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Abstract
Purpose The success of XEN Gel Stent (XEN) and Preserflo MicroShunt (Preserflo) implantation depends mainly on the 
development of bleb fibrosis. This study aimed to describe the histological findings of bleb fibrosis after XEN and Preserflo 
surgery.
Methods This retrospective study included patients with different types of glaucoma who underwent revision surgery after 
XEN or Preserflo implantation. The available clinical information and histological samples of removed fibrotic tissue were 
analyzed.
Results Thirty-six patients were included. Revision surgery was performed at a median of 195 (range = 31–1264) days after 
primary surgery. The mean intraocular pressure changed from 29.1 (± 10.3) mmHg at baseline to 18.3 (± 8.7) mmHg (− 37%; 
p < 0.0001) and 16.2 (± 4.2) mmHg (− 45%; p < 0.0001) after 6 and 12 months, respectively. Histological analysis revealed 
an increase in activated fibroblasts and macrophages in all specimens and a parallel orientation of fibroblasts in a minor part 
of the probe in 60% of the specimens. No pronounced inflammatory reaction in the form of lymphocytic or granulocytic 
infiltration was observed. The comparison of specimens from uveitic glaucoma and primary open-angle glaucoma patients 
revealed no significant differences.
Conclusions The histological analysis of fibrotic blebs from the XEN and Preserflo implants did not show any pronounced 
immune or foreign-body reaction and revealed a similar histological pattern of failed blebs after trabeculectomy.
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Introduction

Glaucoma is one of the most common causes of blindness 
worldwide and results in loss of retinal ganglion cells, 
eventually leading to relative and absolute scotomas and 
vision loss, if the condition is left untreated. In patients 
where topical medication proves insufficient in achiev-
ing the desired level of IOP control, surgical intervention 
may become a necessary consideration. Trabeculectomy 
is the current gold standard of glaucoma surgery, which 
can result in long-lasting reduction of intraocular pressure 
(IOP). However, there are known side effects and com-
plications, such as persistent hypotony, bleb-associated 
endophthalmitis, and bleb failure due to fibrosis [1–3]. In 
recent years, there has been a shift toward microinvasive 
glaucoma surgery in an attempt to reduce the risks of 
glaucoma surgery [4]. Microinvasive bleb surgery (MIBS) 
with the XEN Gel Stent (XEN) and Preserflo MicroS-
hunt (Preserflo) has shown promising results in different 
types of glaucoma [5–11]. While a retrospective study 
has reported comparable results for microshunt and trab-
eculectomy, a recent prospective study has shown that tra-
beculectomy has a higher surgical success rate, although 
it requires more postoperative interventions. Therefore, 
the superiority of one procedure over the other remains a 
topic of ongoing debate [12, 13]. Similar to trabeculec-
tomy, the success of MIBS is limited by the formation of 
postoperative bleb fibrosis, which can lead to elevated 
IOP and, ultimately, treatment failure [14]. However, 
fibrosis is observed in up to 45% of patients even when 
using the antimetabolite Mitomycin-C (MMC) [15]. Cur-
rently, there are limited data about the histopathological 
alteration of blebs after MIBS. Therefore, a better under-
standing of the pathophysiology of bleb fibrosis after 
MIBS may help further improve surgical success.

This study thus aimed to investigate the histopathological 
findings of failed blebs after MIBS with the XEN or Preserflo.

Methods

This retrospective study analyzed the data of patients who 
underwent surgical bleb revision after XEN or Preserflo 
implantation from 01/01/2015 to 06/30/2022 at the Univer-
sity Eye Hospital Tuebingen, Germany. The study included 
patients with different types of glaucoma who had at least 
1 month of follow-up. Incisional or laser surgery before XEN 
or Preserflo implantation was not an exclusion criterion. All 
MIBS and surgical bleb revision surgery were performed by 
one experienced glaucoma surgeon (BV). Briefly, the conjunc-
tiva was opened at the limbus with two radial incisions. The 
conjunctiva was bluntly separated from the fibrotic tissue over 
the MIBS device and from Tenon’s capsule. The fibrotic tis-
sue was then excised, exposing the MIBS device underneath. 
Fistulation through the device was verified, and a mitomycin C 
(MMC)-soaked sponge was applied over the bleb area. In some 
cases, MMC or 5-fluorouracil (5-FU) was injected into the bleb 
after the conjunctiva was closed. Finally, the conjunctiva was 
closed with 10.0 nylon sutures. The excised fibrotic tissue was 
fixed in formalin and sent for histopathological assessment. 
Written informed consent was obtained at least 24 h before 
surgery. The date and type of surgeries (XEN or Preserflo 
implantation, needling, and incisional bleb revision), age, sex, 
type of glaucoma, pre- and postoperative best-corrected visual 
acuity, IOP, and number of glaucoma medications taken at 
different timepoints were documented. This study adhered to 
the tenets of the Declaration of Helsinki and was approved by 
the local institutional ethics commission of the Eberhard Karls 
University, Tuebingen, Germany (489/2022BO2).

Formalin-fixed and paraffin-embedded tissue was sec-
tioned into 5-µm-thick specimens. Hematoxylin and eosin 
staining was performed for morphological analysis of the 
specimens. Deparaffinization, rehydration, antigen retrieval, 
immunostaining, and counterstaining were performed auto-
matically using VENTANA BenchMark GX (Roche Diag-
nostics, Mannheim, Germany). As primary antibodies, 

Key messages

What is known:

The long-term success of microinvasive bleb surgery (MIBS) like the XEN Gel Stent or Preser�o MicroShunt is
limited by the formation of �ltrating bleb �brosis. So far, there is limited information about the histopathological
changes of failed MIBS.

What is new:

The histological pattern of �brotic blebs after MIBS are similar to histopathological patterns after failed
trabeculectomy.

No pronounced immune reaction was detected on the histological level, underlining the value of the XEN Gel Stent
and Preser�o MicroShunt implants in the management of treatment-refractory glaucoma.
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CONFIRM anti-CD68 (KP-1) mouse monoclonal antibody 
(Roche Diagnostics), actin smooth muscle (1A4) mouse 
monoclonal antibody (Roche Diagnostics), factor VIII-R 
Ag. rabbit polyclonal antibody (Roche Diagnostics), CON-
FIRM anti-vimentin (V9) mouse monoclonal antibody, and 
podoplanin (D2-40) mouse monoclonal antibody (Roche 
Diagnostics) were applied. The ultraView Red Detection 
Kit (Roche Diagnostics) was used for immunostaining and 
Hematoxylin II and Bluing Reagent (Roche Diagnostics) for 
counterstaining. For every primary antibody, an appropriate 
positive control tissue underwent the same procedure.

The incidence of the studied features in the histological 
slides was documented using a 5-point ordinal scale. The 
time intervals to the primary surgery were analyzed using 
the non-parametric Kruskal–Wallis test.

Results

Thirty-six eyes of 36 patients were included in the study. 
The median age was 61 years (range, 7–82) and 31% were 
female. Ten eyes had received an XEN implant, and 26 had 
received a Preserflo implant. Fourteen patients had primary 
open-angle glaucoma (POAG), five had pseudoexfoliative 
glaucoma, two had congenital glaucoma, one patient each 
had pigment dispersion glaucoma, narrow-angle glaucoma, 
and ocular hypertension. Twelve patients had secondary 
glaucoma, including seven with uveitic glaucoma, four with 
neovascular glaucoma, and one with traumatic glaucoma. 
Thirteen patients had undergone at least one prior glaucoma 
surgery, including one Ahmed valve, two trabeculectomies, 
two trabeculotomies, three XEN implantations, one iStent, 
and one Cypass implantation, five cyclophotocoagulations, 
and one cyclocryotherapy.

The median age at the time of bleb revision was 61 
(range = 7–82) years. The median follow-up duration was 
6 (range = 1–54) months. Revision surgery was performed 
at a median of 195 (range = 31–1264) days after primary 
XEN or Preserflo implantation. The mean IOP before 

revision surgery was 29.1 (± 10.3) mmHg. It decreased to 
10.8 (± 6.3) mmHg (− 63%; p < 0.0001, n = 35), 16.0 (± 7.0) 
mmHg (− 45%; p < 0.0001, n = 26), 18.3 (± 8.7) mmHg 
(− 37%; p < 0.0001, n = 20), and 16.2 (± 4.2) mmHg (− 45%; 
p < 0.0001, n = 13) after 1, 3, 6, and 12 months, respectively 
(Fig. 1). The mean number of IOP-lowering medications 
taken was 1.0 (± 1.7) before revision surgery and 0.2 (± 0.9; 
p = 0.02), 0.4 (± 0.8; p = 0.24), 0.5 (± 1.1; p = 0.35), and 1.2 
(± 1.5; p = 0.52) after 1, 3, 6, and 12 months, respectively.

The mean IOP before primary surgery and bleb revi-
sion was 30.1 (± 9.2) mmHg and 29.1 (± 10.3) mmHg, 
respectively (p = 0.34). The mean number of IOP-lowering 
medications taken was significantly higher before primary 
surgery than before bleb revision: 3.3 (± 1.1) vs. 1.0 (± 1.7; 
p < 0.0001). Fourteen patients developed a temporary hypotony 
(IOP < 6 mmHg) after revision surgery, which recovered spon-
taneously after a median of 2 weeks in 13 patients. One patient 
presented with a flattened anterior chamber and required a vis-
coelastic injection in the anterior chamber. No choroidal detach-
ment, suprachoroidal bleeding, or other complications involv-
ing permanent damage to the eye were seen in any patient.

The mean number of needlings before and after revision 
surgery was 1.1 (± 0.7) and 0.6 (± 1.0), respectively. The 
mean time to the first needling was 106 (± 62) days and 
144 (± 91) days after primary surgery and revision surgery, 
respectively (p = 0.30).

Histology

Of the 36 samples for histological analysis, 11 were stained 
only with hematoxylin and eosin. Therefore, no detailed 
analysis of these samples was possible. The remaining 25 
fibrotic tissue samples were analyzed morphologically con-
cerning the formation of tight and loose connective tissue 
and the presence of inflammation and blood vessels. The 
samples were also immunohistochemically analyzed with 
the respective primary antibodies concerning the differentia-
tion of fibroblasts from myofibroblasts and the presence of 
blood, lymphatic vessels, and macrophages (Figs. 2 and 3).

Fig. 1  a Mean intraocular 
pressure after bleb revision. 
Whiskers represent standard 
deviations. ****p < 0.0001. b 
Mean number of glaucoma 
medications taken after bleb 
revision. *p < 0.05
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The baseline demographics, types of glaucoma, and his-
tological results can be found in Table 1.

Tight connective tissue was found in all but one speci-
men (Figs. 2a and 3a). All specimens contained numerous 
vimentin-positive activated and enlarged fibroblasts that cov-
ered the whole specimen (Figs. 2d and 3d). Sixty percent 
of the samples (15 of 25) showed fibroblasts in a parallel 
orientation in a minor part of the probe. In 92% of the sam-
ples (23 of 25), sm-actin-positive myofibroblasts were found 
in a considerably lower quantity than fibroblasts. Approxi-
mately 28% (7 of 25) demonstrated myofibroblasts in a par-
allel orientation (Figs. 2c and 3c). Blood vessels and rare 
lymphatic vessels were present in all samples. Macrophages 
were detected in all specimens in similar increased num-
bers (Figs. 2b and 3b). No pronounced inflammation in the 
form of lymphocytic or granulocytic infiltration or foreign-
body cell reaction was present in any samples. There was no 
observed difference between XEN or Preserflo samples and 
the incidence of the assessed histological changes was not 
associated with the time interval between primary surgery 
and bleb revision surgery.

A subgroup analysis was also conducted to investigate 
histological differences between patients with uveitic sec-
ondary glaucoma (n = 7) and POAG (n = 11). No significant 
differences were found between the two groups in any of the 
investigated features.

Furthermore, the two patients diagnosed with congenital 
glaucoma did not exhibit any significant differences com-
pared to cases of other types of glaucoma.

Discussion

Patients with advanced stages of glaucoma remain challeng-
ing to treat, especially when filtering surgeries fail owing 
to bleb fibrosis. Despite intensive research on bleb fibrosis, 
most studies have focused on trabeculectomy, and few have 
involved patients with XEN or Preserflo implants. In this 
regard, the data presented in this study may contribute to 
a better understanding of bleb fibrosis after MIBS with the 
XEN or Preserflo.

In our study, almost all samples demonstrated characteris-
tic fibrotic features such as activated and enlarged fibroblasts 

Fig. 2  Microphotographs of fibrotic tissue from revision surgery after 
failed Preserflo MicroShunt implantation. a Two different tissue types 
are seen in this hematoxylin and eosin staining: tight connective tis-
sue (star) and loose connective tissue (arrow). Blood vessels (arrow-
head) are predominantly present within the loose connective tissue 
area. b Immunohistochemical staining for macrophages shows that 
the CD68-positive macrophages (red) are predominantly seen within 
the loose connective tissue area (arrow) of the specimen in compari-

son to the tight connective tissue area (star). c Immunohistochemical 
staining for sm-actin (red color) highlights myofibroblasts in the tight 
connective tissue area (star). In the loose connective tissue area, only 
myofibroblasts around blood vessels are stained (arrow). d Immuno-
histochemical staining for vimentin (red) demonstrates multiple fibro-
blasts predominantly in an irregular configuration in the loose con-
nective tissue area (arrow) and a more parallel orientation in the tight 
connective tissue area (star)
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in either parallel or irregular orientations in failed blebs after 
implantation of the XEN or Preserflo. Multimodal imaging 
with confocal microscopy and OCT has previously demon-
strated a significant increase in reflectivity of failed XEN 
blebs [16], likely attributable to the presence of increased 
fibrosis, as confirmed in our histopathological analysis. 
These results align with previous reports on failed trab-
eculectomy eyes, in which a similar increase in the reflec-
tivity of the bleb and a high density of collagen connective 
tissue were found [17, 18].

In general, three factors are believed to be important in 
the development of filtering bleb fibrosis: first, the trauma 
of the surgery, which initiates the wound healing process 
and inflammation; second, the new aqueous humor channel, 
which brings the aqueous humor into direct contact with 
the wound; and third, the surface of the implanted material.

Regarding postoperative inflammation, the presence of 
many lymphocytes and neutrophil granulocytes is expected, 
but in this study, we observed large numbers of macrophages 
only and no other inflammatory cells. In addition, the fibrotic 
features of the blebs were not dependent on the time after 
primary surgery. Taken together, these observations indi-
cated that postoperative inflammation was not the major 
cause of fibrosis in our patients. Factors related to the aque-
ous humor might play a more important role by activating 
subconjunctival macrophages and fibroblasts, leading to bleb 
fibrosis.

It has long been discussed that the aqueous humor is 
involved in processes that result in post-trabeculectomy bleb 

fibrosis and, finally, surgical failure [19, 20]. Cytokines pre-
sent in the aqueous humor such as TGF-β, PDGF, VEGF, 
and TNF-α are important factors in postoperative wound 
healing. Their role in bleb fibrosis has been extensively 
studied. The concentrations of these cytokines are largely 
increased in the vitreous humor of patients with glaucoma 
[21–23]. In particular, TGF-β seems to induce the differen-
tiation of fibroblasts to α-SMA-expressing myofibroblasts, 
which can modulate the extracellular matrix and exhibit con-
tractile properties, contributing to bleb fibrosis and failure. 
Accordingly, we found sm-actin-positive myofibroblasts in 
almost all samples. Interestingly, different types of glaucoma 
seem to have varying concentrations of cytokines in the vit-
reous [24]. However, our analysis of patients with POAG 
and uveitic glaucoma showed no differences in any of the 
histological parameters analyzed. This may be due to the 
small sample size, but it is also consistent with the finding 
that trabeculectomy in secondary uveitic glaucoma produces 
comparable results to those in patients with POAG [25, 26].

The fibrotic response to MIBS has also been previously 
studied in animals. One study investigated the fibrotic 
response to the Preserflo implant in rabbits and found poly-
morphonuclear leukocytes, foreign body giant cells, and 
many myofibroblasts located mostly in the fibrotic bleb 
wall 40 days after surgery [27]. In contrast, another study 
analyzed rabbit eyes 100 days after Preserflo implanta-
tion and found no myofibroblasts [28]. The latter finding 
mostly agrees with that of our study, although a comparison 
between human and rabbit eyes should be undertaken with 

Fig. 3  Microphotographs of 
fibrotic tissue from revision 
surgery after failed XEN Gel 
Stent implantation. a Predomi-
nant tight connective tissue area 
(star) and predominant loose 
connective tissue area (arrow) 
where most blood vessels 
(arrowhead) are present in this 
hematoxylin and eosin staining. 
b Immunostaining for CD68 
highlights only few mac-
rophages in the fibrotic tissue 
(red). c Immunohistochemical 
staining for sm-actin (red) dem-
onstrates myofibroblasts within 
the tight connective tissue area 
(star). In the loose connective 
tissue area (arrow), sm-actin 
is expressed only in the blood 
vessel-associated myofibroblasts 
(arrowhead). d Immunostaining 
for vimentin (red) shows mul-
tiple fibroblasts in a predomi-
nantly irregular arrangement 
throughout the tissue specimen
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caution. We did not observe any giant multinucleated cells 
in either the XEN- or Preserflo-implanted eyes but noted 
singular myofibroblasts in 23 of 25 samples and parallel-
oriented myofibroblasts in 7 of 25 samples. Similarly, the 
XEN implant has not been reported to cause pronounced 
immune reactions in rabbits and dogs [29].

The stent surface is another factor influencing postopera-
tive bleb fibrosis. Accordingly, efforts have been made to use 
innovative materials to reduce bleb fibrosis. For example, 
nanofiber-based materials mimic the natural extracellular 
matrix better than the flat surfaces of XEN implants or the 
silicon tube of Baerveldt glaucoma implants [30]. A recent 
study showed that this new material minimized biomate-
rial-associated bleb fibrosis in rabbits and could extend the 
lifespan of a filtrating stent [30]. Thus, a combination of sur-
face material modification and longer-term cytokine milieus 
regulation is likely crucial in ensuring the long-term success 
of glaucoma implants and in inhibiting bleb fibrosis.

Numerous pre-, intra-, and postoperative interventions 
have been studied over the past decades in an attempt to 
reduce the risk of bleb fibrosis and failure [31, 32]. The 
use of antimetabolites such as MMC and 5-FU is now well 
established in glaucoma surgery and can improve long-term 
success, although side effects along with non-cell-specific 
cytotoxic effects must be acknowledged [33]. Neverthe-
less, intraoperative administration of antimetabolites can 
have only a temporary influence on the local environment, 
whereas prolonged effects might be necessary for long-
term success. A previous histological analysis of failed 
trabeculectomies showed that eyes operated without MMC 
presented with parallel-oriented fibroblasts, whereas eyes 
operated with MMC had only few fibroblasts, with neither 
contractile fibers nor a particular orientation [19]. This find-
ing contrasts with our data that nearly all samples contained 
numerous fibroblasts, and 60% presented with parallel-
oriented fibroblasts, indicating strong bleb fibrosis, even 
though all patients received MMC during primary surgery. 
Additionally, the majority of our samples stained positive 
for singular sm-actin-positive myofibroblasts. In the above-
mentioned previous histological analysis, no association was 
found between histological features and time after surgery, 
agreeing with our findings.

A limitation of our study is that we included patients with 
different types of glaucoma and varying numbers of previous 
surgeries, which could have influenced the development of 
bleb fibrosis. However, this approach allowed us to compare 
the development of bleb fibrosis under different conditions 
and might enable better generalizability to clinical practice. 
It is also important to keep in mind that all patients under-
went surgery due to a clinically significant bleb fibrosis. 
Therefore, it is not surprising that the histological results do 
not differ significantly, despite the patients having different 
types of glaucoma.

In conclusion, our study provides important insights into 
the biocompatibility of the XEN and Preserflo implants in 
humans. The histological analyses revealed consistent his-
tological patterns across a diverse patient population, sug-
gesting that the findings may be generalizable across a wide 
range of patients. Most importantly, no patient showed signs 
of a pronounced immune or foreign-body reaction, under-
lining the value of the XEN and Preserflo implants in the 
management of treatment-refractory glaucoma.
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