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ABSTRACT 
Intraocular implantation of the PRESERFLOTM MicroShunt has been shown to 
be effective in lowering intraocular pressure in patients with primary open-
angle glaucoma. A single-site, open-label study in the Dominican Republic 
(NCT00772330) found that MicroShunt implantation resulted in sustained 
reductions in mean intraocular pressure and glaucoma medications after 1, 3 
and 5 years, with no long-term sight-threatening adverse events and with low 
rates of post-operative interventions. The present study reports results in 
these patients after 10 years. 
 

The original trial included patients aged 18 85 years with primary open-angle 
glaucoma inadequately controlled on maximum tolerated medical therapy, 
with medicated intraocular pressure ranging from 18 40 mmHg, who 
underwent monocular MicroShunt implantation. Patients who remained in 
this trial after 10 years, were included. The primary safety endpoint was the 
incidence of all device- and/or procedure-related adverse events. Secondary 
endpoints included the mean intraocular pressure and mean reduction in 
intraocular pressure from baseline, the mean number of glaucoma 
medications and changes in visual field. 
 

Of the 23 patients initially enrolled in this trial, nine remained after 10 years. 
Mean medicated intraocular pressure in operated eyes was lower at 10 years 
than at baseline, with mean percent reductions in intraocular pressure being 
greater in operated than in non-operated eyes throughout the 10-year 
period. Glaucoma medication use returned to baseline after 10 years, with 
none of the nine patients being medication-free. Relative to endothelial cell 
counts at 5 years, endothelial cell counts at 10 years showed a greater 
decrease in non-operated than in operated eyes. The percentages of eyes 
with bullae began to decrease after 1 year, with 67% of eyes having bullae 
after 10 years. The mean deviation of change in visual field was stable for 36 
months, but showed increasing variability thereafter. 
 

The present study showed that the PRESERFLOTM MicroShunt is an effective 
and safe long-term option for the surgical management of primary open-
angle glaucoma in this study population. Prospective clinical trials are needed to 
compare the long-term efficacy and safety of MicroShunt implantation with 
other treatments, such as trabeculectomy. 
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Introduction 
Glaucoma is a spectrum of diseases that frequently 
manifest as elevated intraocular pressure (IOP).  
Glaucoma is characterized by retinal ganglion cell 
death and cupping of the optic nerve head, 
resulting in visual field loss1,2. Moreover, glaucoma 
is the leading cause of blindness worldwide, with a 
high proportion of these patients having primary 
open-angle glaucoma (POAG)3-5. IOP is an 
important modifiable risk factor in patients with 
glaucoma, with reduction of IOP targeted to 
prevent disease progression5-7. Thus, the current 
management of glaucoma primarily consists of 
efforts to reduce IOP, using the fewest possible 
number of medications1.  
 

Although medical therapy, including topical and/or 
oral medications, is usually the first-line method for 
treating glaucoma, patient compliance is 
suboptimal6,7. If medical therapy fails to adequately 
reduce IOP, laser or incisional surgery may be 
performed to reduce IOP1. Trabeculectomy and 
tube shunt implantation are currently the most 
frequent types of incisional surgery, but these 
procedures have been associated with complications 
and the need for postoperative interventions8,9.  
 

Microinvasive glaucoma surgery is less invasive 
than traditional incisional surgery, but results in 
more modest IOP reductions10,11. One type of device 
used in microinvasive glaucoma surgery is the 
PRESERFLO MicroShunt (Santen, Inc.), an 8.5-mm 
long microincisional filtration device of outer diameter 
350  and a 70  lumen composed of poly 
(styrene block isobutylene block styrene [SIBS]), 
a polymer that is highly biocompatible and bioinert12. 
The MicroShunt is implanted subconjunctivally into 
eyes via an ab-externo approach.  
 

Several prospective clinical trials have evaluated 
the efficacy and safety of this device. For example, 
a large, 2-year multicenter randomized trial 
compared MicroShunt implantation (n=395) with 
trabeculectomy (n=132) in patients with POAG. 
Results have been reported at 1 year13 and 2 
years14, as have the preliminary results of a 5-year 
extension study (Panarelli et al, manuscript in 

preparation). In addition, a single-center prospective 
trial compared MicroShunt implantation (n=150) 
with trabeculectomy (n=150) in patients with 
moderate to advanced open-angle glaucoma 
(OAG), with results reported at 12 months15. 
Another prospective trial compared MicroShunt 
implantation (n=26) with trabeculectomy (n=26) in 
patients with moderate to advance OAG, with 
these results reported at 6 months16. All of these 
studies found that MicroShunt implantation 
reduced IOP and the number of glaucoma 
medications significantly, although the MicroShunt 
was generally less effective than trabeculectomy. 
 

Other studies have also compared MicroShunt 
implantation with trabeculectomy. For example, a 
retrospective case-control study compared MicroShunt 
implantation (n=101) with trabeculectomy 
(historical controls; n=101) in patients at two 
London hospitals, with results reported at 18 
months17. A single-site, open label study evaluated 
61 patients with POAG in France who underwent 
MicroShunt implantation with intraoperative 
administration of mitomycin C (MMC)18, and a 
multicenter study evaluated outcomes in 81 POAG 
patients in France, Spain, Switzerland and the 
Netherlands who underwent MicroShunt 
implantation with intraoperative administration of 
MMC19. MicroShunt implantation, especially with 
intraoperative administration of MMC, was found 
to reduce IOP and the number of glaucoma 
medications over time. 
 

The present study was a single-site, open label 
study of patients with POAG in the Dominican 
Republic who underwent MicroShunt implantation 
with intraoperative administration of MMC. Results 
in these patients have been reported after 3 years20 

and 5 years21, with these studies showing that 
MicroShunt implantation resulted in sustained 
reductions in mean IOP and glaucoma medications 
over the 5-year period. Long-term sight-
threatening adverse events (AEs) were not 
observed, and there were low rates of post-
operative interventions. The present study reports 
results in these patients after 10 years. 



PRESERFLOTM. MicroShunt Implantation in Patients with Primary Open-Angle Glaucoma: 10-Year Results from a Single-Center Nonrandomized Study 

© 2025 European Society of Medicine 3 

Patients and Methods 
 

STUDY DESIGN  
This single-center, nonrandomized, single-arm 
interventional study was performed at Centro 
Laser, Santo Domingo, Dominican Republic 
(NCT00772330)20,21. Although originally planned 
for 1-year, the observation period was extended to 
3, 5, and 10 years. The study was conducted in 
accordance with the Declaration of Helsinki and 
was approved by the Institutional Review Board of 
CONABIOS, the National Counsel of Bioethics and 
Health of the Dominican Republic.  
 

PATIENTS  
Eligible patients were aged 18 85 years with 
POAG inadequately controlled on maximum 
tolerated medical therapy, with medicated IOP 
ranging from 18 40 mmHg. All patients provided 
signed, written informed consent. Patient inclusion 
and exclusion criteria have been described in 
detail20. Key exclusion criteria included previous 
ophthalmic surgery, excluding uncomplicated 
cataract surgery or corneal refractive surgery. 
 

TREATMENTS AND ASSESSMENTS 
The procedure for MicroShunt implantation has 
been described elsewhere in detail20. Patients who 
also required cataract surgery underwent 
phacoemulsification prior to MicroShunt 
implantation. After making a 6-8 mm incision to 
form a fornix-based  flap, 
three LASIK shields (Network Medical Ltd., UK) 
soaked with 0.4 mg/ml MMC were applied to the 
subconjunctival space for 3 minutes ± 15 
seconds20,21. The subconjunctival space was rinsed 
with >20 ml of balanced salt solution to flush out 
any remaining MMC.  
 

The MicroShunt was subsequently implanted as 
described20,21. Briefly, a 3-mm scleral marker and 
marker pen were used to mark the location for a 
scleral pocket 3 mm from the limbus. A 1-mm-side 
Mani knife was used to make a triangular pocket at 
this location, and a 25 to 27 G needle track was 
formed from the sclera into the anterior chamber. 
Using forceps, the proximal tip of the MicroShunt 

was inserted into the anterior chamber, with the 
1.1-mm wingspan planar fins of the MicroShunt 
wedged into the 1-mm scleral pocket and 
positioned so that the fins were lying flat on the 
sclera, not protruding vertically. All implants were 
placed in the superotemporal quadrant between 
the superior and lateral rectus. The distal end of the 
MicroShunt was assessed for droplet formation 
before being tucked under the subconjunctival 

 flap. The conjunctiva and  flap 
were positioned over the MicroShunt to the limbus 
and sutured with 10-0 nylon sutures. Bleb leaks 
were monitored, with a light-pressure was placed 
on the eye. 
 

The primary safety endpoint was the incidence of 
all device- and/or procedure-related AEs. 
Secondary endpoints included the mean IOP and 
mean reduction in IOP from baseline, the mean 
number of glaucoma medications and changes in 
visual field. 
 

STATISTICAL METHODS 
All statistical analyses were performed with SAS 
System, Version 9.1 or higher (Buckinghamshire, 
UK), as described20,21. Quantitative endpoints were 
reported as mean ± standard deviation (SD) and 
qualitative endpoints as number (percentage). 
Descriptive summaries were based on observed 
patients, except for calculations of success rates 
and mean IOP. For the latter parameters, missing 
data were imputed using the last observed score. 
Data collected after reoperation (surgical failure) 
were excluded from the analyses. 
 
Results 
All 23 patients enrolled in this study underwent 
MicroShunt implantation in one eye, 14 as a 
standalone procedure and 9 in combination with 
cataract surgery21. The demographics and baseline 
characteristics of these patients are summarized in 
Table 1. 
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Table 1. Demographics and baseline characteristics of the patients enrolled in this study 
 

All patients (N=23)  [n (%)] 

Age, yr (mean ± SD) 59.8 ± 15.3 

Sex, male 15 (65.2) 

Ethnicity, Hispanic 23 (100) 

Lens status  

   Phakic 12 (52.2) 

   Combined with cataract 9 (39.1) 

   Pseudophakic 2 (8.7) 

Glaucoma type, POAG 23 (100) 

Medicated IOP, mm Hg (mean ± SD) 23.8 ± 5.3 

   18-21 mm Hg 10 (43.5) 

   >21 mm Hg 13 (56.5) 

No. glaucoma medications (mean ± SD) 2.4 ± 1.0 

Visual acuity, logMAR (mean ± SD) 0.9 ± 1.1 

Visual field deviation, dB (mean ± SD) -20.1 ± 12.1 

   > -6 dB 4 (17.4) 

    -6 dB and > -12 dB 3 (13.0) 

    -12 dB 13 (56.5) 

   Missing 2 (8.7) 
 

Results reported as mean ± standard deviation (SD) or as number (%). 
Abbreviations: POAG, primary open-angle glaucoma; mm Hg, millimeters of mercury; logMAR, logarithm of the minimal angle of 
resolution; dB, decibels. 
 

During the course of this study, 9 patients were 
discontinued or lost to follow-up, 5 patients 
experienced death not associated with the study 

device or glaucoma, and 9 patients remained after 
10 years (Figure 1). 

 

Figure 1. Patient disposition 
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Mean medicated IOP in both the operated and 
non-operated eyes was lower at 1 year than 
preoperatively in the nine patients who completed 
the 10-year study (Figure 2). The reductions in 

mean medicated IOP in operated eyes were 
maintained through the 10-year follow-up period 
(Table 2). 

 

Figure 2. Mean ± SD medicated IOP over 10 years in the nine patients who completed the 10 years of 
follow-up. (A) Operated eyes. (B) Non-operated eyes. 
 

 
 

Abbreviations: SD, standard deviation; IOP, intraocular pressure; mmHg, millimeters of mercury 
 

Table 2. Mean reductions in IOP (mmHg) over time in operated eyes 
 

Time Mean ± SD 95% CI 

1 day 12.83 ± 5.46 17.03 to 8.64 

7 days 14.83 ± 3.55 17.56 to 12.10 

3 weeks 15.83 ± 4.29 19.13 to 12.54 

6 weeks 13.31 ± 4.51 17.08 to 9.54 

3 months 12.00 ± 3.95 15.04 to 8.96 

6 months 10.67 ± 4.13 13.84 to 7.49 

9 months 11.38 ± 4.45 15.10 to 7.65 

12 months 12.39 ± 4.72 16.01 to 8.76 

24 months 11.78 ± 3.34 14.34 to 9.21 

36 months 12.00 ± 4.04 15.38 to 8.62 

48 months 9.00 ± 4.78 16.60 to 1.40 

60 months 10.44 ± 5.82 14.92 to 5.97 

120 months 9.28 ± 4.79 12.96 to 5.60 
 

Abbreviations: SD, standard deviation; IOP, intraocular pressure; mmHg, millimeters of mercury; 95% CI, 95% confidence interval 



PRESERFLOTM. MicroShunt Implantation in Patients with Primary Open-Angle Glaucoma: 10-Year Results from a Single-Center Nonrandomized Study 

© 2025 European Society of Medicine 6 

The mean percentage reductions in IOP relative to 
baseline were greater in operated eyes than in 
non-operated eyes, with these reductions at 10 

years being 39.36% (95% CI, 54.34% to 24.37%) 
in operated eyes and 8.67% (95% CI, 33.91% to 
+16.57%) in non-operated eyes (Table 3). 

 
Table 3. Mean percent reductions in IOP over time in operated and non-operated eyes 
 

 Operated group Non-operated group 

Time Mean ± SD 95% CI Mean ± SD 95% CI 

1 day 56.13 ± 23.10 73.89 to 38.38 +16.27 ± 36.91 12.10 to +44.64 

7 days 63.52 ± 13.25 73.71 to 53.34 18.31 ± 18.38 32.44 to 4.18 

3 weeks 67.12 ± 11.48 75.96 to 58.29 33.49 ± 20.24 49.05 to 17.93 

6 weeks 56.53 ± 17.87 71.47 to 41.59 16.93 ± 15.92 30.24 to 3.62 

3 months 51.19 ± 14.97 62.70 to 39.68 11.04 ± 29.03 33.36 to +11.27 

6 months 45.37 ± 16.27 57.88 to 32.86 10.93 ± 18.40 25.07 to +3.22 

9 months 46.93 ± 14.31 58.90 to 34.97 10.24 ± 23.16 29.60 to +9.12 

12 months 52.09 ± 15.54 64.03 to 40.15 23.64 ± 16.81 36.56 to 10.72 

24 months 50.62 ± 13.68 61.13 to 40.10 17.28 ± 16.07 29.63 to 4.92 

36 months 46.96 ± 16.30 63.58 to 36.33 32.54 ± 14.11 44.33 to 20.74 

48 months 36.73 ± 16.66 63.24 to 10.21 17.51 ± 36.39 75.41 to +40.39 

60 months 43.64 ± 21.22 59.95 to 24.37 17.63 ± 30.70 41.22 to +5.97 

120 months 39.36 ± 19.49 54.34 to 24.37 8.67 ± 32.84 33.91 to +16.57 
 

Abbreviations: SD, standard deviation; IOP, intraocular pressure; mmHg, millimeters of mercury; 95% CI, 95% confidence interval 
 
Glaucoma medication use, which decreased in the 
first few years after MicroShunt implantation in the 
nine patients who completed the 10-year study, 

subsequently increased and was at baseline levels 
at 10 years (Table 4). None of these patients was 
medication-free after 10 years. 

 
Table 4. Median [IQR] medication use over time in the nine patients who completed the 10 years of follow-up. 
 

No. of medications Preoperative 
(N=9) 

36 months 
(n=4) 

48 months 
(n=8) 

60 months 
(n=9) 

120 months 
(n=9) 

0 
0.0% 

[0.0%, 33.6%] 
25.0% 

[0.63%, 80.6%] 
50.0% 

[15.7%, 84.3%] 
55.6% 

[21.2%, 86.3%] 
0.0% 

[0.0%, 33.6%] 

1 11.1% 
[0.28%, 48.2%] 

50.0% 
[6.76%, 93.2%] 

25.0% 
[3.19%, 65.1%] 

22.2% 
[2.81%, 60.0%] 

22.2% 
[2.81%, 60.0%] 

2 55.6% 
[21.2%, 86.3] 

25.0% 
[0.63%, 80.6%] 

0.0% 
[0.0%, 36.9%] 

11.1% 
[0.28%, 48.2%] 

0.0% 
[0.0%, 33.6%] 

3 22.2% 
[2.81%, 60.0%] 

0.0% 
[0.0%, 60.2%] 

25.0% 
[3.19%, 65.1%] 

0.0% 
[0.0%, 33.6%] 

66.7% 
[29.9%, 92.5%] 

4 11.1% 
[0.28%, 48.2%] 

0.0% 
[0.0%, 60.2%] 

0.0% 
[0.0%, 36.9%] 

11.1% 
[0.28%, 48.2%] 

11.1% 
[0.28%, 48.2%] 

 

Abbreviation: IQR, interquartile range 
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Safety 
Endothelial cell counts were measured at 5, 7, and 
10 years in operated and non-operated eyes of the 
nine patients who completed the 10-year study. 

Relative to endothelial cell counts at 5 years, the 
decrease was greater in non-operated than in 
operated eyes (Table 5). 
 

 

Table 5. Changes in endothelial cell counts in operated and non-operated eyes of the nine patients who 
completed the 10-year follow-up. 
 

Operated eyes 5 years post-op 7 years post-op 10 years post-op 

Mean 2249 2236 2267 

95% CI [1927; 2570] [2083; 2388] [1945; 2588] 

% change N/A -0.6% 0.8% 

Non-operated eyes 5 years post-op 7 years post-op 10 years post-op 

Mean 2464 2166 2014 

95% CI [2168; 2760] [1905; 2427] [1594; 2435] 

% change N/A -13.8% -22.3% 
 

Abbreviations: 95% CI, 95% confidence interval; N/A, not applicable 
 

Variations in bullae were measured over time in the 
nine patients who completed the 10-year study 

(Table 6). The percentage of eyes with bullae was 
found to decrease after 12 months. 

 

Table 6. Percentages of eyes with bullae over time in the nine patients who completed the 10-year follow-up. 
 

Time No. of patients Percentage with bullae, 
mean [95% CI] 

1 day 9 88.9% [51.8%, 99.7%] 

7 days 9 100% [66.4%, 100%] 

3 weeks 9 100% [66.4%, 100%] 

6 weeks 9 100% [66.4%, 100%] 

3 months 9 100% [66.4%, 100%] 

6 months 9 88.9% [51.8%, 99.7%] 

9 months 9 100% [66.4%, 100%] 

12 months 9 100% [66.4%, 100%] 

24 months 9 88.9% [51.8%, 99.7%] 

36 months 8 75.0% [34.9%, 96.8%] 

48 months 7 85.7% [42.1%, 99.6%] 

60 months 9 77.8% [40.0%, 97.2%] 

120 months 9 66.7% [29.9%, 92.5%] 
 

Abbreviation: 95% CI, 95% confidence interval 
 

Table 7 shows the mean deviation of change in 
visual field dB P <0.5% in the nine patients who 
completed the 10-year study. Mean deviation 
remained stable for 36 months, but showed 
increasing variability at later times. Percent 

changes were calculated to assess long-term 
efficacy, but the limited number of observations 
and increasing variability from 36 months made 
subsequent months unevaluable. 
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Table 7. Mean deviation (MD) of change in visual field dB P <0.5% and percent change relative to 
preoperative MD in the nine patients who completed the 10-year follow-up. 
 

Time No. of patients 
Mean deviation of change in 

VF [95% CI] 
Percent change relative to 

baseline [95% CI] 

Preoperation 6 -15.42 [-26.01, -4.83]  

6 months 6 -15.27 [-25.51, -5.03] -5.0% [-19%, 10%] 

12 months 9 -15.25 [-25.75, -4.75] 1.0% [-23%, 25%] 

24 months 6 -15.52 [-24.40, -6.64] -17.0% [-55%, 21%] 

36 months 3 -15.24 [-28.28, -2.19] 3.0% [-47%, 54%] 

48 months 8 -8.26 [-28.44, 11.9] -4.0% [-183%, 174%] 

60 months 6 -14.93 [-27.64, -2.22] 5.0% [-46%, 55%] 

7 years 8 -22.67 [-34.52, -10.82] -39.0% [-142%, 64%] 

10 years 8 -19.76 [-32.65, -6.87] -119.0% [-442%, 205%] 
 

Abbreviations: VF, visual field; dB, decibels; 95% CI, 95% confidence interval 
 

Discussion 
The present study analyzed 10-year outcomes in nine 
patients who underwent MicroShunt implantation, 
with or without cataract surgery. These 10-year 
results were generally similar to the 3- and 5-year 
results reported in the same patient population20,21. 
 

Evaluation of efficacy outcomes showed that the 
MicroShunt was able to control IOP for up to 10 
years, with mean IOP of 12-14 mmHg, beginning 1 
year after surgery and remaining constant for up to 
10 years. None of these nine patients remained 
medication-free after 10 years, with medication use 
after 10 years being similar to medication use at 
baseline. 
 

The concentration and method of application of 
MMC may have contributed to the long-term 
success of the surgical procedure22,23. This dose 
and method of application may have prevented 
blockage of the MicroShunt device by fibrosis, 
thereby contributing to long-term efficacy and 
safety. Serum factor clearance prior to MMC 
application is important, as these factors have been 
shown to interfere with the in vitro antifibrotic 
activity of MMC on  fibroblast cells24. 
 

To date, no consensus has been reached about the 
optimal dose of MMC during glaucoma surgery25. 
A recent analysis of three prospective, open label 

clinical trials comparing 0.2 and 0.4 mg/ml MMC 
found that both IOP and glaucoma medication use 
at year 2 were lower and complete success rate was 
higher in patients administered 0.4 than 0.2 mg/ml 
MMC26. Although all patients in the present study 
were administered 0.4 mg/ml topical MMC for 3 
minutes via three MMC-soaked LASIK shields, 
randomized clinical trials in larger numbers of 
patients are needed to determine the optimal 
dose, route of administration, and duration of 
application of MMC. 
 

None of the MicroShunt devices showed signs of 
visibly apparent degradation 10 years after 
placement. This may have been due to their 
construction with SIBS, a polymer designed for 
long-term use in the body12,27. SIBS has been 
extensively used as a coating for TAXUS drug-
eluting coronary stents27,28. Lack of MicroShunt 
degradation could not be evaluated directly, however, 
as these devices remained functional and there 
were no indications for removal. Nevertheless, the 
integrity of these devices when needled, as well as 
evaluation of the proximal tip through the cornea 
and lack of inflammation at the distal end, indicate 
a lack of biodegradation in the eye. 
 

Evaluation of safety outcomes in this patient cohort 
showed that endothelial cell counts remained 
stable in the operated eyes through 10 years in the 
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nine patients who completed the 10-year study. In 
contrast, endothelial cell counts in the non-
operated eyes decreased 22.3% after 10 years. 
Leaking bullae formed in 100% of these nine 
operated eyes during the first year, decreasing to 
66.7% after 10 years. Mean visual field deviation 
worsened slightly in these eyes, but this parameter 
varied widely. 
 
Conclusion 
In conclusion, the present study showed that the 

 MicroShunt is an effective and safe 
long-term option for the surgical management of 
primary open-angle glaucoma in this study 
population. Although several clinical trials have 
compared MicroShunt implantation with 

trabeculectomy13-16, additional prospective trials 
are required to compare their long-term efficacy 
and safety. 
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