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Abstract Purpose The aim of this
study was to understand the long-
term outflow pathway mechanisms
after deep sclerectomy – when 
collagen implant is resorbed – using
ultrasound biomicroscopy (UBM).
Methods: Forty-three eyes of 32 
patients with medically uncontrolled
open-angle glaucoma at least 1 year
after deep sclerectomy were studied
in an observational, non-randomised,
consecutive case series. Postopera-
tively 15 eyes (35.7%) had gonio-
puncture with the Nd:YAG laser.
Four eyes (9.5%) had postoperative
subconjunctival injections of mito-
mycin C and two eyes (4.7%) had an
injection of 5-fluorouracil, because
of intraocular pressure (IOP) in-
crease. Complete examination and
UBM of the filtering site were per-
formed 1–6 years after surgery. The
following parameters were assessed:
(1) Presence of a subconjunctival 
filtering bleb; (2) presence and vol-
ume of an intrascleral cavity; (3)
presence of a suprachoroidal hypo-
echoic area. Results: Intraocular

pressure decreased significantly
from 28.1±2.5 mmHg preoperatively
to 12.4±3.8 (range 7–25) mmHg at
the time of UBM (at least 1 year af-
ter surgery). Forty eyes showed clin-
ically a diffuse filtering bleb. UBM
demonstrated a subconjunctival
space in all eyes. In 39 eyes (92.8%)
an intrascleral cavity was observed.
The mean volume of this cavity 
was 1.8 (range 0.11–6.53) mm3. In
19 eyes (45.2%) we observed a 
hypoechoic area in the suprachoroi-
dal space. Conclusion: UBM exami-
nation demonstrated several aqueous
humour drainage pathways. A low-
reflective diffuse subconjunctival
space meant persistent filtration in
all eyes. More than 1 year after 
surgery 92.8% of eyes had a remain-
ing intrascleral cavity. In almost half
of the patients an additional supra-
choroidal outflow was observed, 
significantly correlated with a lower
IOP.
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Introduction

Non-perforating glaucoma surgery preserves the integri-
ty of the trabecular meshwork and lowers the intraocular
pressure (IOP) without penetrating the anterior chamber.
The deep sclerectomy was first described by Kozlov et
al. in 1989 [14]. In this technique a deep sclerectomy 
under a scleral flap is performed. Schlemm’s canal is
opened, and Descemet’s membrane and trabecula are left

in situ to provide flow resistance. In contrast to the
trabeculectomy procedure the principle of this non-pene-
tration surgery is to create filtration through a natural
trabeculo-descemetic membrane, which reduces the IOP
and minimises the risk of overfiltration and early postop-
erative hypotony [3, 5, 6, 7].

High-frequency ultrasound biomicroscopy (UBM) 
allows detailed anatomical assessment of the anterior
segment of the eye in vivo close to histological prepara-
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tions [22, 23]. It can detect even small amounts of fluid
between the layers and has proven to be useful in the 
examination of filtering blebs and intrascleral aqueous
drainage [1, 5, 6, 12, 13, 27].

In order to determine the IOP-lowering mechanisms
of this technique, we performed a consecutive UBM 
observation of the sclerectomy site in patients with at
least 1 year of postoperative follow-up when complete
resorption of the collagen implant was observed [6].

Materials and methods

Patients

From March 2000 to July 2000 we examined 42 eyes of 32 
patients with open-angle glaucoma – uncontrolled by conservative
treatment – who had undergone deep sclerectomy with collagen
implant in the time from 1994 to 1999. All patients were recruited
from the Jules Gonin Hospital (Lausanne, Switzerland). Surgery
was performed by one surgeon (A. M.) [17]. Exclusion criteria for
the study were dysgenetic or secondary glaucoma or any type 
of angle-closure glaucoma, previous argon laser trabeculoplasty
and ocular surgery 12 months prior to enrolment in the study.
Complete eye examinations, including best-corrected visual acui-
ty, slit-lamp examination, applanation tonometry with the Gold-
mann tonometer and fundus examination, were performed. We
also performed a UBM examination of the sclerectomy site more
than 1 year after surgery.

Surgery

All patients underwent deep sclerectomy with collagen implant
under retrobulbar anaesthesia with bupivacaine 0.75%, lidocaine
4% and hyaluridase 50 IU. A traction suture was placed on the 
superior rectus muscle for adequate exposure of the deep sclerec-
tomy site, and the conjunctiva and Tenon’s capsule were opened in
the upper fornix. Careful haemostasis of the exposed sclera using
wet-field cautery was performed. A scleral flap measuring 5 mm
by 5 mm was created using a diamond knife. The scleral flap had a
thickness of approximately 30–40% of the total scleral thickness.
A limbus-based triangle of deep sclera with sides measuring 4 mm
was removed including corneal stroma down to the Descemet’s
membrane. At that stage of the procedure, aqueous humour was
percolating through the thin trabeculo-descemetic membrane. A
collagen implant was placed radially in the centre of the deep
sclerectomy site and was secured with a single 10/0 nylon suture.
The superficial scleral flap was then closed with two 10/0 nylon
sutures. Tenon’s capsule and the conjunctiva were closed with run-
ning 8/0 Vicryl sutures.

Postoperatively, the patients were treated topically with 
corticosteroids and an antibiotic for 1 month followed by non-
steroidal anti-inflammatory drugs for up to 3 months.

Collagen implant

The collagen device prevents reattachment of the scleral flap 
to the deeper sclera. We used a cylindrical collagen implant
(Aquaflow; Staar Surgical, Nidau, Switzerland) that is processed
by lyophilised highly purified porcine scleral collagen, which is
gamma sterilised and processed to be biologically inert so that
there is no systemic reaction. Microbiological analyses on 30 g of
raw collagen should not show the presence of bacteria, virus, 
mycological organisms or parasites. This cross-linked, collagen-

based bio-compatible material measures about 40×0.5 mm in its
dry state. The idea of collagen implant is to occupy the surgically
created intrascleral bleb under the superficial flap during the early
postoperative period when the healing process is at its peak.

Ultrasound biomicroscopy

The Humphrey UBM 840 system (Humphrey Instruments, Carl
Zeiss Group, Jena, Germany) was used to provide high-frequency
(50 MHz), high-resolution (50 µm) ultrasonic scan images. Each
patient received topically administered oxybuprocaine before a
special eye cup (Carl Zeiss) was placed within the palpebral 
fissure and filled with a coupling medium (methylcellulose 2%).
Radial and limbus-parallel scanning was performed at the limbus
in the region of the deep sclerectomy. All examinations were 
performed by one examiner (D. K.) to avoid interobserver vari-
ability [26].

The following factors were assessed:

1. Presence of a subconjunctival filtering bleb. We classified the
filtering bleb into four categories according to the classifica-
tion of Yamamoto et al. [27]: L type (low reflexive), H type
(high reflexive), E type (encapsulated) and F type (flattened)

2. Presence and volume of an intrascleral cavity. Exact measure-
ments of the length, height and width of the intrascleral “lake”
at its maximal dimension were performed

3. Presence of a hyporeflexive suprachoroidal space

Results

We examined 20 males and 12 females with a mean age
of 67.8 years (range 45–88 years). Thirty-one patients
were white and one black. Thirty-two eyes had primary
open-angle glaucoma, seven eyes had pseudoexfoliation
glaucoma and three eyes had pigmentary glaucoma.

Mean IOP decreased significantly from a preoperative
value of 28.1±2.5 (SD) mmHg (range 26–32 mmHg) to
12.4±3.8 mmHg (range 7–25 mmHg) postoperatively.

Some eyes had an early postoperative increase of IOP
to more than 21 mmHg and additional procedures were
performed: Fifteen eyes (35.7%) had goniopuncture with
Nd:YAG laser at the site of surgery when filtration
through the trabeculo-descemetic membrane was consid-
ered to be insufficient with increased IOP. Five eyes
(11.9%) had postoperative subconjunctival injections of
mitomycin C, and two eyes (4.7%) were given a subcon-
junctival injection of 5-fluorouracil (5-FU), if the deep
sclerectomy was the second (or more) antiglaucomatous
surgery procedure.

A visible filtering bleb persisting one year or more 
after surgery was shown in 40 eyes. These blebs were
clinically diffuse and shallow (Figs. 1, 3). In all success-
ful eyes UBM showed subconjunctival filtration with a
non-perforated thin trabeculo-descemetic membrane. 
Because of bleb fibrosis due to surgical failure, in seven
eyes we injected antifibrotic agents (mitomycin C or 
5-FU). Two eyes did not have clinical signs of a subcon-
junctival drainage. Nevertheless, these two cases did
have subconjunctival filtration (visible on the UBM ex-
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aminations as a hyporeflexive subconjunctival layer)
(Fig. 2). UBM further revealed an intrascleral cavity/
tunnel (Fig. 3) in 39 eyes (92.8%). The volume of this
hypoechoic area ranged from 0.11 mm3 to 6.53 mm3

(mean 1.8 mm3). The intrascleral cavity volume was 
independent of IOP, the postoperative period, former sur-
gery and any additional procedures. In 19 eyes we ob-
served a hyporeflexive suprachoroidal space (Fig. 4).
The mean IOP was significantly lower in eyes with su-
prachoroidal filtration (12.5±4.2 mmHg) than in those
without suprachoroidal filtration (15.5±3.5 mmHg). 

Fig. 1 UBM (radial section): A shallow and diffuse filtering bleb
(white arrow) after deep sclerectomy with collagen implant, more
than 1 year after surgery. The trabeculo-descemetic membrane is
intact (white arrowhead) and separates the hyporeflexive intrascle-
ral cavity (black arrow) from the anterior chamber (AC). PC Pos-
terior chamber

Fig. 2 UBM of the aqueous drainage in a subconjunctival space
(white arrow) after sclerectomy with collagen implant and postop-
erative subconjunctival injection of mitomycin C. The black arrow
indicates the intrascleral cavity; note the hyporeflexive connection
to the subconjunctival space. S Sclera, CB ciliary body

Fig. 3 UBM (transverse section). A small hyporeflexive subcon-
junctival space (white arrow) indicating a filtering bleb that was
clinically not visible. The black arrow indicates the intrascleral
cavity

Fig. 4 UBM (radial section). Suprachoroidal hypoechoic space
(white arrow) persisting more than 1 year after deep sclerectomy.
The black arrow indicates the intrascleral cavity

Fig. 5 UBM (radial section) of the intrascleral cavity that was
opened with Nd:YAG laser goniopuncture (black arrow), inter-
rupting the structure of the trabeculo-descemetic membrane (white
arrowhead)
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The mean IOP was 11.4±3.2 mmHg in eyes with deep
sclerectomy and collagen implant (n=21), 12.5±2.5 mmHg
in eyes with additional laser goniopuncture (n=15)
(Fig. 5) was and 17.8±3.5 mmHg in eyes with additional
mitomycin C or 5-FU.

Discussion

The use of UBM permits the detailed non-invasive ob-
servation of the inner ocular architecture after glaucoma
surgery, whereas slit-lamp examination allows conjuncti-
val (and sometimes superficial scleral) observation only.
UBM revealed a small filtering bleb even in eyes where
the slit lamp could not show it. Furthermore, high-reso-
lution ultrasonography provides information about the
intrascleral and choroidal conditions near the anterior
chamber angle.

Ultrasound biomicroscopy has proved to be useful in
studying filtering blebs after conventional trabeculecto-
my and has shown that blebs with low reflectivity and a
visible route under the scleral flap correlate with a low
IOP [1, 2, 12, 27].

Further UBM studies regarding deep sclerectomy
with collagen implant aim to understand the aqueous 
humour outflow mechanisms of this non-perforating sur-
gery [5, 6]. Only the trabeculo-descemetic membrane 
remains intact, and a very thin layer of the posterior part
of the cornea divides the sclerectomy from the anterior
chamber. The aqueous humour outflow bypasses the juxta-
canalicular meshwork (inner wall of Schlemm’s canal)
and Descemet’s membrane through the sclera. Mermoud
and Vaudaux demonstrated with ocular ferritin perfusion
after deep sclerectomy in porcine eyes the main outflow
at the level of the anterior trabecula [18].

The removal of the inner scleral flap and the place-
ment of the collagen implant facilitate the scleral pas-
sage to capillaries and veins within the subconjunctival
tissue. Other outflow pathways such as intrascleral and
episcleral canals, which are adjacent to collecting veins,
facilitate the suprachoroidal drainage [25]. Using scatter
diagrams for interpretation, we found the intrascleral
lake size to be independent of the length of the postoper-
ative period, IOP, former surgery and any additional pro-
cedures. Because of the different additional procedures
(Nd:YAG laser, subconjunctival injections of mitomycin
C or 5-FU) and different former operations, the groups
for analysis became too small for statistical processing.

Despite the thin trabeculo-descemetics membrane the
functional success of non-perforating glaucoma surgery
in many patients may be limited by endothelial covering
of the trabecular meshwork [9]. The resistance to aque-
ous outflow is still high, as shown by the high rate of
surgical modifications (trabecular aspiration, trabecular
stripping). The goniopuncture with Nd:YAG laser chang-
es the non-penetrating procedure into a penetrating filter-

ing procedure. Mermoud et al. [20] reported laser gonio-
puncture in 24–47% of their patients; the figure in this
study was 35%. Hamard et al. [11] obtained satisfactory
results by combining deep sclerectomy with application
of 5-FU. In this study, in the case of a failed bleb – in
16.6% of the patients – we used a subconjunctival post-
operative injection of mitomycin C and 5-FU. The deep
sclerectomy with collagen implant reduced the IOP with-
out additional procedures in 50% of the patients.

The deep sclerectomy can lead to permanent regulation
of pressure without the risk of sudden decompression,
thereby avoiding most of the possible serious complica-
tions of standard trabeculectomy [19, 24, 28]. However,
it is a very delicate operation with a slow and difficult
learning curve. Morphological studies have shown that
the correct preparation of the deep scleral flap mainly
succeeds, but variations are known [10]. Measurements
with UBM of the residual trabeculo-descemetic mem-
branes are difficult because of their size, approaching the
limit of resolution of the ultrasound biomicroscope. In
addition, microperforations of the underlying trabecula
cannot be observed. Other factors, for example the sutur-
ing of the external flap or invisible microruptures of the
trabecular meshwork, could be of importance for the ear-
ly postoperative IOP.

In contrast, Dietlein et al. [10] described in a clinico-
pathologic examination that the morphology of the deep
excised scleral flap showed no significant correlation 
to postoperative IOP. Even the unintentional micro-
resection of the trabecular meshwork had no significant
influence on later IOP.

Further UBM studies showed resorption of the collagen
implant within 6–9 months after surgery, leaving a tun-
nel in the sclera [6]. This study regarded the different
mechanisms of aqueous outflow pathways and lowering
of IOP more than 1 year after surgery and after complete
resorption of the collagen implant reported to take
6–9 months [5].

1. Subconjunctival bleb.- Following trabeculectomy, 
patients undergoing non-penetrating filtering opera-
tions have, in almost 100% of cases, a diffuse, 
sub-conjunctival bleb on the first day after surgery.
Years after the operation, as assessed by UBM, all
successful cases still show a low-profile, diffuse fil-
tering bleb, indicating persistent filtration. This bleb
is, however, usually smaller than the one seen after
trabeculectomy and minimises the complications seen
with large cystic blebs.

2. Intrascleral cavity. When deep sclerectomy is per-
formed a certain volume of sclera is removed, ranging
between 5 mm3and 8 mm3. If the superficial scleral
flap does not collapse, this scleral volume may be
transformed into an intrascleral filtering bleb. In order
to keep this intrascleral volume different implants
may be used, such as the collagen implant. Hyaluron-
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ic acid or non-resorbable Hema implants are also used
[15]. Using the UBM method, an intrascleral “lake” is
observed in more than 90% of cases. The mean 
volume of the intrascleral flap is 1.8 mm3. In the in-
trascleral “lake” the aqueous resorption may be differ-
ent from that occurring in the subconjunctival bleb.
The aqueous humour is probably resorbed by new
aqueous drainage vessels, as demonstrated by Delarive
et al. [8], whose study was performed in rabbits and
showed the growth of new aqueous humour drainage
vessels in the scleral space. Similar results were ob-
tained by Nguyen et al. [21] using the same model
and performing anterior segment fluorescein and in-
docyanine green angiography.

3. Subchoroidal space. Since the remaining layer of
sclera over the ciliary body and peripheral choroid 
after deep sclerectomy is very thin, there may be a
drainage of aqueous humour in the suprachoroidal
space. Using UBM, it is possible to observe a fluid
between the ciliary body and the remaining sclera in
45% of the patients studied years after the deep scler-
ectomy. Ultrasound biomicroscopy provides detailed
information about the extension and width of supra-
choroidal clefts, even when they are not visible in 
gonioscopy [13]. Aqueous humour in the choroidal
space may reach the uveoscleral outflow and increase

this outflow pathway [4]. It may also induce a chronic
ciliary body detachment and reduce the aqueous 
production [16]. In this study there was a significant
correlation with lower IOP, when a hyporeflexive 
suprachoroidal space could be demonstrated.

4. Schlemm’s canal. When performing the deep sclerec-
tomy dissection, Schlemm’s canal is opened and 
unroofed. On either side of the deep sclerectomy the
two ostia of Schlemm’s canal may drain the aqueous
humour into the episcleral veins. This mechanism
may be more important after viscocanalostomy since
Schlemm’s canal is dilated with high-viscosity hyalu-
ronic acid during the surgery [25]. It may also play 
a role when a Hema implant is used, since this 
implant has two arms inserted into two ostia of
Schlemm’s canal.

Ultrasound biomicroscopy is a useful method of assess-
ing the anatomical results of eyes undergoing deep scler-
ectomy with collagen implant. It allowed us to under-
stand the aqueous humour drainage mechanisms of this
non-perforating surgery. The demonstrated combined
outflow pathways might offer better IOP reduction. 
Further prospective non-randomised studies are needed
to evaluate the advantages of non-penetrating and stan-
dard filtering procedures.
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