabetic retinopathy were associated with the development
of rubeosis iridis and neovascular glaucoma after cataract
surgery. Goyal et al 2017,*" Kelkar et al 2018,*? explained
this by significant increase in vascular endothelial growth
factor (VEGF), interleukin-1 (IL-1), and pigment-epithe-
lium-derived factor which lead to the formation of neo-
vessels. Rodrigues et al 2016°" refer the cause of IOP
elevation in NVG to the development of neo-vasculariza-
tion at angle and the traction of the iris to the cornea
leading to peripheral anterior synechiae.

In this study there was one (3.4%) case with no UBM
explanation for increased intra-ocular pressure, the most
probable cause is trabeculitis. Assia et al 1992** explained
similar conditions. Table 2 demonstrates UBM finding of
different studies for pseudophakic glaucoma.

In the current study, The incidence of secondary angle
closure glaucoma (19 out of 29 patients or 65.5%) was
more than secondary open angle glaucoma (ten out of 29
patients or 34.5%). This could be explained by the pre-
sence of peripheral anterior synechiae in 27.5% of cases
and posterior synechiae in 24.1% of cases as a complica-
tion of uveitis after cataract operation. This finding was in
contrast to studies conducted by Mandal & Netland 2004,
that reported more frequent open angle glaucoma than
closed angle glaucoma after cataract surgery. This may
be due to different age distribution between this study
and current study. Suwan et al 2016° also reported less
frequent cases of closed angle pseudophakic glaucoma due
to peripheral laser iridotomy.

In this study, the site of implanted IOL has a significant
association with the type of glaucoma (P = 0.009). Open
angle glaucoma was associated with all 4 cases (100%) of
ACIOL and only 6 cases (24%) of PCIOL cases. While
closed angle glaucoma occurred with 19 cases (76%) of
PCIOL cases.

In the current study, the mean age of patients has a sig-
nificant association with the type of glaucoma (p = 0.04), as
open angle glaucoma occurred in older age group (60.4 £ 9.9
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years) than angle closure glaucoma (48.2 £ 16.3 years). In
addition, intra-ocular synechiae has a significant association
with type of glaucoma (P = 0.02), being higher with angle
closure glaucoma.

Conclusion

UBM is a helpful diagnostic tool in pseudophakic glaucoma,
as sound wave can penetrate behind iris and detect the possible
causes of IOP elevation. UBM can detect changes which
cannot be detected by clinical examination so it is recom-
mended in all cases of pseudophakic glaucoma for better
evaluation of the underlying cause which helps subsequent
management.
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Prior approval of the institutional research ethics board
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ethical standards of the institutional and national research
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