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ABSTRACT 

Background: This study was performed to evaluate the use of anterior segment images, obtained with an automatic 
refractometer, to identify early defects of the iris pigment epithelium in patients with pigment dispersion syndrome (PDS) 
or pigmentary glaucoma (PG) without observable alterations at the slit lamp. 
Methods: In this cross-sectional observational study, carried out from January 2018 to December 2019, in Policlinico Citta 
di Udine Health Center, Udine, Italy, we observed anterior segment infrared images of 1700 subjects who were undergoing 
routine ophthalmological examination using an automatic refractometer. We selected infrared images of subjects who 
fulfilled the inclusion and exclusion criteria and looked for a focal defect in the iris pigment epithelium. 
Results: Twenty patients with focal iris pigment epithelial defect were identified and none of them showed evident signs of PDS. 
After the necessary explanations, they agreed to have further examinations to verify the possibility of PDS. An in-depth evaluation 
of ocular structures, including gonioscopy, demonstrated the presence of PDS in all subjects with iris defects. 
Conclusions: The use of infrared images obtained by an automatic refractometer could provide early and easy 
identification of PDS in crowded ophthalmology clinics or mass screening programs; yet, more well-designed studies are 
necessary to confirm these preliminary findings and prove this proposed screening tool. 
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INTRODUCTION 

Pigment dispersion syndrome (PDS) is a relatively 
uncommon entity that can precipitate secondary open-
angle glaucoma, so-called pigmentary glaucoma (PG) [1, 
2]. Both conditions are characterized by excessive 
pigment dispersion throughout the anterior segment of 
the eye with heavy trabecular meshwork pigmentation, 
iris trans-illumination defects, and pigment deposition on 
the corneal endothelium called the Krukenberg spindle [3, 
4]. Patients with PG may develop optic nerve damage with 

or without visual field defects, due to the increase in 
intraocular pressure (IOP). An increase in IOP is caused by 
pigment dispersion in the anterior chamber, particularly in 
the trabecular meshwork, which reduces aqueous outflow 
[5, 6]. This type of glaucoma is most prevalent in males in 
the third to fourth decade of life. Other risk factors include 
myopia, race (African), flat cornea, and family history [7]. 
Most patients with PG or PDS are asymptomatic. 
However, headaches and episodes of blurred vision can 
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occur, particularly after physical exercise, but these 
symptoms are usually ignored by patients [8, 9]. 
Moreover, IOP in PG tends to be higher with wide 
fluctuations compared to primary open-angle glaucoma. 
For these reasons, it is crucial to identify PDS or PG at 
earlier stages [10-12]. 
This study aimed to evaluate the use of anterior segment 
images, obtained using an automatic refractometer, to 
identify early defects of the iris pigment epithelium in 
patients with pigment PDS or PG without observable signs 
on slit-lamp examination. 

METHODS 

We conducted this prospective cross-sectional 
observational study from January 2018 to December 2019 
at the Policlinico Citta di Udine Health Center, Udine, Italy 
in compliance with the principles of the Declaration of 
Helsinki.. We used the observational method of data 
collection. Verbal consent was obtained from all 
participants. Anterior segment infrared images of 1700 
healthy subjects who attended our ophthalmology clinic 
for the first routine eye examination during the study 
period were included. This was a part of our standard and 
routine ophthalmological examination for clinic-referred 
subjects. Subsequently, we further evaluated those with 
focal defects of the iris pigment epithelium identified with 
infrared images using an automatic refractometer Nidek 
AR-1a (Nidek CO, LTD, Gamagori Aiki, Japan). 
Inclusion criteria included subjects visiting our ophthalmic 
clinic for their first routine eye examination and those 
with ocular hypertension or primary open-angle glaucoma 
who were undergoing follow-up for periodic monitoring. 
We excluded patients with previous intraocular surgery or 
iris defects secondary to trauma or other ocular diseases. 
None of the included patients had evident signs of PDS. 
We described the findings observed in the infrared 
images. 
 

RESULTS 

Twenty out of 1700 healthy subjects attended our 
ophthalmology clinic for their first routine eye 
examination during the study period. The infrared images 
clearly showed focal defects of the iris pigment epithelium 
with various ranges of severity (Figure 1). 
Furthermore, an in-depth evaluation of ocular structures, 
including gonioscopy, demonstrated the presence of a PDS in 
all 20 subjects. Some of them had a barely visible Krukenberg 
spindle or very minimal iris defects highlighted by slit-lamp 
transillumination by dimming the light in the room, which 
was not noted in the early slit-lamp assessment. However, 

most showed only hyperpigmentation of the trabecular 
meshwork identified with gonioscopy. 
 

 
Figure 1. An infrared image using an automatic refractometer in a 48-
year-old man who had come to our center for a routine 
ophthalmological examination revealed mild iris pigment epithelium 
defects dispersed in the inferior quadrant, evident as tiny, pinpoint, 
and multiple black points. 
 

 
Figure 2. An infrared image using an automatic refractometer in a 37-
year-old man who was under follow-up in our center for pigmentary 
glaucoma revealed obvious iris pigment epithelium defects in the 
peripheral portion of the iris resembling classic spoke-like iris 
transillumination defects in pigment dispersion syndrome.   

  
In two of our previous patients with a previous diagnosis of 
PG who were undergoing follow-up in this clinic, the infrared 
images were unremarkable; however, a subsequent detailed 
examination made it possible to diagnose primary open-
angle glaucoma.In addition, to further investigate the 
suitability of this proposed screening method, we observed 
anterior segment infrared images of all our patients with 
known PG or PDS who visited our glaucoma center (64 eyes) 
following verbal consent. In all cases, the infrared images 
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showed evident defects of the iris pigment epithelium, 
sometimes resembling classic spoke-like iris 
transillumination defect in PDS.  
For example, as shown in Figure 2 in a case with PG, obvious 
iris pigment epithelium defects are observed in the 
peripheral portion of the iris resembling classic spoke-like iris 
transillumination defects seen in PDS. Nevertheless, the 
defects in the infrared images of patients with known PG or 
PDS had more severe patterns compared to defects observed 
in the 20 subjects with an unrecognized disease. 
 

DISCUSSION 

In the present study, the infrared iris transillumination 
technique was used to help diagnose PG or PDS earlier in 
patients referred to our ophthalmology clinic as the 
preliminary hypothesis. Our proposed method uses 
infrared images taken by an automatic refractometer. In 
addition, we observed anterior segment infrared images 
of all patients with known PG or PDS who were 
undergoing follow-up in our clinic before. Interestingly, in 
previously diagnosed patients with PG or PDS, defects of 
the iris pigment epithelium were more severe than those 
observed in patients with an unrecognized disease. 
The use of the infrared iris transillumination technique to 
help diagnose PG or PDS has already been proposed and 
discussed in the literature [13, 14]. There was a significant 
correlation between iris transillumination percentage and 
PG severity [14]. Some techniques used in these studies 
were infrared iris transillumination videography and 
computerized image analysis [14], infrared-sensitive video 
camera [13], and specially designed cameras applied 
independently or connected to the slit-lamp device to 
capture anterior segment photos [13, 15-19] for imaging 
and evaluation of iris transillumination. Therefore, the 
idea of using infrared iris transillumination in the diagnosis 
of PG or PDS has been proposed. In the present study, we 
also used the infrared iris transillumination method to 
identify PG or PDS earlier in patients who attended our 
clinic for a routine eye examination. Notwithstanding, the 
novelty of our proposed method is the use of infrared 
images taken by an automatic refractometer, which is 
usually available in most eye clinics. Therefore, using this 
method for diagnosing PG or PDS (if missed by clinicians 
may have irreversible visual morbidities) is a new idea that 
we proposed here. However, further standardization and 
institutionalization of this proposed diagnostic method 
requires carefully designed studies, necessary statistical 
analyses, and long-term clinical follow-up to infer a viable 
and applicable guideline for its use as an ancillary 
technique in diagnosing PG or PDS in earlier stages.  

Nevertheless, our proposed method has some limitations. 
Subtle iris pigment defects could be missed using this 
technique, if the operator does not carefully check the 
images, one could not rely solely on this method for 
detecting PDS or PG. In some cases, iris defects could be 
congenital or secondary to previous trauma or intraocular 
surgery and not to a PDS, and this necessitates careful and 
meticulous history taking before proceeding for 
examination. In this study, we excluded patients with 
previous intraocular surgery or iris defects secondary to 
trauma or other ocular diseases in order to minimize this 
effect, even though we could not eliminate it. It is very 
complex to record images from the refractometer, even if 
someone could use a smartphone for this purpose. The 
lack of a detailed analysis and statistical comparison of 
findings with confirmed PDS or PG cases is one of the main 
limitations of our study method. The lack of long-term 
follow-up to evaluate the accuracy of this proposed 
method in diagnosing suspected PDS or PG subjects is 
another major limitation. On the other hand, the 
proposed method is an inexpensive and fast tool. 
Multicentric comparative studies with a larger sample size 
and a longer follow-up period could be useful to confirm 
our hypothesis and the validity and reliability of the 
proposed screening method. 
 

CONCLUSIONS 

We propose a fast and easy way to screen patients, just by 
observing infrared images obtained by a standard 
automatic refractometer as an ancillary technique, 
allowing for earlier diagnosis of PDS or PG, and ensuring 
timely detection of these patients. However, more well-
designed studies are necessary to confirm these 
preliminary findings. Certainly, this study is just a 
presentation of this proposed screening tool, and the 
evaluation of its usefulness, validity, and reliability may 
require more detailed investigation. 
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