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Purpose: To compare the safety and efficacy of two different techniques for implantation of the 
XEN Gel Stent, a minimally invasive surgical device for the treatment of refractory glaucoma.
Methods: A retrospective chart review of eyes that received ab interno or ab externo XEN 
Gel Stent placement from February 2017 to October 2019 was conducted. A single surgeon 
(NMR) performed all operations. Eyes that received the XEN implant concomitant with 
a glaucoma drainage device insertion or that were lost to 6-month follow-up were excluded. 
Intraocular pressure (IOP) change, change in glaucoma medications, frequency of slit lamp 
revision procedures, and frequency of secondary glaucoma surgeries were the primary out
comes compared between groups.
Results: Fifty eyes that underwent ab interno placement and 30 eyes that underwent ab 
externo placement were studied. The ab interno cohort demonstrated a mean IOP reduction 
of 8.4 ± 1.7 mmHg (28.6% decrease) by 12 months, compared to a mean reduction of 12.8 ± 
3.0 mmHg (40.1% decrease) in the ab externo group (p = 0.208). Mean reduction in 
medication use was 1.81 ± 0.29 medications in the ab interno group and 1.86 ± 0.37 in the 
ab externo group (p = 0.913). By 12 months, 58% of ab interno eyes had required 
5-fluorouracil injection compared to 36.7% of ab externos (p = 0.105). Bleb needling was 
applied to 42% and 26.7% of the eyes, respectively (p = 0.231). A second glaucoma surgery 
was necessary for 20% of the ab interno cohort and 10% of the ab externo cohort (p = 0.351).
Conclusion: There were no differences in outcomes between ab interno and ab externo 
placement of the XEN Gel Stent. Both approaches are safe and effective for lowering IOP.
Keywords: MIGS, glaucoma surgery, bleb, subconjunctival stent, surgical technique

Introduction
By 2040, there will be an estimated 111.8 million people worldwide with glaucoma.1 At 
present, the primary method of treatment is to reduce intraocular pressure (IOP) in order to 
prevent loss of retinal nerve fibers and subsequent damage to the visual field. One option 
to control IOP is minimally invasive glaucoma surgery (MIGS). MIGS devices are 
growing in popularity due to their general ease of use, short surgical recovery times, 
and relatively reasonable safety profiles.2 Though MIGS mechanisms vary, some 
approaches include trabecular meshwork reshaping, trabecular meshwork stenting, and 
subconjunctival stenting. The device of interest to this study, the XEN Gel Stent 
(Allergan, an Abbvie company, Irvine, CA, USA), is an example of a subconjunctival 
stent. The XEN is a 6 mm long hydrophilic tube with an internal diameter of 45 µm that 
creates a permanent channel through the sclera, allowing for controlled passage of 

Correspondence: Nathan M Radcliffe  
New York Eye Surgery Center, 1101 
Pelham Parkway North, Bronx, NY, USA  
Tel +1 718 519 1000  
Email drradcliffe@gmail.com

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2021:15 299–305                                                                       299

http://doi.org/10.2147/OPTH.S292007 

DovePress © 2021 Tan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0002-7362-0038
http://orcid.org/0000-0002-8786-2185
http://orcid.org/0000-0003-3976-6831
mailto:drradcliffe@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


aqueous humor from the anterior chamber to the subconjunc
tival space. By adding a new outflow route, the XEN Gel Stent 
decreases the accumulation of aqueous humor and lowers 
IOP.3

The XEN Gel Stent FDA pivotal trial describes an ab 
interno placement via a clear corneal incision3 and several 
other studies use this same ab interno approach, but with
out conjunctival dissection.3–6 However, as surgeons gain 
experience with the gel stent they are finding other implan
tation techniques that may be beneficial for the surgeon 
and the patient, depending on the individual circum
stances. Two papers were recently published that detail 
different techniques using both ab interno and ab externo 
approaches, with and without conjunctival dissection.7,8 

The authors of this paper sought to compare the outcomes 
of the most commonly reported closed conjunctiva, ab 
interno placement technique, with an open conjunctiva, 
ab externo approach that has been adopted by the operat
ing surgeon (NMR). This retrospective chart review com
pares the outcomes using these two different techniques.

Methods
IRB exemption for this retrospective digital chart review was 
obtained from Sterling IRB (Atlanta, GA). All data collection 
was performed confidentially, following the minimum neces
sary standard, in such a manner that the subjects’ identities 
could not be ascertained directly or indirectly. Patient consent 
to retrospectively review medical records was not required by 
the IRB because all data were anonymized, and the investiga
tors did not contact or re-identify the subjects for any purposes 
pertaining to this study. Conduct of the study was performed in 
accordance with the standards of the 1964 Helsinki 
Declaration and its later amendments.

Consecutive patients who underwent XEN Gel Stent 
implantation by a single surgeon (NMR) from February 2017 
to October 2019 were included for analysis. All patients had 
a diagnosis of open-angle glaucoma and had uncontrolled IOP, 
progressing glaucoma, and/or an intolerance to topical hypo
tensive drops. Exclusion criteria included eyes that received 
a glaucoma drainage device concomitant with XEN Gel Stent 
insertion and eyes that were lost to follow-up before 6 months. 
For the first 11 months, the surgeon used an ab interno 
approach described in other papers.3–6 Following topical 
anesthesia and proper field dressing, a 1.8 mm corneal incision 
was made in the inferotemporal quadrant along with a 1 mm 
superotemporal stabilizing incision. The anterior chamber was 
then filled with a highly cohesive viscoelastic. A preloaded 
injector needle was inserted through the inferotemporal 

incision and across the anterior chamber and implanted in the 
superonasal quadrant. Viscoelastic was then removed from the 
anterior chamber. At the completion of the gel stent placement, 
40 micrograms of mitomycin-C (MMC) was injected beneath 
the superior conjunctiva at least 6 mm from the limbus.

The subsequent surgeries were performed using an open 
conjunctiva, ab externo technique, similar to one described by 
Panarelli et al.7 The ab externo technique in this study 
employed a 3 mm wide fornix-based conjunctival peritomy 
and did not require viscoelastic injection or a corneal incision. 
Following dissection and cautery of the scleral vessels, 
sponges soaked in 0.4 mg/mL of MMC were applied to the 
sclera underneath the peritomy for 2 minutes, followed by 
copious irrigation. The gel stent was then placed through the 
sclera and into the anterior chamber using the gel stent injector 
system. Finally, the conjunctiva was closed at the limbus with 
two 10-0 nylon wing sutures.

The following information was obtained at the preoperative 
visit: age, sex, race, left or right eye, concomitant surgery with 
cataract extraction, Snellen best-corrected visual acuity 
(BCVA), intraocular pressure (IOP), visual field mean devia
tion (VFMD), number of glaucoma medications, corneal hys
teresis (CH), and central corneal thickness (CCT). CH was 
measured using the Reichert Ocular Response Analyzer and 
CCT values were sourced from pachymetry. VFMD was 
obtained using the 24-2 algorithm of the Humphrey Visual 
Field Test. IOP was measured using Goldmann applanation 
tonometry. Glaucoma medications were counted as the number 
of individual hypotensive molecules or oral acetazolamide. For 
instance, if an eye was prescribed acetazolamide tablets and 
dorzolamide-timolol drops, three medications would be 
counted for that eye.

Number of glaucoma medications and IOP values were 
obtained postoperatively at 1 day, 1 week, 1 month, 3 months, 6 
months, and 1 year. Final Snellen BCVA for each eye was 
noted and compared to baseline. Furthermore, 5-fluorouracil 
(5FU) injections, transconjunctival needle bleb revisions, and 
secondary glaucoma surgeries were logged when they 
occurred. In this retrospective study, there were no rigid criteria 
for 5FU or bleb revision at the slit lamp. However, the treating 
physician gave 5FU injections for the purpose of inhibiting 
fibrosis and performed bleb revisions when IOP was trending 
upwards in the presence of a shrinking or fibrosing bleb.

Events of numerical hypotony and choroidal effusion 
were also documented. Numerical hypotony was defined as 
two consecutive measurements of IOP < 6 mmHg during any 
time in the follow-up period.
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All statistical analysis was performed using Microsoft 
Excel 2016 and StataSE 16 software. For eyes that required 
additional glaucoma surgery during the follow-up period, IOP 
and medication values were censored at timepoints after the 
subsequent surgery to limit confounding. Two-sided unpaired 
Student’s t-tests were used to compare mean IOP and glau
coma medication values. Multivariable regression analysis 
was performed to examine the effect of baseline values on 
mean IOP change in the overall sample. Lastly, hypotony, 
choroidal effusions, and BCVA loss of two Snellen lines or 
more from baseline between groups were each evaluated using 
Fisher’s exact test. Standard deviations were calculated for the 
baseline averages in Table 1, while standard errors were calcu
lated for mean IOP and glaucoma medication changes. A p < 
0.05 was considered statistically significant.

Results
Fifty eyes in the ab interno cohort and 30 eyes in the ab externo 
cohort were included in this study and had follow-up data to 6 

months. Of those 80 eyes, 45 eyes in the ab interno group 
(90%) and 24 eyes in the ab externo group (80%) had data to 12 
months. Baseline characteristics are reported in Table 1.

There were no statistically significant differences between 
cohorts for any of the recorded preoperative values. The ab 
externo cohort included a higher percentage of Hispanic/ 
Latino eyes and African American eyes compared to the ab 
interno cohort, which had a relatively higher percentage of 
White and Asian eyes. The ab externo cohort also had 
a higher percentage of females (70%) compared to the ab 
interno cohort (48%). XEN Gel Stent surgery was combined 
with cataract extraction in eight cases (10%) of the total sam
ple. Mean preoperative IOP (23.52 vs 26.53), current glau
coma medications (3.70 vs 4.07), VFMD (−16.08 vs −16.87), 
and CCT (527.15 vs 532.00) were each slightly lower in the ab 
interno cohort versus the ab externo cohort.

After censoring for secondary glaucoma surgery, 36 ab 
interno eyes and 21 ab interno eyes were eligible for 12- 
month data analysis (Table 2). By 12 months, the mean 

Table 1 Baseline Characteristics of XEN Gel Stent Eyes

Parameters Ab Interno (n=50) Ab Externo (n=30) P-value

Age (years) 71.0 ± 13.4 67.6 ± 9.3 0.190a

Race/Ethnicity (%)
Hispanic 48.0 63.3 0.174b

White 30.0 13.3

African American 16.0 23.3
Asian 6.0 0

Percentage of females (%) 48.0 70.0 0.066b

Right eye (N, %) 20, 40.0% 17, 56.7% 0.170b

Goldmann IOP (mm Hg) 23.52 ± 8.53 26.53 ± 9.66 0.164a

Hypotensive glaucoma medications 3.70 ± 1.13 4.07 ± 1.20 0.182a

HVF mean deviation −16.08 ± 9.06 −16.87 ± 11.70 0.520a

CCT (µm) 527.15 ± 46.65 532.00 ± 69.80 0.771a

Combined with cataract extraction (N, %) 4, 8.0 4, 13.3 0.465b

Snellen BCVAc 20/40 20/30 n/a

Corneal hysteresis 8.81 ± 2.30 8.69 ± 1.90 0.820a

Notes: ± Values indicate standard deviation. aUsing two-sided unpaired Student’s t-test. bUsing Fisher’s exact test. cMedian.

Table 2 Mean IOP in XEN Gel Stent Eyes During Follow-Up

Parameters 1-Week 1-Month 3-Month 6-Month 12-Month

Ab interno IOP (mmHg) 11.25 ± 0.80 15.06 ± 1.02 16.07 ± 0.87 15.13 ± 0.64 14.72 ± 0.79

Ab int eyes eligible (N)* 50 49 47 46 36

Ab externo IOP (mmHg) 10.39 ± 0.93 16.72 ± 1.44 16.41 ± 0.93 16.75 ± 1.31 13.81 ± 1.12
Ab ex eyes eligible (N)* 28 30 30 28 21

P-valuea 0.484 0.351 0.787 0.274 0.508

Notes: ± Values indicate standard error. *An eye was eligible for analysis if IOP data were available at that time point and the eye did not receive a secondary glaucoma 
surgery before that time point. aUsing two-sided unpaired Student’s t-test.
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IOP change was −8.4 ± 1.7 mmHg (−28.6%) in the ab 
interno group and −12.8 ± 3.0 mmHg (−40.1%) in the ab 
externo group, respectively (Figure 1; p = 0.208). 
Glaucoma medication use decreased by 1.81 ± 0.29 
(−45.3%) and by 1.86 ± 0.37 (−50.8%), respectively 
(Figure 2; p = 0.913). Differences in both IOP changes 
and glaucoma medication changes throughout the follow- 
up period were not statistically significant (Figures 1 and 
2). Furthermore, differences in mean IOP measurements at 
each visit were not significant (Table 2).

Multivariable regression analysis revealed that a higher 
baseline IOP was significantly associated (p < 0.001) with 
greater mean IOP reduction by 12 months. Age, baseline 
number of medications, CCT, and CH were the other 
remaining variables included in the combined regression, 
and none were found to be significantly associated with 
12-month IOP reduction.

Postoperative bleb needling and 5FU injections were 
performed with greater frequency in the ab interno group 
compared to the ab externo cohort, but the differences did 
not reach statistical significance (Table 3). A higher rate of 
reoperation for glaucoma was observed in the ab interno 
group (20%) compared to the ab externo group (10%) 
(Table 4). The 13 total additional glaucoma surgeries con
sisted of Ahmed Glaucoma Valves, Baerveldt Glaucoma 
Implants, trabeculectomy, transscleral cyclophotocoagula
tion, and a second XEN Gel Stent in the same eye.

Complications included numerical hypotony, choroidal 
effusion, and loss of BCVA (Table 5). Both groups had 
similar rates of numerical hypotony, with a 3.8% incidence 
of this finding overall. Two eyes in the ab interno group 
developed choroidal effusions, both of which resolved 
with medical management. There were no cases of hypot
ony maculopathy, shallow anterior chamber, or implant 
extrusion/erosion. Eight eyes in the overall sample experi
enced vision reduction of two Snellen lines or more by the 
end of follow-up, with identical rates between groups. 
Cataract formation accounted for two cases in the ab 
interno group and a single case in the ab externo group. 

Figure 1 Mean IOP change during follow-up of XEN Gel Stent eyes. Error bars 
indicate standard error. None of the differences between groups at any time point 
met significance at p < 0.05 using two-sided unpaired Student’s t-test.

Figure 2 Mean glaucoma medication change during follow-up of XEN Gel Stent 
eyes. Error bars indicate standard error. None of the differences between groups at 
any time point met significance at p < 0.05 using two-sided unpaired Student’s t-test.

Table 3 5FU and Bleb Needling During Follow-Up of XEN Gel 
Stent Eyes

Parameters 5FU 

Required

5FU Not 

Required

Bleb 

Needling 

Required

Bleb 

Needling 

Not 

Required

Ab interno (N, %) 29, 58.0 21, 42.0 21, 42.0 29, 58.0

Ab externo (N, %) 11, 36.7 19, 63.3 8, 26.7 22, 73.3

Total (N) 40 40 29 51

P-valuea 0.105 0.231

Note: aUsing Fisher’s exact test.

Table 4 Second Glaucoma Procedure During Follow-Up of XEN 
Gel Stent Eyes

Parameters Second 
Procedure 
Required

Second Procedure 
Not Required

Ab interno (N, %) 10, 20.0 40, 80.0

Ab externo (N, %) 3, 10.0 27, 90.0

Total (N) 13 67

P-valuea 0.351

Note: aUsing Fisher’s exact test.
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Glaucomatous progression was the most likely reason for 
vision loss in the remaining five eyes. Notably, of those 
five eyes, one in the ab interno group had a baseline 
VFMD of −28.01 and two in the ab externo group had 
baseline VFMDs of −31.91 and −32.80. These deficits are 
close to double the average for their respective surgery 
groups at baseline. The two remaining eyes that lost vision 
were in the ab interno group and did not have significant 
VFMD deficits. These two eyes had poorly controlled IOP 
by the end of follow-up, with readings of 25 mmHg and 31 
mmHg. None of the differences in adverse events between 
the ab interno and ab externo groups met significance.

Discussion
Ab externo XEN Gel Stent placement is becoming increas
ingly popular among ophthalmic surgeons. However, to the 
authors’ knowledge, there have been few clinical studies com
paring the safety and efficacy of ab interno and ab externo 
techniques. This retrospective analysis demonstrates that an ab 
externo, open conjunctiva gel stent placement is similar in 
safety and efficacy to an ab interno, closed conjunctiva tech
nique. Reduction in IOP and glaucoma medications were 
similar in magnitude between groups, or trended towards 
superiority in the ab externo cohort. Multivariable regression 
revealed that for the overall sample, a higher baseline IOP was 
predictive of greater IOP reduction following XEN Gel Stent 
implantation, as has been found in some other glaucoma device 
studies.9,10 In contrast, a recent prospective trial of a trabecular 
microbypass stent combined with cataract surgery revealed 
that preoperative IOPs above 26 mmHg were associated with 
less IOP reduction.11 The authors proposed that collapsed 
collector channels secondary to high IOP contributed to the 
decreased effectiveness. Since the XEN Gel Stent creates 
a new outflow tract separate from the trabecular meshwork, 
collector channel collapse may not have had the same effects in 
the current study. It may even be possible that collector channel 
collapse encouraged more flow through the subconjunctival 

stent, explaining why IOP control was greater for XEN eyes 
with high preoperative pressures. The non-significant 4.4 
mmHg advantage in 12-month IOP reduction for eyes in the 
ab externo group was possibly a byproduct of that cohort 
having a higher mean baseline IOP.

Safety profiles were also similar and favorable for both 
techniques. Vision loss of two lines or more occurred in 
10% of the full sample. This is reasonable given that most 
of the eyes with vision loss either developed a visually 
significant cataract or had advanced glaucomatous pro
gression prior to surgical intervention. Overall, the ab 
externo and ab interno implants were well tolerated.

The difference in the incidence of bleb revisions and sec
ondary surgeries was comparable and non- 
significant but trended towards superiority in the ab externo 
cohort. Our results are similar to those reported by Gallardo 
et al,12 who found no significant differences between eyes that 
underwent ab interno placement and eyes that underwent ab 
externo placement of the XEN Gel Stent. In contrast, Purgert 
et al13 did note a statistically significant difference (p = 0.002) 
between techniques in terms of needling, with ab externo 
placement resulting in less need for needling. For the current 
study, it is possible that a larger sample size may have provided 
the power to elucidate a statistically relevant difference in 
postoperative needling or antimetabolite usage. More uniform 
criteria on when to perform bleb revisions may also have 
yielded different results. Some surgeons believe that the ab 
externo approach allows for better immediate visualization of 
the implant and greater perioperative control of stent place
ment, possibly leading to more optimal bleb morphology. 
While we could not verify such a claim in this study, our results 
do not definitively preclude the possibility of the ab externo 
approach having a clinically relevant bleb advantage.

Another interesting finding regarding the overall sample 
was that baseline corneal hysteresis was not associated with the 
degree of IOP control conferred by XEN Gel Stent placement. 
This contrasts with the effects of corneal hysteresis on the 
magnitude of IOP reduction seen in other studies with prosta
glandin drops or selective laser trabeculoplasty.14,15 Lower 
baseline corneal hysteresis is significantly associated with 
greater IOP reduction with both of these treatment modalities. 
This discrepancy may suggest that corneal hysteresis does not 
have an effect on bleb morphology.

The advantages of this study include the racial diversity of 
the patient population, the comprehensive baseline parameters 
obtained, and the clinical pertinence of our endpoints for both 
ophthalmologists and their patients. The principal disadvan
tages of the study include the retrospective nature and limited 

Table 5 Adverse Events During Follow-Up of XEN Gel Stent 
Eyes

Parameters Ab Interno 
(n=50)

Ab Externo 
(n=30)

P-valuea

Numerical hypotony 2 (4.0%) 1 (3.3%) 1.000

Choroidal effusion 2 (4.0%) 0 (0%) 0.149
2 Snellen lines or 

more lost

5 (10%) 3 (10%) 1.000

Note: aUsing Fisher’s exact test.
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sample size. Eighty percent of the ab externo group and 90% of 
the ab interno group had follow-up data to 12 months. Had the 
remaining eyes been available for 12-month follow-up data, it 
is possible that the additional numbers would have allowed the 
differences between groups to reach statistical significance.

Another disadvantage of this study is that it does not 
account for the differences in technique proficiency with 
time. It is possible, for instance, that differences between ab 
interno and ab externo safety profiles would change if the 
operating surgeon had a similar depth of experience with the 
ab externo approach as he had with the ab interno approach 
prior to this dataset being compiled. Furthermore, periopera
tive MMC delivery method varied between groups. Ab inter
nos received MMC injection, while ab externos received 
MMC sponge. A recent prospective study comparing these 
two MMC delivery techniques in trabeculectomies revealed no 
significant differences in IOP control, surgical success, medi
cation reduction, bleb morphology, or complications.16 

Trabeculectomy is similar to the XEN Gel Stent in that both 
create subconjunctival blebs. Based on current knowledge, it is 
unclear if MMC delivery method (needle or sponge) would 
significantly impact IOP control in the XEN Gel Stent. It is an 
important feature of this current study that the method of MMC 
application was not identical between groups, but further 
research is warranted to determine if the method truly modifies 
XEN outcomes.

Conclusion
Overall, there were no differences in outcomes between the ab 
interno and ab externo groups. No statistically significant 
differences were found in terms of IOP control, medication 
reduction, slit lamp procedures, secondary glaucoma surgeries, 
or adverse events. The results of this chart review support the 
use of either ab externo or ab interno insertion of the XEN Gel 
Stent from the standpoints of safety and glaucoma manage
ment. Of course, physician comfort and individual surgical 
circumstances may dictate which technique is used in practice. 
There is a need for further, prospective studies that utilize 
multiple surgeons and a greater sample size to more defini
tively compare the safety and efficacy of the two approaches.
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