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Summary: Purpose: A variety of anti-glaucomatous shunt designs have been proposed so far. This study evaluates the fea-
sibility of a novel shunt design, the intra-scleral parathalamus implant (IPI), in a rabbit eye model. Methods: Ten healthy
albino rabbits were included. Measurements of the IOP, using TonoPenXL, as well as ocular rigidity (OR) and aqueous
outflow facility (AO), using a previously described methodology, were performed in both eyes of each animal. Subsequently,
the IPI was implanted at the left eye of all animals whereas the right eye served as control. Measurements of IOP were
repeated at weekly intervals for 2 months postoperatively whereas measurements of OR and AO were repeated at the 1st
and 2nd postoperative week. Results: The IOP decreased significantly whereas the AO increased significantly postopera-
tively at the operated eyes. A significant postoperative decrease in OR was also recorded at the operated eyes. Respective
differences at the fellow eyes were statistically not significant. Two animals developed postoperative complications and
were excluded from follow-up. Conclusions: Results imply that the implantation of the IPI is feasible in rabbit eyes with

significant favorable effects on the IOP, AO and OR.
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Introduction

Anti-glaucomatous tube shunt devices are widely used
in modern glaucoma surgery, especially in cases in which
other procedures have failed (1-3). Current designs include
valved devices (such as the Ahmed and Krupin) and non-
valved devices (such as the Molteno and Baerveldt) (1-3).
In the former type there is a true valve mechanism incor-
porated into the implant, aimed at regulating postoperative
intra-ocular pressure (IOP), thus avoiding an excess outflow
of aqueous, potentially associated with postoperative ocu-
lar hypotony (1-3). Nevertheless, postoperative hypotony
still remains a common complication with most currently
available designs (1-3).

Most tube shunt devices consist of a plate (placed epis-
clerally) and a tube (inserted in various intraocular positions,
such as the anterior chamber, posterior chamber or vitreous
cavity) (4). The latter is routinely covered with patching
materials, such as cadaveric pericardium (5). However, the
close proximity of the tube or plate with the conjunctiva
occasionally results in conjunctival erosions, which may
be difficult to treat (6). A variety of micro invasive glauco-
ma surgery (MIGS) implants has also been proposed (7).
Although they vary considerably in design and anatomical
position of insertion, most MIGS implants do not provide
the hypotonic power of classic tube shunts and in many
cases they serve as adjunctive anti-glaucomatous treatment
during cataract surgery (7, 8).
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Taking into account the drawbacks of episclerally placed
implants we aimed at developing a new anti-glaucomatous
implant, the intra-scleral parathalamus implant (IPI), which
could provide adequate IOP control but would minimize
the risk of postoperative hypotony and implant material ex-
posure. This study examines the feasibility of use for IPI,
in a rabbit eye model by assessing IOP, aqueous outflow
facility (AO) and ocular rigidity (OR) changes following
IPI implantation.

Methods

This is an experimental study on animal (rabbit) eye
model. Ten (10) albino New Zealand female rabbits with an
average body weight of 2.5 Kg were included. The study
design conformed to the National (Greek) Guidelines for
animal usage in research.

IOP measurements were performed following topical an-
aesthesia with Proparacaine Hydrochloride 0.5% (Alcaine,
Alcon Laboratories, Inc., Fort Worth, TX, USA) using the
Tono-PenXLtonometer (Reichert Technologies, Depew,
NY,USA). The measurement technique included covering
of the instrument tip with a purpose-made cup, calibration
of the instrument per manufacturer instructions and gently
touching the cornea with the tip of the tonometer (Figure
1A). Five readings were taken and the average value was re-
corded. Measurements of the IOP in both eyes of all animals
were performed at least 1 week before the IPI insertion and
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at weekly intervals postoperatively for a 2-month follow-
up period.

AO and OR measurements were performed following
adequate sedation of the animals, achieved by subcutaneous
administration of 1ml of xylazine hydrochloride (Rompun,
Bayer AG, Leverkusen, Germany) and 1ml of ketamine
Hydrochloride (Imalgene, MERIAL, Lyon, France). Mea-
surements of both AO and OR were performed using a
previously described methodology, which was developed
at the Institute of Vision and Optics (IVO) of the University
of Crete. Briefly, a 19G cannula is inserted into the anterior
chamber at the corneoscleral limbus. The cannula is con-
nected to an infusion system capable of delivering calibrated
amounts of balanced salt solution and of manometrically
recording the IOP at the same time (Figure 1B). Based on the
relation between the fluid volume administered and changes
in the IOP, a purpose-designed software (9) (Figure 1C) is
used to calculate OR (i.e. the coefficient of the ocular pres-
sure-ocular volume mathematical relation in mmHg/puL) and
AO (uL/min/mmHg). Measurements of AO and OR were
performed 1 week before the IPI implantation as well as on
the 1-week and 2-week postoperative intervals. IOP, OR and
AO score changes were statistically analyzed using the sta-
tistical package SPSS 8.0 for windows (SPSS, Chicago, IL).

Technical description and mechanism
of action of the IPI

The IPI consists of a medical grade silicone tube with
an internal diameter of 0.34 mm (inserted into the anterior
chamber) and a thin plate (connected with the tube) which
is formed by 2 rectangular (3.5 x 6.5 mm) thin medical
grade silicone sheets. The surface area of aqueous outflow
is 28 mm?, corresponding to both upper and lower aspects
of the plate. Many other bio-compatible materials, apart
from silicone, may be used in the construction of IPI. Be-
tween the sheets, a slit space is defined which receives the
aqueous (Figure 2). The plate is placed underneath a partial
thickness scleral flap, which is then sutured in a water-tight
fashion, thus the plate is located completely intra-sclerally
(Figures 3A, 3C). Side protuberances extending from the
silicone sheets, embedded into the sclera adjacent to the flap
margins can stabilize the implant (Figure 2). The sheets are
perforated, enabling the unobstructed outflow of aqueous
into the intra-sceral space formed underneath the superfi-
cial scleral flap (Figure 2). Moreover, the inferior sheet,
which is in close contact with the residual scleral bed, has
micro-protuberances which become impinged into deeper
sclera in close proximity with the underlying supra-choroi-
dal space (Figure 4). However, the supra-choroidal space
per se is not entered surgically, thus minimizing risks of
haemorrhage or choroidal detachment. The thick superfi-
cial scleral flap implies that the layer of deeper residual
sclera is accordingly thin, which may facilitate diffusion
of aqueous to the supra-choroidal space. However, deep
sclerectomy may additionally be performed to further re-
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Fig. 1: Measurement of IOP using the TonoPenXL (A) and
measurement of the OR and AO using a manometric catheter in-
troduced into the anterior chamber (B) with a purpose-developed
software (C).

duce the thickness of residual deeper sclera (Figure 3B).
Aqueous diffusing though the residual deeper sclera into
the supra-choroidal space may then exit the eye through
the vortex vein system (Figure 3D). Taking into account
the relatively large surface area of the scleral flap, part of

H

Fig. 2: IPI design. The body of the implant (B) has outflow holes
(H) and is connected with a tube (T) to the anterior chamber, acting
as a parathalamus. Side protuberances (P) stabilize the implant
intra-sclerally.



Fig. 3: Schematic presentation of IPI implantation. A partial thick-
ness scleral flap is raised (A). Deep sclerectomy may be performed
(dashed lines, B). The IPI is implanted completely intra-scleral-
ly in a water-tight fashion (C). The outflow of aqueous may be
achieved either transclerally or via the supra-choroidal space and
through the vortex vein system (D).

the aqueous fluid may also exit the eye via the intra-scleral
venous plexuses. The IPI is not valved but since the scleal
flap is sutured in a water-tight fashion, the implant remains
completely intra-ocular (intra-scleral). Thus, the IOP con-
trol may be mediated through the inherent auto-regulatory
physiologic mechanisms of the eye. Moreover, the lack of

H

H2

Fig. 4: Profile view of the IPI showing the body (B), tube (T),
side protuberances for intra-scleral stabilization (P) and deep
protuberances (PR) for facilitated diffusion of aqueous into the
supra-choroidal space.

direct contact between conjunctiva and the implant implies
a reduced risk of conjunctival thinning or erosion.

Surgical implantation of the IPI in rabbit eyes

The IPI was implanted at the left eye of all animals. Fol-
lowing the placement of a 7.0 Vicryl traction suture to clear
cornea to infra-duct the eye, a superior limbal conjunctival
peritomy was performed (Figure 5A). The superior conjunc-
tiva and Tenon’s capsule were undermined and reflected to
expose the superior sclera. A 7 X 4 mm partial thickness
scleral flap was then marked and elevated (Figure 5B). The
flap was created adequately thick to leave only a thin residu-
al layer of sclera underneath. The anterior chamber was then
entered with a 23G needle underneath the scleral flap and
the tube of the IPI was adequately trimmed in length and in-
serted bevel-up into the anterior chamber through the needle
entrance (Figure 5C). The plate of the IPI was placed under-

Fig. 5: Steps of IPI implantation in a rabbit eye. Conjunctival
peritomy is performed (A). A sufficiently deep partial thickness
scleral flap is raised, leaving a thin deeper lamella of sclera to
separate the site from the supra-choroidal space (B). The anterior
chamber is entered under the superficial scleral flap with a 23G
needle parallel to the iris plane (C). The valve is implanted and
the superficial scleral flap sutured in a water-tight fashion (D).

Fig. 6: Schematic anterior view of the implanted IPI (A) and re-
spective photo of a rabbit eye implanted with an IPI (B).
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neath the superficial scleral flap which was then sutured in a
water-tight fashion with several interrupted sutures (Figure
5D). The conjunctiva was then sutured to cover the flap site
(Figure 6). Postoperatively, all animals received eye drops
of tobramycin (0.3%)-dexametazone (0.1%) (Tobradex,
Alcon Laboratories, Inc., Fort Worth, TX, USA) qid for the
first 2 postoperative weeks.

Statistical analysis

Comparisons between preoparative and postoperative
scores of IOP, AO and OR were performed with paired-sam-
ples t-test. Statistical significance was set at p < 0.05.

Results

The IPI implantation was completed without major in-
traoperative complications in all animals. No animal died
during the operations of the follow-up period. Postoperative
complications included a case of ocular infection (presum-
ably endophthalmitis) in 1 animal and a case of shallow
anterior chamber, presumably due to persistent choroidal
detachment, in 1 case. Both animals with complicated
procedures were excluded from follow-up and statistical
analysis of data.

The postoperative IOP displayed a statistically sig-
nificant reduction at the operated eyes during the first 3
postoperative weeks, compared with preoperative 1OP
scores (paired samples t-test score 12.23, 11.20 and 11.07,
respectively for the 1st, 2nd and 3rd week, p =~ 0.00). There-
after, a gradual increase and stabilization of the IOP at the
operated eyes was noted. However, the IOP at the operated
eyes continued to be significantly reduced, compared with
preoperative readings, throughout the follow-up period.
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Fig. 7: Diagram of the mean IOP changes following IPI implanta-
tion for the left eye (operated eye — rhomboid dots) and right eye
(fellow eye — square dots) eyes. Measurements were performed on
a weekly basis from the pre-operative interval until the 2-month
post-operative interval.
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Interestingly, a slight (statistically not significant) reduc-
tion in the IOP at the control eyes was also noted, except
for the 1st-week postoperative interval, on which the IOP
at the control eyes was slightly increased, compared with
preoperative levels (again, the difference with preoperative
levels was statistically not significant). Mean IOP scores on
all intervals for both operated (left) eyes and control (right)
eyes are presented in Figure 7.

The AO and OR scores were significantly increased
and reduced, respectively, at the operated eyes on both
1-week and 2-week postoperative intervals, compared with
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Fig. 8: Diagram of the mean OR changes following IPI implanta-
tion for the left eye (operated eye — rhomboid dots) and right eye
(fellow eye — square dots) eyes. Measurements were performed
1 week preoperatively as well as 1 and 2 weeks postoperatively.
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Fig. 9: Diagram of the mean AO changes following IPI implanta-
tion for the left eye (operated eye — rhomboid dots) and right eye
(fellow eye — square dots) eyes. Measurements were performed
1 week preoperatively as well as 1 and 2 weeks postoperatively.



preoperative readings (paired samples t-test score for the
AO changes —7.53 and —6.89, p = 0.01 for the 1st and 2nd
weeks, respectively and paired samples t-test score for the
OR changes 6.80 and 5.34, p=0.01 and p = 0.02 for the 1st
and 2nd weeks, respectively). Respective AO and OR score
changes between pre-operative and postoperative intervals
for the control eyes were statistically not significant. Mean
OR and AO scores during the follow-up period are pre-
sented in Figures 8 and 9, respectively.

Discussion

This is a feasibility study of a new anti-glaucomatous
implant design, the IPI, in rabbit eyes. The IPI differs
from other anti-glaucomatous implant designs in that it
is implanted completely intra-sclerally, creating a per-
manent parathalamus between the sheets of its plate, i.e.
an intra-scleral space in communication with the anterior
chamber through the valve tube. The mechanism of action
of IPI relies on the creation of an intra-scleral parathalamus
cavity to receive the aqueous (10). The intra-scleral implan-
tation of the IPI plate theoretically dictates a permanent
presence of an intra-scleral cavity. The outflow of aqueous
may be performed via either intra-scleral venous plexuses
(and possibly trans-scleral diffusion through thin sclera (11)
or via the supra-choroidal space and the vortex vein system.
In this respect, the IPI resembles the Solx Gold micro-shunt
(SOLX Inc. Waltham, MA, USA), which is designed to
establish a direct communication between the anterior
chamber and the supra-choroidal space (12). However, in
contrast with the Solx Gold implant, in the case of IPI the
supra-choroidal space is not surgically entered, thus theoret-
ically reducing the risk of supra-choroidal haemorrhage or
detachment. The IPI is a non-valved implant operating as a
closed system within the eye, which enhances the inherent
physiological mechanisms of alternative aqueous outflow
and relies on IOP auto-regulation to avoid postoperative
ocular hypotony. The lack of bleb formation and lack of
direct contact with the conjunctiva also imply a potentially
reduced incidence of ocular tissue erosions and exposure
of the implant.

Although rabbit eyes differ from human eyes from var-
ious histological and physiological standpoints (13), they
were chosen as the animal eye model to test IPI in this study
due to easy manipulation and availability. Several previous
studies on anti-glaucomatous valves have also employed
rabbit eyes to assess efficacy and safety parameters (14—16).
The sustained decrease in IOP scores and increase in AO
detected on all postoperative intervals at the operated eyes,
compared with preoperative IOP scores, implies that the
IP1 is effective in reducing the IOP. The gradual increase of
IOP at the operated eyes after the 3rd postoperative week
possibly reflects local scarring or the resolution of any
amounts of postoperative exudative choroidal detachment.
However, the fact that the IOP after the 3rd postoperative
week stabilized at significantly lower levels, compared with

preoperative IOP scores, implies that the IPI remained ac-
tive throughout the follow-up period. The increase in AO
recorded is in accordance with an effective function of IPI
at the operated eyes.

Interestingly, IOP changes were also detected at the
control (non-operated) eyes, although at a statistically not
significant level. Previous studies in animal and human eyes
have also detected IOP changes at the fellow (non-operated)
eyes following anti-glaucomatous procedures in one eye
(consensual ophthalmotonic response, COR) (17-19). Al-
though several mechanisms have been proposed to explain
COR in human eyes, it may be attributed to central reflex
changes in ciliary body innervation, triggered by the sudden
drop of IOP at the operated eyes (20). Such mechanisms
may possibly explain the changes in the IOP observed in this
study. Moreover, the IPI may also have other patho-physio-
logical effects, as suggested by the decrease in OR detected
at the operated eyes during the follow-up period. OR refers
to the mathematical relation between the intraocular volume
and pressure (expressed by an OR coefficient) and it is con-
sidered an important index of the bio-mechanical behaviour
of the ocular tissues (21). Changes in OR may play a role
in the pathogenesis of glaucoma through alteration in scle-
ral elastic properties (especially in the area of the lamina
cribrosa) in different IOP levels (22). An increase in the
OR coefficient after prolonged IOP increase has also been
documented in animal studies, in rabbits (24). Accordingly,
the reduction in OR observed following IPI implantation
in the present study may represent a favorable effect of IPI
implantation. Alterations in choroidal circulation or ocu-
lar wall structure may explain such OR changes, which
have also been reported following other anti-glaucomatous
procedures (21, 22). Although traditionally AO has been
assessed in vivo using tonography or fluorophotometry, the
manometric assessment with the methodology described in
this study has also resulted in valid results (23). The fact that
AO was significantly increased following the implantation
of IPI implies that IPI is effective in producing measurable
effects on AO.

Two animals were excluded from follow-up in this study
due to complications associated with the IPI implantation
procedure. Previous studies on rabbits evaluating experimen-
tal implant designs have also reported similar incidences of
complications (23, 24). However, the IPI was well tolerated
in the majority (80%) of the animal eyes included, imply-
ing an acceptable safety profile in this animal population.
Moreover, improvements in the geometric characteristics
of the implant, including the physical dimensions of the
plate or the diameter of micropores and tube (which were
originally designed for human eyes) may be made in future
related animal studies to better comply with the physical di-
mensions of the eyes included. The bio-compatibility of the
implant may also be enhanced by the selection of adequate
materials, including acrylic, silicone or PMMA polymers.

Limitations of the present study, apart from physiologic
or clinical differences between the rabbit eye and human
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eye models, include the fact that measurements of AO and
OR were performed in an invasive manner (manometric
catheter introduction into the anterior chamber), which may
have affected postoperative measurements, as well as the
fact that the rabbit eyes included were non-glaucomatous.
Accordingly, the IPI could be tested on animal eyes follow-
ing the development of an experimental glaucoma model.
Moreover, the histological examination of rabbit eyes with
IPI, which would enable the evaluation of material bio-
compatibility and tissue reaction was not performed in this
study, since the study design focused more on the IOP re-
duction outcomes as a pilot feasibility protocol. Taking into
account the encouraging results, a biocompatibility study
with histological examinations in rabbit eyes could follow.
IPI performance in human blind glaucomatous eyes could
then be performed as a next step in the future.
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