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Abstract

Objectives To describe the 12-month outcomes of the Xen45 glaucoma stent.

Methods Non-comparative retrospective study of all cases who underwent Xen glaucoma surgery in April 2017 or earlier
and completed 12 months of follow-up. The primary outcome measures were intraocular pressure (IOP) reduction and
number of glaucoma medications at 12 months postoperatively. The secondary outcome measures were surgical compli-
cations and the success rate of surgery at 1 year. Success rate was defined according to the multiple IOP thresholds of
15 mmHg, 18 mmHg, and 21 mmHg with all requiring a drop of 20% and no additional glaucoma surgery. Revision or
needling of the Xen conjunctival bleb was not considered to constitute a surgical failure.

Results Sixty-eight eyes were included in the study. Mean IOP dropped from 22.1 mmHg preoperatively to 14.8 mmHg at
12 months, a 33% drop (p <0.0001). Mean number of glaucoma medications reduced from 2.9 preoperatively to 1.1 at
12 months (p < 0.0001). In total, 54.4% of cases were back on glaucoma medications by 12 months. Success rate varied from
32.4% when defined as IOP < 15 mmHg and > 6 mmHg and > 20% reduction without medications to 70.6% when defined as
IOP <21 mmHg and > 6 mmHg and >20% reduction with or without medications. Thirty cases (44.1%) required bleb
needling or surgical revision.

Conclusions The Xen45 is effective at reducing IOP and glaucoma medication use at 12 months postoperatively. Patients
considering this procedure should be warned that by 12 months postoperatively there is a significant chance of requiring
postoperative bleb intervention and glaucoma drops.

Introduction

Over the last decade, the number of laser and surgical
treatment options available for glaucoma patients has
increased. In addition to longstanding treatments such as
trabeculectomy and laser trabeculoplasty, glaucoma spe-
cialists have reduced their threshold for glaucoma drainage
devices and in recent years the term Minimally Invasive
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Glaucoma Surgery (MIGS) has been introduced to cover
several novel surgical devices [1, 2]. These devices are
typically inserted via an ab interno approach and involve
minimal or no conjunctival manipulation [3]. Most MIGS
devices work by improving outflow through the physiolo-
gical pathways of Schlemms Canal or the supraciliary space
rather than the non-physiological subconjunctival route of
traditional glaucoma drainage surgery. This is likely to
explain why initial studies suggest they are less efficacious
than these procedures but with a lower rate of hypotony
related complications. The XEN implant (Allergan, Dublin,
Ireland) and the Innfocus Microshunt (Santen Pharm Ltd,
Osaka, Japan), result in subconjunctival drainage and
therefore offer the possibility of achieving intraocular
pressure (IOP) similar to trabeculectomy but, as they have
less scleral and conjunctival manipulation, with a more
rapid recovery time and less complications [4]. The evi-
dence for these procedures, however, remains limited.

The Xen implant, which is the subject of this paper, was
initially designed with an internal diameter of 140 um or 63
pum and several reports described encouraging results [5, 6].

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0310-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0310-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0310-1&domain=pdf
http://orcid.org/0000-0003-2060-172X
http://orcid.org/0000-0003-2060-172X
http://orcid.org/0000-0003-2060-172X
http://orcid.org/0000-0003-2060-172X
http://orcid.org/0000-0003-2060-172X
http://orcid.org/0000-0003-1643-5378
http://orcid.org/0000-0003-1643-5378
http://orcid.org/0000-0003-1643-5378
http://orcid.org/0000-0003-1643-5378
http://orcid.org/0000-0003-1643-5378
mailto:Michael.smith26@nhs.net

762

M. Smith et al.

The Xen45, which has an internal diameter of 45 um, is now
the only commercially available device and has FDA
approval. Published evidence for this device is limited,
often describing the single surgeon results of early adopters
of this procedure [7-13]. As a result, many glaucoma spe-
cialists remain unclear on what benefits and risks Xen
surgery offers to their patients. In a survey of glaucoma
specialists in the United Kingdom and Ireland published in
2017, less than one in five were undertaking this procedure
[14].

This paper presents the 12-month results of our initial
cohort of patients who underwent glaucoma surgery with
the Xen45. We hope our experience will provide valuable
information to glaucoma patients and their clinicians when
considering this procedure.

Methods

This study includes data collected at our three institutions.
As it is a retrospective case note review, formal ethics
approval was not needed, but local clinical governance
approval for data collection was obtained.

Since commencing Xen glaucoma surgery to our patients
we have been routinely collecting outcome data on all cases.
In April 2018, we identified all cases at our institutions who
have completed 12 months of follow-up.

The inclusion criterion was therefore all cases who
underwent Xen glaucoma surgery in April 2017 or earlier.
The exclusion criterion was failure to complete 12 months
of follow-up.

The primary outcome measures were IOP reduction and
number of glaucoma medications at 12 months post-
operatively. The secondary outcome measures were com-
plications owing to the surgery and the success rate of
surgery at 1 year. In order to allow comparison with pre-
vious reports we defined success as below [7-13].

1. IOP<21 mmHg and > 6 mmHg and >20% reduction
from baseline with no additional glaucoma proce-
dures.

2. IOP< 18 mmHg and > 6 mmHg and >20% reduction
from baseline with no additional glaucoma proce-
dures.

3. IOP<15mmHg and > 6 mmHg and >20% reduction
from baseline with no additional glaucoma procedures.

Complete success was defined as achieving the outcomes
above without the need for glaucoma medications, whereas
qualified success was achieving the outcomes with or
without medications. Revision or needling of the Xen
conjunctival bleb was recorded but not considered to con-
stitute a surgical failure.
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Surgical technique

All cases were performed by one of five glaucoma sub-
specialists, all with extensive experience of traditional
glaucoma drainage surgery.

In total, 0.2 mls of 0.02% Mitomycin-C was injected into
the subconjunctival/subtenon space in the supranasal
quadrant at the start of surgery (unlicensed indication). A
clear corneal incision was made in the inferotemporal
quadrant and the anterior chamber filled with viscoelastic.
Using the pre-loaded injector the Xen45 device was
implanted via an ab interno approach in the supranasal
quadrant. The viscoelastic was then removed and intra-
cameral antibiotics given. If combined with cataract sur-
gery, the Xen implantation was performed following
insertion of the intraocular lens.

Postoperatively, all glaucoma medications were stopped
and antibiotic drops were used for 1 week. Steroid drops
were used for at least 4 weeks then tapered according to the
degree of inflammation present.

Statistical analysis

Data were entered into Microsoft Excel (Microsoft Cor-
poration) and statistical analysis performed using Graphpad
Prism Version 7.0c (GraphPad Software Inc). Shapiro—Wilk
tests were used to test for presence or absence of normal
distribution in the data. Comparison between preoperative
and postoperative data were performed by using the Wil-
coxon test, with a P value of 0.05 or less considered sta-
tistically significant. If the patient underwent further laser or
surgery for glaucoma in the same eye data were censored at
the date of the additional procedure.

Results

By April 2017, we had undertaken 75 procedures, meaning
12-month data should have been available when we
undertook the data analysis in April 2018. Seven patients
were excluded as 12-month data were not available (six lost
to follow-up and one patient died). Sixty-eight eyes of 68
patients were therefore included in the study. The pre-
operative characteristics are summarized in Table 1.

Ten cases (14.7%) underwent Xen glaucoma implant
surgery combined with phacoemulsification cataract surgery
with 58 cases (85.3%) Xen alone.

Table 2 summarizes the study outcomes. Mean IOP
dropped from 22.1 mmHg preoperatively to 14.8 mmHg at
12 months, a drop of 33%. The mean number of glaucoma
medications reduced from 2.9 preoperatively to 1.1 at
12 months, with 54.4% of cases back on glaucoma medi-
cations by 12 months. The mean (and 95% confidence
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intervals) IOP over the first 12 months are represented
graphically in Fig. 1.

The success rate of surgery as defined by a range of
target IOPs is summarized in Table 3. Of the 20 cases
(29.4%) that did not meet the least strict success criteria
(IOP <21 mmHg and > 6 mmHg and >20% reduction from
baseline with or without medications with no additional
glaucoma procedures except Xen needling or revision) 2
(2.9% of total) had undergone further surgery in the form of
trabeculectomy, whereas 18 (26.5%) did not achieve an
adequate IOP reduction. There were no cases of failure
owing to hypotony at 12 months.

Revision or needling of the Xen conjunctival bleb was
recorded but not considered to constitute a surgical failure.
Twenty-six cases (38.2%) underwent bleb needling (all with
Mitomycin-C), with one case undergoing two procedures
and three cases three procedures. Seven cases underwent
open surgical revision (10.3%). In three cases (4.4%), this
was owing to symptomatic overhanging blebs and in one

Table 1 Preoperative characteristics

Mean (median, SD) Range
Sex 33 (47.5%) female

35 (51.5%) male
Age 76 (78, 10) years 48-97 Years
Intraocular pressure 12.1 (20, 6.4) mmHg  10-44 mmHg
Glaucoma medications 2.85 (3, 0.8) 14
Mean deviation —11.07 (-9.79, 7.78) 0.58 to —32.00

Previous glaucoma
procedures

Laser trabeculoplasty 44 (64.7%)
Endocyclophotocoagulation 4 (5.9%)
Laser peripheral iridotomy 4 (5.9%)
Trabeculectomy 3 (4.4%)

Trabectome 1 (1.5%)

No previous laser or surgery 21 (30.8%)
Phakic 23 (33.8%)

Pseudophakic 45 (66.2%)

Primary open angle/normal tension
glaucoma 59 (86.7%)

Pseudoexfoliative glaucoma 4 (5.9%)

Lens status

Diagnosis

Primary angle closure glaucoma 3
(4.4%)

Ocular hypertension 2 (2.9%)

SD standard deviation

case (1.5%) owing to tube exposure. The remaining three
cases (4.4%) underwent revision owing to inadequate IOP
control. In two of these cases, the revision was following a
failed bleb needling procedure. In total 30 cases (44.1%)
required bleb needling with MMC or surgical revision. The
success rate at 12 months of the group which underwent
bleb needling or revision was similar to the group which did
not undergo further intervention. In total, 70% of this group
met the least strict success criteria IOP <21 mmHg and 2 6
mmHg and >20% reduction from baseline with or without
drops) compared with 71% of the group that did not
undergo further intervention. In addition, 33% met the
strictest success criteria definition (IOP < 15 mmHg and > 6
mmHg and >20% reduction from baseline with no drops)
compared with 32% of the group which did not undergo
bleb needling or revision.

Fifeteen cases (22.1%) developed a significant perio-
perative or postoperative complication. At the time of sur-
gery, six cases (10.3%) developed a hyphaema, whereas
one case (1.5%) suffered iris prolapse. In the early post-
operative period, five cases (7.4%) developed a period of
hypotony and one case (1.5%) choroidal effusions. With the
exception of one case all of these resolved without further
intervention, with the final case undergoing revision sur-
gery. In the late postoperative period, one (1.5%) case
underwent successful revision for tube exposure. A final
case developed hypotony and severe choroidal effusions
following tube revision and required further revision with
pericardial patch graft. Three cases (4.4%) required bleb
revision for symptomatic overhanging blebs.

Discussion

Faced with a patient with uncontrolled glaucoma, the
glaucoma specialist has an ever-increasing number of laser
and surgical options to call upon. At present, the decision
on which procedure represents the best balance of risks and
benefits for the individual patient is made difficult by the
limited availability of outcome data, especially for the
newer glaucoma procedures such as the Xen gel stent. The
Xen45 has FDA approval although the United Kingdom
National Institute for Clinical Excellence recommends that
owing to the limited evidence base for the device the out-
comes of all cases should be audited [15].

Table 2 Statistical comparison
of outcome measures

Preoperative (n = 68)
Mean (median, SD)

12 Months (n = 68)
Mean (median, SD)

P value for difference

Intraocular pressure(mmHg)

Glaucoma medications

22.1 (20, 6.4)
2.9 (3, 0.8)

<0.0001
<0.0001

14.8 (13.5, 5.1)
L1, 1.1

SD standard deviation
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In this series, which represents the initial cases per-
formed in three units in the South West of England, the
mean IOP dropped from 22.1 mmHg preoperatively to 14.8
mmHg at 12 months, a drop of 33%. The mean number of
glaucoma medications reduced from 2.9 preoperatively to
1.1 at 12 months, with 54.4% of cases back on glaucoma
medications by 12 months. In all, 44.1% required bleb
needling or revision during the 12-month period, with 2.9%
going on to trabeculectomy during this time period.

Despite the lack of randomized control trial data, several
non-comparative studies have reported 12-month outcome
data, and these are summarized in Table 4, alongside the
results of this paper for comparison. Although the results are
not entirely consistent between studies, the results broadly
agree with the outcomes in our series. It appears that at
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Fig. 1 Mean IOP (mmHg) over time with 95% confidence intervals

12 months, Xen45 achieves an IOP in the mid-teens, with a
substantial drop in medications. The reported needling/
revision rate is variable, and although the reasons for this are
not clear it may relate to a number of variables including
patient selection and individual surgeons’ thresholds for
intervention. Based on the published results, however, it
appears that 25-50% of patients require bleb intervention in
the first year postoperatively following Xen surgery. This
compares to a 14% needling rate in the trabeculectomy arm
of the Primary Tube Versus Trabeculectomy Study and it
does appear that despite the lesser degree of conjunctival
manipulation during Xen surgery compared with trabecu-
lectomy postoperative loss of IOP control owing to sub-
conjunctival fibrosis is more common [16].

The use of Mitomycin-C and the subconjunctival drai-
nage route of Xen surgery means it was never likely to
achieve the safety profile of the MIGS devices, which work
by improving outflow through the physiological pathways
of Schlemms Canal or the supraciliary space, and 22.1% of
patients in our series suffered a significant complication.

The limitations of this study mainly relate to its retro-
spective nature. In addition, this case series represents the
first Xen cases we have undertaken and therefore may
include a learning curve effect, although as experienced
glaucoma surgeons we did not find the procedure techni-
cally challenging. Furthermore, as can be seen from Table 1
our cases represent a heterogenous group, which can make
it difficult to extrapolate our results to specific situations. As
the evidence base for the Xen glaucoma implant increases
we hope it will become clearer which subgroups of glau-
coma patients are best served by this procedure.

Table 3 Success rate of Xen
surgery

Definition of success

Complete success Qualified success

TOP < 21 mmHg and > 6 mmHg and > 20% reduction from baseline”
TOP < 18 mmHg and > 6 mmHg and > 20% reduction from baseline”
TOP < 15 mmHg and > 6 mmHg > 20% reduction from baseline”

24 (35.3%) 48 (70.6%)
23 (33.8%) 46 (67.6%)
22 (32.4%) 42 (61.8%)

*Any additional surgery or laser for intraocular pressure were considered surgical failures but revision or
needling of the Xen conjunctival bleb was permitted

Table 4 Published reports of the Xen45 and comparison with this study

Author Study details Preoperative 12 months Bleb needling or revision (%)
(0)34 Medications ~ IOP Medications

Galal [6] 13 eyes (10 with phaco) 16 1.9 12 0.3 30.7%

Perez-Torregrosa [7] 30 eyes (all with phaco) 21.2 3.07 15.03 0.17 23.3%

De Gregoria [8] 41 eyes (all with phaco) 22.5 2.5 13.1 0.4 4.8%

Tan [9] 39 eyes (no phaco) 24.9 3.0 14.5 0.7 51.3%

Hengerer [10] 148 eyes (unclear % with phaco) 322 3.13 1424 03 27.7%

Fea [11] 12 eyes (2 with phaco) 21.8 2.92 14.9 0.5 50%

Grover [12] 65 eyes (no phaco) 25.1 35 15.9 1.7 32.3%

This study 68 eyes (14.7% with phaco) 22.1 2.9 14.8 1.1 44.1%
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An additional weakness of our study is that in a pro-
portion of the cases (14.7%) the Xen surgery was combined
with phacoemulsification and in these cases we are not able
to separate the IOP-lowering effect of the cataract surgery
from the IOP lowering effect of the Xen. If we excluded the
combined phaco-xen cases from our statistical analysis,
however, we did not find an appreciable difference in the
results, with the Xen only cases IOP dropping from 21.9
mmHg to 15.2 mmHg, a drop of 30.5%. The success rate
was also similar if we excluded the phaco-Xen cases, with
33 and 71% of cases meeting the most strict (IOP< 15
mmHg and >6 mmHg and >20% reduction from baseline
with no drops) and least strict (IOP <21 mmHg and >6
mmHg and > 20% reduction from baseline with or without
drops), respectively. In addition a recent review and meta-
analysis examining the effect of phaco alone on IOP in
glaucoma patients concluded that at 1 year post phacoe-
mulsification the mean percentage drop in IOP in glaucoma
patients was only 14.4% [17]. Further research is needed to
the relative effectiveness of phaco-Xen and Xen without
phaco.

In conclusion, the Xen45 is effective at reducing IOP and
glaucoma medication use at 12 months postoperatively.
Patients considering this procedure should be warned that
by 12 months postoperatively, there is a significant chance
of requiring postoperative bleb intervention and glaucoma
drops.

Further research is needed to determine the place of
Xen45 in the ever-increasing number of procedures avail-
able to glaucoma patients. Until then we would recommend
advising patients on the best option for them, balancing
the relative efficacy and side effect profile of each
procedure against the outcome required for each individual
patient.

Study Highlights
What was known before

e The number of surgical options to treat glaucoma has
increased in recent years. The Xen45 implant works via
subconjunctival drainage and therefore offers the
possibility of achieving IOPs similar to trabeculectomy
but with less side effects. Evidence for the safety and
efficacy of the Xen45 is limited.

What this study adds

e The Xen45 is effective at reducing IOP and glaucoma
medication use at 12 months postoperatively. Patients
considering this procedure should be warned that by

12 months postoperatively there is a significant chance
of requiring postoperative bleb intervention and glau-
coma drops to achieve adequate IOP control.
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