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Xen® Gel Stent versus PreserFlo™ MicroShunt as a subconjunctival shunt devices in 
glaucoma: a systematic review
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ABSTRACT
BACKGROUND Glaucoma is the leading cause of irreversible blindness and is primarily 
managed by reducing intraocular pressure (IOP). Minimally invasive glaucoma surgeries, 
particularly subconjunctival shunt devices such as Xen® Gel Stent and PreserFlo™ 
MicroShunt, have emerged as alternatives to traditional trabeculectomy. This study 
aimed to evaluate their effectiveness in lowering IOP, reducing medication use, and 
assessing reinterventions and safety.

METHODS A systematic review was conducted in accordance with Cochrane and 
PRISMA guidelines. Comprehensive literature searches were conducted across PubMed, 
Cochrane, EBSCOhost, and Google Scholar databases from the earliest available date 
to September 2023. Studies comparing Xen® Gel Stent and PreserFlo™ MicroShunt in 
adult patients with glaucoma were included. Data were extracted on study design, 
sample size, IOP outcomes, antiglaucoma medication use, reinterventions, and safety 
outcomes. Quality assessment was performed using the Newcastle-Ottawa Scale.

RESULTS Of 5 European studies (2020–2023; 329 patients, 6–18 months of follow-up), 3 
studies reported lower postoperative IOP with PreserFlo™ MicroShunt (11.8 [3.7] versus 
13.6 [3.5] mmHg, p = 0.02; 10.3 [2.1] versus 14.2 [2.1] mmHg, p = 0.0005; 10.3 [3.2] versus 
13.1 [6.4] mmHg, p = 0.019). Only one study noted fewer antiglaucoma medications 
with PreserFlo™ MicroShunt (0.2 [0.6] versus 1.1 [2.4], p = 0.04). Reinterventions 
including needling and bleb revisions were higher with Xen® Gel Stent (35.4% versus 
11.5%; 20% versus 5%). Complication profiles varied, with hypotony more common in 
Xen® Gel Stent (6.5% versus 0%), hyphema more common with PreserFlo™ MicroShunt 
(7.7% versus 3.2%), and stent curling and migration more common with Xen® Gel Stent 
(15% versus 0%; 2% versus 0%), respectively.

CONCLUSIONS Both Xen® Gel Stent and PreserFlo™ MicroShunt effectively lowered 
IOP and reduced medication burden in patients with glaucoma. PreserFlo™ MicroShunt 
may provide superior IOP control and fewer postoperative interventions. Further 
prospective studies in diverse populations are warranted.
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Glaucoma is a group of eye disorders characterized 
by progressive optic neuropathy resulting from 
damage to the retinal ganglion cells and nerve fibers. 
It is the second leading cause of blindness globally 
after cataracts, affecting an estimated 57.5 million 
individuals with primary open-angle glaucoma and is 

projected to reach 111.8 million by 2040.1 Despite diverse 
treatment options, the socioeconomic burden remains 
substantial, with annual costs in the United States 
alone estimated at approximately USD 2.9 billion.2

The only modifiable risk factor in glaucoma 
management is lowering the intraocular pressure (IOP), 
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which can be achieved through medication, lasers, 
or surgery. For patients whose disease progression 
persists despite conservative treatment, surgical 
intervention is essential.3,4 Trabeculectomy (TE) has 
long been the traditional gold standard for facilitating 
the outflow of the aqueous humor and maintaining 
a lower IOP. Minimally invasive glaucoma surgery 
(MIGS), particularly minimally invasive bleb surgery, is 
a potential alternative that offers effective results and 
improved safety.5,6

Among MIGS techniques designed for 
subconjunctival drainage, the Xen® Gel Stent (Allergan 
Inc., USA) and PreserFlo™ MicroShunt (Santen 
Pharmaceutical Co., Ltd., Japan) are two notable 
options. These implants are the most extensively studied 
subconjunctival MIGS devices, with numerous peer-
reviewed studies evaluating their long-term efficacy 
and safety. Although they employ different surgical 
approaches (ab interno versus ab externo), both aim to 
divert the aqueous humor from the anterior chamber 
to the subconjunctival space. No comprehensive 
systematic review has directly compared these two 
types of implants. This study aimed to evaluate their 
effectiveness in reducing IOP, reducing the need for 
antiglaucoma medications, and assessing postoperative 
reintervention and safety outcomes.

METHODS

Search strategy
Two reviewers (MKH and ANS) independently 

searched PubMed, Cochrane, EBSCOhost, and Google 
Scholar, covering the literature until September 5, 2023, 
and identified studies that compared the Xen® Gel Stent 
with PreserFlo™ MicroShunt in patients with glaucoma. 
The search strategy incorporated various combinations 
of the following terms: “Glaucoma,” “Xen® Gel Stent,” 
“PreserFlo™,” “Efficacy,” and “Effectiveness.” Manual 
searches were not performed. Discrepancies during 
screening and data extraction were resolved through 
discussions between the two reviewers. This review 
followed the Cochrane Handbook for Systematic 
Reviews of Interventions version 6.2 and Preferred 
Reporting Items for Systematic reviews and Meta-
Analyses guidelines.

Study selection and data extraction
We applied predetermined inclusion and exclusion 

criteria based on our search strategies. Literature 

searches were conducted using combinations of 
terms related to glaucoma and devices of interest. For 
PubMed and Cochrane, the following Medical Subject 
Headings (MeSH) and keywords were used: “Glaucoma/
surgery”[Mesh] OR “Glaucoma/therapy”[Mesh] OR 
“glaucoma”[MeSH Terms] OR glaucoma[Text Word] 
AND “Xen® Gel Stent” AND “PreserFlo™” AND (efficacy 
OR effectiveness). In EBSCOhost and Google Scholar, 
the following broader terms were used: (glaucoma 
OR primary glaucoma OR secondary glaucoma OR 
raised intraocular pressure) AND (Xen® Gel Stent) AND 
(PreserFlo™). No date, language, or study design filters 
were applied to any database. Eligible studies were 
cohort studies or case series involving adult patients 
with glaucoma of any age group that compared 
the Xen® Gel Stent (intervention) with PreserFlo™ 
MicroShunt (comparator). Studies were excluded 
if the full text could not be retrieved, reported only 
qualitative outcomes, or the outcomes of interest 
were not measured. Studies that measured but did 
not report outcomes of interest were included. If such 
data were used later in the extraction, we attempted 
to contact the authors of the report. Only studies 
published in English were considered eligible for 
inclusion.

The quality of each included study was assessed 
using the Newcastle-Ottawa Scale (NOS) for Cohort 
Studies. This tool evaluates studies across three 
domains: selection of study groups (four items), 
comparability of groups (one item), and ascertainment 
of outcomes (three items). Each item was rated with 
a star (*) if the criterion was met. Based on the total 
number and pattern of stars, the overall study quality 
was categorized using the Agency for Healthcare 
Research and Quality (AHRQ) standards. Studies 
with 3–4 stars in selection, 1 in comparability, and 
2–3 in outcome were rated good; those with 2 stars 
in selection, 1 in comparability, and 2–3 in outcome 
were rated fair; and those with 0–1 stars in selection, 
1 in comparability, and 0–1 in outcome were rated 
poor. Two reviewers (MKH and ANS) independently 
performed the assessments, and discrepancies were 
resolved through discussion. In the quality assessment 
table, each NOS item was labeled according to the 
subcategories of the original scale (e.g., a and b). A 
star (*) was awarded to response options that satisfied 
the NOS criteria; some items allowed more than one 
acceptable option (e.g., both a and b may receive a 
star).
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Key information extracted from each study 
included (1) author and year of publication, (2) study 
design and location, (3) sample size and mean age 
of participants, (4) intervention details, and (5) 
study outcomes (the parameters assessed, pre- and 
postintervention values, and statistical significance). A 
formal assessment of reporting bias (e.g., funnel plot) 
was not performed as no meta-analysis was conducted. 
However, we assessed the risk of selective reporting 
by verifying whether the outcomes described in the 
methods section were fully reported in the results 
section of each included study.

For efficacy, the data included IOP, the number of 
antiglaucoma medications used, and reinterventions 
(e.g., reoperations, postoperative bleb management, 
needling, bleb revisions, or glaucoma filtration surgery). 
Complications, such as hypotony, hyphema, choroidal 
detachment, and conjunctival dehiscence, were 
recorded for safety. Data extraction was performed 
independently by two reviewers (MKH and ANS) 
using a standardized form. The extracted data were 
cross-checked to ensure accuracy and completeness. 
Discrepancies were resolved through discussion to 
reach a consensus.

A narrative synthesis was performed to 
summarize and compare the outcomes of the 
included studies. Given the small number of 
included studies (n = 5), a meta-analysis was not 
conducted. Instead, key findings, including IOP 
reduction, changes in antiglaucoma medication use, 
and reported complications, were extracted and 
compared. The data were compiled and summarized 
using Microsoft Excel (Microsoft, USA). No 
additional effect size measures (e.g., odds ratios or 
mean differences) were calculated. Means, standard 
deviations, p-values, and complication frequencies 
were reported, as presented in the original studies.

RESULTS

A total of 105 articles were identified across the 
four databases, and 12 duplicates were removed. 
After screening the titles and abstracts of the 
remaining 93 articles, 51 were excluded as they 
were irrelevant. The full texts of 42 articles were 
assessed, and five studies met the inclusion criteria 
for this review (Figure 1). Overall, these five studies 
were rated as good quality (Table 1). However, some 
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Figure 1. Preferred Reporting Items for 
Systematic reviews and Meta-Analyses (PRISMA) 
flow diagram of literature search
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studies, including Hasan et al7 and Scheres et al8 
had shorter follow-up periods, which may limit the 
significance of the results compared with studies 
with longer durations.

All studies were conducted in Europe (Italy, 
Germany, and the Netherlands) between 2020 and 
2023 and included a total of 329 patients. Four studies 
employed retrospective cohort designs, and one was 
a case series. Follow-up periods ranged 6–18 months, 
and the outcomes primarily included IOP, number of 
antiglaucoma medications, and the need for additional 
procedures (Tables 2 and 3).

Three of the five studies reported significantly 
lower postoperative IOP in patients treated with 
PreserFlo™ MicroShunt compared to those treated 
with Xen® Gel Stent. For instance, Hasan et al,7 
reported a mean IOP of 13.6 (3.5) mmHg (Xen® Gel 
Stent) versus 11.8 (3.7) mmHg (PreserFlo™ MicroShunt; 
p = 0.02). Gambini et al9 similarly reported mean IOP 
values of 14.2 (2.1) mmHg (Xen® Gel Stent) versus 11.3 
(2.1) mmHg (PreserFlo™ MicroShunt; p = 0.0005) at 1 
month postsurgery. Scheres et al8 found significant 
differences at 1 and 2 months, although these 
differences were no longer observed at 24 months. 
Giansanti et al10 and Theilig et al11 found no significant 
differences in IOP between the groups. Only 
Hasan et al7 observed a significantly lower number 
of antiglaucoma medications in the PreserFlo™ 
MicroShunt group (0.2 ± 0.6) compared to Xen® Gel 
Stent (1.1 ± 2.4; p = 0.04). 

Needling, bleb revisions, and additional 
glaucoma interventions (e.g., TE, MicroPulse 
transscleral cyclophotocoagulation, and stent 
placement) were generally more common with 
Xen® Gel Stent in most studies. Giansanti et al10 
also noted a needling rate of 35.4% (Xen® Gel Stent) 
versus 11.5% (PreserFlo™ MicroShunt), whereas 
Scheres et al8 reported similar trends (20% versus 
5%). Complications varied among the studies. 
Giansanti et al10 found higher hypotony rates in the 
Xen® Gel Stent group (6.5% versus 0%) but more 
cases of hyphema in the PreserFlo™ MicroShunt 
group (7.7% versus 3.2%). Theilig et al11 documented 
choroidal detachment and conjunctival dehiscence 
in both groups. Scheres et al⁸ reported more early 
postoperative complications with PreserFlo™ 
MicroShunt, whereas late complications—such as 
stent curling or migration—were more frequently 
observed with Xen® Gel Stent.Fi
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DISCUSSION

In this study, we compared two microinvasive 
glaucoma surgeries, namely the Xen® Gel Stent 
and PreserFlo™ MicroShunt, both of which improve 
subconjunctival drainage to lower IOP in patients with 
open-angle glaucoma.⁹ Xen® Gel Stent (6 mm long, 45 
μm diameter), made of cross-linked porcine gelatin, 
is typically inserted via an ab interno approach, and is 
designed to reduce postoperative hypotony using the 
principles of Hagen–Poiseuille flow.12,13 The PreserFlo™ 
MicroShunt (8.5 mm long, 70 μm diameter) is composed 
of a synthetic, non-biodegradable elastomer styrene-
block-isobutylene-block-styrene (SIBS) and is implanted 
using an ab externo approach with Hagen–Poiseuille 
resistance to minimize scarring and inflammation.14,15 
The Xen® Gel Stent is generally indicated for refractory 
and various types of open-angle glaucoma but is 
avoided in angle-closure cases due to potential implant 
obstruction, whereas PreserFlo™ MicroShunt is used 
in cases of early to advanced open-angle glaucoma 
inadequately controlled by medication.14,16

Comparative analyses yielded mixed results, 
with some studies showing no significant differences 
in surgical outcomes, whereas others showed that 
PreserFlo™ MicroShunt was superior in lowering IOP 
and the need for antiglaucoma medications. While 
both devices use the Hagen–Poiseuille equation to 
calculate flow resistance based on lumen diameter 
and tube length, PreserFlo™ MicroShunt is predicted 
to produce a resistance of 2 mmHg/l/min, compared 
to 8.5 mmHg/l/min for Xen® Gel Stent. This difference 
in outflow resistance likely explains why the IOP was 
lower in the PreserFlo™ MicroShunt group, as lower 
flow resistance produced intermediate drainage that 
was maintained over time. In addition, the technique 
used to insert the device may affect the outcome.9 
PreserFlo™ MicroShunt is normally implanted using 
an ab externo technique, allowing for more controlled 
positioning of the tube. In contrast, Xen® Gel Stent can 
be inserted via the ab interno or ab externo approach. 
Lenzhofer et al15 reported that Xen® Gel Stent inserted 
via the ab interno technique can be inserted superficially 
(intraconjunctival) or deeper near the sclera, with 
better IOP control and lower flow resistance achieved 
with deeper insertion of the device.15 While ab interno 
implantation is less traumatic, implant placement 
is relatively uncontrolled, leading to uncertainty 
regarding whether the implant is placed superficially or IO
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deeper. The ab externo technique allows dissection of 
Tenon’s capsule from the sclera, allowing the implant 
to be placed in the sub-Tenon space.11

The differences in outflow resistance have several 
implications. Scarring is more likely to develop in areas 
of higher bleb pressure, typically at the top, but not at 
the horizontal margins, where the pressure is lower.16 
Subconjunctival fibrosis is the most significant risk 
factor for bleb failure, as aqueous humor outflow 
through the bleb directly influences IOP reduction.⁹ 
PreserFlo™ MicroShunt allows lower pressure flow, 
thus allowing a higher number of functional blebs 
and increasing bleb horizontal bounds, explaining the 
lower rate of surgical bleb revisions needed.7,9 Another 
aspect to consider is the inflammatory response 
postoperatively. Inflammation is a major contributor to 
surgical failure in patients with glaucoma. PreserFlo™ 
MicroShunt is made with SIBS polymer, a material 
used in cardiac stents, which has been shown to 
have no biodegradation and little tissue reactivity.⁹ 
However, a study by Giansanti et al¹⁰ showed that while 
fibrosis is higher in Xen® Gel  Stent (38.7%) compared 
to PreserFlo™ MicroShunt (23.0%), this difference is 
not statistically significant (p = 0.205).10 These two 
devices also used different techniques of mitomycin C 
(MMC) application to prevent postoperative scarring. 

In PreserFlo™ MicroShunt, a cellulose sponge soaked 
in 0.02 mg/dl of MMC was placed onto the bare 
sclera for 2.5–3 min. In contrast, an intrableb injection 
administered at the end of surgery was administered 
for Xen® Gel Stent, allowing for a more controlled 
application.10,11 Different amounts and methods of MMC 
administration impact the surgical success of glaucoma 
filtration surgery.⁸

Although the need for additional postoperative 
procedures was higher in the Xen® Gel Stent group, 
the difference was not significant. Scheres et al8 
reported no significant differences in the number 
of bleb needling procedures or additional glaucoma 
surgery rates between the two groups. Because Xen® 
Gel Stent and PreserFlo™ MicroShunt placement 
depend on functional blebs for efficacy, bleb needling 
is a common postoperative procedure. Giansanti et al10 
and Scheres et al8 noted higher needling in the Xen® 
Gel Stent group than in the PreserFlo™ MicroShunt 
group. The need for reoperation or bleb revision was 
generally lower in the Preser Flo group, with revisions 
being 9.6% in the Xen® Gel Stent group and 3.8% in 
the PreserFlo™ MicroShunt group. The lower rate of 
fibrosis in PreserFlo™ MicroShunt can also explain the 
lower rate of complications, bleb revisions, and bleb 
manipulation. Despite the techniques, bleb fibrosis 

NA=not available

First author, year
Complications

Xen® Gel PreserFlo™

Giansanti,10 2023 - Hypotony: 2 (6.5%)
- Hyphema: 1 (3.2%)

- Hypotony: 0
- Hyphema: 2 (7.7%)

Hasan,7 2023 NA NA

Theilig,11 2023
- Choroidal detachment: 3
- Conjunctival dehiscence: 3
- Exposure of the implant: 0

- Choroidal detachment: 3
- Conjunctival dehiscence: 0
- Exposure of the implant: 1

Gambini,9 2022 NA NA

Scheres,8 2020

Early postoperative complications:
-	Hypotony <5 mmHg at anytime: 10 (24%)
-	Hypotony requiring reformation of anterior 

chamber: 2 (5%)
-	Hyphema: 9 (22%)
-	Choroidal detachment: 1 (2%)

Late postoperative complications:
-	Ptosis: 0
-	Hypotony: 3 (8%)
-	Curling of stent: 6 (15%)
-	Tube occlusion: 0
-	Migration of stent: 1 (2%)

Early postoperative complications:
-	Hypotony <5 mmHg at anytime: 16 (39%)
-	Hypotony requiring reformation of anterior 

chamber: 1 (2%)
-	Hyphema: 8 (20%)
-	Choroidal detachment: 1 (2%)

Late postoperative complications:
-	Ptosis: 1 (2%)
-	Hypotony: 0
-	Curling of stent: 0
-	Tube occlusion: 1 (2%)
-	Migration of stent: 0

Table 3. Summary of secondary outcome
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remains the most common cause of surgical failure, 
despite the use of MMC.17

For MIGS devices that rely on subconjunctival 
filtration, bleb-related complications are the most 
common issues. These problems often require 
postoperative needling to restore bleb function.16 Early 
needling is usually triggered by elevated IOP on the 
first postoperative day. This rise in pressure may result 
from blockage of the Xen® Gel Stent by tenon’s tissue, 
blood, or exudates, although this mechanism has not 
been well studied.18

Hypotony frequently occurred within the first 
month in both groups, but rarely persisted for >30 
days. Giansanti et al10 reported a 6.5% hypotony 
rate in the Xen® Gel Stent group, with none in the 
PreserFlo™  MicroShunt group. Gambini et al9 reported 
higher hypotony rates (20% at Xen® Gel Stent and 
28% at PreserFlo™ MicroShunt group), which resolved 
spontaneously within 30 days. Hyphema was also 
observed in 3.2% of the Xen® Gel Stent group, while 
7.7% were in the PreserFlo™ MicroShunt group.10

Ocular hypotony is often defined by a specific 
numerical threshold, typically ≤6 mmHg. One 
identified risk factor for hypotony after Xen® Gel Stent 
implantation is eyes with longer axial lengths, likely due 
to a thinner scleral wall that potentially leaks aqueous 
humor near the implant.19 Postoperative hypotony can 
reverse the normal pressure gradient between the 
episcleral venous pressure and IOP, potentially leading 
to hyphema. In MIGS procedures, where the natural 
outflow system is restored, hyphema may indicate 
regurgitation of blood from the episcleral venous 
system through the Xen® Gel Stent. Most self-limiting 
hyphae occur during or shortly after surgery, with the 
bleeding source often located at the base of the iris.20

Choroidal detachment is a complication of ocular 
hypotony. Although some patients required anterior 
chamber reformation, most resolved spontaneously. 
This condition is thought to be caused by reduced 
IOP and inflammation. Prolonged medication use 
can harm the ciliary body. During surgery, it can 
lead to decreased aqueous production, resulting in 
significant hypotony. Conversely, prostaglandins may 
lead to permanent changes in collagen levels within 
the uveoscleral outflow pathway, increasing the 
risk of postsurgical hypotony and altering capillary 
permeability, which can promote uveal exudation.21

This study has several limitations. The included 
studies were retrospective observational studies. 

Therefore, prospective studies are required to provide 
stronger evidence. Furthermore, all studies were 
conducted in Europe with Caucasian patients, limiting 
their generalizability to different ethnic populations. 
Postoperative treatment with MMC also differed 
between the two groups, which may have influenced 
the surgical outcomes outside the implanted device. 
In addition, the review process was subject to certain 
limitations, such as language bias owing to the exclusion 
of non-English studies. Future research should address 
these gaps to better inform clinical decision-making 
across a broader population.

This systematic review summarizes studies that 
compared two microinvasive glaucoma surgical 
approaches: the Xen® Gel Stent and the PreserFlo™ 
MicroShunt. Both interventions significantly lower 
IOP from baseline, with comparison in preoperative 
and postoperative values, with reductions maintained 
for up to 24 months. However, notable variations 
emerged at approximately Days 300 and 239. 
Postoperatively, the patients in both groups required 
fewer antiglaucoma medications. Some individuals 
required additional interventions, such as bleb 
needling, bleb revision, cyclophotocoagulation, TE, 
or glaucoma valve implantation, within 6 months to 2 
years of the initial procedure. The Xen® Gel Stent was 
linked to a higher number of reinterventions compared 
with the PreserFlo™ MicroShunt. Hypotony was the 
most frequently observed complication, although the 
incidence was low. In some cases, anterior chamber 
reformation was necessary. 
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