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Purpose: Larger surface area glaucoma drainage implant plates are associated with greater IOP reduction. Older age and short axial
length of the eye have been reported to be risk factors for postoperative hypotony and suprachoroidal hemorrhage after glaucoma
surgery. This pilot study, the first of its type, was conducted to determine the clinical outcome of intraoperative Baerveldt implant plate
size reduction in elderly patients (=80 years) with short axial length (<22 mm).

Methods: This was a retrospective study with a minimum 18-month follow-up involving 24 consecutive uncontrolled glaucoma
patients who had previously undergone Baerveldt implantation with implant plate size reduction. Success was defined as intraocular
pressure (IOP) <21 mmHg with at least a 30% reduction in IOP from baseline on two consecutive follow-up visits, IOP > 5 mm Hg on
two consecutive follow-up visits, and neither reoperation of glaucoma nor loss of light perception. The distance between the rectus
muscles at the equator of the eyeball was measured using a surgical caliper. The Baerveldt implant plate was cut with straight
dissecting scissors considering the distance between the muscles.

Results: The mean £SD preoperative IOP before GDI was 30.2 + 6.9 mmHg, and the mean IOP at the last follow-up visit was 13.3 +
5.1 mmHg, the mean pressure drop being 16.9 mmHg (56%) (P<0.001). The number of antiglaucoma medications declined from mean
3.7 £ 1.0 (range 2-5) to 1.6 £ 1.1 (range 0-3) at the last visit (P<0.001). The success rate at the last follow-up visit was 79% (19 of 24
eyes). Fourteen (58%) eyes were classified as qualified success and five eyes (21%) were complete success. Complications included
intraoperative suprachoroidal hemorrhage (1) and postoperative hyphema (2).

Conclusion: Baerveldt implantation with customized plate downsizing can be an effective treatment option for difficult glaucoma in
elderly people with short eyes.
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Introduction

Older age and short axial length of the eye have been reported to be risk factors for hypotony and suprachoroidal
hemorrhage (SCH) after glaucoma surgery.'* Postoperative hypotony should be avoided in these high-risk eyes. A larger
glaucoma drainage implant (GDI) plate size may lead to a greater degree of IOP reduction and increase the risk of
postoperative hypotony in elderly patients with short eyes.* Additionally, a larger GDI plate area has been reported to
result in a higher frequency of postoperative diplopia than implants with a smaller plate area,” and surgeons must be
aware of this potential complication, especially in patients with short eyes.

The surface area of a GDI bleb capsule is directly proportional to the implant plate size. During the preoperative
evaluation of patients, the surgeon must consider whether smaller GDI plate size is more appropriate option for lowering
IOP in these high-risk eyes. The smallest available Baerveldt implant (Johnson & Johnson Vision, California, USA) plate
size is 250 mm?. If the surgeon decides to implant a nonvalved GDI, such as a Baerveldt, but prefer a smaller plate area
than 250 mm?, he must reduce the implant plate size. The implant plate is made from soft silicone and can be truncated
by cutting with scissors. Downsizing a Baerveldt implant plate by truncation of one or both wings of the implant has been
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reported to be an effective and safe method for reversing persistent postoperative hypotony while maintaining IOP

control.%’

However, no previous reports exist considering GDI size customizing by cutting the plate intraoperatively to
prevent complications in elderly patients with short eyes.

The aim of this pilot study, the first of its type, was to evaluate the efficacy and safety of Baerveldt implantation with
customized intraoperative implant plate size reduction in elderly glaucoma patients (80 years and older) with short axial

length of the eye (under 22 mm).

Materials and Methods

The cases of 24 consecutive patients who presented with Baerveldt 250 mm? implantations performed using customized
implant plate size reduction surgery were retrospectively reviewed. All patients were >80 years with axial length of the
eye under 22 mm and operated on at the Paijat-Hame Central Hospital between February 2014 and February 2021 with
a minimum 18-month follow-up by the same surgeon (JV).

Outcome measures included IOP, visual acuity, number of antiglaucoma medications, and any surgical complications.
Surgical success was defined as IOP<21 mmHg with at least a 30% reduction in IOP from baseline on two consecutive
follow-up visits with less than or as much antiglaucoma medication as preoperatively, IOP>5 mmHg on two consecutive
follow-up visits and neither reoperation of glaucoma nor loss of light perception vision. All patients who met these
criteria and were not on supplemental antiglaucoma therapy were considered complete successes. Patients who had
succeeded but required supplemental antiglaucoma medication were defined as qualified successes. Cataracts were
considered to have progressed if there was loss of 2 or more lines of Snellen best corrected visual acuity (BCVA)
attributed to cataract at the last follow-up visit, or if cataract surgery had been carried out. None of the study patients had
undergone 360-degrees scleral buckle procedure previously.

The study met the criteria set by the local ethical review board of the institution (IRB) and was performed according
to the Declaration of Helsinki. Cases included from Péijat-Hame Central Hospital were approved for publication by the
Péijat-Sote Institutional Committee. No informed consent was required by IRB since this is a retrospective study. Data
was collected as a routine part of clinical care and stored in a patient’s electronic health record. No subjects have been
recruited specifically for this retrospective analysis. No patient identifiable data necessitating consent was used in this
study. The health care provider who produced the patient data can view it without the patient’s consent if it has a care
relationship with the patient. No patient consent to publish was required. As such no further approval was deemed needed
by the IRB for the analysis of the data. The Piijat-Hame Central Hospital verified that the study was exempt (retro-
spective, de-identified data) and no formal ethics approval was required in this study.

Statistical Analysis

The paired Student’s t-test for continuous data with normal distribution was conducted to compare IOP values. The
Wilcoxon signed rank-sum test for continuous data without normal distribution was used to assess differences in the
number of medications and visual acuity between the eyes before and after surgery. Snellen visual acuity measurements
were converted to the logarithm of the minimum angle of resolution equivalents. Conventional methods and the Kaplan—
Meier life-table analysis was used to determine surgical outcome. Statistical significance was implied by P value less than
or equal to 0.05. Statistical analyses were performed using SSPS version 22.0 for Windows (IBM, USA).

Customization of Baerveldt Implant Plate Size

A fornix-based conjunctival flap and a subTenon/conjunctival pocket were created in the superotemporal quadrant under
peribulbar anesthesia. The superior and lateral rectus muscles were isolated, and 4-0 silk traction sutures placed under
the muscles. After verifying the patency of the Baerveldt implant tube by balanced salt solution (BSS) irrigation, the tube
was occluded near the plate with two 6—0 polyglactin 910 (Vicryl-rapide, Ethicon, Johnson & Johnson, USA) ligation
sutures placing the knots on the underside of the tube. Next, the BSS was injected into the tube to ensure the ligature was
tight. The distance between the rectus muscles at the equator of the eyeball was measured using a surgical caliper. The
Baerveldt implant plate was cut with straight dissecting scissors considering the distance between the muscles (Figure 1).
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Figure | Customizing a Baerveldt 250 mm? implant plate size considering the distance between the rectus muscles by cutting with straight dissecting scissors.

The custom-made Baerveldt implant was secured to the sclera usually 8 mm posterior to the limbus with 8-0 nylon (Ethilon,
Ethicon, Johnson & Johnson, USA) sutures and the knots were placed inside the implant plate holes. A lamellar scleral tunnel
was created with a crescent knife from near the anterior edge of the plate to 2 mm from the limbus. The tunnel was completed
with a 23 G needle, which was used to penetrate into the anterior chamber at an angle parallel to the iris plane. The end of the
implant tube was shortened and beveled up in order for the tube to extend a maximum of 2 mm inside the anterior chamber. The
implant tube was inserted into the anterior chamber via the intrascleral tunnel. The conjunctiva was closed using running 9—0
polyglactin (Vicryl, Ethicon, Johnson & Johnson, USA) sutures. Postoperatively, topical dexamethasone drops combined with
chloramphenicol (Oftan Dexa-Chlora, Santen, Tampere, Finland) were applied for five weeks.

Results

Patients’ characteristics and preoperative data are summarized in Table 1. The mean £SD baseline IOP before the GDI
procedure was 30.2 £ 6.9 mmHg (range 20-54), and the mean IOP at the last follow-up visit was 13.3 + 5.1 mmHg
(range 3-22), with a mean pressure drop of 16.9 mmHg (56%) (P<0.001). There was a statistically significant drop in
IOP at 3 months, 6 months, and at 1 year (46%, 51%, 52%, respectively; P<0.001) (Figure 2). The number of
antiglaucoma medications declined from mean 3.7 £ 1.0 (range 2-5) to 1.6 + 1.1 (range 0-3) at the last visit
(P<0.001) (Figure 3). The conventional success rate at the last follow-up visit was 79% (19 of 24 eyes). Fourteen

Table | Patient Demographics

Characteristics Value
No. of patients (eyes) 24 (24)
Mean age * SD (y) 83.0+29
Male/Female 321
Mean follow-up + SD (months) 308 £ 128
Diagnosis of glaucoma, n (%)
Pseudoexfoliation 13 (54)
Primary open angle 8 (34)
Neovascular 2 (8)
Uveitic 1 (4)
Previous operations, n (%)
Trabeculectomy 3(13)
Ex-Press shunt 1 (4)
Xen Gel Stent 1 (4)
Vitrectomy 3(13)
Intraocular lens 20 (83)
Mean axial length of the eye * SD (mm) 21.7 £0.2

Abbreviation: SD, standard deviation.
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Figure 2 Mean intraocular pressure (IOP) of 24 eyes (24 patients) at baseline, over the 12 months’ time, and at the last follow-up visit.
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Figure 3 Mean number of antiglaucoma medications of 24 eyes (24 patients) at baseline, over the 12 months’ time, and at the last follow-up visit.

(58%) of the 24 eyes were classified as qualified successes and five eyes (21%) complete successes. The Kaplan—Meier
life-table analysis showed a 90% success rate after 24 months of follow-up (Figure 4).

Complications included intraoperative SCH in one patient, postoperative hyphema in two patients and cataract in two
patients. No significant ocular motility disturbance causing diplopia was detected. Visual acuity (£ SD) decreased from
0.32 logMAR (+ 0.22) to 0.43 logMAR (+ 0.38) (P=0.018). Vision decreased in 7 of the 24 eyes (29%) due to diabetic
maculopathy (2), cataract (2), central retinal vein occlusion (1), glaucoma progression (1), and intraoperative suprachor-
oidal hemorrhage (SCH) (1). None of the study patients required additional surgery due to complications, with the
exception of two patients with cataract progression who underwent phacoemulsification with intraocular lens during the
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Figure 4 Kaplan—Meier survival curve after 24 eyes of 24 glaucoma patients who presented with Baerveldt 250 mm? implant plate customized size reduction surgery.
Surgical success was defined as IOP <2| mmHg with at least a 30% reduction in IOP from baseline on two consecutive follow-up visits, IOP >5 mmHg on two consecutive
follow-up visits, and neither reoperation of glaucoma nor loss of light perception vision.

follow-up. All ligation sutures around the tube of the Baerveldt implant dissolved spontaneously between the third and
fifth postoperative weeks.

Discussion

The axial length of an emmetropic human adult eye is approximately 22.0-24.8 mm with no significant difference between
sexes and age groups.® Short eyes have a shorter axial length, typically <22 mm, and a shallower anterior chamber. Patients
with short eyes tend to have a smaller orbital volume and GDI surgery in short eyes presents specific, unique situations.

New-onset persistent diplopia is a common complication after GDI placement.”’ Decreases in orbital axial and
coronal volumes as well as increased orbital rim distances have been detected in diplopic GDI patients.'® Patients with
larger GDIs or higher profile plate GDIs were more likely to experience diplopia.'® In the present study, no patients
developed new-onset persistent diplopia during the follow-up. However, this observation was only based on a verbal
interview by a glaucoma specialist and not on a strabismus specialist examination.

The study by Heuer et al suggested that the double plate Molteno (270 mm?) provided better IOP control than the
single plate (135 mm?) at 1 to 2 years postoperatively.” However, there might be an upper limit beyond which a further
increase in plate surface area does not benefit the decrease in IOP."' The Baerveldt implant with a surface area of
350 mm? has been found to have a significantly higher risk of hypotony (IOP < 5 mmHg) compared to the Ahmed
implant (New World Medical, Inc., California, USA) with a surface area of 184 mm®.'* Delayed hypotony after
Baerveldt implantation can develop in 5% of patients.'> This hypotony places patients at risk of vision loss due to SCH.

SCHs may be categorized as either intraoperative or postoperative with relationship to the surgery. The reported
incidence rates of postoperative SCH occurring within 3 months of GDI surgery varied from 1.2% to 2.7% among
patients with a mean age of 66 years.'* None had postoperative SCH during the follow-up period, but one study patient
had intraoperative SCH. She had several characteristics, including high preoperative IOP up to 54 mmHg, a history of
leukemia and antiplatelet medications, which increase the risk of perioperative SCH. Postoperatively this patient
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developed persistent hypotony and loss of light perception vision and was classified as a surgical failure. Even if potential
complication such as postoperative SCH did not exist, it is not possible to estimate if customized downsizing of the
implant plate reduces the risk of this rare complication due to the small size of this special group of patients.

GDI models made from silicone have been shown to offer improved IOP reduction, as well as a lower incidence of
excessive encapsulation when compared to polypropylene models.'> During the present study period the Baerveldt
implant was used at our clinic as the primary GDI. The smallest original implant plate size is 250 mm?* among all GDI
implants made from silicone. The originally smaller plate size is available only with hard plate GDIs made from
polypropylene, which are resistant to cutting with scissors intraoperatively. Of the commercially available GDIs, only the
Baerveldt implant, the PAUL Glaucoma Implant (Advanced Ophthalmic Innovations, Singapore, Republic of Singapore),
the Aadi Glaucoma Shunt (Aurolab, India), and the Ahmed ClearPath (New World Medical, Inc., California, USA) plates
are made from soft silicone and can be downsized by cutting with scissors.

Conclusions

In elderly patients with short eyes, the surgeon should, whenever possible, try to prevent hypotony after GDI surgery.
Among these patients one may consider using intraoperative truncation of the GDI plate instead of an original GDI plate
size to avoid hypotony and other complications in the postoperative period. According to the present pilot study, the
Baerveldt implant with customized intraoperative implant plate size reduction seems to be an effective and safe treatment
option for uncontrolled glaucoma in elderly patients with short eyes.

Data Sharing Statement
The datasets generated during and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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