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INTRODUCTION

Deep sclerectomy (DS) is a nonpenetrating filtration pro-
cedure for the surgical treatment of glaucoma. The tech-
nique involves creating a DS with thinning of the adjacent
trabeculum and limbal cornea. This results in filtration of
aqueous from the anterior chamber into the subscleral
and subconjunctival spaces without perforation of the an-
terior chamber or iridectomy. Different studies demon-
strate a decrease of intraocular pressure (IOP) after this
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PURPOSE. To ascertain gonioscopic characteristics and identify prognostic indicators related to in-
traocular pressure (IOP) after deep sclerectomy (DS).
METHODS. A transversal, prospective, and nonselected study was performed in 106 eyes (95 patients)
after DS. Three surgeons performed all the surgeries and the gonioscopic examination, using the
same protocol including 13 gonioscopic data. These data were evaluated for an association with
postoperative IOP and time after surgery.
RESULTS. A subscleral space was found in 91 eyes (85.8%), with visualization of the line of scleral
flap in 48 eyes (45.3%). The trabeculo-Descemet membrane (TDM) was transparent in 46 eyes
(43.4%), opaque in 4 cases, and pigmented in 18 eyes. This TDM was broken using Nd:YAG laser
goniopuncture in 38 eyes (35.8%). Thin vessels around TDM were found in 58 eyes (54.7%), and
blood remained in 25 eyes (23.5%). Gonioscopic variables significantly positively related with post-
operative IOP were as follows: presence of subscleral space, scleral flap line view, and a Schwalbe
line depressed. A narrow anterior chamber angle and iris synechia in TDM had a statistically sig-
nificant negative effect on the postoperative IOP control. Similarly, eyes requiring Nd:YAG goniop-
uncture had a worse IOP control. The frequency of eyes with visible subscleral space and trans-
parent TDM decreases with time after surgery (p=0.001). 
CONCLUSIONS. A visible subscleral space was a gonioscopic sign positively related to IOP control af-
ter surgery, although it decreased with follow-up. Eyes with goniopuncture, postoperative narrow
angle, and iris synechia had worse postoperative IOP control. Although new vessels in TDM were
a common finding after DS, the authors did not find any association with postoperative IOP. (Eur J
Ophthalmol 2007; 17: 702-8)
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surgery with a low frequency of postoperative complica-
tions (1-6). However, the technique of nonpenetrating
surgery is more difficult and requires a longer learning
curve compared with trabeculectomy (7, 8). 
Several reports have been published about the efficacy of
IOP decrease after this surgical procedure (1, 4), and oth-
er aspects including learning curve characteristics (7), ul-
trabiomicroscopic (UBM) findings (9, 10), and postopera-
tive inflammation (11). It has been published that the
progressive worsening of postoperative IOP control may
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be related to the decreased size of the subscleral lake
(10, 12, 13). Although these data have been reported us-
ing ultrasound biomicroscopy, gonioscopy is a simpler
and cheaper procedure to assess the presence of sub-
scleral space. In addition, other gonioscopic variables
could have an influence on postoperative IOP control.
However, to our knowledge, there is only one article re-
porting the postoperative gonioscopic findings after this
surgical technique (14). In our study we have evaluated
patients with a previous DS in order to analyze several
gonioscopic variables at different postoperative intervals
and to look for any association with IOP control after DS.

MATERIALS AND METHODS

A transversal, prospective, and nonselected study was
performed in order to evaluate the gonioscopic character-
istics and their relationship with IOP control in patients
who underwent a previous DS. Patients with DS in one or
both eyes who were prospectively examined in two de-
partments of ophthalmology during a 5-month period
were included in this study. Only patients with at least 3
months between DS and gonioscopic examination were
included.
All surgeries and gonioscopic examinations were per-
formed by one of the three authors expert in gonioscopy
and nonpenetrating glaucoma surgery. Thirteen data were
prospectively registered during gonioscopy (Tab. I) and
bleb morphology was noted as flat, diffuse, and cystic.
The same doctors revised from patient charts several da-
ta, including IOP and glaucoma medications used before
DS, glaucoma diagnosis, time between surgery and go-
nioscopic examination, surgery (DS or DS combined with
other surgery), and complications during or after surgery.
Finally, a total of 106 eyes (95 patients) were included in
the study. The median age was 75 years (interquartile
range [IR]: 65 to 68). In women the median age was 76
(IR: 70.25 to 84) and in men 72 (IR: 64 to 78) (p=0.005).
Demographic data and characteristics of the study popu-
lation are shown in Table II. Most eyes had chronic open
angle glaucoma (75.5%). 

Surgical technique

DS surgery was performed using the surgical technique
described by Mermoud and Schnyder (8). After dissection
of a superficial scleral flap measuring 5 × 5 mm, a deep

sclerokeratectomy was done by performing a second
deep scleral flap (4 × 4 mm), and it was prolonged anteri-
orly 1 to 1.5 mm into clear cornea. The juxtacanalicular
trabeculum and Schlemm’s endothelium were then re-
moved. Deep scleral flap was excised and an implant was

TABLE I - GONIOSCOPIC DATA EVALUATED

Angle aperture (Shaffer classification 0–IV)
Subscleral space lake (visible or not visible) 
TDM goniopuncture
TDM appearance (transparent, pigmented, or opaque)
Presence of new vessels around TDM
Presence of new vessels in the TDM
Blood remains around TDM
Blood remains inside TDM
View of the line of scleral flap through the subscleral space
Extirpation of the juxtacanalicular portion of the Schlemm
canal
Presence of a Schwalbe line depressed
Iris synechia (in the center and/or lateral to the TDM)
Localization of TDM (superior, superonasal, superotemporal)

TDM = Trabeculo-Descemet Membrane

TABLE II - DEMOGRAPHIC DATA AND CHARACTERIS-
TICS OF THE STUDY POPULATION

Characteristics No. (%)

Sex
Female 52 (54.7)
Male 43 (45.3)

Eye
Right 50 (47.2)
Left 56 (52.8)

Glaucoma type
Primary open-angle 80 (75.5)
Pseudoexfoliative 10 (9.4)
Pseudophakic 5 (4.7)
Pigmentary 3 (2.8)
Chronic closed-angle 3 (2.8)
Other secondary open-angle glaucomas 5 (4.7)

Anesthesia
Retrobulbar/peribulbar 74 (69.8)
Topical 29 (27.4)
General 3 (2.8)

Deep sclerectomy
Single 32 (31.2)
Combined with phacoemulsification 74 (69.8)

Surgical site
Superior meridian 100 (94.3)
Superonasal or superotemporal meridian 6 (5.7)
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placed in the center of the DS in order to create a sub-
scleral space. In all cases a SK-gel implant (3.5 mm
Corneal Laboratoires, Paris, France) was inserted under
the superficial scleral flap. Finally, the superficial scleral
flap and conjunctiva were sutured. In 11 eyes (10.4%) an
unintentional microperforation occurred in the trabeculo-
Descemet membrane (TDM) without iris prolapse or iris
synechia during DS. 
In cases with combined cataract surgery a phacoemulsifi-
cation and intraocular lens implantation were previously
made through a temporal clear corneal incision.

Statistical analysis

All analysis was performed using the SSPS statistics pro-
gram, version 13.0 (SPSS, Inc., Chicago, IL, USA). Longitu-
dinal comparisons of IOP were made using the two-tailed
Student test for paired samples. Non-parametric test pro-
vided significance comparing different variables. Compari-
son of number of glaucoma medications was tested with
the Wilcoxon signed-rank test. The Pearson chi-square test
was also used for data analysis. Values were expressed as
medians and interquartile ranges (25 to 75). A p value of <
0.05 or less was considered statistically significant.

RESULTS

The median IOP before DS was 23 mmHg (IR: 19 to 27
mmHg), and the median number of glaucoma medica-
tions was 2 (IR: 1 to 2). After DS the median IOP was 14
mmHg (IR: 11 to 16 mmHg) (p=0.001). Thirteen eyes
(12.3%) needed one type of topical drops for IOP control
after surgery (Fig. 1). 
Hyphema was found postoperatively in 13 eyes and it
was resolved spontaneously in all of them. In one case a
Tenon cyst was observed and it was resolved with
needling and 5-FU injection. Moreover, postoperative in-
jections of 5-FU (range 2–5) were performed in 11 eyes
(10.4%) in order to reach the IOP objective. One case with
postoperative inflammation was treated with intensified
topical steroids. Another eye had a choroidal detachment
that resolved with conservative treatment.
The bleb appearance was flat in 38 eyes (35.8%), diffuse
in 56 eyes (52.8%), and cystic or microcystic in 12 eyes
(11.3%).
Gonioscopic examination revealed a subscleral space in
91 eyes (85.8%), with visualization of the line of the scler-

al flap in 48 eyes (45.3%). The Schwalbe line was de-
pressed in 30 eyes (28.3%). The TDM was transparent in
46 eyes (43.4%), pigmented in 18 eyes (16.9%), and
opaque in 4 cases (3.7%). The TDM was broken due to
Nd:YAG laser goniopuncture in 38 eyes (35.8%). A careful
gonioscopic examination showed thin new vessels in 58
eyes (54.7%), and blood remained in 25 eyes (23.6%)
around or inside the subscleral space (Fig. 2). The fre-
quency of new vessels in patients with visible subscleral
space was significantly higher (98.3%) than the frequency
in patients with no space (1.7%) (p=0.001). However, bleb
appearance had no influence on new vessels rate: 50% of
eyes with flat bleb had new vessels. No differences in new
vessels rate were observed taking into account sex, age,
eye, glaucoma diagnosis, antimetabolite use, surgeon,
kind of surgery, anesthesia, TDM goniopuncture, and in-
terval between surgery and gonioscopy.
The peripheral iris touched the TDM edge in seven eyes
(Fig. 3), and the center in two cases. Nd-YAG laser was
used only in one case with iris synechiae in the center of
TDM in order to decrease the IOP. No relationship be-
tween iris synechia and unnoticed microperforation in the
TDM during surgery was found.
Table III shows the relationship between several intraoper-
ative and gonioscopic findings and the postoperative IOP.
Presence of subscleral space, Schwalbe line depression,
and view of scleral flap line through subscleral space have
a significant positive effect on postoperative IOP. On the
other hand, postoperative injections of 5-FU, Nd-YAG
laser goniopuncture, iris synechia, and narrow angle have

Fig. 1 - Comparison of intraocular pressure after and before deep
sclerectomy.
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a negative relationship on IOP after DS. Eyes with flat
bleb have higher IOP than eyes with other bleb appear-
ance. No other gonioscopic sign was found related to
postoperative IOP.

Fig. 3 - Gonioscopic view of trabeculo-Descemet membrane after
surgery. Iris synechia observed on lateral side of trabeculo-Descemet
membrane.

TABLE III - MEDIAN INTRAOCULAR PRESSURE (IOP) FOR SEVERAL RELATED FACTORS

Factor No. eyes IOP median (IR) p

5-FU postoperative injection
Yes 11 17 (14–20) 0.008*
No 95 13 (11–16)

Bleb appearance
Flat 38 14 (12.75–18.25) 0.001†
Diffuse 56 13 (11–16)
Cystic 12 10 (8.25–12)

Subscleral space
Yes 91 13 (11–15) 0.001*
No 15 17 (14–20)

Schwalbe line depression
Yes 30 12 (10–15.5) 0.01*
No 76 14 (11–17)

Scleral flap line view
Yes 48 12 (10–15) 0.01*
No 58 14 (12–17)

Nd–YAG goniopuncture
Yes 38 15.5 (13.75–18.25) 0.001*
No 68 12 (10–14.75)

Iris synechia
Yes 9 19 (14–20) 0.007*
No 97 13 (11–15)

Angle aperture
Open 99 13 (11–16) 0.01*
Narrow 7 19 (13–20)

*Mann-Whitney test.
†Kruskal-Wallis test

Fig. 2 - Gonio-
scopic view of tra-
beculo-Descemet
membrane after
surgery. Two eyes
with new vessels
around the tra-
beculo-Descemet
membrane (white
arrows).
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The median time between DS and gonioscopy examina-
tion was 12 months (IR: 5 to 23 months). We differentiated
this time interval in three categories for statistical compar-
ison: less than or equal to 1 year, between 1 and 2 years,
and more than 2 years (Tab. IV). The presence of subscle-
ral space with vision of scleral flap line and transparent
TDM rates decreased after surgery (p=0.001). The rate of
eyes with flat bleb increased significantly when interval
between surgery and gonioscopy was longer than 1 year
(p=0.001). The Nd:YAG laser goniopuncture increased
from 17.6% after the first year to 69.6% after 2 years
(p=0.001). The median postoperative IOP and number of
glaucoma medications increased when time after surgery
was longer than 2 years. The number of patients needing
glaucoma medications increased from 1.9% at first year
to 31.9% at the third year (p=0.001). 

DISCUSSION 

DS is a new surgical procedure for glaucoma surrounded
by controversy regarding its IOP reduction efficacy com-
pared to trabeculectomy. Most published reports compar-
ing both surgical procedures show lower postoperative
complications after DS with respect to trabeculectomy (1-
6). However, we have previously described that complica-
tions are also higher if the DS is converted into tra-
beculectomy due to an inadvertent intraoperative
macroperforation (15).
In this report, we have evaluated various gonioscopic data

after DS in order to identify signs that could be related to
postoperative IOP control. Until now, only one descriptive
report of gonioscopy after DS has been published (14). 
The importance of the subscleral lake in IOP reduction is
well known (9, 10, 12). Remaining subscleral cavity has
been found in 92.8% of eyes 1 year after surgery (10). The
authors have proposed that the aqueous resorption may
be different in the subscleral lake from that occurring in
the subconjunctival bleb (10). In our study, eyes with visi-
ble scleral lake had better IOP control than eyes without
scleral lake (p=0.001) and 65.8% of cases with subscleral
lake had flat bleb. These findings suggest that the reab-
sorption may be made by another mechanism in cases
with subscleral lake: i.e., new aqueous drainage vessels
or an additional suprachoroidal outflow, as was proposed
by Kazakova et al (10). 
Park et al suggested that progressive decrease of the
postoperative IOP reduction might be related to the de-
creased size of the subscleral lake (9). This finding has
been reported with both hyaluronic acid and collagen im-
plant (11, 12). Similarly, we have found that the number of
eyes with subscleral space, flap line visualization, and
Schwalbe line depression decreased with longer interval
between surgery and gonioscopy, explaining why median
postoperative IOP and number of glaucoma medications
significantly increase with longer follow-up.
In our study, a high frequency of new vessels around or
inside subscleral space was found. Recently, Vuori (14) re-
ported gonioscopic findings of the TDM after a successful
DS in 42 eyes; however, they did not mention any new

TABLE IV - INFLUENCE OF MEDIAN POSTOPERATIVE INTERVAL ON GONIOSCOPY FINDINGS

0–12 Months 13–24 Months >25 Months p
after DS after DS after DS

Eyes, n (%) 54 (100) 29 (100) 23 (100)
IOP before DS, mmHg, median (IQR) 21 (18–26.5) 26 (20–29) 23 (20–27) 0.05*
IOP after DS, mm Hg, median (IQR) 12 (10–14.25) 15 (12.5–18.5) 15 (12–19) 0.001*
Eyes with topical treatment after DS, n (%) 1 (1.9) 3 (10.3) 9 (31.9) 0.001†
Subscleral space, n (%) 52 (96.3) 23 (79.3) 16 (69.6) 0.001†
Descemet window goniopuncture, n (%) 9 (17.6) 13 (44.8) 16 (69.6) 0.001†
Descemet window transparent, n (%) 34 (63) 7 (24.1) 5 (21.7) 0.001†
Vision of the line of scleral flap, n (%) 34 (63) 9 (31) 5 (21.7) 0.001†
Flat bleb, n (%) 10 (18.9) 16 (55.2) 12 (52.2) 0.001†
New vessels around Descemet window, n (%) 33 (61.1) 15 (51.7) 10 (43.5) 0.14†

*Kruskal-Wallis test.
†Chi-square linear-trend.
IOP = Intraocular pressure; DS = Deep Sclerectomy; TDM = Trabeculo-Descemet Membrane



Moreno-Montañés et al

707

vessels formation. There is evidence in animal models
that new aqueous drainage vessels are produced after
DS. Delarive et al. performed DS in rabbits, and 9 months
after surgery they found new aqueous drainage vessels in
the sclera adjacent to the dissection site (16). They also
observed that the number of new aqueous drainage ves-
sels in the operated area was higher in eyes with collagen
implant than in eyes without this implant. In addition, the
number of new drainage vessels in the operated sclera
with or without implant was significantly higher than the
number of drainage vessels recorded in the unoperated
sclera. They concluded that the long-term increase in out-
flow facility might be partly explained by new drainage
vessels surrounding the operated site. In our study, we
observed new vessels in or around the subscleral space
in 54.7% of cases with blood remains in 23.5%, and
these vessels appeared only if the subscleral space ex-
isted. Although we have evaluated only the observable
vessels on gonioscopy and we have not measured the
outflow facility, we have not found a relationship be-
tween these new vessels and the IOP after DS. No de-
mographic, preoperative, operative, or postoperative
factors modified the new vessels frequency except the
subscleral space persistence. In a previous published
article, we reported some eyes with bleeding from these
new vessels during gonioscopy even months after DS,
and we recommended conducting a careful gonioscopic
examination in patients who had undergone DS to avoid
this complication (17). Ambresin et al reported one case
of recurrent transitory hyphema with visual loss 6 years
after DS with a collagen implant (18). They recommend-
ed reoperation with coagulation of the bleeding vessels
surrounding the orifice of the Schlemm canal in cases of
recurrent hyphemas. Our findings and those of other au-
thors suggest that these new vessels are frequent after
DS and might explain the decrease of IOP after surgery
in eyes without a visible bleb. However, the mechanism
implicated in new vessels formation remains to be eluci-
dated in human eye.
In our study, other gonioscopic data such as a visible flap
line and Schwalbe line depression were also significantly
associated with better IOP control. Both data indicate a
patent subscleral lake. To our knowledge these new signs
are not previously described related with a low postopera-
tive IOP.
Nd:YAG laser goniopuncture is a treatment to re-establish
a useful filtration of aqueous humor through the TDM. In-
dications for Nd:YAG goniopuncture are changes in the

TDM and an IOP increase and in our experience it must
be performed only when a subscleral space is visible.
Marchini et al described a small increase of this TDM
thickness between months 1 and 12 using reticulated
hyaluronic implant (12). The published frequency of go-
niopuncture is high in order to avoid the IOP increase
some months after surgery (19). In our study the goniop-
uncture rate increases from 17.6% during the first year to
69.6% with follow-up longer than 2 years. 
Iris synechia formation is one of the specific postopera-
tive complications of this glaucoma surgical technique.
This complication was associated with worse IOP control.
When iris synechia are associated to IOP increase, treat-
ment with miotics and laser should be given (20), al-
though in many cases the laser treatment may break the
TDM. 
Several studies have suggested that MMC use during DS
reduces postoperative IOP (6, 21, 22). In our study, medi-
an postoperative IOP was significantly lower in eyes that
underwent DS with MMC application (p=0.006).
This study has several limitations. First, three different
surgeons performed the surgical procedure and the go-
nioscopy. Secondly, we included cases with DS alone and
cases with combined surgeries. On the other hand, vari-
ous types of glaucoma are included. However, this clinical
study was a prospective protocol looking for 13 gonio-
scopic signs, including a large number of eyes with sever-
al follow-up periods. Moreover, comparisons in gonio-
scopic findings taking into account variations in patient
characteristics and glaucoma surgery have been per-
formed to resolve these limitations. Despite these limita-
tions, our clinical results have identified some positive
prognostic indicators during gonioscopy, such as the
presence of a subscleral lake, a visible flap line, Schwalbe
line depression, and a transparent TDM. Negative signs
were iris synechia to the TDM, a narrow postoperative an-
gle, and TDM Nd:YAG goniopuncture. 
We have confirmed the importance of the subscleral
space in postoperative IOP control, although this space
decreased months after surgery, justifying that goniop-
uncture rate and mean postoperative IOP increased with
longer follow-up. 
The frequency of new vessels in or around the TDM is
high and was described in experimental studies in rab-
bits. These new vessels are related to the subscleral
space and they not were related to postoperative IOP. Fu-
ture reports will elucidate the role of these new vessels in
postoperative IOP control.
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