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Glaucoma is characterized by progressive loss of retinal ganglion cell (RGC) and their axons 
which may result in optic nerve head (ONH) and retinal nerve fiber layer (RNFL) changes and 
eventually lead to vision loss and irreversible blindness [1-3]. Since glaucoma is a slowly progress-
ing disease with irreversible neural damage, early diagnosis and sensitive progression monitoring 
are essential to glaucoma management. For clinical assessment, structural (e.g. fundus photog-
raphy (Fig. 1)), optical coherence tomography (OCT, Fig. 2) and functional (e.g. visual field (VF, 
Fig. 3)) measurements are commonly assessed in addition to the conventional observations (e.g. 
optic disc assessment, intraocular pressure (IOP)). Various longitudinal studies on glaucoma pro-
gression reported contradicting non-linear relationships between structural and functional meas-
urements [4-10]. There are complex, non-linear, asynchronous interactions between them, which 
have not been fully understood yet.

Recently, artificial intelligence (AI) has started to impact in ophthalmology [11-15]. Deep 
learning (DL) is a class of state-of-the-art machine learning (ML) algorithms that are especially 
tailored to extract meaningful features from complex and high-dimensional data. Consequently, 
AI algorithms, especially DL, have the potential to revolutionize the diagnosis and management 
of glaucoma based on the interpretation of functional and/or structural information and even 
to improve the understanding of glaucoma by defining the structural features responsible for 
certain functional damages and to identify phenotypes that follow similar progression patterns. 
Table 1 summarizes current DL applications in glaucoma.
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Fig. 1: Fundus photography 
of a left eye with glaucoma. 
Large cupping and peripapillary 
atrophy are shown in the image.

Fig. 2: Examples of Cirrus OCT report from a healthy case (a) and a glaucomatous case (b). The image is color-coded 
(red, orange, and yellow represent thicker areas while green and blue represent thinner areas).
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structural-functional relationship; finally, section 
“Other AI Applications in Glaucoma” presents 
some other applications of AI in glaucoma.

 Glaucoma Diagnosis

Diagnosis of glaucoma can be modeled as a clas-
sification problem which typically has one or 
multiple features (clinical parameters or images) 
as input and a single diagnostic variable as output 
(e.g., presence or severity of glaucoma). It is one 
of the first areas in which AI is extensively 
explored.

In 1994, ML classifiers were first used to dis-
criminate normal and glaucomatous eyes based 
on visual fields [1]. Subsequent studies explored 
the classification problem with more ML meth-
ods and data modalities and demonstrated the 
effectiveness of ML models. The community ini-
tially focused on taking clinical parameters as 
input and using classical ML classifiers such as 
random forest (RF) and support vector machine 
(SVM) and manually designed features for the 
task, which are problem-dependent and require 
domain knowledge.

Since 2013, the development of DL, especially 
convolutional neural networks (CNNs), has 
enabled automatic learning of discriminative rep-

Fig. 9.1 Fundus photography of a left eye with glau-
coma. Large cupping and peripapillary atrophy are shown 
in the image

a b

Fig. 9.2 Examples of Cirrus OCT report from a healthy case (a) and a glaucomatous case (b). The image is color- 
coded (red, orange, and yellow represent thicker areas while green and blue represent thinner areas)
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In this chapter, we provide an overview of current AI applications and challenges in glau-
coma. Section “Glaucoma Diagnosis” introduces AI utilization in detecting glaucoma; section 
“Longitudinal Analysis” focuses on role of AI in longitudinal projection; section “Structural-
Functional Correlation” summarizes developments of AI in finding the structural-functional rela-
tionship; finally, section “Other AI Applications in Glaucoma” presents some other applications 
of AI in glaucoma.

Fig. 3: Examples of Humphrey 24-2 VF report from a healthy eye (a) and a glaucomatous eye (b). Figure (b) shows 
advanced visual field damages with superior nasal deficit, large inferior nasal step and superior temporal step, and 
paracentral scotoma.
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resentations of data that optimally solves the prob-
lem [44–47]. DL models utilize multiple 
processing layers to obtain scalability and learn 
hierarchical feature representations of data with 
multiple levels of abstraction which are suitable 
for classification. Therefore, DL models have been 
studied to improve the accuracy of automated 
glaucoma diagnosis, summarized in Table 9.2.

 Functional Defects as Input

In clinical practice, VF testing is widely used as 
the gold standard for disease diagnose and glau-

comatous damage assessment. Several classical 
ML classifiers (i.e., multilayer perceptron (MLP), 
SVM, and linear (LDA) and quadratic discrimi-
nant analysis (QDA), Parzen window and mix-
ture of Gaussian (MOG)) have been proposed to 
automatically discriminate between normal eyes 
and eyes with pre-perimetric glaucoma based on 
visual fields and have shown promising perfor-
mance [48–50]. With the development of compu-
tational capacity, deeper models have become 
possible to be implemented. Asaoka et  al. [26] 
proposed a multi-layer feed-forward neural net-
work (FNN) with stacked denoising autoencoder 
to classify pre-perimetric glaucoma VFs and 

a b

Fig. 9.3 Examples of Humphrey 24-2 VF report from a 
healthy eye (a) and a glaucomatous eye (b). Figure (b) 
shows advanced visual field damages with superior nasal 

deficit, large inferior nasal step and superior temporal 
step, and paracentral scotoma

Table 9.1 Summary of DL applications in glaucoma

Application Subtasks Data type Models References
Glaucoma diagnosis Segmentation, object detection, 

classification
Fundus photography, 
OCT, VF, demographic 
features, IOP, et al.

FNN, CNN, 
ResNet, Faster 
RCNN, U-Net

[15–33]

Longitudinal 
analysis

VF forecasting, structural loss 
forecasting

VF, RNFL thickness, 
GCIPL thickness

RNN, CNN, 
LSTM

[34–36]

Structural- 
functional 
relationship 
discovery

Mapping between structural 
features and functional 
measurements (VF thresholds, 
VFI, VF MD et al.)

OCT, retinal thickness 
map

CNN, ResNet50 [37–41]

Knowledge 
discovery

Age, gender, or race prediction 
from OCT images

OCT CNN [42]

Image enhancement Speckle noise reduction on OCT 
images

OCT GAN [43]
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Glaucoma Diagnosis

Diagnosis of glaucoma can be modeled as a classification problem which typically has one or 
multiple features (clinical parameters or images) as input and a single diagnostic variable as 
output (e.g., presence or severity of glaucoma). It is one of the first areas in which AI is extensively 
explored.

In 1994, ML classifiers were first used to discriminate normal and glaucomatous eyes based 
on visual fields [1]. Subsequent studies explored the classification problem with more ML methods 
and data modalities and demonstrated the effectiveness of ML models. The community initially 
focused on taking clinical parameters as input and using classical ML classifiers such as random 
forest (RF) and support vector machine (SVM) and manually designed features for the task, which 
are problem-dependent and require domain knowledge.

Since 2013, the development of DL, especially convolutional neural networks (CNNs), has 
enabled automatic learning of discriminative representations of data that optimally solves the 
problem [44-47]. DL models utilize multiple processing layers to obtain scalability and learn hier-
archical feature representations of data with multiple levels of abstraction which are suitable for 
classification. Therefore, DL models have been studied to improve the accuracy of automated 
glaucoma diagnosis, summarized in Table 2.

Functional Defects as Input

In clinical practice, VF testing is widely used as the gold standard for disease diagnose and glau-
comatous damage assessment. Several classical ML classifiers (i.e., multilayer perceptron (MLP), 
SVM, and linear (LDA) and quadratic discriminant analysis (QDA), Parzen window and mixture 
of Gaussian (MOG)) have been proposed to automatically discriminate between normal eyes and 
eyes with pre-perimetric glaucoma based on visual fields and have shown promising performance 
[48-50]. With the development of computational capacity, deeper models have become possible 
to be implemented. Asaoka et al. [26] proposed a multi-layer feed-forward neural network (FNN) 
with stacked denoising autoencoder to classify pre-perimetric glaucoma VFs and healthy VFs and 
achieved better performance over shallower ML models.

Previous work showed promising performance in classification of VFs. Yet, these methods 
treated each VF point as individual features and failed to leverage spatial information within VFs. 
Spatial Information is useful to discover VF defect pattern and therefore helps glaucoma diagnosis 
[27]. Thus, incorporating spatial information into ML classifiers may boost the discrimination 
ability. CNN is an evolution of FNN which replace matrix multiplication with convolution to 
process spatial information. Thus, researchers started to implement CNN models to discriminate 
VFs.

Kucur et al. [28] converted VFs to images using a Voronoi parcelation [51]. A seven-layer 
CNN, which explicitly took spatial information into account through spatial convolutions, was 
used to discriminate between healthy and early glaucomatous VFs with those converted images as 
input. Results demonstrated supremacy of CNN over NN that did not consider spatial information 
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(average precision score: 0.874 ± 0.095 vs. 0.843 ± 0.089). By computing the gradient, saliency 
maps can be obtained to visualize important pixels that contribute most to the outputs of CNN. 
The saliency maps suggested that CNNs were capable of detecting patterns of localized VF defects.

Li et al. [29] took probability map of pattern deviation (PD) from the VF reports as the input 
to a CNN. Results showed that CNN achieved higher accuracy compared to ophthalmologists, 
rule-based method (Advanced Glaucoma Intervention Study (AGIS) criteria and Glaucoma 
Staging System (GSS) criteria), and traditional machine learning algorithms (SVM, RF, k-nearest 
neighbor).

Table 2: Summary of recent DL work on glaucoma diagnosis.
Input 
type

Reference Models Subtasks Input data Output 
classes

Functional [26] FNN Classification Individual VF thresholds Glaucoma/
non-glaucoma

[28] CNN Classification VF map Early 
glaucoma/
non-glaucoma

[29] CNN Classification Probability map of VF PD Glaucoma/
non-glaucoma

Structural [21] CNN Classification Color fundus image Glaucoma/
non-glaucoma

[15] CNN Classification Color fundus image Glaucoma/
non-glaucoma

[22] Hierarchical 
ResNet, UNet

Classification Color fundus image Glaucoma/
non-glaucoma

[23] Inception-v3 Classification Color fundus image Glaucoma/
non-glaucoma

[24] CNN Classification Color fundus image Glaucoma/
non-glaucoma

[30] CNN, Random 
forest

Feature 
extraction, 
classification

RNFL thickness map, GCIPL 
thickness map, RNFL 
probability map, GCIPL 
probability map, and en face 
projection image

Glaucoma/
non-glaucoma

[31] Multi-Context 
Deep Network

Classification 2D Anterior Segment OCT 
image

Open-angle/
angle-closure 
glaucoma

[32] 3D CNN Classification 3D OCT volume Glaucoma/
non-glaucoma

[33] CNN Classification RNFL probability map Glaucoma/
non-glaucoma

Mixed [25] CNN, Faster-
RCNN, FCN

Feature 
extraction, 
OD region 
detection, OC 
segmentation, 
classification

Color fundus image, age, IOP, 
eyesight, and symptoms

Glaucoma/
non-glaucoma
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Structural Damages as Input

Assessment of structural damage has become a practical standard for glaucoma diagnosis. Early 
studies focused on structural measurements obtained from imaging techniques such as confo-
cal scanning laser ophthalmoscopy (CSLO) and scanning laser polarimetry (SLP) [47,  52-58]. 
Promising performance of ML classifiers on structural parameters such as optic disc parameters 
measured by CSLO and RNFL measurements from SLP were reported. However, due to the pop-
ularity of the technologies, recent AI-based studies on structural glaucomatous damages have 
focused on fundus photography and OCT.

Fundus Photography

Fundus photography is a well-established and cost-effective imaging technique to identify features 
of the fundus region including fovea, macula, optic disc (OD), and optic cup (OC). Glaucoma 
can be identified by the optic nerve cupping. Thus cup-to-disc ratio (CDR), which measures the 
vertical diameter of the optic cup to that of the disc, is one of the most important biomarkers for 
glaucoma diagnosis. Higher CDR value indicates a higher probability of glaucoma. Therefore, 
many AI-based studies focused on automatic segmentation of OD and OC using deep learning 
[16-21]. Segmentation-based methods, however, lack sufficiently discriminative representations 
and are easily affected by noise and low image quality. Moreover, predefined clinical parameters 
lack complex morphological information that might be useful in the diagnosis. Therefore, more 
recent methods simultaneously learn discriminative representation that optimize classification 
results directly from fundus images.

In 2015, Chen et al. [15] proposed a six-layer CNN to classify glaucoma and non-glaucoma 
eyes directly from fundus images from public available ORIGA dataset [59] and SCES dataset 
[60]. Experimental results showed AUC of 0.831 and 0.887 on ORIGA and SCES respectively. In 
a later work, Chen et al. [61] designed a novel CNN which embed multilayer perceptron to dis-
criminate glaucoma and non-glaucoma patterns of fundus images.

In 2018, Fu et al. [22] proposed a Disc-aware Ensemble Network (DENet) which consisted 
of four streams to integrate hierarchical context of global fundus images and local OD regions. 
The first stream used a Residual Network (ResNet) [62] to learn the global representation on 
the whole fundus image directly and produce a glaucoma classification probability. The second 
stream adapted the U-shape CNN (U-Net) [63], which is an efficient DL model for medical image 
segmentation, to produce the disc probability map and a glaucoma classification probability. The 
third stream cropped OD region image as input and output a classification probability through 
a ResNet. The fourth stream applied the pixel-wise polar transformation to transfer the copped 
original image to the polar coordinate system in order to enlarge the cup region and augment 
data. Then, a ResNet was trained to output a classification probability. The model was trained on 
ORIGA dataset and yielded testing results of an accuracy of 0.832 on SCES and 0.666 on SINDI 
datasets.
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Later, Li et al. [23] applied Inception-v3 [64] on a private dataset to detect referable glauco-
matous optic neuropathy (GON) and achieved an AUC OD 0.986 with sensitivity of 0.956 and 
specificity of 0.92. Results also showed that other eye conditions would greatly affect the detection 
accuracy. High or pathological myopia contributed most to false-negative results while physi-
ologic cupping and pathological myopia are the most common reason for false-positive results.

Though previous methods demonstrated the efficiency of DL in glaucoma diagnosis, DL 
methods suffer from overfitting problem due to relatively small dataset available and a large 
number of parameters needed training. In 2018, Chakravarty et al. [24] presented a multi-task 
CNN that segmented OD and OC on fundus images and jointly classified the image to glau-
coma and non-glaucoma. The proposed method was evaluated on the REFUGE dataset to achieve 
an average dice score (which measures the overlap of segmentations and ground truths) of 0.92 
for OD segmentation, 0.84 for OC segmentation, and AUC of 0.95 for classification. The cross-
task design reduced the number of parameters and ensured good generalization of the model on 
small dataset. In another work, Chai et al. [25] designed a multi-branch neural network (MB-NN) 
model to leverage domain knowledge includes important measures (e.g., CDR) for glaucoma 
diagnosis. The first branch extracted hidden features directly from fundus image through a CNN. 
The second branch used Faster-RCNN [65] which is a deep learning framework for object detec-
tion to obtain optic disc region. Then another CNN is used to extract local hidden features. The 
third branch used a fully convolutional network (FCN) [66] to segment OD, OC, and peripapil-
lary atrophy (PPA), and then calculated measures related to disc, cup, and PPA. RNFL defects, 
a roughly wedge shape region starting from OD, detected from another CNN and non-image 
features (e.g. age, IOP, eyesight and symptoms) from case reports were also inputs to the third 
branch. The proposed framework was verified on a private dataset and achieved an accuracy of 
0.915, sensitivity of 0.9233, and specificity of 0.909.

OCT

OCT, which is a non-invasive imaging technique to provide micrometer resolution cross-sectional 
and volumetric images of retina, has emerged as the de facto standard in objective quantification 
of structural damage in glaucoma. Similarly, early studies focused on comparison of various clas-
sical ML classifiers using parameters measured by OCT [67-69]. Though classical ML classifiers 
classified glaucoma with satisfying accuracy, the limitation of ML classifiers is the reliance of the 
segmentation of retinal layers that uses handcrafted features and is prone to errors. Therefore, 
deeper and segmentation-free methods were desired to avoid the problem.

In 2017, Muhammad et al. [30] used a pre-trained CNN model for feature extraction and a 
random forest model for classification. Though the proposed model is deep, the images fed into 
the model were still generated by conventional segmentation methods: (1) retinal ganglion cell 
plus inner plexiform layer (GCIPL) thickness map; (2) RNFL thickness map; (3) GCIPL probabil-
ity map; (4) RNFL probability map; (5) en face projection. The results showed that the proposed 
method with the RNFL probability map as input outperformed OCT and VF clinic but fell short 
of an experienced human expert.
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In 2018, Fu et al. [31] present a Multi-Context Deep Network (MCDN) to classify angle-clo-
sure and open-angle glaucoma based on Anterior Segment Optical Coherence Tomography (AS-
OCT). The anterior chamber angle (ACA) region was first localized by a data-driven AS-OCT 
structure segmentation method [22] to compute the clinical parameters (e.g., Anterior Chamber 
Width, Lens-Vault, Chamber Height, Iris Curvature, and Anterior Chamber Area). A linear SVM 
was employed to predict an angle-closure probability based on these clinical parameters. Then 
localized ACA region and the original scan were fed into two parallel CNNs to jointly gain local 
and global discriminative representations respectively and output an angle-closure probability. 
Finally, the probabilities from clinical parameters and CNNs are averaged to produce the final 
results. Experimental results showed that the proposed method is effective for angle-closure glau-
coma screening. Detailed analysis of three input streams showed that DL-based global discrimi-
native features did not work as well as handcrafted visual features (AUC 0.894 vs. 0.924) while 
DL-based local discriminative features achieved on par performance with handcrafted features 
(AUC 0.920 vs. 0.924).

In 2019, Maetschke et al. [32] proposed a 3D CNN to be trained directly on raw spectral 
domain optical coherence tomography (SD-OCT) volumes of ONH to classify healthy and 
glaucomatous eyes. The class activation map (CAM) analysis found neuroretinal rim, optic disc 
cupping, and lamina cribrosa and its surrounding area were significantly associated with the clas-
sification results, which aligned with commonly used clinical markers for glaucoma diagnosis 
such as neuroretinal thinning at the superior and inferior segments and increased cup volume.

In the same year, RNFL probability maps, which are generated based on swept-source optic 
coherence tomography (SS-OCT) to superimpose structural changes with VF locations, were also 
trained with CNNs to discriminate between glaucomatous and healthy eyes [33]. CAM analysis 
suggested that anatomical variation in blood vessel or RNFL location caused ambiguity in false 
positive and false negative. This discovery might be useful for future improvement of DL systems 
by supplying information about blood vessels.

Combining Structure and Function

Many studies also developed effective ML classifiers combining structural and functional data. 
Global VF indices (mean defect, corrected loss variance, and short-term fluctuation) in combina-
tion with structural data (CDR, rim area, cup volume, and nerve fiber layer height) analyzed by 
an ANN was capable to correctly identify glaucomatous eyes with an accuracy of 88% in an early 
study [70]. This figure was higher than that of the same ANN trained with only structural or func-
tional data. The development of computational ability accommodated larger models and larger 
inputs. Bowd et al. [71] took complete VF maps and OCT RNFL thickness measurements of 32 
sectors to train multiple ML learning classifiers. In a later study, Silva et al. [24] tested several clas-
sifiers, including bagging (BAG), naïve bayes (NB), MLP, radial basis function (RBF), RF, ensem-
ble selection (ENS), classification tree (CTREE), ada boost M1 (ADA), SVM, using 17 RNFL 
thickness parameters (average thickness, 4 quadrants and 12 clock hour measurements) and 
mean deviation (MD), pattern standard deviation (PSD), and glaucoma hemifield test (GHT). RF 
achieved the best AUC result of 0.946.
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Generally speaking, DL models are capable of learning discriminative representations and 
identifying glaucoma patients. However, comparing those methods remains challenging because 
of the variety of training and testing datasets and validation methods. The possibility to extract 
knowledge that might not be discovered before, such as unknown glaucoma related structures/
features that are highly associated with glaucomatous damages and glaucoma phenotyping, is the 
most exciting part of DL. Therefore, increasing interpretability of DL to visualize learned knowl-
edge will be critical to future development of the use of DL in glaucoma diagnosis.

Longitudinal Analysis

The accelerated retinal ganglion cell loss is a characteristic feature of glaucoma progression 
together with functional damages. Therefore, identifying progression and estimating the rate of 
loss either structurally or functionally are crucial to glaucoma management.

The current clinical gold standard for progression analysis is the Guided Progression Analysis 
(GPA) provided by the commercial software developed by Carl Zeiss [72, 73]. The software allows 
clinicians to evaluate the patient’s functional or structural loss over time compared to his or her 
own baseline, which is a composite of two initial examinations. Event-based and trend-based 
analysis are two approaches to tell whether the progression exists. Event-based analysis evaluates 
changes from baseline compared to expected variability. The expected variability is determined 
by the 95% confidence intervals of the magnitude of fluctuation of stable glaucoma patients from 
empirical datasets. Progression is defined as the change exceeds the expected variability. Trend-
based analysis estimated the rate of change over time using linear regression. While GPA is useful 
to define and quantify glaucoma progression, GPA does not forecast future progressions, which 
could augment clinical decision making.

For VF forecasting, Caprioli et al. [74] projected individual VFs through an exponential 
model which characterized fast or slow progression rate in VF losses better than linear models. 
However, both linear model and exponential model assume constant loss rates of VF loss, which 
usually decay over time [75]. To better depict glaucomatous damage, Chen et al. [76] compared 
pointwise linear, exponential, logistic functions, and combinations of functions and showed that 
a combination of exponential and logistic functions predicted future progressions better. Previous 
methods treated test points as individual points and did not incorporate spatial correlations 
between VF test points at the time point. Several statistical methods have been proposed to incor-
porate spatio-temporal correlations in VFs [77-80].

Application of DL in this field of predictive medicine is particularly interesting to manage-
ment of glaucoma since many factors contributing to the rate or severity of glaucoma progression 
still remain unknown. But unlike the more definitive diagnosis of glaucoma, there have been 
limited investigation into the potential of DL in predicting future findings. Park et al. [34] devel-
oped a recurrent neural network (RNN) to predict the sixth visual field test. The performance of 
RNN was compared with that of a point-wise linear regression. Results showed that VFs predicted 
by RNN were more accurate than that by linear regression (root mean square error (RMSE): 
4.31 ± 2.54 dB vs. 4.96 ± 2.76 dB, p < 0.001) and RNN was more robust (smaller and more slowly 



10 • CUT TING EDGE - GLAUCOMA

increasing of RMSE as the false negative rate increases). However, the proposed method required 
a large number of VF tests over a long period of time. And many years of VF testing would be 
needed to accurately predict the future VFs. To overcome the problem, Wen et al. [81] trained a 
deep learning model on the temporal history for a large group of patients to accurately predict 
future VFs up to 5.5 years given only a single VF test, with a correlation of 0.92 between MD on 
predicted VFs and MD on actual future VFs.

For structural progression forecasting, Song et al. [82] proposed a 2D continuous-time 
hidden markov model to predict average circumpapillary RNFL thickness and VFI. Sedai et al. 
[35] developed a ML regressor to forecast circumpapillary RNFL thickness at the next visit from 
multimodal data including clinical (age and IOP), structural (circumpapillary RNFL thickness 
derived from OCT scans and DL-extracted OCT features), and functional (VF parameters) data 
of three prior visits and the inter-visit intervals. Chen et al. [36] also investigated the predictive 
DL in predicting structural loss. A time-aware long short-term memory network was designed to 
predict fifth visit of GCIPL thickness map based on four prior maps and took uneven intervals 
between every two visits into account.

Structural-Functional Correlation

Relationships between structural loss and functional loss has been a controversial topic which we 
still do not have a general consensus yet. Early work has investigated classical ML models such 
as LR [83], a Bayesian framework with a radial basis function [84], and Bayesian LR [85], and 
logarithmic regression [86] that map function from structure. However, model performance has 
been limited and highly depending on assumptions of linear relationship or the gaussian distribu-
tion of variability in VF measurements, which is not optimal given that it is usually heavily tailed. 
Given the success of DL in identifying and forecasting glaucoma, DL may help to improve the 
understanding of the structural-functional relationship in glaucoma. In addition, VF tests are 
subjective, time-consuming, and very noisy. Thus, estimating VF from OCT accurately may help 
to reduce unnecessary VF testing in eyes that are estimated to be stable.

In 2017, Uesaka et al. [37] proposed two methods to estimate full-resolution 10-2 mode VF 
maps from retinal thickness (RT) data including GCIPL thickness maps, RNFL thickness maps 
and RCL thickness maps. The proposed two methods were affine structured non-negative matrix 
factorization (ASNMF) and a CNN. Results showed that ASNMF worked better for small data size 
while CNN was powerful for large data size. 7.27 dB of average root mean squared errors (RMSE) 
was achieved by ASNMF and 6.79 dB by CNNs.

Later in 2018, Sugiura et al. [38] reduced the overfitting effect of CNNs by pattern-based 
regularization (PBR) which utilized characteristic pattern obtained from a large amount of non-
paired VF-RT data. Characteristic VF patterns were extracted with an unsupervised learning 
method. Then, the model was regularized by adding a regularization term to the loss function. 
The regularization term penalizes the model if the estimation is far from the manifold formed 
by the extracted VF patterns. Moreover, the location-wise estimation at the last layer of CNNs 
was replaced by group-wise estimation to reduce network parameters. VF locations were first 
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categorized into several groups depending on functional similarity. Then, an estimation model 
was shared within each group. 6.16 dB of RMSE was achieved by the model.

In 2019, Christopher et al. [39] applied ResNet50 to detect eyes with glaucomatous visual 
field damage (GVFD) and predict VF MD, PSD, and mean VF sectoral PD from RNFL thickness 
map, RNFL en face image, and CSLO images. Model parameters were initialized by a transfer 
learning that trained the model on ImageNet which is a large image recognition dataset and fine-
tuned on a private training dataset in order to reduce overfitting effect.

Previous work relied on segmentation-based features which are prone to errors especially 
with advanced glaucoma and other co-existing ocular pathologies. Segmentation-free DL 
methods have also been explored. In 2019, Maetschke et al. [40] inferred VFI and MD directly 
from OCT volumes of the ONH or the macula to eliminate the need for layer segmentation. The 
proposed 3D CNN was compared with several classical ML methods with segmentation-based 
OCT features and proved to outperform those ML methods. In 2020, Christopher et al. [41] used 
U-Net to predict full-resolution 24-2 and 10-2 mode VF maps from unsegmented SD-OCT circle 
scans. The R2 of the predicted results ranged from 0.07 dB to 0.71 for 24-2 mode and from 0.01 
to 0.85 for 10-2 mode.

Other AI Applications in Glaucoma

One application of AI is to discover new knowledge in glaucoma. Mendoza et al. [42] developed a 
DL method to predict age, sex, and race based on Spectralis OCT RNFL circle scans from healthy 
individuals, glaucoma suspect, and glaucoma patients. A MAE (95% CI) of 4.5 years (3.9, 5.2) 
and a strong (R2 (95% CI)) association of 0.73 between predicted and actual age were achieved 
for predicting age. AUC (95% CI) of predicting race and sex were 0.96 (0.86, 0.99) and 0.70 (0.57, 
0.80), respectively. These results suggest that DL can learn demographic features including age, 
race, and sex that are not apparent to human observers. The research implied that there are still 
uncovered knowledge to be discovered in retinal OCT scans.

Another application of AI is to enhance OCT scans. Halupka et al. [43] presented a CNN using 
either mean squared error or a generative adversarial network (GAN) with Wasserstein distance 
and perceptual similarity to reduce speckle noise of OCT images from both healthy and glau-
comatous eyes. The results demonstrated the effectiveness of CNNs to denoising OCT B-scams 
while preserving structural features of retinal layers. Such denoising methods could be extremely 
useful in the analysis pipeline and ensure the reliability of the following disease assessment.

Conclusion

In this chapter, we discussed the role of AI in glaucoma. Accurate automated diagnosis and prog-
nosis of glaucoma may assist clinicians to increase efficiency, minimize diagnosis errors, and 
improve overall quality of glaucoma treatments. With its abilities to extract meaningful infor-
mation from high dimensional and complex multi-modal data, AI may help to discover new 
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biomarkers, patterns, or knowledge to improve the current understanding of glaucoma, which 
could be useful for promoting research and development into new treatments.

There are still several challenges for clinical applications of AI in glaucoma. First, datasets 
used in many studies are small and collected from homogeneous populations while modern 
AI systems require very large training dataset and are often subject to numerous variabilities. 
Tremendous efforts would be required to collect a large and general dataset for glaucoma research. 
Second, the definition of glaucoma is not clear. Disagreements in the definition of the disease 
phenotypes often happen between experienced ophthalmologists. Therefore, it is hard to obtain 
high-quality ground-truth labels. Third, despite many efforts in increasing the interpretability of 
AI models, AI models are still being considered as “black boxes”, which limits its clinical adoption. 
Thus, it is crucial to develop more visualization tools for AI algorithms. Despite these challenges 
ahead, AI will likely have positive impact on research and clinical practice in glaucoma.
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Abstract

Introduction: To evaluate the efficacy and safety of PreserFlo® MicroShunt in primary open angle 
glaucoma (POAG) eyes after a single failed trabeculectomy.
Methods: Retrospective review of POAG eyes with a failed trabeculectomy that underwent 
PreserFlo® MicroShunt implantation from March 2019 to November 2019, in two Italian glau-
coma centers. Pre- and postoperative data were collected and compared.
Results: A total of 31 surgeries in 31 patients were reviewed. Mean preoperative IOP and mean 
preoperative number of medications were 24.12 ± 3.14 mmHg and 3.29 ± 0.64, respectively, and 
decreased to 12.56 ± 2.64 mmHg and 0.46 ± 0.77 at the 12-month postoperative follow-up visit 
(p < 0.01). The most frequent adverse events were transient hypotony (6 eyes, 19.3%) and choroi-
dal effusion (3 eyes, 9.6%). In all cases spontaneous resolution was observed, with no intervention.
Conclusion: In POAG eyes with a single failed trabeculectomy, the PreserFlo® MicroShunt was 
safe and effective in reducing the IOP after a 12-month follow-up. The PreserFlo® MicroShunt may 
represent a viable choice as a second surgery.
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Efficacy and Safety of PreserFlo® 
MicroShunt After a Failed Trabeculectomy 
in Eyes with Primary Open-angle 
Glaucoma: A Retrospective Study
Luciano Quaranta, Eleonora Micheletti, Roberto Carassa, Carlo Bruttini, 
Riccardo Fausto, Andreas Katsanos, Ivano Riva

L. Quaranta (), E. Micheletti, C. Bruttini, R. Fausto 
Department of Surgical and Clinical, Diagnostic and Pediatric Sciences, Section of Ophthalmology, University of Pavia-IRCCS 
Fondazione Policlinico San Matteo, Viale Camillo Golgi, 19, 27100 Pavia, Italy  
e-mail: luciano.quaranta@unipv.it 

R. Carassa 
Centro Italiano Glaucoma, Milan, Italy 

A. Katsanos 
Department of Ophthalmology, University of Ioannina, Ioannina, Greece 

I. Riva 
IRCCS-Fondazione Bietti, Rome, Italy



18 • CUT TING EDGE - GLAUCOMA

Key Summary Points
Why carry out this study?

The optimal surgical management of eyes with primary open angle glaucoma after a failed trabeculectomy remains 
unknown. Available options include trabeculectomy revision or glaucoma drainage implant.

The PreserFlo® MicroShunt is a new surgical device implanted with a moderately invasive procedure.

The aim of the present study was to investigate the medium-term outcomes of PreserFlo® MicroShunt surgery in 
primary open-angle glaucoma eyes with a single failed trabeculectomy.

What was learned from the study?

The PreserFlo® MicroShunt is safe and effective in eyes with primary open angle glaucoma with a single failed trab-
eculectomy with a follow-up of 12 months. For this reason, it may be a viable choice as a second surgery in these eyes.

Introduction

Trabeculectomy, introduced by Cairns in 1968 [1], is the gold standard technique for the surgical 
management of open-angle glaucoma [2]. Although trabeculectomy has been demonstrated to be 
effective in reducing the intraocular pressure (IOP) [3-6], its efficacy tends to decrease over time, 
often requiring additional topical medical therapy.

When a trabeculectomy fails to achieve the target IOP despite a medical therapy, a second 
surgical intervention is needed. Available options in this case include revision of the previous 
trabeculectomy, a new trabeculectomy, or the use of a glaucoma drainage implant (GDI). Scarring 
processes, however, may have a detrimental effect on the revised trabeculectomy or the second 
trabeculectomy [7, 8]. In such cases, shunting the aqueous humor from the anterior chamber to 
the posterior subconjunctival space using a GDI may be advantageous, because the previously 
operated anterior conjunctiva is bypassed [9]. Unfortunately, this treatment strategy involves a 
considerably invasive procedure.

PreserFlo® MicroShunt (Santen, Osaka, Japan) is a new implantable device for IOP reduc-
tion in patients with open-angle glaucoma. The device is made of poly(styrene-block-isobutylene-
block-styrene), a biocompatible, synthetic polymer also known as SIBS [10]. It is implanted ab 
externo, using a moderately invasive surgical approach. Mitomycin C (MMC) is also used during 
the implantation. The device redirects the aqueous humor posteriorly, and has been found to be 
effective at reducing IOP in initial non-comparative studies on glaucoma and ocular hypertensive 
eyes, with a low rate of complications, both in the short and in the long term [11-14]. As a result of 
the moderately invasive nature of the procedure compared to a trabeculectomy or a GDI, as well 
as the benefit of posterior aqueous humor redirection, the PreserFlo® MicroShunt may be a viable 
surgical option in eyes with a failed trabeculectomy.

The aim of the present study is to investigate the medium-term outcomes of 
PreserFlo® MicroShunt implantation in a group of primary open-angle glaucoma (POAG) eyes 
with a single failed trabeculectomy.

Methods

A retrospective chart review was conducted of PreserFlo® MicroShunt interventions after a single 
failed trabeculectomy, performed in two Italian glaucoma centers (IRCCS Policlinico San Matteo 
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Foundation and Hospital, Pavia, Italy, and Centro Italiano Glaucoma, Milan, Italy), between 
March 2019 and November 2019. As the design of the study was retrospective in nature, no 
ethics committee approval was required.

Inclusion criteria were a previous diagnosis of POAG, a single failed trabeculectomy per-
formed at least 6  months previously, IOP ≥ 21  mmHg despite maximum tolerated medical 
therapy, and follow-up of at least 12 months after Preserflo® Microshunt implantation. POAG 
was defined as the presence of ophthalmoscopically abnormal optic disk (diffuse or focal thin-
ning of the neuro-retinal rim), open angle at gonioscopy (Shaffer grade III or IV) along with the 
presence of abnormal visual field (VF) consistent with glaucoma. Maximum tolerated medical 
therapy was defined as at least three drugs, administered as either fixed- or unfixed combina-
tions. Eyes that had undergone previous intraocular surgeries, with the exception of trabeculec-
tomy and/or uncomplicated phacoemulsification, were excluded from the study.

For study enrollment, a reliable VF had to be performed within the previous 2  months 
(24–2 SITA Standard program, Humphrey Visual Field Analyzer, Carl Zeiss Meditec, Dublin, 
CA, USA). The severity of VF damage was classified according to the Glaucoma Staging 
System 2 (GSS2) [15-17]. The GSS2 classifies VF test into seven stages, by considering VF mean 
deviation (MD) and pattern standard deviation (PSD) on a Cartesian plot [16]. The perimetric 
stages are identified by curvilinear lines inside the plot, and range from stage 0 (within normal 
limits) to stage 5 (severely affected). In comparison to other VF staging systems (The Advanced 
Glaucoma Intervention Study scoring system [18] and the Hodapp-Anderson-Parrish system 
[19]), the GSS2 has been demonstrated to be preferable for its ease of use for clinicians and 
researchers alike [20]. Furthermore, it has been used in a number of population-based studies 
and clinical trials [21-23].

Collected data included patient demographics, pre- and postsurgical IOP, number of 
glaucoma medications, and Snellen visual acuity. Postoperative data were collected 1  day, 
1 week, 1 month, 3 months, 6 months, and 12 months after PreserFlo® MicroShunt implanta-
tion. Surgical notes were reviewed for intraoperative complications. Postoperative complica-
tions were collected from the patient charts, and included transient hypotony (defined as an 
IOP < 6 mmHg without choroidal effusion and spontaneous resolution by 15 days), choroidal 
effusion, hyphema, shallow anterior chamber, stent exposure, and endophthalmitis.

Complete (i.e., without medications) and qualified (i.e., with or without medications) sur-
gical success at 1  year was defined according to three IOP criteria: 1. IOP ≤ 17  mmHg and 
≥ 6 mmHg, with ≥ 20% IOP reduction from baseline (first criterion); 2. IOP ≤ 14 mmHg and 
≥ 6 mmHg, with ≥ 25% IOP reduction from baseline (second criterion); 3. IOP ≤ 12 mmHg and 
≥ 6 mmHg, with ≥ 30% IOP reduction from baseline (third criterion).

The numbers of eyes requiring further surgical procedures in order to have the IOP con-
trolled or the postoperative complications managed, following PreserFlo®  implantation, were 
reported. Data from these eyes were analyzed exclusively until the last follow-up available 
before the new intervention. Moreover, these eyes were considered as failures in the calculation 
of the 1-year success rates.
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Surgical Technique

Careful conjunctival assessment was performed before surgery, aiming at identifying the best sur-
gical site, i.e., temporally or nasally with respect to the previous trabeculectomy. Conjunctival 
mobility, fibrosis, and the presence of active inflammation were factors taken into account to eval-
uate where the PreserFlo® could be implanted. A fornix-based sub-Tenon’s flap was dissected over 
90° to 120°, extending 8–10 mm posteriorly to the limbus. Three MMC-soaked sponges (0.3 mg/
ml) were placed under the conjunctival flap for 3 min. After sponge removal, the tissue was metic-
ulously rinsed with balanced salt solution. A reference point located 3 mm away from the surgi-
cal limbus was marked, and a shallow triangular pocket was incised through the sclera, using a 
1-mm-width pre-calibrated knife. A trans-scleral tunnel was then dissected with a 25G needle, 
extending from the apex of the pocket to the anterior chamber. The PreserFlo® implant was then 
inserted and its fins were firmly wedged into the previously dissected scleral pocket. Filtration 
through the device was confirmed by observing aqueous humor percolation from its distal end. 
Finally, the conjunctiva and Tenon’s capsule were stitched to the limbus using 10.0 nylon sutures. 
Betamethasone eyedrops were prescribed six times a day, and were gradually tapered over the fol-
lowing 4 months. Topical ofloxacin was administered four times a day for 15 days.

If needed, bleb needling was performed postoperatively at the slit-lamp using a 28G needle 
connected to a syringe, in order to penetrate the fibrous capsule around the distal end of the 
PreserFlo® MicroShunt, and thus restore aqueous humor flow through the device. Due attention 
was paid to avoid inadvertent perforation of the overlying conjunctiva and piercing subconjuncti-
val blood vessels. In case of extensive scarring, a 0.1 ml solution containing an antimetabolite drug 
(50 mg/ml 5-fluorouracil (5FU) or 0.2 mg/ml MMC) was injected underneath the conjunctiva, 
at the end of the procedure. Following a negative or minimally positive Seidel test, the eye was 
patched with tobramycin antibiotic ointment until the next morning.

Statistical Analysis

Continuous variables were described as mean and standard deviation (SD). Categorical variables 
were reported as frequency and percentage. Continuous variables were tested for normality using 
the Shapiro–Wilk test. A non-parametric Wilcoxon signed rank test was used to compare baseline 
vs. postoperative data, as non-normal distribution of continuous variables was found. Taking into 
account the number of comparisons, a Bonferroni correction was applied.

Relationships between preoperative IOP, number of medications, time from previous tra-
beculectomy, and 1-year follow-up IOP (outcome variable) were evaluated using univariate 
linear regression. Normal distribution of residuals was tested using the Shapiro-Wilk test, the 
Kolmogorov-Smirnov test, and the Anderson-Darling test, in addition to the visual inspection of 
the residual plot. Homogeneity of error variance was confirmed by examining the spread-location 
plot of residuals. One outlier was identified in the outcome variable (standardized residual > 3), 
and thus excluded from the analysis. All analyses were performed using R-project for Statistical 
Computing (R Core Team (2013), Vienna, Austria. http://www.R-project.org/).
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Results

Thirty-one pseudophakic eyes (31 patients) with a single failed trabeculectomy received 
PreserFlo® MicroShunt between March 2019 and November 2019 (Table 1), and were followed up for 
a mean of 13.35 ± 1.08 months. All patients were Caucasian, with a mean age of 67.98 ± 11.35 years. 
Trabeculectomy with MMC had been performed on average 32.77 ± 14.57 months before (range 
7.7–66.0). According to the GSS2, VF before Preserflo® Microshunt implantation was classified as 
stage 2 in 3 eyes (9.68%), stage 3 in 23 eyes (74.19%), and stage 4 in 5 eyes (16.13%).

The PreserFlo®  MicroShunt was positioned temporally with respect to the previous trab-
eculectomy, in 29 eyes (93.5%), and nasally in 2 eyes (6.4%). The mean preoperative and post-
operative IOP and number of IOP-lowering medications are reported in Fig. 1. No relationship 
was found between the IOP at the 1-year follow-up visit and preoperative IOP (p = 0.18), number 
of IOP-lowering medications preoperatively (p = 0.56), and time from previous trabeculectomy 

Table 1: Patient characteristics.
No. of eyes (patients) 31 (31)

Age in years, mean (SD) 67.98 (11.35)

Race

 White, n (%) 31 (100%)

Sex

 Men, n (%) 14 (45.1)

 Women, n (%) 17 (54.8)

Eye

 Right, n (%) 17 (54.8)

 Left, n (%) 14 (45.1)

Time from trabeculectomy (months)

 Mean (SD) 32.77 (14.57)

 Minimum–maximum 7.7–66.0

IOP (mmHg), mean (SD) 24.8 (3.86)

Visual field MD (dB), mean (SD) − 6.17 (1.88)

Visual filed PSD (dB), mean (SD) 8.85 (2.12)

Stage of the disease (GSS2), n (%)

 Stage 2 3 (9.68)

 Stage 3 23 (74.19)

 Stage 4 5 (16.13)

Number of glaucoma medications (SD) 3.29 (0.64)

BCVA, decimal notation (SD) 0.57 (0.19)

Site of implantation

 Temporal n (%) 29 (93.5%)

 Nasal n (%) 2 (6.4%)

SD standard deviation, IOP intraocular pressure, MD mean deviation, PSD pattern standard deviation, GSS2 Glaucoma Staging 
System 2, BCVA best corrected visual acuity
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respectively (p = 0.12) [25]. The surgical safety
profile was similar for both groups, with no
difference in terms of number of serious com-
plications over the entire follow-up [25]. The
results of the TVT study supported the notion

that GDIs could be used earlier in the natural
history of glaucoma, and not only in eyes that
have already undergone glaucoma surgical
procedures [26]. However, tube surgery remains
particularly invasive, and may be associated
with serious complications, such as hypotony,
loss of central visual acuity, diplopia, corneal
endothelial damage, and tube erosion
[9, 25, 27]. In addition, a report by the American
Academy of Ophthalmology has suggested that
when a very low IOP is desired, a GDI may be a
poor choice, because the IOP generally tends to
settle at higher levels than after a trabeculec-
tomy [28].

Nassiri et al. compared the efficacy and safety
of a second trabeculectomy plus MMC vs. an
Ahmed GDI in patients with a previous failed
trabeculectomy [29]. At the 3-year follow-up
visit, the IOP was reduced by 42.21% and
43.12% from baseline in the trabeculectomy
and the GDI group, respectively (p = 0.42). The
mean number of IOP-lowering medications at
3 years was 2.11 ± 1.73 and 2.20 ± 1.64,
respectively, in the trabeculectomy and in the

Fig. 1 Mean IOP and mean number of IOP-lowering
medications throughout the study. Wilcoxon signed rank
test was used to compare baseline vs. postoperative data.

IOP intraocular pressure, meds medications, SD standard
deviation, mth month

Fig. 2 Scatter plot of preoperative IOP versus IOP at
1-year follow-up, according to preoperative number of
medications. Censored for reoperations (n = 1). IOP
Intraocular pressure, meds medications
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Fig. 1: Mean IOP and mean number of IOP-lowering medications throughout the study. Wilcoxon signed rank test 
was used to compare baseline vs. postoperative data. IOP intraocular pressure, meds medications, SD standard 
deviation, mth month.

Fig. 2: Scatter plot of preoperative 
IOP versus IOP at 1-year follow-up, 
according to preoperative number 
of medications. Censored for 
reoperations (n = 1). IOP Intraocular 
pressure, meds medications.
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(p = 0.24). Figure 2 shows a scatter plot of preoperative IOP versus 1-year follow-up IOP, taking 
into account the number of preoperative IOP-lowering medications.

Considering the success criteria at 1 year, 67.74%, 67.74%, and 45.16% of the eyes achieved 
complete success for the first (6–17 mmHg), second (6–14 mmHg), and third (6–12 mmHg) crite-
ria, respectively. Qualified success was achieved by 93.54%, 90.32%, and 48.38% of the eyes, when 
the respective success criteria were taken into account.

Of the 31  eyes undergoing surgery, 6  eyes (19.3%) returned to baseline visual acuity by 
1  week, 6  eyes (19.3%) by 1  month, and 19  eyes (61.2%) by 3  months. None of the operated 
eyes experienced central visual acuity loss. One eye underwent one surgical revision of the 
PreserFlo® MicroShunt implant 4 months after the initial surgery because of uncontrolled IOP 
despite maximum tolerated medical therapy and bleb needling with antimetabolite.

The most frequent adverse event was transient hypotony (6 eyes, 19.3%). Choroidal effusion 
was documented in 3 eyes (9.6%); among them, one eye (3.2%) had shallow anterior chamber. 
Hyphema was reported in 1 eye (3.2%). All these complications resolved spontaneously. A total of 
9 bleb needlings were performed in 6 eyes (19.3%). Three eyes (9.6%) received a single needling 
procedure, and 3 eyes (9.6%) received 2 needling procedures. Needling was augmented with 5FU 
in 2 eyes and with MMC in 1 eye. There was no case of stent exposure, hypotony maculopathy, per-
sistent choroidal effusions, or endophthalmitis. No intraoperative complications were recorded.

Discussion

The optimal surgical management of eyes with a failed trabeculectomy remains poorly defined. 
Trabeculectomy revision has been shown to be not particularly effective, likely because of the 
exaggerated healing response [8]. Conceptually, a GDI may have more chance of success, as it 
directs the aqueous humor posteriorly, away from perilimbal areas with extensive fibrosis.

The tube vs. trabeculectomy (TVT) study recruited patients with primary or secondary glau-
coma and uncontrolled IOP (between 18 and 40 mmHg) who had previously undergone trab-
eculectomy or cataract extraction (mostly intra- and extracapsular techniques) [24]. A total of 
212 eyes of 212 patients were enrolled in 17 centers, and randomized to Baerveldt GDI (350 mm2, 
107 eyes) or trabeculectomy plus MMC (0.4 mg/mL for 4 min, 105 eyes). Both interventions were 
similarly effective at reducing the IOP from 3 months postoperatively to the end of the follow-up, 
with a 5-year IOP of 14.4 ± 6.9 mmHg and 12.6 ± 5.9 mmHg in the tube and in the trabeculectomy 
group, respectively (p = 0.12) [25]. The surgical safety profile was similar for both groups, with no 
difference in terms of number of serious complications over the entire follow-up [25]. The results 
of the TVT study supported the notion that GDIs could be used earlier in the natural history of 
glaucoma, and not only in eyes that have already undergone glaucoma surgical procedures [26]. 
However, tube surgery remains particularly invasive, and may be associated with serious com-
plications, such as hypotony, loss of central visual acuity, diplopia, corneal endothelial damage, 
and tube erosion [9, 25, 27]. In addition, a report by the American Academy of Ophthalmology 
has suggested that when a very low IOP is desired, a GDI may be a poor choice, because the IOP 
generally tends to settle at higher levels than after a trabeculectomy [28].
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Nassiri et al. compared the efficacy and safety of a second trabeculectomy plus MMC vs. 
an Ahmed GDI in patients with a previous failed trabeculectomy [29]. At the 3-year follow-up 
visit, the IOP was reduced by 42.21% and 43.12% from baseline in the trabeculectomy and the 
GDI group, respectively (p = 0.42). The mean number of IOP-lowering medications at 3 years was 
2.11 ± 1.73 and 2.20 ± 1.64, respectively, in the trabeculectomy and in the GDI group, with no 
between-group difference (p = 0.82). Although more eyes in the trabeculectomy group experi-
enced postoperative complications (46.15% of the eyes in the trabeculectomy group vs. 30% of 
the eyes in the GDI group, p = 0.03), there was no significant difference in terms of number of 
complications, with the exception of wound leakage, occurring more frequently in eyes in the 
trabeculectomy group.

In our study, PreserFlo® MicroShunt was demonstrated to be effective at reducing IOP in eyes 
with POAG and a single failed trabeculectomy. Indeed, the IOP decreased significantly by 47.93% 
from baseline to the 1-year follow-up, and the mean number of medications also decreased signif-
icantly from 3.29 to 0.46. Relatively mild complications were encountered only at the postopera-
tive period. The most frequent of these were transient hypotony and choroidal effusion. The IOP 
reduction and the decrease in the number of medications documented in our study were similar 
or better than those reported in both the TVT [25] and the Nassiri et al. [29] studies. Importantly, 
the safety profile of the procedure in our study was apparently better than the ones described in 
the TVT [25] and in the Nassiri et al. [29] trials. In the TVT study, serious complications (defined 
as ones requiring reoperation and/or causing loss of two or more Snellen lines) occurred in 22% 
and 20% of the enrolled eyes during the 5-year follow-up in the tube and in the trabeculectomy 
group, respectively (p = 0.79) [25]. Although the rate of serious complications in the study by 
Nassiri et al. was not reported, 7 eyes (10.7%) in the trabeculectomy group and 3 eyes (5%) in 
the Ahmed GDI group had more than one complication [29]. Moreover, at the end of the 3rd 
year of follow-up, 3 eyes (4.6%) in the trabeculectomy group and 2 eyes (3%) in the Ahmed GDI 
group had experienced loss of light perception. The comparison of our results with those of these 
studies, however, should be cautious, mainly because of the small sample size of our study and the 
relatively short-term follow-up.

In a recent study by Durr et al., the efficacy and safety of PreserFlo® MicroShunt were evalu-
ated in 85  eyes with primary or secondary glaucoma that had already undergone at least one 
surgical procedure (i.e., cyclophotocoagulation, trabecular bypass, trabeculectomy, GDI implant) 
[30]. At the 1-year follow-up visit, eyes implanted with PreserFlo® MicroShunt had a mean IOP 
of 13.5 mmHg with a mean of 0.9 medications (interquartile range 0–2). Sixty-one percent and 
79.7% of the eyes achieved complete (without medications) and qualified (with medications) 
success, with failure being defined as IOP < 6 mmHg with vision loss, IOP > 17 mmHg, or IOP 
reduction < 20% from baseline. Needling plus MMC was performed in 11.8% of the eyes, and sur-
gical bleb revision was undertaken in 4.7% of eyes (n = 4). The most frequent complications were 
choroidal effusion (11 eyes, 12.9%), shallow anterior chamber (8 eyes, 9.4%), hyphema (7 eyes, 
8.2%), and hypotony maculopathy (3 eyes, 3.5%). A comparison of these results with ours is dif-
ficult, as we only enrolled patients with POAG and a single previous trabeculectomy. The IOP 
reduction after 1 year of follow-up in our study was similar and even better than the IOP reduction 
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observed by Durr et al. [30]. Additionally, early hypotony was the most frequent complication in 
both studies. This adverse event may be relatively frequent with this type of surgery because of the 
lack of a valve mechanism embedded into the device.

Karimi et al. recently published a retrospective review of 17 eyes with primary or secondary 
glaucoma that underwent Xen® gel stent implantation after a failed trabeculectomy [31]. In this 
study, the IOP decreased from 21.5 ± 2.4 preoperatively to 13.6 ± 3.4 mmHg (p < 0.05) at 12 months 
(36.8% reduction from baseline), while the mean number of IOP-lowering medications decreased 
from 2.8 ± 0.6 to 1.0 ± 1.3 (p < 0.05). The most frequent complications were transient hypotony 
(23.5%), postoperative IOP spike (11.8%), and surgical failure (11.8%), requiring new interven-
tions to control IOP. One eye (6%) lost one line, and 1 eye (6%) lost three lines of Snellen visual 
acuity by month 6. A mean of 2.4 bleb needlings/antimetabolite injections were required per eye 
to control the IOP. Because the Xen® gel stent and the PreserFlo® MicroShunt are different devices, 
with dissimilar design, and each requires a different surgical technique, the results of our study are 
not comparable to the results by Karimi et al. [31].

Limitations of the current study include its retrospective design, the small sample size, and 
the medium-term follow-up. Moreover, our results may not be valid in eyes affected by other types 
of glaucoma than POAG.

Conclusion

The current study suggests that PreserFlo® MicroShunt in eyes with POAG and a single failed 
trabeculectomy is effective in reducing IOP after a follow-up of 12 months, with a favorable safety 
profile. As PreserFlo® MicroShunt surgery is less invasive in comparison to GDI surgery or tra-
beculectomy, it may represent a viable choice as a second surgery in these eyes. Further studies, 
with a greater sample size and a longer follow-up are warranted to confirm these first results. 
In addition, data about the comparative efficacy and safety of PreserFlo®  versus other surgical 
options (e.g., second trabeculectomy, Xen or GDI implantation) in eyes with a failed trabeculec-
tomy are needed.
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Childhood cataract may occur in association with ocular comorbidities involving cornea, angle 
structures, and/or iris. These abnormalities may include congenital glaucoma and anterior 
segment dysgenesis. These associated abnormalities may alter presentation and management of 
these conditions. In this chapter, we will discuss these two entities in separate section. They have 
been clubbed together since anterior segment dysgenesis is associated with glaucoma in signifi-
cant number of cases and few cases of presumed primary congenital glaucoma may actually be 
secondary to anterior segment dysgenesis.

Childhood Glaucoma

	z Introduction
	z Clinical presentation
	z Investigations
	z Surgical outcomes

Introduction

Primary congenital glaucoma (PCG) is an anomaly affecting anterior chamber angle which leads 
to obstruction of aqueous outflow, increased intraocular pressure (IOP) and optic nerve damage 
[1]. Buphthalmos is an alternate term used to describe congenital glaucoma. Buphthalmos means 
“bull’s eye.” It is used to describe visible enlargement of the eyeball and clouding of cornea at birth 
or early childhood due to uncontrolled glaucoma [2]. High intraocular pressure (IOP) causes 
increase in axial length and corneal dimensions of the eye, leading to axial myopia, stretched 
limbus, corneal thinning and visibly enlarged eyeballs. The common causes of buphthalmos 
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include primary congenital glaucoma (PCG), Sturge-Weber syndrome, neurofibromatosis, and 
aniridia [2].
Incidence of PCG is one in every 10,000–15,000 live births which accounts for 0.01–0.04% of 
total blindness [3]. It is bilateral in up to 80% of cases and two-third of cases are males. Most 
cases are sporadic (90%) [4]. However, in the remaining 10%, there appears to be a strong familial 
component.

Clinical Presentation

PCG patients may present with corneal haze, enlarged eye size, or abnormal eye movements. 
Vision loss in these eyes may occur secondary to uncorrected refractive error, corneal opacity, 
optic nerve damage, amblyopia, and cataracts. Cataract may be congenital/developmental or as a 
sequalae to glaucoma filtration surgery. Examination findings may be variable.
	z Progressive myopia and high astigmatism may be seen.
	z Cornea may be hazy and presence of Haab striae is a common finding (Fig. 1).
	z Cataract may be anterior or posterior subcapsular cataract, total or less commonly cortical 

or zonular cataract (Fig. 2). Cataract may be primary or more commonly secondary to trab-
eculectomy in 6–58% cases [5-7]. Zonular weakness may be present.

	z Bleb in post trabeculectomy eyes with buphthalmos may be thin cystic and rarely associated 
with other complications (Fig. 3).

	z Fundus examination may reveal advanced cupping. The cupping may be reversible in small 
children. Features associated with pathological myopia may be seen.
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secondary to uncorrected refractive error, cor-
neal opacity, optic nerve damage, amblyopia, 
and cataracts. Cataract may be congenital/
developmental or as a sequalae to glaucoma 
filtration surgery. Examination findings may 
be variable.

• Progressive myopia and high astigmatism 
may be seen.

• Cornea may be hazy and presence of Haab 
striae is a common finding (Fig. 15.1).

• Cataract may be anterior or posterior subcap-
sular cataract, total or less commonly cortical 
or zonular cataract (Fig. 15.2). Cataract may 
be primary or more commonly secondary to 
trabeculectomy in 6–58% cases [5–7]. Zonular 
weakness may be present.

• Bleb in post trabeculectomy eyes with buph-
thalmos may be thin cystic and rarely associ-
ated with other complications (Fig. 15.3).

• Fundus examination may reveal advanced 
cupping. The cupping may be reversible in 
small children. Features associated with path-
ological myopia may be seen.

15.1.3  Investigations

In addition to usual investigations, Ultrasound 
biomicroscopy (UBM) can be used for measure-
ment of angle to angle and bag diameter and aid 
in planning of surgery (Fig.  15.4). UBM also 
helps to assess anterior segment structures, ante-
rior chamber depth (ACD), angle anomalies, 
abnormal iris insertion, helps assess sulcus-to- 
sulcus measurement and identifies lax zonules 
and posterior capsular defect preoperatively [8].

15.1.3.1  Management of Cataract 
in Buphthalmic Eyes

Apart from the routine challenges encountered, 
there are additional surgical difficulties faced by 
surgeon while operating cataract in buphthalmic 
eyes. These include the following:

• Corneal haze may cause difficulty in visual-
ization during surgery (Fig. 15.5). IOP should 
be controlled before surgery. We recommend 
use of dye for staining of anterior capsule in 
such cases. Posterior capsule may also require 
staining if visibility is low.

a b

Fig. 15.1 Congenital glaucoma with Haab striae and total cataract. (a) Preoperative picture where large superior and 
multiple peripheral Haab striae. (b) Postoperative picture with IOL in situ and more pronounced Haab striae
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Fig. 1: Congenital glaucoma with Haab striae and total cataract. (a) Preoperative picture where large superior and 
multiple peripheral Haab striae. (b) Postoperative picture with IOL in situ and more pronounced Haab striae.
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Fig. 15.2 Morphology in cataract with childhood glaucoma post trabeculectomy. (a) Posterior subcapsular cataract. 
(b) Cortical cataract. (c) Diffuse cataract with large superonasal peripheral iridotomy

a b

Fig. 15.3 Post trabeculectomy thin cystic bleb with iris prolapse from the ostium and total cataract. (a) Clinical picture. 
(b) Ultrasound biomicroscopy of the same showing patent ostium and elevated bleb
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Fig. 2: Morphology in cataract with childhood glaucoma post trabeculectomy. (a) Posterior subcapsular cataract. 
(b) Cortical cataract. (c) Diffuse cataract with large superonasal peripheral iridotomy.

Fig. 3: Post trabeculectomy thin cystic bleb with iris prolapse from the ostium and total cataract. (a) Clinical picture. 
(b) Ultrasound biomicroscopy of the same showing patent ostium and elevated bleb.
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Investigations

In addition to usual investigations, Ultrasound biomicroscopy (UBM) can be used for measure-
ment of angle to angle and bag diameter and aid in planning of surgery (Fig. 4). UBM also helps 
to assess anterior segment structures, anterior chamber depth (ACD), angle anomalies, abnormal 
iris insertion, helps assess sulcus-to-sulcus measurement and identifies lax zonules and posterior 
capsular defect preoperatively [8].

Management of Cataract in Buphthalmic Eyes

Apart from the routine challenges encountered, there are additional surgical difficulties faced by 
surgeon while operating cataract in buphthalmic eyes. These include the following:
	z Corneal haze may cause difficulty in visualization during surgery (Fig. 5). IOP should be 

controlled before surgery. We recommend use of dye for staining of anterior capsule in such 
cases. Posterior capsule may also require staining if visibility is low.

	z Very deep anterior chamber (AC) may result in difficult instrumentation. Intraoperatively, 
anterior chamber depth may show frequent fluctuations due to low scleral rigidity. We use 
microincision forceps with longer arm compared to utrata’s forceps for capsulorhexis. Use of 
bimanual irrigation and aspiration provides better control to the situation.

	z Zonular weakness: Phacodonesis, lax lens zonules, liquefied vitreous and, thus, a weak pos-
terior capsular support can lead to inadvertent complications. There is increased risk of vitre-
ous loss in these patients.

Fig. 4: Ultrasound biomicroscopy showing dimensions of buphthalmic eye. Complete white to white examination is 
not possible in single view. (a) Angle to angle distance, (b) bag diameter.
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• Very deep anterior chamber (AC) may 
result in difficult instrumentation. 
Intraoperatively, anterior chamber depth may 
show frequent fluctuations due to low scleral 
rigidity. We use microincision forceps with 
longer arm compared to utrata’s forceps for 
capsulorhexis. Use of bimanual irrigation and 

aspiration provides better control to the 
situation.

• Zonular weakness: Phacodonesis, lax lens 
zonules, liquefied vitreous and, thus, a weak 
posterior capsular support can lead to inadver-
tent complications. There is increased risk of 
vitreous loss in these patients.

Fig. 15.4 Ultrasound biomicroscopy showing dimensions of buphthalmic eye. Complete white to white examination 
is not possible in single view. (a) Angle to angle distance, (b) bag diameter

a b

Fig. 15.5 Six-year-old child with congenital glaucoma with corneal haze with atrophic iris. (a) Preoperative picture 
with total cataract. (b) Postoperative picture with circular anterior and posterior capsulorhexis and IOL in bag

C. Dhull and S. K. Khokhar



32 • CUT TING EDGE - GLAUCOMA

	z Wound apposition: Bupththalmic eyes have thin sclera and cornea. Hydration alone does 
not provide sufficient wound closure in most cases. We recommend suturing of main wound 
as well as side port to prevent postoperative shallow AC.

	z IOL power calculation remains difficult. Post-trabeculectomy buphthalmic eyes have a shift 
towards with-the rule astigmatism [9, 10]. As most of these eyes are high myopic, IOL power 
calculation should be done using appropriate IOL formulae e.g., SRK-T for axial lengths 
>24.5 mm. Many a times, no single IOL power formulae might be able to predict the correct 
emmetropic power of implant for buphthalmic eyes. Parents should be counseled preopera-
tively, regarding use of spectacles for distance and near vision.

	z Large eye size and bag dimensions that may lead to postoperative intraocular lens (IOL) 
decentration [11,  12]. In the bag IOL placement with posterior capsulorhexis has been 
reported to be associated with decentration. The technique of IOL implantation in the sulcus 
with optic capture with anterior or both anterior and posterior capsule (i.e., optic in bag and 
haptic in sulcus) may provide satisfactory anatomical outcome (Fig. 6) [12].

Surgical Outcomes

Temporary cessation of ocular growth is reported after adequate IOP control in eyes with AL > 22 
mm and in children aged 3 months or older [13].

Our experience with 31 eyes of primary congenital glaucoma (post trabeculectomy) with 
visually significant cataract undergoing lens aspiration surgery showed a mean best corrected 
visual acuity of 6/60 (Snellen’s) at 1 year postoperatively. Reasonably predictable refractive results 
were obtained in these eyes, provided glaucoma was well controlled [14].
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Fig. 15.5 Six-year-old child with congenital glaucoma with corneal haze with atrophic iris. (a) Preoperative picture 
with total cataract. (b) Postoperative picture with circular anterior and posterior capsulorhexis and IOL in bag
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Fig. 5: Six-year-old child with congenital glaucoma with corneal haze with atrophic iris. (a) Preoperative picture 
with total cataract. (b) Postoperative picture with circular anterior and posterior capsulorhexis and IOL in bag.
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Thus, besides control of IOP, visual rehabilitation of buphthalmic eyes may involve appropriate 
management for amblyopia, keratoplasty for corneal opacity in addition to timely cataract surgery 
for visually significant cataract. Buphthalmic eyes undergoing cataract surgery can achieve suc-
cessful refractive and visual outcomes if careful preoperative planning is carried out regarding the 
choice of IOL type and IOL power, taking into consideration the adequacy of intraocular pressure 
control, accurate biometry, assessment of bag size and use of appropriate IOL power formulae.

Anterior Segment Dysgenesis

Anterior segment dysgenesis (ASD) is a group of disorders arising from abnormal development 
in cornea, iris, lens and angle structures. This includes Axenfeld’s anomaly, Rieger’s anomaly, 
Axenfeld-Rieger syndrome (ARS), Peters anomaly, sclerocornea, aniridia, posterior keratoconus, 
and iridogoniodysgenesis. It occurs due to abnormalities in neural crest differentiation and migra-
tion. Various classifications are used for describing ASD depending either on their clinical fea-
tures or area of involvement [15-17]. Lens abnormalities are not uncommon in cases with ASD. 
Townsend, Font, and Zimmerman have classified ASD based on involvement as Descemet layer 
defect alone or associated with lens abnormalities or with iris stromal abnormalities. This involve-
ment of lens suggested the effects of primary mesenchymal defect on the development of lens [17].

Embryology

The surface ectoderm invaginates and forms lens vesicle in the embryonic cup at sixth week of 
gestation. Then, neural-crest-derived tissue migrates in three waves beneath this surface ecto-
derm. The surface ectoderm forms the corneal epithelium. The three waves forms endothelium, 

Fig. 6: Fifteen-month-old child with congenital glaucoma with corneal haze with Haab striae and large cornea 
(buphthalmos). (a) Preoperative picture with Anterior and posterior subcapsular cataract. (b) Postoperative picture 
with IOL in sulcus with optic capture with anterior and posterior capsulorhexis (bag complex) for better centration.
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• Wound apposition: Bupththalmic eyes have 
thin sclera and cornea. Hydration alone does not 
provide sufficient wound closure in most cases. 
We recommend suturing of main wound as well 
as side port to prevent postoperative shallow AC.

• IOL power calculation remains difficult. 
Post-trabeculectomy buphthalmic eyes have a 
shift towards with-the rule astigmatism [9, 
10]. As most of these eyes are high myopic, 
IOL power calculation should be done using 
appropriate IOL formulae e.g., SRK-T for 
axial lengths >24.5  mm. Many a times, no 
single IOL power formulae might be able to 
predict the correct emmetropic power of 
implant for buphthalmic eyes. Parents should 
be counseled preoperatively, regarding use of 
spectacles for distance and near vision.

• Large eye size and bag dimensions that may 
lead to postoperative intraocular lens (IOL) 
decentration [11, 12]. In the bag IOL place-
ment with posterior capsulorhexis has been 
reported to be associated with decentration. 
The technique of IOL implantation in the sul-
cus with optic capture with anterior or both 
anterior and posterior capsule (i.e., optic in 
bag and haptic in sulcus) may provide satis-
factory anatomical outcome (Fig. 15.6) [12].

15.1.4  Surgical Outcomes

Temporary cessation of ocular growth is reported 
after adequate IOP control in eyes with 
AL > 22 mm and in children aged 3 months or 
older [13].

Our experience with 31 eyes of primary con-
genital glaucoma (post trabeculectomy) with 
visually significant cataract undergoing lens aspi-
ration surgery showed a mean best corrected 
visual acuity of 6/60 (Snellen’s) at 1 year postop-
eratively. Reasonably predictable refractive 
results were obtained in these eyes, provided 
glaucoma was well controlled [14].

Thus, besides control of IOP, visual rehabilita-
tion of buphthalmic eyes may involve appropriate 
management for amblyopia, keratoplasty for cor-
neal opacity in addition to timely cataract surgery 
for visually significant cataract. Buphthalmic 
eyes undergoing cataract surgery can achieve 
successful refractive and visual outcomes if care-
ful preoperative planning is carried out regarding 
the choice of IOL type and IOL power, taking 
into consideration the adequacy of intraocular 
pressure control, accurate biometry, assessment 
of bag size and use of appropriate IOL power 
formulae.

a b

Fig. 15.6 Fifteen-month-old child with congenital glau-
coma with corneal haze with Haab striae and large cornea 
(buphthalmos). (a) Preoperative picture with Anterior and 
posterior subcapsular cataract. (b) Postoperative picture 

with IOL in sulcus with optic capture with anterior and 
posterior capsulorhexis (bag complex) for better 
centration
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corneal stroma, and iris stroma. Any arrest in the development of these layers may affect further 
development of anterior chamber leading to different presentations of ASD [18].

Genetics

Many genes are involved in the ASD with variable degree of penetrance. Forty percent cases 
occur due to involvement of PITX2 (4q25) and FOXC1 (6p25). Typically, PITX2 disruption is 
associated with ARS with ocular and dental abnormalities, and FOXC1 is associated with ARS 
with hearing or cardiac abnormalities. Others associated with ARS include PAX6 (11p13) and 
FOXO1A (13q14) [19, 20]. ARS has autosomal dominant inheritance pattern in 70% cases. In 
Peter’s anomaly, rare cases have been attributed to PITX2, FOXC1, and PAX6 mutations, but the 
majority of cases are sporadic [21-23].

Clinical Features

	z Axenfeld-Rieger syndrome
	z  Axenfeld anomaly presents as posterior embryotoxon (Fig. 7) (anteriorly displaced Schwalbe 

line) and iris strands adhered to the anteriorly displaced Schwalbe line. Rieger anomaly 
includes posterior embryotoxon, pseudopolycoria, and iris atrophy (Fig. 8) while Rieger syn-
drome is Rieger anomaly along with systemic findings including facial bone defects, hyper-
telorism, telecanthus, maxillary hypoplasia, dental abnormalities (microdontia and hypo-
dontia), umbilical abnormalities or pituitary involvement. Thus, they are now considered as a 
spectrum of disorder termed as Axenfeld-Rieger syndrome (Fig. 9). It may vary from subtle 
changes in the angle to severe ocular changes. Systemic involvement may also include cardiac 
and endocrine system. Fifty percent cases with ARS are associated with glaucoma [24, 25].

Fig. 7: Mild variant of Axenfield-Rieger syndrome (a, b) Posterior embryotoxon in 9-month-old child with cataract in 
right and left eye, respectively. Also notice presence of corectopia in both eyes.
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15.2  Anterior Segment 
Dysgenesis

Anterior segment dysgenesis (ASD) is a group of 
disorders arising from abnormal development in 
cornea, iris, lens and angle structures. This 
includes Axenfeld’s anomaly, Rieger’s anomaly, 
Axenfeld-Rieger syndrome (ARS), Peters anom-
aly, sclerocornea, aniridia, posterior keratoconus, 
and iridogoniodysgenesis. It occurs due to abnor-
malities in neural crest differentiation and migra-
tion. Various classifications are used for describing 
ASD depending either on their clinical features or 
area of involvement [15–17]. Lens abnormalities 
are not uncommon in cases with ASD. Townsend, 
Font, and Zimmerman have classified ASD based 
on involvement as Descemet layer defect alone or 
associated with lens abnormalities or with iris 
stromal abnormalities. This involvement of lens 
suggested the effects of primary mesenchymal 
defect on the development of lens [17].

15.2.1  Embryology

The surface ectoderm invaginates and forms lens 
vesicle in the embryonic cup at sixth week of ges-
tation. Then, neural-crest-derived tissue migrates 
in three waves beneath this surface ectoderm. 
The surface ectoderm forms the corneal epithe-

lium. The three waves forms endothelium, cor-
neal stroma, and iris stroma. Any arrest in the 
development of these layers may affect further 
development of anterior chamber leading to dif-
ferent presentations of ASD [18].

15.2.2  Genetics

Many genes are involved in the ASD with vari-
able degree of penetrance. Forty percent cases 
occur due to involvement of PITX2 (4q25) and 
FOXC1 (6p25). Typically, PITX2 disruption is 
associated with ARS with ocular and dental 
abnormalities, and FOXC1 is associated with 
ARS with hearing or cardiac abnormalities. 
Others associated with ARS include PAX6 
(11p13) and FOXO1A (13q14) [19, 20]. ARS has 
autosomal dominant inheritance pattern in 70% 
cases. In Peter’s anomaly, rare cases have been 
attributed to PITX2, FOXC1, and PAX6 muta-
tions, but the majority of cases are sporadic 
[21–23].

15.2.3  Clinical Features

• Axenfeld-Rieger syndrome
• Axenfeld anomaly presents as posterior 

embryotoxon (Fig. 15.7) (anteriorly displaced 

a b

Fig. 15.7 Mild variant of Axenfield-Rieger syndrome (a, b) Posterior embryotoxon in 9-month-old child with cataract 
in right and left eye, respectively. Also notice presence of corectopia in both eyes
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	z Peters anomaly
	z  Peter syndrome is characterized by a shallow anterior chamber, synechiae between iris and 

cornea and central corneal opacity. It occurs due to defect in endothelium, Descemet mem-
brane and posterior stroma due to the defect in the migration of the neural crest cells. This 
syndrome can vary in severity with ocular findings ranging from unilateral mild central 
corneal opacity to severe bilateral microphthalmia, corneal opacification, cataract, and glau-
coma. Eighty percent of cases have bilateral presentation. The Peters anomaly has been further 
divided into type I and type II. Type I Peters anomaly is categorized by central corneal opacity 
and iridocorneal adhesions (Fig. 10). Type II Peters anomaly has a more severe phenotype 
with corneal opacity and lens involvement with iridocorneal touch with or without cataract 
(Fig.  11). The Peters plus syndrome includes the anterior segment findings with systemic 
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Schwalbe line) and iris strands adhered to the 
anteriorly displaced Schwalbe line. Rieger 
anomaly includes posterior embryotoxon, 
pseudopolycoria, and iris atrophy (Fig. 15.8) 
while Rieger syndrome is Rieger anomaly 
along with systemic findings including facial 
bone defects, hypertelorism, telecanthus, 
maxillary hypoplasia, dental abnormalities 
(microdontia and hypodontia), umbilical 
abnormalities or pituitary involvement. Thus, 
they are now considered as a spectrum of dis-
order termed as Axenfeld-Rieger syndrome 
(Fig. 15.9). It may vary from subtle changes in 
the angle to severe ocular changes. Systemic 
involvement may also include cardiac and 
endocrine system. Fifty percent cases with 
ARS are associated with glaucoma [24, 25].

• Peters anomaly
• Peter syndrome is characterized by a shal-

low anterior chamber, synechiae between 
iris and cornea and central corneal opac-
ity. It occurs due to defect in endothelium, 
Descemet  membrane and posterior stroma 
due to the defect in the migration of the 
neural crest cells. This syndrome can vary 
in severity with ocular findings ranging 
from unilateral mild central corneal opac-
ity to severe bilateral microphthalmia, cor-
neal opacification, cataract, and glaucoma. 
Eighty percent of cases have bilateral pre-
sentation. The Peters anomaly has been 

further divided into type I and type II. Type 
I Peters anomaly is categorized by central 
corneal opacity and iridocorneal adhesions 
(Fig.  15.10). Type II Peters anomaly has a 
more severe phenotype with corneal opac-
ity and lens involvement with iridocorneal 
touch with or without cataract (Fig. 15.11). 
The Peters plus syndrome includes the 
anterior segment findings with systemic 
developmental anomalies. These include 
craniofacial dysmorphism, cleft lip/palate, 
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Fig. 15.8 (a, b) Rieger Anomaly-polycoria and iris atrophy in 7-year-old girl in right and left eye respectively

Fig. 15.9 Severe variant of Axenfield-Rieger syn-
drome—posterior embryotoxon with corectopia, iris atro-
phy and polycoria along with total cataract

15 Congenital Glaucoma and Anterior Segment Dysgenesis

181

Schwalbe line) and iris strands adhered to the 
anteriorly displaced Schwalbe line. Rieger 
anomaly includes posterior embryotoxon, 
pseudopolycoria, and iris atrophy (Fig. 15.8) 
while Rieger syndrome is Rieger anomaly 
along with systemic findings including facial 
bone defects, hypertelorism, telecanthus, 
maxillary hypoplasia, dental abnormalities 
(microdontia and hypodontia), umbilical 
abnormalities or pituitary involvement. Thus, 
they are now considered as a spectrum of dis-
order termed as Axenfeld-Rieger syndrome 
(Fig. 15.9). It may vary from subtle changes in 
the angle to severe ocular changes. Systemic 
involvement may also include cardiac and 
endocrine system. Fifty percent cases with 
ARS are associated with glaucoma [24, 25].

• Peters anomaly
• Peter syndrome is characterized by a shal-

low anterior chamber, synechiae between 
iris and cornea and central corneal opac-
ity. It occurs due to defect in endothelium, 
Descemet  membrane and posterior stroma 
due to the defect in the migration of the 
neural crest cells. This syndrome can vary 
in severity with ocular findings ranging 
from unilateral mild central corneal opac-
ity to severe bilateral microphthalmia, cor-
neal opacification, cataract, and glaucoma. 
Eighty percent of cases have bilateral pre-
sentation. The Peters anomaly has been 

further divided into type I and type II. Type 
I Peters anomaly is categorized by central 
corneal opacity and iridocorneal adhesions 
(Fig.  15.10). Type II Peters anomaly has a 
more severe phenotype with corneal opac-
ity and lens involvement with iridocorneal 
touch with or without cataract (Fig. 15.11). 
The Peters plus syndrome includes the 
anterior segment findings with systemic 
developmental anomalies. These include 
craniofacial dysmorphism, cleft lip/palate, 

a b

OD OS

Fig. 15.8 (a, b) Rieger Anomaly-polycoria and iris atrophy in 7-year-old girl in right and left eye respectively

Fig. 15.9 Severe variant of Axenfield-Rieger syn-
drome—posterior embryotoxon with corectopia, iris atro-
phy and polycoria along with total cataract

15 Congenital Glaucoma and Anterior Segment Dysgenesis

Fig. 8: (a, b) Rieger Anomaly-polycoria and iris atrophy in 7-year-old girl in right and left eye respectively.

Fig. 9: Severe variant of Axenfeld-Rieger 
syndrome—posterior embryotoxon with 
corectopia, iris atrophy and polycoria 
along with total cataract.
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developmental anomalies. These include craniofacial dysmorphism, cleft lip/palate, short 
stature, brachydactylyl, ear abnormalities, and mental retardation [26, 27].

	z Aniridia
 Aniridia is a rare congenital disorder characterized by iris hypoplasia along with other abnor-

malities of the eye [28]. Ocular abnormalities include dry eye, aniridia associated keratopa-
thy (AAK) (Fig. 12), angle abnormalities, glaucoma, cataract, foveal hypoplasia, optic nerve 
hypoplasia, nystagmus, or strabismus [29-31]. Cataract morphology may be anterior or 
posterior subcapsular, lamellar, cortical, total or a combination of the above [28] (Fig. 13). 
Zonular weakness may be seen and ectopia lentis may be associated in some patients [28]. 
This can be managed with placement of capsular tension ring in mild cases (Fig. 14). Anterior 
polar or pyramidal cataract may be associated with aniridia along with remnants of persistent 
fetal vasculature [32] (Fig. 15).
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Fig. 15.10 Peter’s anomaly type 1 in 2-month-old child. 
(a) Small corneal opacity with iridocorneal adhesions 
with cataract. (b) Intraoperative picture after ingestion of 

air in anterior chamber, irregular air bubble is seen due to 
iridocorneal adhesions. (c) Ultrasound biomicroscopy of 
the same showing fine central iridocorneal adhesions

a b

Fig. 15.11 Peter’s anomaly type 2 in 4-month-old child. (a) Central corneal opacity with total cataract. (b) Ultrasound 
biomicroscopy of the same showing iridolenticular adhesions with anterior displacement of lens

C. Dhull and S. K. Khokhar

Fig. 10: Peter’s anomaly type 1 in 2-month-old child. (a) Small corneal opacity with iridocorneal adhesions with 
cataract. (b) Intraoperative picture after ingestion of air in anterior chamber, irregular air bubble is seen due to 
iridocorneal adhesions. (c) Ultrasound biomicroscopy of the same showing fine central iridocorneal adhesions.



CONGENITAL GLAUCOMA AND ANTERIOR SEGMENT DYSGENESIS • 37 

Differential Diagnosis

The differential diagnosis of ASD includes obstetric trauma, congenital glaucoma, intrauterine 
infections like rubella, herpes simplex virus and bacterial infections, iridocorneo-endothelial 
syndrome (Fig.  16), metabolic diseases like mucopolysaccharidosis, mucolipidoses and tyrosi-
nosis, congenital hereditary endothelial dystrophy, congenital hereditary stromal dystrophy and 
dermoids.

Investigations

Apart from usual investigations ultrasound biomicroscopy may allow us to preoperatively assess 
the area beneath the corneal opacity. It helps us to determine the area of corneal opacity, depth of 
opacity, presence of iris adhesion, anterior chamber depth and angle details in the involved area. 
The lens can be visualized and observed for kerato-lenticular adhesion or presence of any tilting 
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Fig. 15.10 Peter’s anomaly type 1 in 2-month-old child. 
(a) Small corneal opacity with iridocorneal adhesions 
with cataract. (b) Intraoperative picture after ingestion of 

air in anterior chamber, irregular air bubble is seen due to 
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Fig. 15.11 Peter’s anomaly type 2 in 4-month-old child. (a) Central corneal opacity with total cataract. (b) Ultrasound 
biomicroscopy of the same showing iridolenticular adhesions with anterior displacement of lens

C. Dhull and S. K. Khokhar

Fig. 11: Peter’s anomaly type 2 in 4-month-old child. (a) Central corneal opacity with total cataract. (b) Ultrasound 
biomicroscopy of the same showing iridolenticular adhesions with anterior displacement of lens.

Fig. 12: Aniridia associated keratopathy with corneal opacity with 360° pannus. (a) Clinical picture. (b) Ultrasound 
biomicroscopy of the same showing anterior subcapsular cataract, not clearly seen clinically.
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short stature, brachydactylyl, ear abnormal-
ities, and mental retardation [26, 27].

• Aniridia
Aniridia is a rare congenital disorder character-
ized by iris hypoplasia along with other abnor-
malities of the eye [28]. Ocular abnormalities 
include dry eye, aniridia associated keratopathy 
(AAK) (Fig. 15.12), angle abnormalities, glau-
coma, cataract, foveal hypoplasia, optic nerve 
hypoplasia, nystagmus, or strabismus [29–31]. 
Cataract morphology may be anterior or poste-
rior subcapsular, lamellar, cortical, total or a 
combination of the above [28] (Fig.  15.13). 
Zonular weakness may be seen and ectopia len-
tis may be associated in some patients [28]. 
This can be managed with placement of capsu-
lar tension ring in mild cases (Fig.  15.14). 
Anterior polar or pyramidal cataract may be 
associated with aniridia along with remnants of 
persistent fetal vasculature [32] (Fig. 15.15).

15.2.4  Differential Diagnosis

The differential diagnosis of ASD includes 
obstetric trauma, congenital glaucoma, intrauter-
ine infections like rubella, herpes simplex virus 
and bacterial infections, iridocorneo-endothelial 
syndrome (Fig.  15.16), metabolic diseases like 
mucopolysaccharidosis, mucolipidoses and tyro-
sinosis, congenital hereditary endothelial dystro-
phy, congenital hereditary stromal dystrophy and 
dermoids.

15.2.5  Investigations

Apart from usual investigations ultrasound bio-
microscopy may allow us to preoperatively assess 
the area beneath the corneal opacity. It helps us to 
determine the area of corneal opacity, depth of 
opacity, presence of iris adhesion, anterior cham-
ber depth and angle details in the involved area. 
The lens can be visualized and observed for 
kerato- lenticular adhesion or presence of any tilt-
ing of the lens (Figs. 15.10b, 15.11b, and 15.13d, 
e). This can help us in the planning of the cataract 
surgery and a better outcome.

15.2.6  Surgical Pearls

Patients with ASD should be screened for glau-
coma and managed appropriately. They require 
optimization of visual function which includes 
refractive error prescription and tinted contact 
lenses for photophobia. This is important for pre-
vention and treatment of amblyopia. Few patients 
may also require surgery for corneal opacity, lens 
abnormality or glaucoma management. Various 
challenges may be involved in the cataract sur-
gery in cases with ASD.

• Corneal abnormalities: Corneal opacity or 
AAK may cause difficulty in visualization. 
Staining of the anterior capsule enhances its 
visualization during capsulorhexis. Other 
methods like use of illumination techniques 

a b

Fig. 15.12 Aniridia associated keratopathy with corneal opacity with 360° pannus. (a) Clinical picture. (b) Ultrasound 
biomicroscopy of the same showing anterior subcapsular cataract, not clearly seen clinically
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Fig. 13: Aniridia with cataract. (a) Clinical picture of insignificant anterior polar with cortical cataract. (b) Clinical 
picture of posterior subcapsular cataract. (c) Clinical picture of total cataract with inferior notching due to zonular 
laxity (Pseudo-coloboma). (d) UBM of aniridia patient showing minimal cataract and remnant of iris stump clearly 
with no subluxation. (e) UBM of aniridia patient with anterior polar and zonular cataract with zonular laxity causing 
increase in lens globularity.

184

a b

c d

e

Fig. 15.13 Aniridia with cataract. (a) Clinical picture of 
insignificant anterior polar with cortical cataract. (b) 
Clinical picture of posterior subcapsular cataract. (c) 
Clinical picture of total cataract with inferior notching due 
to zonular laxity (Pseudo-coloboma). (d) UBM of aniridia 

patient showing minimal cataract and remnant of iris 
stump clearly with no subluxation. (e) UBM of aniridia 
patient with anterior polar and zonular cataract with zonu-
lar laxity causing increase in lens globularity

C. Dhull and S. K. Khokhar
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Fig. 14: Postoperative picture of aniridia with mild 
subluxation. Notice anterior and posterior capsulorhexis 
with well-centered IOL in bag with capsular tension ring.

Fig. 16: Sixteen-year-old girl with Cogan 
Reese syndrome. Notice atophic iris and 
corectopia with iris nodules.

Fig. 15: Aniridia with anterior polar cataract with 
remnant of persistent fetal vasculature.
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like transcorneal oblique illumination or endo-
scope assisted surgery can help in better visu-
alization but are time-consuming methods 
with a greater learning curve [33–35]. Image- 
guided surgery using femtosecond laser for 
cataract surgery in peter syndrome has also 
been recently used [36]. However, the depth 
and height of the femtosecond laser should be 

cautiously adjusted to avoid damage to the 
endothelium.

• Presence of kerato-lenticular adhesion 
increases difficulty in surgical maneuvering. 
There may be risk of Descemet and endothe-
lial damage during release of the keratolenti-
cluar adhesions and difficulty to achieve 
appropriate size regular capsulorhexis. We 
have also noticed “irregular air bubble” in 
anterior chamber as a sign of presence of 
adhesions when they are not clearly visible 
(Fig. 15.17a, b).

• Iris abnormalities like corectopia, polycoria, 
iridocorneal adhesion, posterior synechiae 
between iris and lens may require anterior seg-
ment reconstruction may be required with syn-
echiae release, anterior chamber formation or 
pupilloplasty along with the cataract surgery. 
Aniridia patients require use of tinted glasses or 
contact lens. Iris prosthetic devices may be used 
[37]. There is risk of secondary glaucoma, cor-
neal decompenstion, band shaped keratopathy 
and device displacement [38] (Fig. 15.18).

• Zonular weakness: Aniridia cases have been 
reported with zonular laxity and lens sublux-
ation. Use of capsular tension ring in cases 
with mild zonular laxity may give more desir-
able anatomical outcomes.

Fig. 15.14 Postoperative picture of aniridia with mild 
subluxation. Notice anterior and posterior capsulorhexis 
with well-centered IOL in bag with capsular tension ring

Fig. 15.15 Aniridia with anterior polar cataract with 
remnant of persistent fetal vasculature

Fig. 15.16 Sixteen-year-old girl with Cogan Reese syn-
drome. Notice atophic iris and corectopia with iris 
nodules
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of the lens (Figs. 10b, 11b, and 13d, e). This can help us in the planning of the cataract surgery and 
a better outcome.

Surgical Pearls

Patients with ASD should be screened for glaucoma and managed appropriately. They require 
optimization of visual function which includes refractive error prescription and tinted contact 
lenses for photophobia. This is important for prevention and treatment of amblyopia. Few patients 
may also require surgery for corneal opacity, lens abnormality or glaucoma management. Various 
challenges may be involved in the cataract surgery in cases with ASD.
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• Glaucoma management in cases with ASD is 
of importance and may include medical man-
agement, surgical management or both. Thus 
a regular follow-up with monitoring of visual 
acuity and the intraocular pressure is crucial.

Challenges in surgery in patients with ASD 
have to be carefully dealt with, in order to achieve 

satisfactory visual outcome. In addition to cata-
ract surgery, glaucoma management is of utmost 
importance in these cases.
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Fig. 15.17 Irregular air bubble sign in Anterior segment 
dysgenesis with glaucoma. (a) Corneal opacity with irido-
corneal adhesions with Haab striae with anterior capsular 
pigments and zonular cataract. (b) Intraoperative picture 

after ingestion of air in anterior chamber, irregular air 
bubble is seen. Iridocorneal adhesions which were not 
clearly seen preoperatively are enhanced

Fig. 15.18 One year postoperative picture of patient 
operated with Iris implant (outside center) with acquired 
aniridia (traumatic) with band shaped keratopathy and 
corneal decompensation
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Fig. 17: Irregular air bubble sign in Anterior segment dysgenesis with glaucoma. (a) Corneal opacity with 
iridocorneal adhesions with Haab striae with anterior capsular pigments and zonular cataract. (b) Intraoperative 
picture after ingestion of air in anterior chamber, irregular air bubble is seen. Iridocorneal adhesions which were not 
clearly seen preoperatively are enhanced.

	z Corneal abnormalities: Corneal opacity or AAK may cause difficulty in visualization. Staining 
of the anterior capsule enhances its visualization during capsulorhexis. Other methods like 
use of illumination techniques like transcorneal oblique illumination or endoscope assisted 
surgery can help in better visualization but are time-consuming methods with a greater 
learning curve [33-35]. Image-guided surgery using femtosecond laser for cataract surgery in 
peter syndrome has also been recently used [36]. However, the depth and height of the fem-
tosecond laser should be cautiously adjusted to avoid damage to the endothelium.

	z Presence of kerato-lenticular adhesion increases difficulty in surgical maneuvering. There 
may be risk of Descemet and endothelial damage during release of the keratolenticluar adhe-
sions and difficulty to achieve appropriate size regular capsulorhexis. We have also noticed 
“irregular air bubble” in anterior chamber as a sign of presence of adhesions when they are 
not clearly visible (Fig. 17a, b).

	z Iris abnormalities like corectopia, polycoria, iridocorneal adhesion, posterior synechiae 
between iris and lens may require anterior segment reconstruction may be required with syn-
echiae release, anterior chamber formation or pupilloplasty along with the cataract surgery. 
Aniridia patients require use of tinted glasses or contact lens. Iris prosthetic devices may be 
used [37]. There is risk of secondary glaucoma, corneal decompenstion, band shaped kera-
topathy and device displacement [38] (Fig. 18).

	z Zonular weakness: Aniridia cases have been reported with zonular laxity and lens subluxa-
tion. Use of capsular tension ring in cases with mild zonular laxity may give more desirable 
anatomical outcomes.

	z Glaucoma management in cases with ASD is of importance and may include medical man-
agement, surgical management or both. Thus, a regular follow-up with monitoring of visual 
acuity and the intraocular pressure is crucial.
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Fig. 15.17 Irregular air bubble sign in Anterior segment 
dysgenesis with glaucoma. (a) Corneal opacity with irido-
corneal adhesions with Haab striae with anterior capsular 
pigments and zonular cataract. (b) Intraoperative picture 

after ingestion of air in anterior chamber, irregular air 
bubble is seen. Iridocorneal adhesions which were not 
clearly seen preoperatively are enhanced

Fig. 15.18 One year postoperative picture of patient 
operated with Iris implant (outside center) with acquired 
aniridia (traumatic) with band shaped keratopathy and 
corneal decompensation
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Fig. 18: One year postoperative picture of patient 
operated with Iris implant (outside center) with 
acquired aniridia (traumatic) with band shaped 
keratopathy and corneal decompensation.

Challenges in surgery in patients with ASD have to be carefully dealt with, in order to achieve 
satisfactory visual outcome. In addition to cataract surgery, glaucoma management is of utmost 
importance in these cases.
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Abstract

Background: We report a case of chronic retinal necrosis (CRN) combined with cytomegalovirus 
(CMV) corneal endotheliitis.
Case Presentation: An 80-year old man was diagnosed with CRN that developed after tube shunt 
surgery with vitrectomy for secondary glaucoma associated with CMV corneal endotheliitis. After 
the use of oral valganciclovir and panretinal photocoagulation, the retinal lesion resolved rapidly 
and he has maintained visual acuity better than before the onset of CRN.
Conclusions: Use of oral valganciclovir, prophylactic panretinal photocoagulation for the non- 
perfusion area and vitrectomy were effective in maintaining the visual acuity for the patient with 
CRN.

Keywords: Chronic retinal necrosis, Cytomegalovirus corneal endotheliitis, Polymerase chain 
reaction, Tube shunt surgery, Case report

Background

CRN, a new disease that was first described in 2013, is a slowly progressive occlusive vasculitis 
and granular retinitis in immunocompetent hosts. Its association with CMV-related inflamma-
tion is suspected [1]. We present a case of CRN that developed after implantation of an Ahmed 
Glaucoma Valve (New World Medical, Rancho Cucamonga, CA) with vitrectomy for secondary 
glaucoma associated with CMV corneal endotheliitis. Most previous cases of CRN had poor visual 
outcomes due to the complications, our case maintained visual acuity better than before the onset 
of CRN after the use of oral valganciclovir and prophylactic panretinal photocoagulation for the 
non- perfusion area. CRN combined with CMV endotheliitis has not been reported previously.

CLINICAL VIGNETTE
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Case Presentation

Our case is an 80-year-old man referred to our hospital with iritis and poor intraocular pressure 
(IOP) control in his left eye (OS). At the initial visit, the best-corrected visual acuity (BCVA) was 
1.2 in the right eye (OD) and 0.3 OS, and the IOPs were 13 and 58 mmHg, respectively. Other 
than anterior chamber inflammation (Fig. 1a) and glaucoma, the fundus was normal (Fig. 1b). The 
patient had an ocular history of small-incisional cataract surgery and intraocular lens implantation 
OS 1 year previously. Except for systemic hypertension, he had no systemic diseases associated with 
immune deficiency and his human immunodeficiency virus (HIV) testing result was negative. The 
diagnosis of CMV corneal endotheliitis OS was made based on the previously-reported diagnostic 
criteria [2]. Detection of 5.2 × 105 copies/ml CMV DNA in the aqueous humor from the affected eye 
by a polymerase chain reaction (PCR) assay and keratic precipitates like coin-shaped lesion were 
observed. Serum IgM of Herpes simplex virus (HSV), Varicella zoster virus (VZV), and CMV were 
negative, and these IgG titers were slightly elevated to 61.8, 13.0, and 15.8, respectively; the CMV 
antigenemia was negative. After starting the treatment (0.5% ganciclovir eyedrops 6 times/day and 
0.1% betamethasone 4 times/day) with the previously reported regimen [3], the anterior-segment 
inflammation resolved (Fig. 1c). Because the IOP control was poor despite four ocular antihyper-
tensive drugs, tube shunt surgery using the Ahmed Glaucoma Valve (Model FP-7) was implanted 
1 month after the initial visit. To preserve the corneal endothelial cells, a tube was inserted into the 
vitreous cavity [4]; for this purpose, 25-gauge pars plana vitrectomy was performed intraoperatively. 
After the glaucoma surgery, the IOP decreased below 10 mmHg with continuous use of topical 
ganciclovir and betamethasone without ocular antihypertensive medications. At the follow-up visit 
2 months postoperatively, although he was unaware of visual worsening, granular retinitis and occlu-
sive vasculitis were observed OS (Fig. 1d). At this time, PCR identified 1.8 × 104 copies/ml CMV in 
the aqueous humor. CRN associated with CMV infection was suspected, and oral valganciclovir 
(1800 mg for 2 weeks and then 900 mg for 1 week) was started in addition to the topical ganciclovir 
and betamethasone. Since the non-perfusion area extended throughout the entire fundus (Fig. 1e), 
panretinal photocoagulation was performed simultaneously. After valganciclovir was started, the 
retinal lesions resolved rapidly (Fig. 1f). At the final visit 12 months after the diagnosis of CRN, the 
BCVA and IOP were 0.6 and 11 mmHg, respectively, and the number of corneal endothelial cells 
of 2031 cells/mm2 before the tube shunt implantation in the vitreous was maintained 2038 cells/
mm [2]. The inflammation did not recur in the anterior segment and fundus during the follow-up 
period with a maintenance dose of topical 0.5% ganciclovir 4 times/day and 0.1% fluorometholone 
4 times/day. Iris or angle neovascularization was not seen during the follow-up period.

Discussion and Conclusions

In the current case, the fundus lesion developed after tube shunt glaucoma surgery combined 
with vitrectomy in the pseudophakic eye with CMV endotheliitis and iritis, and CMV DNA in 
the aqueous humor was detected by PCR assay before and after the onset of CRN. Thus, the pro-
cedure might have facilitated transition of CMV virus from the anterior segment to the fundus, 
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although this speculation required to be proved. CRN combined with CMV endotheliitis has not 
been reported previously. To the best of our knowledge, three reports of seven CRN cases have 
been published [1, 5, 6]. In the initial report of five CRN cases [1], a retinal detachment developed 

endotheliitis OS was made based on the previously-
reported diagnostic criteria [2]. Detection of 5.2 × 105

copies/ml CMV DNA in the aqueous humor from the
affected eye by a polymerase chain reaction (PCR) assay
and keratic precipitates like coin-shaped lesion were ob-
served. Serum IgM of Herpes simplex virus (HSV),
Varicella zoster virus (VZV), and CMV were negative,
and these IgG titers were slightly elevated to 61.8, 13.0,
and 15.8, respectively; the CMV antigenemia was nega-
tive. After starting the treatment (0.5% ganciclovir
eyedrops 6 times/day and 0.1% betamethasone 4 times/
day) with the previously reported regimen [3], the
anterior-segment inflammation resolved (Fig. 1c). Be-
cause the IOP control was poor despite four ocular anti-
hypertensive drugs, tube shunt surgery using the Ahmed
Glaucoma Valve (Model FP-7) was implanted 1 month
after the initial visit. To preserve the corneal endothelial
cells, a tube was inserted into the vitreous cavity [4]; for
this purpose, 25-gauge pars plana vitrectomy was per-
formed intraoperatively. After the glaucoma surgery, the

IOP decreased below 10 mmHg with continuous use of
topical ganciclovir and betamethasone without ocular
antihypertensive medications. At the follow-up visit 2
months postoperatively, although he was unaware of vis-
ual worsening, granular retinitis and occlusive vasculitis
were observed OS (Fig. 1d). At this time, PCR identified
1.8 × 104 copies/ml CMV in the aqueous humor. CRN
associated with CMV infection was suspected, and oral
valganciclovir (1800 mg for 2 weeks and then 900 mg for
1 week) was started in addition to the topical ganciclovir
and betamethasone. Since the non-perfusion area ex-
tended throughout the entire fundus (Fig. 1e), panretinal
photocoagulation was performed simultaneously. After
valganciclovir was started, the retinal lesions resolved
rapidly (Fig. 1f). At the final visit 12 months after the
diagnosis of CRN, the BCVA and IOP were 0.6 and 11
mmHg, respectively, and the number of corneal endo-
thelial cells of 2031 cells/mm2 before the tube shunt im-
plantation in the vitreous was maintained 2038 cells/mm
[2]. The inflammation did not recur in the anterior

Fig. 1 Initial findings (A, B), after topical ganciclovir (C), at the onset of chronic retinal necrosis (D, E), and at the final visit (F). At the initial visit,
slit-lamp examination shows keratic precipitates and anterior chamber cells in the left eye (OS) (A). A wide-field fundus camera photograph
shows no retinitis or occlusive retinal vasculitis OS (B). Two weeks after the start of ganciclovir and steroid therapy, the iritis has resolved (C). Two
months after the glaucoma surgery (3 months after the initial visit), occlusive vasculitis in the entire fundus and granular white lesions in the nasal
fundus are seen OS (D); fluorescence angiography shows a non-perfusion area extending throughout the fundus (E). After combined therapy of
oral ganciclovir for 3 weeks and panretinal photocoagulation, the occlusive vasculitis and granular retinitis have resolved (F)
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Fig. 1: Initial findings (A, B), after topical ganciclovir (C), at the onset of chronic retinal necrosis (D, E), and at the 
final visit (F). At the initial visit, slit-lamp examination shows keratic precipitates and anterior chamber cells in the 
left eye (OS) (A). A wide-field fundus camera photograph shows no retinitis or occlusive retinal vasculitis OS (B). Two 
weeks after the start of ganciclovir and steroid therapy, the iritis has resolved (C). Two months after the glaucoma 
surgery (3 months after the initial visit), occlusive vasculitis in the entire fundus and granular white lesions in the 
nasal fundus are seen OS (D); fluorescence angiography shows a non-perfusion area extending throughout the 
fundus (E). After combined therapy of oral ganciclovir for 3 weeks and panretinal photocoagulation, the occlusive 
vasculitis and granular retinitis have resolved (F).
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in one case and neovascular complications developed in four cases during the follow-up. Another 
case of CRN complicated by severe neovascular glaucoma was reported in Japan [5]. Although 
most previous cases had poor visual outcomes due to complications, our patient has main-
tained visual acuity more than before the onset of CRN. Use of oral valganciclovir, prophylactic  
panretinal photocoagulation and vitrectomy may explain the maintaining of visual acuity in the 
current case.

Abbreviations: CRN: Chronic Retinal Necrosis; CMV: Cytomegalovirus; IOP: Intraocular pressure; BCVA: Best-corrected visual acuity; 
HIV: Human immunodeficiency virus; PCR: Polymerase chain reaction
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Abstract

Background: Ultrasound cycloplasty (UCP) is a non-invasive procedure for glaucoma treatment. 
Using high-intensity focused ultrasound to work on the ciliary body, the generation of aqueous 
humor can be reduced and the drainage of aqueous humor through the uveoscleral pathway can 
be enhanced. Recently, this therapy is gradually gaining clinical recognition. We report a case of 
a patient with glaucoma who accepted UCP in another hospital, but because of a worsening of a 
preexistent cataract and an insufficient IOP lowering effect, finally underwent cataract surgery in 
both eyes in our hospital, during the surgery we observed the unusual opacities probably due to 
UCP mistreatment.
Case Presentation: Patient was diagnosed as chronic angle closure glaucoma and catacract, 
accepted UCP on both eyes in another hospital 4 months ago. After the UCP therapy, the pupil 
was vertical ellipse, the UCP didn’t have a sufficient effect on IOP and forced us to do cataract 
surgery to lower IOP. During the cataract surgery, some unusual white opacities in the peripheral 
cortex with clear boundary were found. Inaccurate WtW measurement was the most likely cause 
of the injury, which resulted in the use of the small-size UCP probe and the downward movement 
of the UCP probe.
Conclusion: UCP should not be a first-line treatment in a patient with cataract and angle closure 
glaucoma, cataract extraction is a better choice. The appropriate case selection needs to be more 
strict and the preoperative indexes measurements need to be more accurate.

Keywords: Ultrasound cycloplasty, Complicated peripheral cortical cataract, Pupil deformation, 
Case report
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Background

The treatment of glaucoma via ciliodestruction by high-intensity focused ultrasound was origi-
nally developed by Lizzi and Coleman. In the late 1980s, Sonocare manufactured an FDA-approved 
instrument for this treatment [1]. Ultrasound cycloplasty (UCP) is a non-invasive procedure for 
glaucoma treatment. Using high-intensity focused ultrasound to work on the ciliary body, the 
generation of aqueous humor can be reduced and the drainage of aqueous humor through the 
uveoscleral pathway can be enhanced. Recently, this therapy is gradually gaining clinical recogni-
tion. However, its safety and efficacy on patients have not been confirmed in a large sample size. 
We report a case of a patient with glaucoma who accepted UCP in another hospital, but because 
of a worsening of a preexistent cataract and an insufficient IOP lowering effect, finally underwent 
cataract surgery in both eyes in our hospital, during the surgery we observed the unusual opacities 
probably due to UCP mistreatment.

Case Presentation

The patient is a 63-year-old male who was diagnosed with chronic angle-closure glaucoma and 
accepted UCP in another hospital on both eyes 4 months ago. We asked the hospital for the pre-
operative data of the patient. The visual acuity was 20/160 (OD) and 20/40 (OS), and the best-
corrected visual acuity (BCVA) was preserved at 20/100 (OD) with + 0.50D/− 1.50D*10 and 
20/25 (OS) with + 0.75D/− 1.50D*165. The patient presented with bilateral cataract (C2N2P1 OD, 
C2N2P1 OS) according to Lens Opacities Classification System III (LOCS III). The optic discs of 
both eyes were pale with C/D = 0.9 (OD) and C/D = 0.8 (OS), respectively. The ultrasound biomi-
croscope (UBM) data were as follows: The iris of both eyes was swollen and the anterior chambers 
were narrow. In the right eye, the vertical anterior chamber depth was 2.24 mm and the corre-
sponding sulcus-to-sulcus distance was 12.11 mm, and the horizontal anterior chamber depth 
was 2.28 mm with the corresponding sulcus-to-sulcus distance of 11.80 mm. In the left eye, the 
vertical anterior chamber depth was 2.26 mm and the corresponding sulcus-to-sulcus distance 
was 11.98 mm, and the horizontal anterior chamber depth was 2.24 mm with the corresponding 
sulcus-to-sulcus distance of 11.90 mm. Visual field examination showed that the right eye had a 
tubular visual field and the left eye had a peripheral visual field defect. Under the situation of using 
three kinds of anti-glaucoma drugs (methazolamide, carteolol hydrochloride, and brinzolamide), 
the baseline intraocular pressure (IOP) was 30 mmHg (OD) and 31 mmHg (OS), respectively. 
The preoperative anterior segment image (Fig. 1) showed that pupils of both eyes were regular 
circular and the depth of the anterior chamber was normal. The preoperative UBM image (Fig. 2) 
presented that the anterior chamber angle of both eyes was closed, the lens position was normal 
without deviation, and the anterior capsule was smooth without adhesion.

After evaluation, the hospital decided that the patient was suitable for UCP. We, on the other 
hand, have reservations about the decision and will elaborate on our reasons in the discussion 
section. The parameters of the operation were as below: OD: white-to-white (WtW, measured by 
calipers, IOL-master and corneal topography) distance = 11.4 mm, axial length (AL) = 23.21 mm; 
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OS: WtW distance = 11.4 mm, AL =23.03 mm. A high-intensity focused ultrasound (HIFU) equip-
ment (EYE TECH CARE, sound glaucoma care, Version 3.20) was used for the UCP treatment. 
The parameters were as follows: Vacuum setpoint 225 mmHg; Duration 08.0 S; Pause 20.0 S; Probe 
Size 12 mm; Model T4T. SN = 18/172/018 / Unit = 15/007 (OD). SN = 18/172/013 / Unit = 15/007 
(OS). UCP prepared for 10 sectors, but only 8 sectors treated (5 superior area/3 inferior area) on 
both eyes.

Three months after the UCP treatment, under the situation of using three kinds of anti-glau-
coma drugs (methazolamide, carteolol hydrochloride, and brinzolamide), the IOP value of the 
patient fluctuated in the range of 22–30 mmHg and the visual acuity decreased to 20/250 (OD) 
and 20/80 (OS). It was found that the BCVA was preserved at 20/40 (OD) with − 1.25 DC*35 
and 20/32 (OS) with + 2.50DS/− 3.00 DC*155. After the UCP treatment, the image of the ante-
rior segment (Fig. 3) exhibited that both pupils were vertical elliptical, of which the diameters 
were 3.0 mm*5.0 mm (OD) and 3.0 mm*4.0 mm (OS), respectively. Also, local iris atrophy on the 
subnasal of the left eye was observed. The central anterior chamber depth was about 2.5 corneal 
thickness (CT). The left eye had a peripheral anterior chamber depth of about 1/4 CT while the 
peripheral anterior chamber depth of the right eye varied greatly, which indicates an angle adhe-
sion. The patient presented with bilateral cataract (C2N3P1 OD, C2N2P1 OS) according to LOCS 
III. The UBM image (Fig. 4) showed that both pupils were deformed, in which the left eye had an 
irregular superior suspensory ligament and the lens of the right eye deviated. The central anterior 
chamber depth was about 2.32 mm (OD) and 2.25 mm (OS), respectively. As shown in the image, 
the anterior chamber angle was closed in all directions while the ciliary body displaced forward 
to the root of the iris in both eyes. Both lenses showed enhanced echo. It is seen that there exists 
adhesion in the anterior capsule periphery of both lenses and the lens position of the right eye 
deviates.

Thus, we decided to perform cataract surgery on the right eye of the patient. Considering 
the lens position deviation and irregular suspensory ligament, we planned to implant a capsule 
tension ring into the eye to maintain the stability of the capsular bag. During the process of phaco-
emulsification, as Fig. 5 showed, several continuous localized white opacities in the peripheral 

Fig. 1: Preoperative image of UCP: Both pupils are regular circular and the anterior chamber depth is normal.

Case presentation
The patient is a 63-year-old male who was diagnosed with
chronic angle-closure glaucoma and accepted UCP in an-
other hospital on both eyes 4 months ago. We asked the
hospital for the preoperative data of the patient. The visual
acuity was 20/160 (OD) and 20/40 (OS), and the best-
corrected visual acuity (BCVA) was preserved at 20/100
(OD) with + 0.50D/− 1.50D*10 and 20/25 (OS) with +
0.75D/− 1.50D*165. The patient presented with bilateral
cataract (C2N2P1 OD, C2N2P1 OS) according to Lens
Opacities Classification System III (LOCS III). The optic
discs of both eyes were pale with C/D = 0.9 (OD) and C/
D = 0.8 (OS), respectively. The ultrasound biomicroscope
(UBM) data were as follows: The iris of both eyes was
swollen and the anterior chambers were narrow. In the
right eye, the vertical anterior chamber depth was 2.24
mm and the corresponding sulcus-to-sulcus distance was
12.11mm, and the horizontal anterior chamber depth was
2.28mm with the corresponding sulcus-to-sulcus distance
of 11.80mm. In the left eye, the vertical anterior chamber
depth was 2.26mm and the corresponding sulcus-to-
sulcus distance was 11.98mm, and the horizontal anterior
chamber depth was 2.24mm with the corresponding
sulcus-to-sulcus distance of 11.90mm. Visual field exam-
ination showed that the right eye had a tubular visual field
and the left eye had a peripheral visual field defect. Under
the situation of using three kinds of anti-glaucoma drugs
(methazolamide, carteolol hydrochloride, and brinzola-
mide), the baseline intraocular pressure (IOP) was 30
mmHg (OD) and 31mmHg (OS), respectively. The pre-
operative anterior segment image (Fig. 1) showed that pu-
pils of both eyes were regular circular and the depth of the
anterior chamber was normal. The preoperative UBM
image (Fig. 2) presented that the anterior chamber angle
of both eyes was closed, the lens position was normal
without deviation, and the anterior capsule was smooth
without adhesion.
After evaluation, the hospital decided that the patient

was suitable for UCP. We, on the other hand, have

reservations about the decision and will elaborate on our
reasons in the discussion section. The parameters of the
operation were as below: OD: white-to-white (WtW, mea-
sured by calipers, IOL-master and corneal topography)
distance = 11.4mm, axial length (AL) = 23.21mm; OS:
WtW distance = 11.4mm, AL =23.03mm. A high-
intensity focused ultrasound (HIFU) equipment (EYE
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Three months after the UCP treatment, under the

situation of using three kinds of anti-glaucoma drugs
(methazolamide, carteolol hydrochloride, and brinzola-
mide), the IOP value of the patient fluctuated in the
range of 22–30mmHg and the visual acuity decreased to
20/250 (OD) and 20/80 (OS). It was found that the
BCVA was preserved at 20/40 (OD) with − 1.25 DC*35
and 20/32 (OS) with + 2.50DS/− 3.00 DC*155. After the
UCP treatment, the image of the anterior segment
(Fig. 3) exhibited that both pupils were vertical elliptical,
of which the diameters were 3.0 mm*5.0 mm (OD) and
3.0 mm*4.0 mm (OS), respectively. Also, local iris atro-
phy on the subnasal of the left eye was observed. The
central anterior chamber depth was about 2.5 corneal
thickness (CT). The left eye had a peripheral anterior
chamber depth of about 1/4 CT while the peripheral an-
terior chamber depth of the right eye varied greatly,
which indicates an angle adhesion. The patient pre-
sented with bilateral cataract (C2N3P1 OD, C2N2P1
OS) according to LOCS III. The UBM image (Fig. 4)
showed that both pupils were deformed, in which the
left eye had an irregular superior suspensory ligament
and the lens of the right eye deviated. The central anter-
ior chamber depth was about 2.32 mm (OD) and 2.25
mm (OS), respectively. As shown in the image, the

Fig. 1 Preoperative image of UCP: Both pupils are regular circular and the anterior chamber depth is normal
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cortex with clear boundaries were observed, which could not be found before the operation even 
if after mydriasis. Because the opacities were in the equator part of the lens, it could only be found 
when they were dragged out by I/A piece. At last, an intraocular lens was implanted into the eye. 
The 5-day postoperative visual acuity was 20/50, and the IOP value was 22 mmHg. After taking 
two anti-glaucoma drugs (carteolol hydrochloride and brinzolamide), the IOP value dropped to 
8 mmHg 3 days later.

anterior chamber angle was closed in all directions while
the ciliary body displaced forward to the root of the iris
in both eyes. Both lenses showed enhanced echo. It is
seen that there exists adhesion in the anterior capsule
periphery of both lenses and the lens position of the
right eye deviates.
Thus, we decided to perform cataract surgery on the

right eye of the patient. Considering the lens position de-
viation and irregular suspensory ligament, we planned to
implant a capsule tension ring into the eye to maintain
the stability of the capsular bag. During the process of
phacoemulsification, as Fig. 5 showed, several continuous

localized white opacities in the peripheral cortex with
clear boundaries were observed, which could not be found
before the operation even if after mydriasis. Because the
opacities were in the equator part of the lens, it could only
be found when they were dragged out by I/A piece. At
last, an intraocular lens was implanted into the eye. The
5-day postoperative visual acuity was 20/50, and the IOP
value was 22mmHg. After taking two anti-glaucoma
drugs (carteolol hydrochloride and brinzolamide), the IOP
value dropped to 8mmHg 3 days later.
Five days after the surgery of the right eye, cataract surgery

was taken on the left eye. It was also found in the process of

Fig. 2 Preoperative UBM image of UCP: Both eyes have anterior chamber angle closure, the lens position is normal without deviation, and the
anterior capsule is smooth without adhesion

Fig. 3 Postoperative image of UCP: The diameters of two pupils were 3.0 mm*5.0 mm (OD) and 3.0 mm*4.0 mm (OS), respectively. Local iris
atrophy on the subnasal of the left eye was observed. The central anterior chamber depth is about 2.5 corneal thickness (CT). The left eye had a
peripheral anterior chamber depth of 1/4 CT while that of the right eye varied greatly, which indicates an angle adhesion

Luo et al. BMC Ophthalmology           (2021) 21:16 Page 3 of 6

anterior chamber angle was closed in all directions while
the ciliary body displaced forward to the root of the iris
in both eyes. Both lenses showed enhanced echo. It is
seen that there exists adhesion in the anterior capsule
periphery of both lenses and the lens position of the
right eye deviates.
Thus, we decided to perform cataract surgery on the

right eye of the patient. Considering the lens position de-
viation and irregular suspensory ligament, we planned to
implant a capsule tension ring into the eye to maintain
the stability of the capsular bag. During the process of
phacoemulsification, as Fig. 5 showed, several continuous

localized white opacities in the peripheral cortex with
clear boundaries were observed, which could not be found
before the operation even if after mydriasis. Because the
opacities were in the equator part of the lens, it could only
be found when they were dragged out by I/A piece. At
last, an intraocular lens was implanted into the eye. The
5-day postoperative visual acuity was 20/50, and the IOP
value was 22mmHg. After taking two anti-glaucoma
drugs (carteolol hydrochloride and brinzolamide), the IOP
value dropped to 8mmHg 3 days later.
Five days after the surgery of the right eye, cataract surgery

was taken on the left eye. It was also found in the process of

Fig. 2 Preoperative UBM image of UCP: Both eyes have anterior chamber angle closure, the lens position is normal without deviation, and the
anterior capsule is smooth without adhesion

Fig. 3 Postoperative image of UCP: The diameters of two pupils were 3.0 mm*5.0 mm (OD) and 3.0 mm*4.0 mm (OS), respectively. Local iris
atrophy on the subnasal of the left eye was observed. The central anterior chamber depth is about 2.5 corneal thickness (CT). The left eye had a
peripheral anterior chamber depth of 1/4 CT while that of the right eye varied greatly, which indicates an angle adhesion

Luo et al. BMC Ophthalmology           (2021) 21:16 Page 3 of 6

Fig. 2: Preoperative UBM image of UCP: Both eyes have anterior chamber angle closure, the lens position is normal 
without deviation, and the anterior capsule is smooth without adhesion.

Fig. 3: Postoperative image of UCP: The diameters of two pupils were 3.0 mm*5.0 mm (OD) and 3.0 mm*4.0 mm 
(OS), respectively. Local iris atrophy on the subnasal of the left eye was observed. The central anterior chamber 
depth is about 2.5 corneal thickness (CT). The left eye had a peripheral anterior chamber depth of 1/4 CT while that 
of the right eye varied greatly, which indicates an angle adhesion.
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Fig. 4: Postoperative UBM image of UCP: The central anterior chamber depth is about 2.32 mm (OD) and 2.25 mm 
(OS), respectively. The anterior chamber angle was closed in all directions and the ciliary body displaced forward 
to the root of the iris in both eyes. The shape of the superior suspensory ligament is irregular in the left eye. Both 
lenses show enhanced echo. There exists an adhesion in the anterior capsule periphery in both lenses while the lens 
position of the right eye deviates.

Fig. 5: Process of phacoemulsification: a Continuous curvilinear capsulorhexis; b Phacoemulsification; c In the 
process of phacoemulsification, several continuous localized white opacities with clear boundaries are found in 
the peripheral cortex; d The single image of the white opacities in the peripheral cortex; e A capsule tension ring is 
planted into the eye; f Intraocular lens implantation.

Fig. 4 Postoperative UBM image of UCP: The central anterior chamber depth is about 2.32 mm (OD) and 2.25 mm (OS), respectively. The anterior
chamber angle was closed in all directions and the ciliary body displaced forward to the root of the iris in both eyes. The shape of the superior
suspensory ligament is irregular in the left eye. Both lenses show enhanced echo. There exists an adhesion in the anterior capsule periphery in
both lenses while the lens position of the right eye deviates

Fig. 5 Process of phacoemulsification: a Continuous curvilinear capsulorhexis; b Phacoemulsification; c In the process of phacoemulsification,
several continuous localized white opacities with clear boundaries are found in the peripheral cortex; d The single image of the white opacities in
the peripheral cortex; e A capsule tension ring is planted into the eye; f Intraocular lens implantation
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Five days after the surgery of the right eye, cataract surgery was taken on the left eye. It was 
also found in the process of I/A that there was a large white opacity formed by the fusion of several 
pieces of calcification in the equator part of the lens. As Fig. 6 showed, although the opacities in 
the right eye were four separated pieces while the opacity in the left eye was a whole piece, they 
were all white calcified plaques.

Discussion

Using a small computer-controlled eye probe to focus the high-intensity ultrasound energy on the 
ciliary body, UCP facilitates epithelium to generate aqueous humor in a non-incision, quantifi-
able, and accurate way. In general, the thermal effect of ultrasound is theoretically controllable 
within the submillimeter level. In this case, however, the continuous localized white opacities are 
so regular with markedly clear boundaries, which is neither any kind of natural cataract we know 
nor reported in any literature before. So it leads to a question that whether the ultrasound thermal 
injury causes the cataract. The location of those opacities is in the equator of the lens, where is just 
below the ciliary body. The shape of opacities also matches the effected area of ultrasound thermal 
damage according to some early research [2].

After the UCP treatment and cataract surgery, the IOP value of the patient still cannot reach 
an ideal level until the intervention of anti-glaucoma drugs. Therefore, we need to decide whether 
additional glaucoma surgery is necessary for the next step [3]. The pupil ovalization and accom-
modation loss and iatrogenic corneal astigmatism after UCP treatment also interfere with the 
visual acuity recovery of the patient in this case, which also has been reported by some other 
researches [4-6].

After careful retrospective analysis of the UCP procedure of this case, we reckoned that the 
inaccurate WtW measurement was the most likely cause of the injury, which might result in the 
use of the small-size UCP probe and the downward movement of the UCP probe during the 
surgery. Several papers [7-9] have proved that the WtW distance does not necessarily correspond 
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ure of this case, we reckoned that the inaccurate WtW
measurement was the most likely cause of the injury,
which might result in the use of the small-size UCP
probe and the downward movement of the UCP probe
during the surgery. Several papers [7–9] have proved
that the WtW distance does not necessarily correspond
to the sulcus-to-sulcus distance using UMB and the
former distance is an inaccurate indicator predicting the
position of the ciliary processes. Figure 7 was a simula-
tion of the nonoptimal centering and optimal centering
(OD). The left figure illustrated a displacement of the
probe and 4 lesions (full line) into the lens based on the
4 scleral marks (dotted line). The right figure showed
the optimal centering simulation. Just because of the
downward movement of the probe, the upper equatorial
lens was injured by accident, forming a calcification with
clear boundaries caused by ultrasonic thermal damage.
We are not sure whether such complicated peripheral

cortical cataracts are frequent but lack of coverage due
to concealment, or just an individual case of improper

Fig. 6 Peripheral cortical cataract: Opacities were all located in the equator part of both lenses, which could not be seen by the shelter of pupils
until they were dragged out. The opacities in the right eye were four separated pieces while the opacity of the left eye was a whole piece. The
common thing is that they are all white calcified plaques

Fig. 7 Nonoptimal centering and optimal centering simulation (OD): The left figure illustrated a displacement of the probe and 4 lesions into the
lens based on the 4 scleral marks (dotted line). The right figure showed the optimal centering simulation
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Fig. 6: Peripheral cortical cataract: Opacities were all located in the equator part of both lenses, which could not be 
seen by the shelter of pupils until they were dragged out. The opacities in the right eye were four separated pieces 
while the opacity of the left eye was a whole piece. The common thing is that they are all white calcified plaques.
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to the sulcus-to-sulcus distance using UMB and the former distance is an inaccurate indicator 
predicting the position of the ciliary processes. Figure 7 was a simulation of the nonoptimal cen-
tering and optimal centering (OD). The left figure illustrated a displacement of the probe and 4 
lesions (full line) into the lens based on the 4 scleral marks (dotted line). The right figure showed 
the optimal centering simulation. Just because of the downward movement of the probe, the upper 
equatorial lens was injured by accident, forming a calcification with clear boundaries caused by 
ultrasonic thermal damage.

We are not sure whether such complicated peripheral cortical cataracts are frequent but 
lack of coverage due to concealment, or just an individual case of improper manipulation and 
improper selection of treatment patients. At least, however, in this case, we believe the best opera-
tion for this patient is cataract surgery rather than UCP. Cataract extraction is a well-accepted 
indication for angle-closure glaucoma, whereas UCP is a second-line treatment. In other words, 
if the patient is diagnosed with angle-closure glaucoma with cataract, we would choose cataract 
extraction as the first therapy.

According to the existing literature [10], indications for UCP include 1. Various refractory 
glaucomas such as primary open-angle glaucoma, primary angle-closure glaucoma, secondary 
glaucoma (for instance, neovascular glaucoma, secondary glaucoma after cataract surgery, glau-
coma after corneal transplantation, etc.), and refractory glaucoma with uncontrolled intraocular 
pressure after multiple glaucoma surgeries; 2. No vision and no possibility of vision recovery; 
3. No surgery opportunity and no surgery value; 4. Severe pain; 5. Poor general conditions that 
unable to tolerate surgery.

However, based on the complications this patient suffered, we believe that applying UCP 
treatment needs more caution and discretion. We should pay more attention to whether the 
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Fig. 7: Nonoptimal centering and optimal centering simulation (OD): The left figure illustrated a displacement of 
the probe and 4 lesions into the lens based on the 4 scleral marks (dotted line). The right figure showed the optimal 
centering simulation.
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indications of UCP in the clinical application are too wide, or whether some other problems have 
been not observed or reported yet.

Conclusion

In this case, the UCP didn’t have a sufficient effect on IOP and forced us to do cataract surgery to 
lower IOP. This lack of effect was due to the misplacement of the probe that caused the lens opaci-
ties. UCP should not be a first-line treatment in a patient with cataract and angle closure glau-
coma, cataract extraction is a better choice. To maximize the efficacy of UCP and minimize the 
patients’ loss, the appropriate case selection needs to be more strict and the preoperative indexes 
measurements need to be more accurate.
Abbreviations: UCP: Ultrasound cycloplasty; IOP: Intraocular pressure; BCVA: Best-corrected visual acuity; UBM: Ultrasound biomicro-
scope; CT: Corneal thickness; LOCS III: Lens Opacities Classification System III
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