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Abstract
Background/Objectives To assess the risk of immediate sudden visual loss (“wipe-out” phenomenon) following non-
penetrating deep sclerectomy (NPDS) for end-stages glaucoma within the first 6-months postoperative period.
Subjects/Methods Monocenter database study. We reviewed the results for 73 eyes with severe or end-stage glaucoma that
underwent NPDS. End-stage glaucoma (stage 5) was defined by the inability of patients to perform the Humphrey visual
field test or by a visual acuity <20/200 due to glaucoma, according to the Glaucoma Staging System classification. Severe
glaucoma (stage 4) was defined by a mean deviation (MD) <−20 dB by the preoperative 24-2 Humphrey visual field
assessment. All eyes had a severe defect on the central 10° visual field: only a central island of vision remained. “Wipe-out”
was defined as the permanent postoperative reduction of visual acuity to <20/200 or to “counting fingers” or less if
preoperative visual acuity was <20/200.
Results The mean age was 60 years (range 22–86). Before surgery, the average MD (Humphrey 24-2) was −25.6 ± 3.8 dB,
the MD (Humphrey 10-2) −19.9 ± 7.0 dB, and the VFI 24.6 ± 13%. There were no cases of postoperative flat anterior
chamber. No patients experienced “wipe-out” within the first 6 months following surgery. At the six-month visit, intraocular
pressure (IOP) had decreased significantly from 22.0 ± 8.8 to 13.5 ± 4.5 mmHg (P<0.001). There were no significant
changes in mean visual acuity after 6 months (P= 6).
Conclusions In our study, NPDS provided considerable IOP decrease with no occurrences of “wipe-out” and few other
complications. Consideration of NPDS in end-stage and severe glaucoma is advisable given its low risk of intraoperative and
postoperative complications and the low risk of wipe out. This surgery should probably be offered with less apprehension
about the risk of “wipe-out” in end-stages glaucoma.

Introduction

Low IOP and decrease of IOP diurnal fluctuations have
been shown to be associated with reduced progression of
visual field defects [1–3], especially in patients with
advanced glaucoma [4]. Glaucoma filtration surgery is the
major step when maximal medical and laser therapy were
not efficient enough to lower the IOP and stabilize glau-
coma progression. Furthermore, in cases of severe and end-
stage glaucoma, significant lowering IOP is mandatory and

frequently requires filtering surgery in order to achieve the
target IOP. The decision to proceed with filtering surgery
for glaucomatous patients with a very constricted visual
field is difficult to make. Indeed, there is a potential risk of
immediate sudden visual loss (“wipe-out” phenomenon).
“Wipe-out” is an irreversible immediate unexplained sud-
den loss of vision (which includes central visual acuity)
after filtering surgery, especially in glaucoma patients with
severe visual field loss. It could occurs after any surgical
filtering procedure and frightens surgeons, who sometimes
prefer not to proceed with this kind of surgery [5]. The
occurrence of this phenomenon after trabeculectomy is
controversial, frequency varies from 0 to 13.6%. There are
conflicting studies that report a true risk of “wipe-out” for
trabeculectomy [6, 7], whereas others report none [8, 9].
Also, studies that show the highest rates of “wipe-out”, up
to 13.6% after trabeculectomy, are quite old studies.
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Surgery techniques have evolved with higher security level,
questioning the current frequency of this frightening com-
plication. We are entitled to question the frequency of this
phenomenon.

A very limited number of studies have explored the
potential risk of “wipe-out” following non-penetrating deep
sclerectomy (NPDS) in advanced glaucoma [10, 11], and to
our knowledge, none in case of severe or end-stage
glaucoma.

The aim of our study was to assess the risk of immediate
sudden visual loss following NPDS in severe and end-stage
glaucoma patients. According to previous reports, this
population had a high theoretical risk of “wipe-out” [8, 12–
14]. This risk assessment is important to keep in mind when
a practitioner has to consider a surgical option for a patient
with end-stage glaucoma, but this risk should not be over-
estimated based on non-unequivocal results.

Methods

Data concerning 351 consecutive eyes of 254 patients who
underwent NPDS with mitomycin-C, between 2009 and
2015, were retrospectively reviewed (Hôpital des XV-XX,
Paris, France). We selected only eyes with preoperative
severe or end-stage glaucoma which was our major inclu-
sion criteria.

End-stage glaucoma (stage 5) was defined by the
inability of patients to perform the 24-2 Humphrey visual
field test as a result of severe loss of field or by a visual
acuity <20/200 due to glaucoma, according to the Glau-
coma Staging System (Bascom Palmer) [15]. Severe glau-
coma (stage 4) was defined by a mean deviation (MD) <
−20 dB by the preoperative 24-2 Humphrey visual field
assessment, with at least two points with sensitivity of 0 dB
within the central 5° (Fig. 1) [15].

All the eyes had a constricted visual field <0° (severe
defect on the Humphrey 10-2 visual field assessment and
most of the 24-2 visual field points had no sensitivity at all
(0 dB) or <5 dB. Only a central island of vision remained.
The need for surgery was made by the treating physician on
the basis of progressing damage to several visual fields
despite maximal tolerate antiglaucomatous therapy (beta-
blockers, prostaglandins, 2-alpha agonists, and carbonic
anhydrase inhibitors). “Wipe-out” was defined as the per-
manent postoperative reduction of visual acuity to <20/200,
to “counting fingers” or less if preoperative visual acuity
was <20/200 [16].

Preoperative examinations consisted in corrected visual
acuity, Goldmann applanation tonometry, central cornea
thickness and slit-lamp examination, including vertical cup/
disk ratio and gonioscopy, showing an open angle. These
elements were recorded during the last visit before surgery.

All visual field measurements were performed using the
threshold automated perimetry SITA-standard with stimulus
III-White in 24-2 and 10-2 programs of the Humphrey Field
Analyzer; Carl Zeiss Meditec®).

Surgical method

The procedure consisted of NPDS alone or combined with
phacoemulsification. All procedures have been done by the
same team (four experienced surgeons). The steps of the
NPDS procedure were the following: topical anesthesia
with oxybuprocaine eye drops and xylocaine gel, limbus-
based conjunctival flap, scleral light cautery applied as
needed, application of a sponge soaked in 0.2 mg/ml
mitomycin below the conjunctival flap (1–2 min), 1/
3 scleral thickness superficial rectangular flap, deep scleral
rectangular flap, peeling off of the floor of Schlemm’s canal
and external trabeculum (if NPDS was alone, a paracentesis
was performed just before the peeling), collagen implant if
necessary depending on the local risk of postoperative flap
fibrosis (Aquaflow, Staar®)—placed radially below the
scleral thickness superficial flap, secured with nylon 10/
0 sutures—conjunctival sutures with resorbable vicryl® 8/0.
The phacoemulsification procedure was according to the
“divide-and-conquer” technique with monofocal intraocular
lens implantation. Postoperatively, all patients received
topical steroid (dexamethasone 0.1%; one drop three times
per day) for 3 months following the procedure.

All patients were examined 1 day, 8 days, 1 month, 3 and
6 months after the procedure. The incidence of post-
operative complications, such as flat or shallow anterior
chamber, choroidal detachment and bleb leak, was recorded
at each visit. The main outcome measures of our study
were: occurrence of “wipe-out”, best corrected visual
acuity, IOP, and number of antiglaucomatous medicines
needed. Data from the 6-month visit was used for statistical
analysis. This study was conducted in accordance with the
tenets of the Helsinki Declaration.

The paired-t-test was used to compare IOP and logMAR
visual acuity and the Student t test for outcomes, with or
without collagen implant. Statistical significance was
defined as P<0.05.

Results

Seventy-three eyes of 59 patients fulfilled the inclusion
criteria and their data were reviewed in this study. Demo-
graphic and baseline clinical characteristics of our study
population are summarized in Table 1. Ten eyes out of 73
were stage 5 or end-stage glaucoma and 63 eyes of 73 were
stage 4 or severe glaucoma, according to the Glaucoma
Staging System (Bascom Palmer) classification [15].
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Sixty-two eyes had primary open-angle glaucoma, four
juvenile glaucoma, and seven secondary open-angle glau-
coma. The mean age was 60 years ranging from 22 to 86.
The mean preoperative IOP was 22 ± 9 mmHg with max-
imal medical therapy (range 11–50). Preoperative visual
acuity ranged between “light perception” and 20/20 (mean
0.34 ± 0.50 logMAR) and six (8%) eyes had visual acuity of
20/400 or worse. Regarding preoperative visual fields, the
average MD (Humphrey 24-2) was −25.6 ± 3.8 dB, the
visual function index (VFI) was 24.6 ± 13% and the MD
(Humphrey 10-2) −19.9 ± 7.0 dB.

NPDS alone was performed on 55 (75%) eyes, whereas
18 (25%) underwent NPDS combined with phacoemulsifi-
cation and intraocular lens implantation. For the NPDS
procedure, 33 (45%) eyes received a collagen implant
(Aquaflow, Staar®), whereas 40 (55%) did not. Four eyes
had previously undergone trabeculectomy, which was not
functional at the time of the NPDS. Six patients were blind
in the fellow eye, of which five were due to uncontrolled
glaucoma and one due to retinal detachment.

There were no intraoperative complications, except
seven micro-perforations of the trabeculo-descemet

membrane which did not required iridectomy (no trabecu-
lectomy conversion). When a micro-perforation occurred,
IOP was significantly lower at day-1 (4.8 ± 1.0 versus 7.4 ±
2.9 mmHg, P<0.001; IC95 [1.15; 4.06]; Student-t-test), but
not at day-8 and month-6. The prognosis was no worse in
term of visual acuity and post-operatives complications,
such as shallow anterior chamber, choroidal detachment,
bleb leak and iris incarceration.

Immediate postoperative complications were (within the
first 8 days):

● Two cases of iris incarcerations: one treated by laser
iridoplasty (intraoperative micro-perforation) and the
other by surgery.

● Two localized choroidal detachments.
● One hypertonia at 35 mmHg, that went down to 10

mmHg after goniopuncture (YAG laser procedure
performed on the trabeculo-descemet window in order
to increase the filtration).

● One inflammatory bleb requiring early needling.
● Four bleb leaks (Seidel) that required sutures, including

one with shallow anterior chamber.

Fig. 1 Examples of preoperative Humphrey Visual Field Automated (24-2 and 10-2 program) of 2 subjects. a Patient 1. b Patient 2
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There were no cases of postoperative flat anterior
chamber.

After 6 months, three eyes underwent needling with
injection of 5-Fluorouracil (5-FU), 19 (26%) have needed
goniopuncture and 4 (5%) eyes had iris incarceration (three
spontaneous and one posttraumatic) without consequences
on IOP. Regarding goniopuncture, 13 (68%) did not have
any complications, four (21%) had iris incarceration that
needed peripheral iridectomy, 2 (11%) had incarcerations
with successful laser iridoplasty.

There were no cases of “wipe-out” within the 6-month
postoperative follow-up period and there were no significant
changes in visual acuity (from 0.34 ± 0.5 to 0.31 ± 0.49
logMAR, P= 0.6; paired-t-test).

At the 6-month visit, IOP had decreased significantly
from 22.0 ± 8.8 mmHg before surgery to 13.5 ± 4.5 mmHg
(P < 0.001; IC95 [6.20; 10.67]; paired-t-test) (decrease of
39%). Fifty-six (77%) eyes had an IOP <16 mmHg and 69
(95%) an IOP <21 mmHg (Fig. 2). Forty-seven patients
(64%) had got an IOP decrease more than 20% from the
baseline. The postoperative number of IOP-lowering eye
drops decreased from 3.0 ± 0.8 to 0.02 ± 0.16 (P < 0.001;
IC95 [2.7; 3.1]; paired-t-test).

There were no statistically significant differences in IOP
for patients who were treated by NPDS with or without
collagen implant (13.8 mmHg versus 13.3 mmHg, P= 0.6;
Student t test) (Table 2). No significant changes in visual
acuity was observed in the group with collagen implant
(from 0.33 ± 0.48 to 0.27 ± 0.49 logMAR, P= 0.4; paired-t-
test) and in the group without collagen implant (from 0.36+
± 0.57 to 0.35 ± 0.49 logMAR, P= 0.7; paired-t-test).

At month-6, visual acuity was significantly better when
the NPDS was combined with phacoemulsification (from
0.36 ± 0.30 to 0.14 ± 0.17 logMAR; P= 0.001; IC95 [0.05;
0.39]; paired-t-test). There was no significant changes in
visual acuity at month-6 when NDPS was proceed alone

Table 1 Baseline clinical characteristics of 73 eyes undergoing deep
sclerectomy for severe or end-stage glaucoma

Gender

Male 47 (65%)

Female 36 (35%)

Age (years)

Range 22–86

Mean ± SD 60 ±13

Type of glaucoma

Primary open angle 62 (85%)

Juvenile open angle 4 (6%)

Uveitic 3 (4%)

Pseudoexfoliative 2 (3%)

Pigmentary 1 (1%)

Cortisone induced 1 (1%)

Lens status

Phakic 65 (89%)

Pseudophakic 8 (11%)

Surgery combined with phakoemulsification

Yes 18 (25%)

No 55 (75%)

NPDS with collagen implant (aquaflow®)

Yes 33 (45%)

No 40 (55%)

IOP (mmHg)

Range 11–50

Mean ± SD 22 ± 9

C/D ratio

Range 0.7–1

Mean ± SD 0.9 ± 0.09

Pachymétrie (μm)

Range 445–630

Mean ± SD 423 ± 38

Visual acuity

LogMAR mean ± SD 0.34 ± 0.5

Number of antiglaucoma medications

Range 1–4

Mean ± SD 3 ± 0.8

Humphrey 24-2 Visual Field Mean Deviation (dB)

Range −32.3 to −20.1

Mean ± SD −25.6 ± 3.8

Humphrey 10-2 Visual Field Mean Deviation (dB)

Range −34.1 to −5.4

Mean ± SD −19.9 ± 7

Humphrey 24-2 Visual Field VFI (%)

Range 1–50

Mean ± SD 24.7 ± 13

NPDS non-penetrating deep sclerectomy, SD standard deviation, IOP
intraocular pressure, C/D ratio cup–disc ratio, dB decibel, VFI visual
function index
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Fig. 2 Distribution of IOP before and 6 months after surgery
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(from 0.34 ± 0.59 to 0.37 ± 0.54 logMAR, P= 0.4; paired-t-
test). IOP was significantly higher at day-1 and day-8 when
it was a combined procedure and was not significant at
month-6 (Student t test) (Table 3).

Discussion

It is known that a decrease in IOP reduce the rate of visual
field progression in glaucomatous disease [1–4, 17]. The
AGIS study showed that the lower the IOP, the slower the
degradation of the visual field, in advanced glaucoma
patients [4]. Everyone acknowledges the importance to
achieve low target IOP, but the decision is especially dif-
ficult to make in these patients, because of the potential risk
of “wipe-out”. This phenomenon is an irreversible and
immediate sudden reduction of visual acuity with no
apparent causes after filtering surgery (especially in glau-
coma with advanced visual field loss). The mechanism of
“wipe-out” is not clear but it appears to be associated with
ocular hypotony during filtering surgery [9, 18, 19]. This
risk appears to increase with the rapidity of onset and the
duration of the intraoperative hypotony. It may cause optic
nerve hemorrhage and disorders in perfusion pressure
(disrupting the balance between IOP and blood pressure). A
flat anterior chamber in the first postoperative week [20] and
choroidal effusion [14, 21] are also a significant risk factor
for severe visual loss. Older age and coronary artery disease
seems to also be a risk factor [13, 22]. Also, it has been
suggested that it can happen due to postoperative hypertonia
resulting in macular ischemia [23].

Trabeculectomy in severe or end-stage glaucoma has
been well studied and the results have split the authors into
two camps. Some fear the danger of performing this sur-
gical procedure in this population and warn about it,
whereas others suggest that the risk is minimal or non-
existent. Kolker et al. [6] reported three cases (13.6%) of
sudden visual loss after trabeculectomy (preoperative visual
fields defects extending to within 5° of fixation) and
Aggarwal et al. [12] (preoperative visual fields confined to a
central island around 10°) reported one (11%), with two
other cases having identifiable causes. In a later study,
Costa et al. [13] stated that “wipe-out” was a risk,
but relatively rare (4/508 eyes, 0.8%), as Langerhorst et al.

(1/50 eyes, 2%) [24] and Fujishiro et al. (2/27 eyes, 7%)
[25]. Levene et al. [26] and Law et al. [16] (mean pre-
operative MD −25.2 ± 5.1 dB) also reported several cases
of central vision loss, but there were clearly identifiable
causes, such as macular edema, hypotony, hypertony, and
uveitis. More recently, Topouzis et al. (mean preoperative
MD −27.9 ± 2.7 dB) [8] reported no cases of “wipe-out” in
prospective studies with end-stage glaucoma and Baleku-
daru et al. [22] concluded that visual loss after surgery in
advanced glaucoma is rare and most often because of
reversible causes. Several other studies have also reported
no cases of “wipe-out” in treating patients with advanced
glaucoma [9, 18, 19, 22, 23, 27–29]. Some authors even
question its real existence [9, 30, 31]: “There is an old adage
that if the operation is done when there is a small remaining
central island of field, with or without some peripheral field,
the patient will lose the rest of his central vision, but we
have not found this to be true” [31].

This discrepancy in the incidence of “wipe-out” is
probably related to confusion concerning its definition and
technological advances in surgery. Many studies recorded
macular edema, cataract, and other causes as sudden visual
loss. Moreover, studies reporting a high rate of “wipe-out”
are old studies and were performed more than 25 years ago.
The technology several years ago was probably insufficient
to accurately detect the causes of visual loss (OCT and
macular edema for example) and some visual loss were
probably wrongly labeled “wipe-out”. As a reminder,
“wipe-out” phenomenon is a diagnosis of elimination.
Furthermore, the surgical techniques were less highly
developed than nowadays. We are using increasingly
smaller instruments, which was not used for studies
reporting the highest rates of “wipe-out” several years ago.
For example, we can mention the Khaw Small Membrane

Table 2 Mean changes in IOP
(mmHg) following non-
penetrating deep sclerectomy
with or without collagen implant

N Mean IOP at
baseline

Mean IOP at
day 1

Mean IOP at
day 8

Mean IOP at
month 6

Without collagen
implant

40 22.5 ± 9.4 6.3 ± 3.5 8.7 ± 3.6 13.3 ± 4.3

With collagen implant 33 21.5 ± 8.1 8.0 ± 5.4 10.2 ± 4.4 13.8 ± 4.8

P value 0.6 0.1 0.06 0.6

Table 3 Mean changes in IOP (mmHg) following non-penetrating
deep sclerectomy alone or combined with phacoemulsification

N Mean IOP
at baseline

Mean IOP
at day 1

Mean IOP
at day 8

Mean IOP
at month 6

NPDS alone 55 22.3 ± 9.2 5.7 ± 5.2 8.2 ± 3.4 13.5 ± 4.5

NPDS
combined

18 21.3 ± 7.5 11.2 ± 5.4 12.6 ± 4.2 14.2 ± 5.5

P value 0.65 <0.001 <0.001 0.59
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Punch, developed in the “trabeculectomy – Moorfields safer
surgery system” [32, 33].

In 2005, Moster and Moster wrote that: “With meticu-
lous efforts to avoid known postoperative complications, we
will be able to relegate “wipe-out” to its proper place in
history and not to a complication of modern glaucoma fil-
tering surgery” [30].

A small number of studies have explored the risk of
“wipe-out” following NDPS in advanced glaucoma, but
none in terminal cases (severe and end-stage). In NPDS, by
removing the inner wall of Schlemm’s canal and the tra-
becular meshwork with the conservation of the trabeculo-
Descemet’s membrane, the aqueous outflow is increased but
controlled towards the filtration site [34]. Indeed, the non-
penetration of the anterior chamber in NPDS results in a
progressive and controlled decrease of IOP. There is no
massive hypotony and flat anterior chamber during the
procedure, in contrast to trabeculectomy. NPDS appears to
have superior safety profile [34] and may theoretically
reduce the risk of “wipe-out”. The relief of IOP appears to
be comparable to that achieved with trabeculectomy, but
with a lower rate of early postoperative complications [35],
and offer potential gains for patients in terms of quality of
life [36].

Ates et al. in a prospective study of 54 eyes with
advanced field loss (visual fields with MD<−12 dB) and
Gierek-Lapinska et al. (35 eyes with advanced glaucoma,
mean preoperative MD −17 ± 5.2 dB) reported no cases of
sudden visual loss after deep sclerectomy [10, 11]. Ates
concluded that NDPS “could be a valuable alternative to
trabeculectomy especially in cases of advanced medically
uncontrolled open angle glaucoma” [10].

Our study investigated the risk of immediate sudden
visual loss following deep sclerectomy for severe and end-
stage glaucoma. This population had a high risk of “wipe-
out” (small visual field <10°), according to previous reports
[8, 12–14]. We observed the same rate of IOP control and
complications in our sclerectomy study as in others [10, 11,
37–40]. It provided considerable IOP decrease with a great
security, as there are no occurrences of “wipe-out” and few
other complications.

One of the short comings of our report was the relatively
small sample size. Some of the reports regarding the risk of
wipe-out after trabeculectomy was <1% and our sample size
of severe or end-stage glaucoma patients was only 73 eyes.
If the risk is in the range of 1%, it may not have been
detected.

We followed our patients longer (mean of 22 months)
but we resumed our data in the 6 months following the
surgery voluntarily because we were looking for an early
sudden visual loss (“wipe-out”) and we felt that delay was
enough regarding other studies [8]. We were also interested
in changes in the central 10° visual field after NPDS, that

seems to provide stability, but it was not the focus of our
study. As a reminder, assessing visual acuity becomes as
important as visual field data to estimate the evolution of
glaucomatous disease at terminal stages [41].

To finish, our findings are limited by the retrospective
design of our study. The need for surgery was made by the
treating physician on the basis of progressing damage to
several visual fields despite maximal medical treatment.

We found no significant changes in IOP and visual acuity
for patients who were treated by NPDS with or without
collagen implant. On the other side, IOP was significantly
higher at day-1 and day-8 when NPDS was combined with
phacoemulsification and was not significant at month-6. It is
a well-known result due to a higher inflammation and
residual viscoelastic in the anterior chamber in early post-
operative combined procedure period. Obviously, visual
acuity was significantly better when the NPDS was com-
bined with phacoemulsification.

Otherwise, we can notice the relative young age of our
sample (60 years old). This reminds us that it is a severe
pathology that often concerns patients with a very long life
expectancy and there will be further loss of vision from
glaucoma, unless the IOP is lower than the level at which
the damage occurred.

Regarding the paradigm of glaucoma therapy, cyclo-
destructive procedures appears to be the last resort in eyes
with multiples failed filtering surgery and in painful eyes
which have no visual potential [42]. Micro invasive
glaucoma surgery (MIGS) could be an option also, but
usually target pressure obtained are higher in these tech-
niques. It is an emerging treatment option that can
decrease dependency on medication. These new proce-
dures are bleb-independent and hence have a better safety
profile (especially the risk for generating hypotony) [43,
44] but it seems to offer a modest IOP reduction [45, 46].
Therefore, it is currently performed and approved by the
FDA in open angle glaucoma patients with early to
moderate disease [44, 46]. These techniques have not yet
been validated for end-stages glaucoma.

In conclusion, consideration of NPDS in end-stage and
severe glaucoma is advisable given its security and effi-
ciency: controlled reduction of IOP during the surgery, low
risk of intraoperative flat chamber, of postoperative com-
plications and low risk of wipe out with a significant IOP
lowering.

Regarding our results, this surgery should probably be
offered with less apprehension about the risk of “wipe-out”
in end-stages glaucoma, our efforts be concentrated to avoid
the occurrence of a sudden hypotonia. Obviously, the
management of theses end-stages glaucoma must take into
account the patient’s age and co-morbidities: the life
expectancy. A risk-benefit analysis on a case-to-case basis
is needed.
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What was known before

● There are conflicting studies that report a true risk of
“wipe-out” in filtering surgery for advanced glaucoma

What this study adds

● Assess the risk of immediate sudden visual loss (“wipe-
out” phenomenon) following non-penetrating deep
sclerectomy (NPDS) for end-stages glaucoma within
the first 6-months postoperative period.
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