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Purpose: In eyes with a prior failed aqueous shunt (or “tube”) requiring additional intraocular pressure (IOP)
control, options include angle surgery, cyclodestruction, second tube, tube revision, or tube exchange. We
present a case of a same-quadrant tube exchange of a Baerveldt-250 (BGI-250) to BGI-350.

Observations: The patient is a 71-year-old African American female with severe-stage primary open angle glau-
coma of both eyes, and this case focuses on the right eye. This eye had prior cataract surgery with iStent, prior
BGI-250 in the anterior chamber (AC), and prior iStent removal with gonioscopy assisted transluminal trabe-
culotomy (GATT). The visual acuity (VA) was 20/150, and the IOP was 26 mmHg on 3 IOP-lowering medica-
tions. The prior superotemporal BGI-250 had its “wings” on top of the superior and lateral rectus muscles and its
tube tip in the AC. The implant was removed in its entirety including the superficial and deep layers of its
capsule. The new BGI-350 was stented with a 3-0 polypropylene ripcord, ligated with a 7-0 polyglactin suture,
and implanted with its wings under the rectus muscles and the tube tip in the sulcus. For early IOP-lowering prior
to ligature dissolution, 2 needle stab fenestrations and an additional 7-0 polyglactin wick was used. The capsule
from the prior BGI-250 was used as a patch graft for the new BGI-350. The ligature dissolved at postoperative
week (POW) 6. By POWS, the IOP was 18 mmHg on 3 IOP-lowering medications and frequent topical steroid, the
AC was quiet, and the ripcord was removed. A slow steroid taper finished at postoperative month (POM) 6. By
POM 12, the VA was still at baseline 20/150, and the IOP was 14 mmHg on 3 IOP-lowering medications.
Conclusions & importance: Patients with a prior failed tube requiring additional IOP-lowering can undergo a same-
quadrant tube exchange. BGI-350s may offer more IOP-lowering than BGI-250s, but the IOP-lowering achieved
in this patient’s case could be attributable to differences in postoperative management in addition to endplate
size; longer follow-up is needed. A tube exchange offers the opportunity to reposition the tube tip from the AC to
the sulcus and to use the prior tube’s capsule as a patch graft for the new tube.

1. Introduction

Aqueous shunts (or “tubes”) are typically implanted in eyes with
severe or refractory glaucoma. In eyes with elevated intraocular pres-
sure (IOP) despite a prior tube, options for additional IOP lowering
include angle surgery,’ cyclodestruction,” second tube, tube revision,”
or tube exchange.” A variety of tubes are available, differing in shape,
size, and structure (valved versus non-valved). A commonly used
non-valved tube is the Baerveldt Glaucoma Implant (BGI) (Johnson and
Johnson Surgical Vision, Irvine, California), available with an endplate
area of 250 or 350 mm? (BGI-250 and BGI-350 respectively). A fibrous
capsule grows around the endplate which provides resistance to aqueous
outflow and contributes to the IOP outcome.

The BGI-350 is the type of tube commonly used in studies comparing
non-valved tubes to valved tubes and trabeculectomy>®”>.® Trials have
demonstrated more favorable IOPs with BGI-350 compared to the
Ahmed FP7 Glaucoma Valve (AGV) (New World Medical, Rancho
Cucamonga, California),®’ and we have published our technique for
same-quadrant Ahmed to BGI-350 exchange whereby we described ad-
vantages of same-quadrant tube exchange over a second tube.* When
comparing different non-valved tubes, larger endplates may have a
theoretical advantage of achieving lower IOPs, but there is no consensus
in the literature.'®'! Herein, via an illustrative case example, we pro-
pose that eyes with a prior BGI-250 requiring additional IOP-lowering
may benefit from a same-quadrant tube exchange for a BGI-350, with
the goal of avoiding or delaying a second tube. A surgical video
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demonstrating the steps of the surgical procedure is included in the
supplemental materials.

2. Case report

The patient is a 71-year-old African American female with primary
open angle glaucoma of both eyes. This report focuses on the right eye,
which has had prior cataract surgery with first-generation iStent
(Glaukos, San Clemente, California) and subsequent implantation of a
superotemporal BGI-250 with the endplate wings on top of the superior
and lateral rectus muscles and the tube tip in the anterior chamber (AC).
She was referred to us with an IOP of 30 mmHg on 3 topical IOP-
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lowering medications. We removed the iStent and performed a
gonioscopy-assisted transluminal trabeculotomy (GATT). Ten months
later, the visual acuity (VA) was baseline 20/150, IOP was 26 mmHg on
3 topical IOP-lowering medications, which was her maximum tolerated
medication therapy. Options included cyclodestruction, a second tube,
or a same-quadrant tube exchange, and she elected the latter.

The conjunctiva was opened at the limbus, and the prior tube and
scleral patch graft were identified. The AC was filled with viscoelastic,
the prior superotemporal BGI-250 was disinserted from the AC, and the
tube track was sutured with 8-0 polyglactin suture on a tapered needle.
A 6-0 polyglactin posterior scleral traction suture was placed to rotate
the eye. The endplate and capsule were removed, and the capsule was

Fig. 1. Video stills highlighting key didactic points from the surgery. A. Dissection of prior BGI-250 off of globe - separation of tube from sclera. B. Dissection of
anterior capsule off of the prior BGI-250 device plate. The anchoring stalks growing through the holes are severed, and the capsule is harvested and preserved for use
as autologous patch graft. C. New BGI-350 in place with 7-0 polyglactin suture ligature and 3-0 polypropylene ripcord in lumen of tube. D. Non-tunneled sclerotomy
created with 23G straight needle. E. Tube inserted into sulcus and tube tip visible through pupil. F. Stab-needle fenestrations created for early IOP-lowering. G. Prior
BGI-250 capsule tissue positioned over new BGI-350 tube as autologous patch graft to be sutured onto sclera. H. Post-operative month 12. Image of superotemporal

BGI-350.
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dissected off of the surface of the superior and lateral rectus muscles
(Fig. 1A). A block of capsule tissue was harvested for subsequent use as a
patch graft (Fig. 1B).'? A new superotemporal BGI-350 was stented with
a 3-0 polypropylene ripcord suture, ligated with a 7-0 polyglactin liga-
ture, and affixed to the bare sclera in the superotemporal quadrant with
8-0 silk suture with the implant wings under the superior and lateral
rectus muscles (Fig. 1C). A 23-gauge needle was used to make a
non-tunneling sclerotomy into the ciliary sulcus, through which the tube
was inserted (Fig. 1D and E). Two fenestrations were made with a
SE-160-9 spatulated needle, and an additional 7-0 polyglactin wick was
used for early IOP-lowering prior to ligature dissolution (Fig. 1F). The
autologous capsule patch graft was used to cover the new tube entry site
and old tube removal site (Fig. 1G). The 3-0 polypropylene ripcord was
tunneled subconjunctivally and routed to the inferior subconjunctival
space. The conjunctiva was reapproximated to the limbus and closed
with 7-0 surgical gut suture without tension. Viscoelastic was rinsed out
of the AC with balanced salt solution on an AC cannula, and intra-
cameral antibiotic was administered, along with subconjunctival anti-
biotics and steroids. Intravenous steroid was administered by the
anesthesia team. Topical antibiotic, steroid, and cycloplegic eyedrops
were administered, and the eye was patched and shielded.

On postoperative day 1, the VA was count fingers, IOP was 2 mmHg,
AC was deep, and there were no visible choroidal effusions in the pos-
terior pole; but it was assumed that she likely had peripheral choroidal
effusions. Topical steroid (prednisolone acetate every 2 hours), anti-
biotic, and cycloplegic eyedrops were initiated, and the baseline 3 IOP-
lowering medications were stopped. By postoperative week (POW) 1,
the VA was still count fingers, IOP was 4 mmHg, AC was deep, and there
were visible peripheral choroidal effusions; steroid and cycloplegic
eyedrops were continued. By POW2, the VA improved to 20/500, IOP
rose to 28 mmHg, AC was deep, and the choroidal effusions had
resolved; the steroid was increased to 4 times per day (patient was
mistakenly using 2 times per day), the cycloplegic was stopped, and the
3 baseline IOP-lowering medications were resumed. By POW4, the VA
improved to 20/200, IOP was 8 mmHg on 3 IOP-lowering medications,
AC was deep, and choroidal effusions remained resolved; the steroid was
again emphasized to be 4 times per day (patient was still mistakenly
using 2 times per day), and the 3 baseline IOP-lowering medications
were continued. By POW?7, the ligature had dissolved, the VA improved
to baseline 20/150, IOP was 18 mmHg on 3 IOP-lowering medications,
and AC was deep with 1+ cell in part due to ongoing patient error with
topical steroid frequency (she was still mistakenly using the predniso-
lone 2 times per day); steroids were again emphasized to be 4 times per
day to reduce AC inflammation prior to considering ripcord removal. By
POWS, the VA remained stable at baseline 20/150, IOP was still 18
mmHg on 3 IOP-lowering medications, and the AC was quiet; the rip-
cord was removed, and she was instructed to do a slow steroid taper by
reducing the steroid frequency by one drop-per-day per month. Six
weeks later, at POM3, the VA remained 20/150, IOP was 15 mmHg on 3
IOP-lowering medications and steroid was still 4 times per day (patient
mistakenly did not taper to 3 times per day). At POM4, the VA remained
20/150, IOP was 15 mmHg on 3 IOP-lowering medications and steroid 3
times per day. At POM5, VA remained 20/150, IOP was 16 mmHg on 3
IOP-lowering medications and steroid 2 times per day. She was lost to
follow-up between POM5 and POM10 but did complete her steroid taper
on schedule. At POM10, VA remained 20/150, IOP was 15 mmHg on 3
IOP-lowering medications, and she had been off steroid for 4 months. At
POM12, the most recent follow-up, VA remained at baseline 20/150,
and IOP was 14 mmHg on 3 IOP-lowering medications (Fig. 1H).

3. Discussion & conclusions

In eyes with a prior BGI-250 requiring further IOP-lowering, we
propose a same-quadrant BGI-250 to BGI-350 exchange. In all complex
tube revision surgeries, we advocate for general anesthesia and a pos-
terior scleral traction suture to enhance patient comfort and exposure of
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the surgical field. In addition to exchanging the device for one with a
larger endplate to promote lower long-term IOP, a same-quadrant tube
exchange also offers the opportunity to reposition the tube tip from the
AC to sulcus which may be favorable for the cornea'® while minimizing
the potential complications associated with a second tube.® Further-
more, a same-quadrant tube exchange offers the opportunity for an
autologous capsular autograft to be harvested from the old tube and
used to cover the new tube.'? We have described our technique for
same-quadrant Ahmed FP7 to Baerveldt-350 exchange,4 and this report
describes our technique and special considerations for performing a
BGI-250 to BGI-350 exchange.

In our case, the prior tube’s entire capsule was removed, and the new
tube was sutured to the bare sclera and allowed to grow a new capsule
“from scratch”. The old tube had been placed on top of the muscles
which rendered it relatively easier to access and remove the entire su-
perficial and deep layers of the capsule. If the prior tube endplate and
been positioned under the rectus muscles, the capsule would have had to
be dissected and removed from under the muscle edge in order to create
enough space for the new wider endplate, which may have been more
technically challenging. Several other factors besides the endplate size
have likely contributed to the success of the new BGI-350 so far. We do
not have records from the postoperative period after her original BGI-
250, and different surgeons have vastly different practice patterns for
postoperative steroid dosing after non-valved tubes.'* We administered
intravenous steroids at the time of surgery, started her on topical
prednisolone every 2 hours, and instructed her to do a relatively slow
6-month steroid taper. We hypothesize that our steroid dosing may help
reduce encapsulation of the new BGI-350’s endplate and favorable IOP
outcomes. We did not have any reason to consider opening the tube
early, since the IOP at POW4 was 8 mmHg on 3 IOP-lowering medica-
tions, but even if the IOP had been above target at that time point, we
would advocate for waiting for the ligature to spontaneously dissolve,
since opening tubes early may introduce pro-inflammatory aqueous over
the endplate which may promote excessive encapsulation, which is a
concept borrowed from employing early aqueous suppression after
valved tube shunt surgery.'® In addition, when the ligature spontane-
ously dissolved on schedule and there was 1+ AC inflammation, the 3-0
polypropylene ripcord was left in place and the steroid dose was
increased to achieve a quiet AC prior to considering ripcord removal. It
is common for eyes to develop AC inflammation and/or hypotony
associated complications when the ligature spontaneously dissolves.
Since the ripcord provides partial lumen obstruction and reduces
aqueous outflow over the endplate, delayed ripcord removal provides an
opportunity to adjust the dosing of steroids and/or IOP-lowering med-
ications to achieve more optimized conditions before fully opening the
tube.'® Different surgeons have vastly different practice patterns for
ripcord usage in non-valved tubes,'* and we propose that a thick ripcord
may be helpful when performing a same-quadrant tube exchange for a
new non-valved tube. Eyes may not behave as expected after a tube
exchange compared to a primary tube, and having a thick ripcord in
place provides an additional point of titration for anti-inflammatory and
IOP-lowering medications when the new tube’s ligature spontaneously
dissolves, which may facilitate a more predictable and less volatile
postoperative course. This step is not critically necessary and a
same-quadrant tube exchange can still be performed without a ripcord.
We did not have access to the operative note from her original BGI-250
surgery, so we do not know if and how a ripcord was used; regardless, we
hypothesize that our judicious usage and management of the 3-0 poly-
propylene ripcord contributed to her successful postoperative course. A
tube exchange is a relatively longer surgery which may induce more
postoperative inflammation and decreased aqueous production in the
setting of postoperative inflammation can also contribute to choroidal
effusions. We recommend much higher steroid dosing after tube ex-
change than with a primary tube.

There are some limitations to our surgical strategy and this patient’s
postoperative course. Since BGI-350s are non-valved, exchanging for a
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new BGI-350 requires employing a strategy to achieve acceptable early
IOP-lowering prior to spontaneous ligature dissolution, such as an
orphan trabeculectomy,'” adjunctive goniotomy,'® cyclodestruction, or
fenestrations with or without wicks.'*'® Our usual practice pattern for
primary non-valved consists of (1) 3 needle-stab fenestrations, which
may create more uniform slits those that created with a blade, (2) no
wick, and (3) an adjunctive goniotomy if the angle anatomy and clinical
circumstances are amenable. Since this patient already underwent a
prior 360-degree GATT, an adjunctive goniotomy would not be possible,
so we employed 2 needle-stab fenestrations and an additional 7-0 pol-
yglactin wick, which represents a more aggressive early IOP-lowering
strategy than our usual approach. A retrospective comparative case se-
ries in the literature described outcomes of BGI-350s with fenestrations
(3 venting slits created by a Supersharp blade) with or without a 7-0
polyglactin wick. In the wick group, the rate of hypotony (IOP <5
mmHg) in the first two postoperative months was 21 %, and the rate of
choroidal effusions was not reported.'” Our patient received a similar
7-0 polyglactin wick with 2 needle stab fenestrations rather than 3 Su-
persharp blade fenestrations and did develop early postoperative
hypotony (IOP <5 mmHg) and peripheral choroidal effusions which
resolved by POW2. We hypothesize that this was due to the relatively
large 7-0 polyglactin wick that was used, and a smaller wick such as a
10-0 suture may have reduced the risk of early choroidal effusions. Since
we did expect robust outflow from the relatively large wick, we did
instill cycloplegic eyedrops at the end of the surgery and maintained her
on postoperative cycloplegic eyedrops until the choroidal effusions
resolved.

In summary, this pseudophakic patient with a prior failed BGI-250 in
the AC already failed prior GATT and subsequently underwent a same-
quadrant exchange for a new BGI-350 in the sulcus. She maintained
baseline VA while achieving 12 mmHg of additional IOP-lowering, from
26 mmHg to 14 mmHg on the same 3 baseline IOP-lowering medica-
tions, with 12 months of follow-up. Aside from early self-limited pe-
ripheral choroidal effusions, she did not experience any other
intraoperative or postoperative complications. The larger endplate size
in addition to judicious intraoperative and postoperative management
contributed to her successful outcome so far. Longer follow-up will be
needed to describe the long-term success rates of same-quadrant BGI-
250 to BGI-350 exchange.
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