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Abstract  Original Research Article 
 

Introduction: The purpose of this study was to evaluate ocular surface changes and dry eyes symptoms in patients 

undergoing cataract surgery by phacoemulsification combined with implantation of two trabecular stents (Istent Inject®). 

Methods: This single-arm prospective interventional clinical trial enrolled 69 patients with mild-to-moderate open-angle 

glaucoma taking 1 to 4 glaucoma medications that underwent phacoemulsification combined with implantation of two 

trabecular stents (Istent). We explored several key data about ocular surface and glaucoma evolution throughout the 

follow-up, including the Ocular Surface Disease Index score, the Oxford score, the Efron conjunctival score, and the 

Fluorescein Tear Break-up Time (FTBUT). Results: Mean OSDI scores improved from 40.1 ± 21.6 (severe dry eye) 

preoperatively to 17.5 ± 15.3 (mild dry eye) at 3 months. While 73% of eyes had moderate or severe OSDI scores 

preoperatively, only 29% had such scores at 3 months. The mean FTBUT increased from 4.3 ±2.4 seconds preoperatively 

to 6.4 ±2.5 seconds at 3 months; the average Oxford staining score decreased from 1.4 ± 1.0 preoperatively to 0.4 ± 0.6 

at 3 months. There was a reduction in the number of glaucoma medications from 1.5 to 0.6 medications. Mean IOP 

decreased from 17.4 ± 4.2mmHg to 14.5 ± 3.2mmHg at the 3 months follow-up. The safety profile of the surgery was 

excellent. Conclusion: The implantation of two trabecular stents (Istent inject®) combined with cataract surgery resulted 

in clinical and functional improvements in ocular surface health, as well as significant reductions in IOP and medications 

in patients with open-angle glaucoma. 
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INTRODUCTION 
Dry eye is one of the main reasons for 

consultation in ophthalmology [1- 3]. It corresponds to 

either insufficient tear production or unstable tear film 

often associated with ocular surface damage, as well as 

irritative symptoms such as eye stinging, photophobia 

and blurred vision [1- 3]. Many recent studies estimate 

the prevalence of dry eye to be around 25% in people 

over 65 years [4, 5]. This percentage rises to 78% in case 

of associated glaucoma, among which 69% of patients 

suffer from a moderate or severe dry eye syndrome [6, 

7]. This epidemic prevalence is often linked to the use of 

preservative-containing hypotonizing eye drops, which 

are known to promote the development and worsening of 

dry eye syndrome [7- 9]. 

 

More than deteriorating the quality of life 

(QOL) in glaucoma patients [1- 12], dry eye syndrome 

also contributes to poor therapeutic compliance [13, 14]. 

Moreover, it increases the risk of failure of an eventual 

glaucoma filtration surgery [15, 16]. Therefore, ocular 

surface is an essential parameter to consider in the 

management of glaucomatous patients. 

 

To date, the main modifiable risk factor for 

glaucoma progression is high intraocular pressure (IOP), 

and only lowering IOP can delay the onset of glaucoma 

or slow its progression [2]. The conventional therapeutic 

arsenal to reduce intraocular pressure includes laser 

procedures as well as filtering surgery, but the first-line 

treatment of glaucoma consists of the instillation of 

ocular hypotonizing eye drops [2]. 

 

In addition to these treatments, a new promising 

therapeutic option is the Micro Invasive Glaucoma 

Surgery (MIGS) with the placement of trabecular stents 

by an ab-interno approach. Among these devices, the 
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Istent Inject® trabecular micro-bypass stent (Glaukos 

Corp., San Clemente, CA) has been the most widely used 

and studied. A more recent second-generation device, 

(approved by the FDA in 2018 and widely used in 

Europe and worldwide) is the Istent Inject G2W ®: The 

surgeon inserts two micro stents through the failing 

trabecular meshwork to Schlemm's canal, which allows 

an increased drainage of aqueous humor from the 

anterior chamber and a sustainable decrease in 

intraocular pressure [16- 19]. 

 

Istent Inject® indications’ include various 

subtypes of glaucoma such as pseudo exfoliative, 

pigmentary and normal tension glaucoma, as well as in 

primary open angle glaucoma (POAG) [16- 19]. Several 

studies demonstrated the effectiveness of trabecular 

stents in lowering IOP [34- 46]. This effect persists even 

long after the implantation, with a proven sustainability 

up to five years according to recent publications [20]. 

Numerous studies also evaluated the safety profile of 

these implants, with very encouraging results, especially 

when compared to traditional filtering surgery [20- 33]. 

Despite these findings, no real-life studies -to our 

knowledge- have investigated the effect of Istent Inject® 

use on the ocular surface of glaucoma patients. 

 

Thus, given the high prevalence of dry eye in 

glaucoma patients and the increasing use of MIGS 

devices worldwide, we felt it is important to address this 

topic. 

 

METHODS 
Study Parameters 

This prospective interventional study 

conducted at the ophthalmology department of Bourges 

Hospital included 69 eyes of 52 patients with 

uncomplicated senile cataract and treated for open-angle 

glaucoma (primary, pseudo exfoliative, or pigmentary) 

treated by hypotonizing eye drops. The glaucoma cases 

included in our study were all early or moderate. All our 

patients underwent cataract surgery by 

phacoemulsification with placement of a hydrophobic 

monofocal implant in the capsular bag followed by the 

implantation of two Istent Inject® 2nd generation 

trabecular stents (Istent Inject W®, Glaukos 

Corporation, Laguna Hills, CA, USA) at the end of the 

procedure. We excluded from our study all glaucoma 

patients who had undergone another treatment for 

glaucoma (laser procedure or filtering surgery). 

 

We assessed the following dry eye syndrome 

markers: the Ocular Surface Disease Index OSDI 

questionnaire score [21], the Oxford score for 

corneal/conjunctival staining [22], the Efron score for 

conjunctival hyperemia [23], and the Fluorescein Tear 

Break up Time (FTBUT). These four parameters are 

widely used and set as references in the evaluation of the 

ocular surface. 

 

The OSDI (Questionnaire in the Appendix) is a 

reference questionnaire used to assess dry eye symptoms, 

severity and impact on visual function in patients [21]. 

The OSDI score ranges from 0 to 100, its grading is 

defined as follows: normal for a score between 0 and 12, 

mild dry eye for a score between 13 and 22, moderate for 

a score between 23 and 32 and dry eye is classified as 

severe for scores above 32. The OSDI score is widely 

referenced in the literature [1- 21], it is established as the 

gold standard for the diagnosis of dry eye syndrome 

because of its reliability and versatility [21]. To fulfill the 

purposes of our study, all our patients answered this 

questionnaire at all the clinical examination 

(preoperatively as well as at the postoperative controls: 

7th day, 1st month, 3rd month and 6th month). 

 

We assessed the rest of the scores at the clinical 

examinations with a slit lamp. The Oxford score 

(diagram in appendix) is based on the observation of the 

cornea and conjunctiva after instillation of fluorescein on 

an unanesthetized ocular surface [22]. The FTBUT test 

is performed by instilling 2% sodium fluorescein in the 

inferior conjunctival fornix, asking the patient to blink 

normally, and finally measuring tear breakup time under 

unanesthetized conditions. FTBUT is defined as normal 

if longer than 10s, dry eye is diagnosed as mild to 

moderate for a FTBUT between 5 and 9s, and dry eye 

classifies as severe for a FTBUT less than 5s [6]. 

 

The Efron scale for conjunctival hyperemia is 

the last score we evaluated (see diagram in appendix), it 

is based on the slit lamp examination compared to 

standardized images. The hyperemia score goes from 0 

(absent) to 4 (severe) [23]. 

 

In addition to the above-mentioned parameters, 

we also assessed the adverse effects of ocular 

hypotonizing eye drops. We evaluated the different 

symptoms expressed by the patients, as well as their 

severity. 

 

The results of the glaucoma follow-up (duration 

of follow-up, IOP and glaucoma medications) were also 

collected. We assessed all these information 

preoperatively as well as during the postoperative follow 

up that lasted 6 months and included four consultations 

(at the 7th day, the 1st month, the 3rd month and the 6th 

month). We measured categorical variables in terms of 

proportions and continuous variables as means ± 

standard deviations. 

 

Istent Inject® Devices, Implantation Technique, and 

Postoperative Treatment 

The Istent Inject® device is a biocompatible 

titanium stent designed to provide controlled shunting 

through the trabecular meshwork to Schlemm's canal, 

thereby facilitating aqueous humor drainage from the 

anterior chamber and decreasing IOP [16-19]. 
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It is a heparin-coated non-ferrous titanium 

micro-stent intended for ab interno placement. 

Concerning its measurements, the Istent Inject® has a 

length of 1 mm and a width of 360 µm. Its internal lumen 

forms a 230 µm long tube with a diameter of 120 microns 

(central inlet). The total weight of the stent is 60 µg [16-

19, 24]. 

 

 
 

After successful phacoemulsification and implantation 

of the intraocular lens in the capsular bag, we proceed a 

rotation of the operating microscope and a flexion of the 

patient’s neck. We accomplish further exposure of the 

irido- corneal angle by injection of viscoelastic 

substance. The operator introduces the preloaded Istent 

Inject® in the anterior chamber through the existing 

main phacoemulsification incision after good 

visualization of the trabeculum with a Gonio-prism [16-

19]. Finally, the surgeon implants the two preloaded 

stents into the inferior nasal trabeculum. 

 

All our patients received the same postoperative 

cataract surgery treatment, which consisted of topical 

antibiotic therapy for 1 week, as well as non-steroidal 

anti-inflammatory (NSAID) and corticosteroid eye drops 

for 1 month (the corticosteroid therapy stopped after a 

gradual decrease in the number of instillations spread 

over 3 weeks). 
 

RESULTS 
Study Participants 

All eyes (69) underwent uncomplicated 

phacoemulsification cataract surgery with concomitant 

implantation of two 2nd- generation Istent Inject® 

trabecular stents. The mean age was 75.5 +/- 7.6 years, 

approximately 57% of the patients were female, and all 

of our patients were diagnosed at the time of surgery with 

glaucoma classified as early to moderate under 

hypotonizing eye drops (1 to 3 molecules). Our study 

included 59% of cases with primary open-angle 

glaucoma, 22% of cases with pseudo exfoliative 

glaucoma and the last 19% with pigmentary glaucoma. 

The average glaucoma evolution of the glaucoma was 

6.2+/- 3 years. 

 

Concerning the dry eye syndrome grading, all 

stages were found preoperatively with a clear 

predominance of moderate and severe dry eye, as shown 

by the OSDI score which exceeded 23 in 73% of our 

patients (moderate or severe dry eye syndrome). The 

mean OSDI score was 40.1+/-25. The mean Oxford and 

Efron scores were 1.4 and 1.37, and the average 

Fluorescein Tear Break up Time value (4.3s +/-2.3) was 

less than half the normal 10s value. 

 

Efficacy: IOP and Hypotonizing Medications 

The average preoperative intraocular pressure 

of our patients was 19.4 +/- 4.5mmHg. It decreased to 

14.5 +/-3.2 mmHg at 3 months (25% decrease in IOP). 

This effect sustains over time with an average IOP of 

14.2+/-2.1 mmHg at 6 months. All our patients were on 

hypotonizing eye drops with 1.5 +/- 0.9 medications. The 

majority of them (53%) complained of various adverse 

effects related to these treatments. The average number 

of hypotonizing molecules decreased by 0.8+/- 0.6 at 6 

months (47% decrease) with 43% of patients no longer 

requiring anti-glaucoma eye drops at the 6th month 

postoperative check-up. 

 

 Mean IOP  Mean number of hypotonizing 

molecules 

Percentage of patient 

under hypotonizing drops 

Preoperatively 19.4 +/- 4.5mmHg 1.5 +/- 0.9 medication 100% 

3 months post-operative 14.5 +/-3.2 mmHg 0.9 +/- 0.8 medication 55% 

At 6 months post-operative 14.2+/-2.1 mmHg 0.7+/-0.6 medication 43% 

 

Effectiveness: Dry Eye 

We noted several changes in dry eye markers 

between the preoperative examination and the 6-month 

postoperative checkup. The mean preoperative OSDI 

score was 40.1 ± 25.6. It decreased to 20.5 ± 19.3 at the 

6-month postoperative check-up. Thus, 73% of the eyes 

had OSDI scores corresponding to moderate or severe 

dry eye syndrome preoperatively compared to only 32% 

at 6 months. 

 

At the 6th month postoperative check-up, 54% 

of the eyes had an OSDI score in the normal range 

(versus 9% preoperatively). The mean FTBUT increased 

to 6.4 ± 2.5s from 4.3 ± 2.3s preoperatively, which 

corresponds to an increase of 48%. 

 

The mean Oxford and Efron scores also 

decreased significantly from 1.4 and 1.37 preoperatively 

to 0.4 and 0.6 at 6 months, respectively. 
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 OSDI  FTBUT  Oxford Score Efron score 

Preoperatively 40.1 +/-25 4.3 +/-2.3 seconds 1.4+/-0.6 1.37+/-0.7 

At 6 months post operatively 20.5 ± 19.3 6.4 ± 2.5seconds 0.4 +/- 0.3 0.6 +/- 0.35 

 

Safety 

Safety parameters in our study were very 

favorable. We implanted all of our patients with two 

trabecular stents. We noted four cases of minimal 

intraoperative hyphema (5.7%), all of which resolved 

with adequate postoperative corticosteroid treatment. No 

postoperative complications occurred during the 6-

month follow-up, including no persistent inflammation, 

no peripheral anterior synechiae (PAS), no ocular 

hypotony and no corneal decompensation. No patient 

required additional anti-glaucoma eye drops or filtration 

surgery during follow-up. 

 

 
Figure 1 : Score d’hyperhemie conjonctivale Efron. 

 

 
Figure 2 : Score d’Oxford. 

 



 

 

Omar Bengebara et al, SAS J Surg, Jun, 2024; 10(6): 647-655 

© 2024 SAS Journal of Surgery | Published by SAS Publishers, India                        651 

 

 

 
Figure 3 : Questionnaire OLSDI détaillé. 

 

DISCUSSION 
The results of this prospective interventional 

study provide several answers about the effect of 2nd 

generation Istent Inject® micro-invasive glaucoma 

surgery (MIGS) devices on the ocular surface in 

glaucoma patients. Six months after a double 

implantation of these stents combined with cataract 

surgery, clinically and statistically significant 

improvements were observed in almost all aspects of 

ocular surface including OSDI score, 

corneal/conjunctival staining represented by Oxford and 

Efron scores and Fluorescein Tear Break up time 

measurements (FTBUT). 

 

Indeed, the average dry eye syndrome severity 

of our patients went from severe (Mean OSDI score of 

40.1) to mild (20.5), the average corneal staining scores 

decreased by half and tear breakup time was increased 

and with a tear film that remained stable about 50% 

longer at the 6-month postoperative control compared to 

the preoperative measurement. 

 

Usually, the main challenge in the study of dry 

syndrome is that subjective symptoms expressed by 

patients (as measured by the OSDI) do not necessarily 

correspond proportionally to the clinical signs (as 

measured by the Oxford, Efron and FTBUT scores) [21]. 

However, the association of concomitant improvements 

in functional and clinical criteria for a given patient is 
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significant even if the correlation between the different 

parameters is imperfect. These measures are of crucial 

importance -especially when combined with the 

assessment of glaucoma parameters (IOP and drug 

load...) - as the majority of studies converge towards the 

fact that the final prognosis of glaucoma is closely 

related to the ocular surface [13, 14]. 

 

This study about the effects of Istent Inject® 

devices on the ocular surface is all the more important 

when compared to other surgical procedures for the 

treatment of glaucoma, which are often more invasive 

and therefore likely to cause inflammatory cascades that 

counteract ocular surface homeostasis [21- 25]. MIGS 

devices also offer a more attractive safety profile than 

traditional filtration glaucoma surgery [16- 24]. 

 

Among the different dry eye parameters 

measured in our study, the most promising improvement 

is the one observed in patients' OSDI scores. Indeed, this 

test assesses especially the functional aspect of dry eye 

syndrome. It is the most widely used test in clinical 

studies of dry eye syndrome [21- 27]. It is also worth 

mentioning that at the 6-month postoperative follow-up, 

significant improvements were not only seen in 

subjective signs (OSDI score), but also in objective 

clinical signs (FTBUT measurement, Efron and Oxford 

score). In other words, improvements in dry eye 

syndrome parameters were both detectable by the 

ophthalmologist and felt by the patients. 

 

Our hypothesis is that the main factor 

contributing to these improvements in ocular surface 

area after the double Istent Inject® implantation is the 

significant reduction in anti-glaucoma drug load, which 

is in fact incriminated in initiation and worsening of the 

dry eye syndrome [8-12]. 

 

The deleterious effects of hypotonizing eye 

drops on the ocular surface have been widely 

documented over years [13, 14]. Indeed, Baudouin et al., 

have demonstrated that longer exposure to one or more 

glaucoma medications leads to significant increases in 

ocular surface inflammatory markers such as 

immunoglobulins (especially IgE) and HLA-DR 

leukocyte markers [28]. This same study found a greater 

increase in inflammatory markers in patients undergoing 

dual and triple ocular hypotonizing therapy compared to 

those under a single monotherapy [28]. In another French 

study conducted by Pisella et al., including 4107 

patients, 75% of glaucoma patients had a dry syndrome 

classified as moderate or severe, and in patients 

diagnosed and put on hypotonizing eye drops, dry eye 

symptoms increased fivefold after one year of treatment 

[29]. 

 

Similarly, Rossi et al., and Fechtner et al., 

demonstrated a clear relationship between dry eye and 

the number of antiglaucoma medications, with moderate 

to severe dry eye syndrome found in 11% of eyes on 

monotherapy, compared to 39% and 43% of eyes 

receiving bi- and triple-therapy hypotonizing eye drops, 

respectively [11, 12]. 

 

The quality of the ocular surface is even more 

important in glaucoma patients because it intertwines 

closely with the therapeutic possibilities and their results. 

Thus, according to a multicenter study conducted by 

Jaenen et al., in four European countries and including 

9658 patients, 40% of patients changed their glaucoma 

treatment because of ocular surface problems and 35% 

expressed compliance failures directly related to the 

adverse effects of hypotonizing eye drops [30]. Many 

studies have also stated that compliance drops 

dramatically when more than one hypotonizing molecule 

is prescribed [13- 31]. 

 

Thus, in addition to the considerable 

improvements on dry eye syndrome previously stated, 

reducing the drug load may also have a positive impact 

on the glaucoma patient's adherence to the therapeutic 

process. 

 

These therapeutic implications also extend to 

the surgical arsenal of glaucoma treatment; Boimer et al., 

in their study "The Peso Study" including 128 eyes 

specifically addressed this aspect and stated that the 

outcome of trabeculectomy relies tremendously on the 

condition of the ocular surface (especially the 

conjunctiva). The failure rates of glaucoma filtration 

surgery increases proportionally with the duration of 

administration of hypotonizing eye drops that contain 

preservatives, thus testifying to a cumulative effect of 

these treatments’ toxicity [32- 47]. 

 

In parallel to these studies correlating glaucoma 

eye drops with poor ocular surface, reductions drug load 

observed after MIGS device implantation are also widely 

documented [34- 46]. The relationship of trabecular stent 

implantation and ocular surface improvement seems 

indeed obvious. 

 

This conclusion is essential to underline 

because several studies are interested in non-

pharmacological alternatives for glaucoma such as 

selective laser trabeculoplasty (SLT) to reduce dry eye 

[48]. However, -to our knowledge- data on the effects of 

MIGS devices on the ocular surface are paradoxically a 

lot less documented. 

 

Although our study focuses primarily on the 

impact of Istent Inject® use on ocular surface parameters 

and anti-glaucoma drug load, the significant reductions 

in IOP obtained are also worth mentioning. Thus, even 

with a reduced drug load, the average IOP of our patients 

reduced by 4.9 mmHg. This significant decrease is 

obtained in many series of the literature, and starts as 

early as in the control of the seventh day postoperatively 

according to most studies [39, 40]. The reduction in the 
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drug load is established in the majority of series having 

used MIGS devices [33-46]. 

 

At the end of this discussion, however, we want 

to note a few limitations of our study. As in most single-

arm clinical studies, the patients' preoperative 

measurements were used as the reference, although this 

does not replace a true control group. The sample size 

was modest, as this is a pilot study in our department, 

future series could include a larger number of patients. 

 

It should also be noted that the study was not 

masked, leaving open the possibility of bias in the 

patients' perception of their symptoms and to a lesser 

degree in the ophthalmologist's observation of clinical 

signs. 

 

Because our follow-up extended to 6 months, 

longer-term data is still required for a long-term 

evaluation of the effects of Istent Inject® on the ocular 

surface. The data available to date on the effect of these 

devices on IOP and drug load show satisfactory results 

with an efficacy that extends to 5 years according to the 

latest data in the literature [20- 33]. 

 

Despite its limitations, this study provides 

useful evidence on a topic that is currently lacking in the 

literature of MIGS; especially given that the ocular 

surface -in addition to playing a central role in the 

therapeutic compliance and quality of life of glaucoma 

patients- is closely involved in the therapeutic outcomes 

of a possible later filtration surgery. 

 

CONCLUSION 
Our study concludes that implantation of the 

2nd generation Istent Inject® combined with cataract 

surgery results in significant improvements in dry eye 

syndrome in glaucoma patients, along with significant 

reductions in intraocular pressure and drug load with 

excellent safety and very few adverse effects. 

 

This effect on the ocular surface is an important 

factor for ophthalmologists and patients to consider 

when evaluating treatment options for glaucoma. Given 

the high prevalence of dry eye syndrome in 

glaucomatous patients and the increasing use and 

availability of MIGS devices worldwide, these data may 

be particularly useful to the ophthalmology community.  
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