Touka 3peHus. Bocmok - 3anad. 2024;11(2): 24-34.
Point of view. East - West. 2024;11(2): 24-34.

| OPUTUHANBbHbIE CTATbU
ORIGINAL ARTICLES

HayyHaa cmambs

YAK617.7-007.681

DOI: https;//doi.org/10.25276/2410-1257-2024-2-24-34
© Umay Giiveng, Giilizar Demirok, 2024

Evaluahion and Management of Hypotonia and Endothehal Damage after Glaucoma
Drainage Implants

Umay Giiveng, Giilizar Demirok
Ankara Training and Research Hospital, Department of Ophthalmology, Ankara, Turkey

ABSTRACT

Glaucoma remains a leading cause of irreversible blindness globally, necessitating effective management strategies to re-
duce intraocular pressure (IOP) and mitigate associated complications. This study investigates the efficacy and potential
complications of Ahmed Glaucoma Valve (AGV) implantation, with a particular focus on two critical postoperative challen-
ges: corneal endothelial damage and hypotony. The research assesses both immediate and long-term outcomes of AGV sur-
geries, specifically examining the effects of tube placement on corneal health and the success of different surgical modifica-
tions designed to manage hypotony and loss of endothelial cells. The use of ophthalmic viscosurgical devices (OVDs) is eva-
luated for their role in managing postoperative hypotony by stabilizing the anterior chamber and maintaining appropriate
I0P levels. Additionally, the paper discusses new, less invasive suture-assisted tube revision techniques that address the pre-
valent issue of tube-endothelial contact, which frequently leads to corneal endothelial decompensation. The adoption of the-
se methods marks a significant advancement in glaucoma surgical practices, particularly beneficial for patients with syste-
mic conditions or inflamed glaucoma, where more complex surgeries pose greater risks. The manuscript delves into various
AGV placement strategies, emphasizing the benefits of ciliary sulcus placement over anterior chamber placement to reduce
corneal complications. Overall, the findings underscore the necessity for meticulous surgical planning and proactive mana-
gement fo effectively mitigate severe complications associated with AGV implantation.
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OI.I,EHKa nneyeHne rmnOToOHNU C noBpexKaeHneM 3HAOoTeInaNbHOro Cs1oAa nocne
XUpyprum rmaykombl C npuMeéHeHneM gpeHaXHbiX MMIJIQHTaTOB

Yman loseny, lonnsap [lemnpok
OmoeneHue oppmansmonoauu YyebHol u uccnedosamensckuli KNuHUKU, AHkapa, Typyus

PE®EPAT

[naykoma ocTaeTcs Begylueit NpU4MHON HeoBpaTUMOIi CNenoTbl BO BCEM MUPE, 4TO TpebyeT 3 heKTUBHbIX CTPaTernii NeYeHns
JNIA CHUKEHWA BHYTpUInasHoro AaBnenus (BI) v HuBenmpoBaHUA BbIpaXeHHOCTW CBA3AHHbIX C 3TUM 0CNOXHeHWI. B faHHOM
vccnefoBaHWM NpeAcTaBeHbl pe3ynbTaTbl U3yYeHUA 3PGEKTUBHOCTU U MOTEHLMUANbHBIX OCNOXHEHWIA MMMNaHTauum
knanaHa Axmeaa ansa rnaykombl (KAT). Yaenserca oco6oe BHMMaHWe BYM KpUTUYECKMM NOCeonepaLoHHbIM npobnemam:
MOBPEXAEHMIO 3HAOTENNA POroBULbI U TUNOTOHWUKW. B nccnepoBaHum npoBefeHa oueHKa KakK HEMOCPEACTBEHHbIX, TaK U
OTAaneHHbIx pe3ynsratos KAT, B 4acTHOCTW, MpY U3y4eHUW BAMAHUA UMNNAHTaLUmM Tpy6KM Ha COCTOAHUE POroOBHULbI U ycnex
pa3nnyHbIX XMPYPruyeckx MoanduKaLmnii, npegHa3HayeHHbIX AN TeYeHUA TMNOTOHWUU U NOTEPU 3HAOTENNANbHBIX KNETOK.
Mcnonb3oBaHne oTanbMonornyecknx BUCKo3anacTuyeckux pactsopoB (B3P) no3sonser oueHUTb UX poib B NleyeHUM
nocneonepauvoHHON TMNOTOHUU NyTeM cTabunn3auum nepesHei Kamepbl U NOAAEPKAHUA COOTBETCTBYIOWMX ypoBHei BIT/,.
Kpome Toro, B cTaTbe 06cyKAal0TCA HOBbIE, MEHEE UHBA3VIBHbIE METOAbI PEBU3UK TPYOKM C MCNONBb30BaHNEM LIBOB, KOTOPbIE
peLatoT pacnpocTpaHeHHyo NpobieMy KOHTaKTa TpyOKYM ¢ 3HAOTENVEM, YAacTo NPUBOAALLEMY K IeKOMNEHCaLMUM 3HAOTENUA
poroBuLbl. BHeapeHve 3Tux METOA0B 3HaMeHyeT co60i 3HaUNTeNbHbIN NPOrPecce B XMPYPruu rayKoMbl, 4To 0CoBeHHO nonesHo
ANA NaLMeHTOB C CUCTEMHbIMU 3a60N1eBaHUAMM MW TayKOMO Ha GoHe BocnaneHus, rae Gonee CNoXHble XMpypruyeckue
BMeLLaTeNbCTBA CONPAXeHbI ¢ 6onbWwUM prckoM. B cTaTbe nogpobHo paccMaTpyBalOTCA pa3fnyHble CTpaTerum pasMeLleHms
knanaHa Axmepa, NOAYEpKMBaOTCA NPeNMyLLecTBa pa3MelleHns B 061acTb LunmapHoi 60po3abl, MUHYA NepeaHIolo KaMepy,
ANA CHUKEHWA PUCKOB Pa3BUTUA OCNOXHEHWI CO CTOPOHbI POroBuMLbl. B Lenom nonyyeHHble pesynbraTbl NOAYEPKUBAOT
Heo6X0AMMOCTb TILATENbHOMO XMPYPrYeCKOro NNaHWpPOBaHUA U NPEBEHTUBHOMO NieYeHNA ANA 3PEKTUBHOMO CHUKEHUA
4aCTOTbI TAXENbIX 0CN0XKHEHUN, CBA3AHHbIX C UMMNNaHTaLMeil KnanaHa AXMeAa B XMPYpruu rnayKoMmbl.

KnioueBble cnoBa: 2naykoma, 8HympuenasHoe 0asneHue, KnanaH Axmeda, pozosuya, 3H00OmenuanbHble KaemKu
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INTRODUCTION

CASE PRESENTATIONS

Glaucoma is a leading cause of irreversible blindness
worldwide, with the primary treatment strategy being the
reduction of intraocular pressure (IOP). In cases where IOP
cannot be medically controlled, glaucoma filtration sur-
geries are performed [1]. Today, trabeculectomy and gla-
ucoma drainage devices (GDD) are the main surgical tre-
atment methods [2]. GDDs are typically preferred as a se-
cond-line treatment after a failed trabeculectomy or as a
primary procedure in clinical situations considered hi-
gh-risk for trabeculectomy failure, such as previous vitre-
oretinal surgery, penetrating keratoplasty, uveitic glauco-
ma, or neovascular glaucoma (NVG) [3]. In our cases, the
selection of the Ahmed Glaucoma Valve (AGV) as the pri-
mary treatment option was guided by the specific types of
glaucoma, the ages of the patients, and their extensive his-
tories of medical treatment.

Although the Ahmed Glaucoma Valve (AGV) is a valved
device, ocular hypotony (temporary or permanent) can oc-
cur in the early postoperative period. Hypotony may be due
to over-priming of the tube and valve insufficiency, leaka-
ge of aqueous humor around the silicone tube, or decrea-
sed aqueous production due to ciliary body dysfunction. In
hypotonic eyes, hypotonic maculopathy, choroidal detach-
ment, and a shallow or flat anterior chamber (AC) can de-
velop. Therefore, to prevent early ocular hypotony, parti-
al ligation of the silicone tube with a vicryl suture may be
applied intraoperatively [4]. Despite these precautions, hy-
potony remains a frequent complication and often neces-
sitates further interventions, particularly in cases of infla-
med glaucomas.

Corneal endothelial cell loss and subsequent corneal
edema and decompensation are well-known complicati-
ons of tube shunt surgery. The rate of corneal complica-
tions following tube shunt surgeries has been reported at
high rates of 16 to 27% in previous reports [5—7]. Factors
such as postoperative hypotony, a shallow anterior cham-
ber (AC), tube-cornea contact, and chronic inflammation
contribute significantly to the loss of corneal endothelial
cells after these procedures [6, 8, 9]. The risk of endotheli-
al loss increases notably when the tube is implanted into
the AC [7, 10, 11]. In these cases, removal of the tube and
repositioning it through a new route is usually the prefer-
red treatment method, but the management of hypotony
and endothelial loss, especially in complicated cases, can
be challenging [12, 13].

Our analysis delves into these complications associated
with the Ahmed Glaucoma Valve (AGV), including hypotony
and endothelial decompensation. We provide a comprehen-
sive review of the existing literature and discuss two comp-
lex clinical scenarios, aiming to improve the understanding
and management strategies for these serious complications
in glaucoma treatment.

Case 1:

A 61-year-old woman with a long-standing history of di-
abetes mellitus presented with significant pain and visual
impairment in her right eye. An extensive evaluation revea-
led her right eye’s visual acuity was notably reduced to 0.2,
with an alarmingly high IOP of 60 mm Hg. The presence of
neovascularization on both the iris and the angle indicated
advanced NVG. Despite the severe presentation, her retinal
nerve fiber layer (RNFL) maintained a thickness of 104 um,
showing no signs of deterioration. She was diagnosed with
NVG and commenced on an intensive treatment regimen
that included topical brinzolamide/timolol three times da-
ily, topical brimonidine three times daily, and oral acetazo-
lamide four times daily, complemented by panretinal photo-
coagulation to treat retinal ischemia. Subsequently, an AGV
was implanted to enhance control over her condition, ta-
king into account her high visual potential and stable RNFL.
As the patient was phakic, the tube was inserted into the AC
without ligation.

However, her postoperative trajectory was fraught with
complications. She returned on the tenth day with a signifi-
cant decline in vision. Examination revealed a shallow ante-
rior chamber, direct contact between the tube and the iris,
and an edematous lens complicated by posterior synechiae.
A Seidel test confirmed a leaking surgical wound, her IOP
had dropped to 4 mmHg, and an ultrasound showed cho-
roidal detachment (Figure 1).

These developments required immediate attention to
prevent further deterioration of her condition. Ophthalmic
viscosurgical device (OVD) was introduced into the AC,
and the conjunctiva was sutured to repair the wound site.
Subsequent follow-ups indicated that the eye remained
normotensive with signs of regressing choroidal detachment.
However, swelling of the lens was observed, which pushed
the tube forward, resulting in contact between the tube and
the corneal endothelium. Pentacam corneal topography
(Oculus, Germany) revealed a shallow anterior chamber
and the development of diffuse corneal edema, underscoring
the complexity of managing this patient’s postoperative
recovery (Figure 2).

The severity of these findings prompted additional surgical
measures to address the complications. Phacoemulsification
with intraocular lensimplantation was performed, along with
synechiotomy, to relieve mechanical pressure on the tube
and restore the eye’s anatomical configuration. Follow-up
examinations indicated that the direct contact between the
tube and the endothelium in the primary position had been
successfully resolved. However, localized non-healing edema
persisted in the superior portion of the cornea. Suspecting
that contact between the tube and the endothelium during
blinking or other manipulations might be contributing to
the problem, a decision was made to reposition the tube
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Fig. 1. Ocular examination revealed shallow AC, direct confact between the tube end and the iris, and an edematous, swollen lens with posterior synechiae.

An accompanying ultrasound image shows a choroidal detachment

Puc. 1. BrioMuKpocKonuyecKkoe nccnefoBaHme rasa BbifBrA0 06MeneHe nepeaHei Kamepbl, PAMOIN KOHTAKT MeXAY KOHLOM TpyGKY 1 pagyKHOI 060104KOIA,

a TaKe HabyxaHue XpycTanuKa ¢ 3aAHUMU CUHEXNAMM
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Fig. 2. Corneal fopography map highlights the diffuse corneal edema resulting from contact between the tube and the corneal endothelium, as well as a shal-

low anterior chamber caused by a swollen lens

Puc. 2. Kepatotonorpaguyeckas KapTa poroBuubl AeMoHCTpUpyeT Anddy3HbIiA OTEK POrOBULbI, BO3HUKLINI B pe3ynbTaTe KOHTAKTa TpyOKM ¢ 3HAOTENNEM
POroBMLbI, @ TaKXe MeNKYIo NepesHIolo KaMmepy, Bbi3BaHHYI0 HabyxaHueM XpycTanuka

behind the iris into the ciliary sulcus (CS), as illustrated in
Figure 3. This strategic adjustment aimed to enhance patient
outcomes and stabilize the postoperative situation.

Case 2:

A 59-year-old male, currently undergoing oncology tre-
atment for colon cancer, presented with a long-standing his-
tory of pseudoexfoliative glaucoma (PXG) and pigment dis-
persion syndrome (PDS). He had been adhering to a compre-
hensive anti-glaucoma regimen for 18 years, which included

topical dorzolamide/timolol, brimonidine, and oral acetazo-
lamide. During the ophthalmologic examination, the visual
acuity in his left eye was recorded at 0.1, with an IOP of 36
mm Hg and a RNFL thickness of 35 um. In contrast, his right
eye showed a visual acuity of 1.0 with IOP well-controlled by
the current treatment. Given his relatively young age, exten-
sive history of medication use, and severe conjunctival inf-
lammation, it was decided to implant an AGV in his left eye
to achieve better IOP management. Being phakic, the AGV
tube was positioned in the AC without ligation.
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Fig. 3. Repositioning the Tube into the Ciliary Sulcus

A. Preoperative View: Displays the original position of the tube prior to repositioning.

B, C. Exposure and Repositioning: The conjunctiva is opened and the tube is gently retracted from the anterior chamber towards the posterior.

D. Suturing the Former Scleral Entry: The original scleral entry site is sutured closed.

E. Creating a New Entry Site for Sulcus Implantation: A new entry is made for positioning the tube in the sulcus.

F. Final Placement and Suturing: After placing the tube in the sulcus, the site is checked for leakage and then sutured to ensure stability and proper sealing.

Puc. 3. MoBTopHOE N03uLMOHMpPOBaHKe TPYOKM B LnanapHyto Goposay

A. lMpedonepayuorHblii 8Ud: 0ToGpaxaeT NCXOAHOE NoNoXeHe TpYOKK B NepedHeil KaMepe Ao ee peno3uuum.

B, C. BoigedeHue u usMeHeHue NoaoxXeHUs MpyGKU: KOHBIOHKTUBY OTKPbIBAIOT U TPYGKY OCTOPOXKHO BBIBOAAT U3 NepeAHeN KaMepbl U PeVMNNaHTHPYIOT B 3a-

AHIOK KaMepy rnasa.

D. cxoaHoe MecTo BXOAA B CKnepy 3aliuBator.

E. Co3paetca HOBbI CKNEPOTOMUYECKMI AOCTYN ANA NO3MLMNOHNPOBaHNA TpyOKM B LMnnapHoi 6opo3sae.

F. OKoH4amenbHoe pasmelyeHue U HaMOXKeHUe WB0s: Nocae BBeAeHUsA TpyOKM B LuauapHyto 60po3ay MecTo BXOAA B CKepe NpOBepAOT Ha NpeaMeT yTeuek,
a 3aTeM 3alWmMBaloT, 4To6bl 06ecneynTb CTabunbHOCTL U NPaBUIbHOE NpuUeraHue.

Two days after the implantation of the AGV, the patient
developed significant hypotony and choroidal detachment,
which continued beyond the initial postoperative period. In
an effort to address these complications, an OVD was admi-
nistered into the AC on the fifth day post-surgery. This pro-
cedure successfully stabilized the choroidal detachment and
restored the IOP to normal levels. During this intervention,
a thorough inspection of the surgical site was also conduc-
ted to check for any potential leaks. The Seidel test was ne-
gative, confirming the integrity of the wound and indicating
that there were no leaks.

At the two-week follow-up, the patient was found to
have developed extensive corneal edema due to contact
between the tube and the endothelium. Fortunately, the ear-
lier issue of hypotony had resolved by this time, which led to
considerations for a surgical revision of the tube to prevent
further complications. However, the patient’s complex sys-
temic health issues contraindicated the use of general anest-
hesia, and his limited capacity to attend frequent follow-up
visits necessitated a less invasive approach. Consequently, a
simpler procedure was chosen involving the repositioning of

the tube away from the endothelium using a polypropylene
suture [14]. After obtaining informed consent, the procedu-
re was performed under topical anesthesia for minimal dis-
comfort. A 10/0 polypropylene suture equipped with doub-
le-armed 3-inch long straight needles was used to transca-
merally secure the tube from limbus to limbus. This tech-
nique effectively depressed the tube into an optimal posi-
tion, ensuring it did not contact any intraocular structures.
The ends of the suture were then securely tied, with the knot
buried under the conjunctiva in the limbal region to mini-
mize any potential irritation or infection. This strategic ad-
justment aimed to stabilize the tube’s position while accom-
modating the patient’s health constraints and reducing the
need for more invasive interventions (Figure 4).

Three months following the suture-assisted revision of
the tube, the sutures unfortunately loosened, resulting in the
tube once again contacting the endothelium. Three months
after the suture-assisted tube revision, the sutures loosened,
and the tube contacted the endothelium, necessitating a
procedure similar to the previous case to relocate the tube
into the CS (Figure 5). Despite managing the hypotony and
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Fig. 4. Suture-Assisted Tube Revision Technique

Ymaii nosenu, Noausap Jlemupor

A. Marking Limbus: Marks are made on both sides of the Ahmed Glaucoma Valve (AGV) tube near the limbus.

B. Suture assisted tube flattening: A 10-0 polypropylene suture is placed trans-camerally, running from limbus to limbus over the tube to depress it into an

optimal position.

C. Securing the Suture: Once sufficient tension is achieved, the suture ends are cut and tied.

D. Final Positioning: The procedure concludes after confirming that the tube has flattened and moved away from the endothelium, ensuring reduced risk of

corneal damage.

Puc. 4. TexHuKa peBu3nn TpyGKM € NOMOLLbIO WOBHOIO MaTepuana

A. Mapkuposka numba: MapKnpoBKa fenaeTca ¢ 06enx cTopoH Tpybku knanaHa Axmeaa (KAT) pagom c numbom.

B. YnnoweHue mpy6Ku ¢ noMOWbto HAI0XEeHUS WBeos: NoAunponuneHoBbli wos 10-0 HaknagbiBaeTcs TpaHCKaMepanbHo oT NiMMBa K iuMBy Hag TpybKoW, uTo-

Obl NpuBecTM ee B ONTUMaNbHOE NONOXKEHNE.

C. 3akpennieHue HUMU: KaK TONbKO OYAET AOCTUIHYTO AOCTaTOYHOE HATSKEHMWE, KOHLIbI HUTW 06pe3atoTcs 1 3aBA3bIBAOTCA.

D. OkoH4amenbHoe nosuyuoHuposaHue: npoueaypa 3aBepLliaeTca nocne NOATBepXAeHUA ynnoLweHna pr6KVI N ee oTAaNeHnA oT 3HA0TENNA, 4TO obecneun-

BaeT CHMXeHMe pUCKa NoOBpeXaeHNA porosuLbl.

tube-endothelial contact, the patient developed established
endothelial decompensation and was referred to the cornea
unit.

DISCUSSION

Glaucoma affects approximately 3.5% of the global po-
pulation aged between 40 and 80, necessitating a variety of
medical and surgical interventions aimed at slowing the di-
sease’s progression. However, these treatments can inadver-
tently impact the corneal endothelium, a critical layer who-
se full response to such interventions remains inadequately
explored [15]. The corneal endothelium itself is composed
of a single layer of hexagonal cells essential for maintaining
clear vision by regulating corneal hydration through active
ion transport. Disruptions in this delicate balance can re-
sult in corneal swelling and a subsequent loss of visual cla-
rity. Despite the prevalence of glaucoma and its treatments,
the precise mechanisms by which it induces changes in cor-
neal endothelial cells remain elusive, highlighting a signifi-

cant gap in our current understanding [16]. Gagnon et al.
have described three potential mechanisms for this: direct
compression from higher IOP, congenital alterations in the
endothelium and trabecular meshwork, and toxicity from
glaucoma medications [17].

Glaucoma drainage devices (GDDs) are increasingly fa-
vored for managing complex and refractory glaucoma, of-
ten being the first choice for surgical intervention among
many clinicians [18]. According to the findings of the Tube
Versus Trabeculectomy Study, GDDs generally show higher
success rates than trabeculectomy with mitomycin C over a
five-year follow-up, achieving similar reductions in IOP whi-
le reducing the reliance on additional glaucoma medications
[7]. The use of GDDs is particularly growing among high-risk
patients where alternative treatments like trabeculectomy
are likely to fail [19]. Despite their benefits, the placement
of GDDs into the AC angle can lead to significant complica-
tions, including corneal endothelial decompensation, with
incidence rates reported between 7 and 27% [7, 18]. To miti-
gate these risks, inserting the tube through the CS has emer-
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Fig. 5. Repositioning the Tube into the Ciliary Sulcus in a Case of Intensely Inflamed Glaucoma

A. Exposure: The surgical field is prepared by opening the conjunctiva, followed by gentle retraction of the tube from the anterior chamber.

B. Corneal deepitheliazation: Due to severe edema obscuring anterior chamber details, the cornea is deepithelialized to improve visibility and handling du-

ring the procedure.

C. Creating a New Entry Site for Sulcus Implantation: A new entry point is surgically created fo reposition the tube info the ciliary sulcus, aimed at achieving

better positional stability and reducing endothelial contact.

D. Final Placement and Suturing: The tube is meticulously placed in the newly created sulcus position, followed by careful inspection for any leaks. The surgi-
cal site is then sutured to ensure both stability and proper sealing of the tube. Additionally, the silicone tube is ligated to prevent potential hypotony.

Puc. 5. Vi3meHeHue nonoxeHus Tpy6Km B uunuapHoii 60po3sae Ha GpoHe BocnaneHns nocne Xupyprum rnayKkoMbi.

A. BoisedeHue mpy6Ku: onepauuMoHHOe nosiie NOAroTaBAMBaeTCA NyTeM BCKPbITUA KOHBIOHKTUBbLI C NoCneAyoWwmnM OCTOPOXHbIM BbiBEAEHNEM prﬁKVI n3 ne-

peaHei Kamepbl.

B. lesnumenu3ayus po2osuybl: N3-3a CUNbHOIO OTEKA, CKpPbIBAlOLLEro BU3yalibHYI0 AeTann3aunto B nepenHeVl Kamepe, anuTenuni poroBuubl yaanAawoT Ana ynyd-

weHnAa BMANMOCTN N ynoﬁcma BO BpeMA npoueaypbl.

C. Co30aHue HoBo20 Mecma 8x00a 014 UMNAGHMAYUU 8 yuauapHyto 60po3dy. HoBas TouKa BXOAa CO34AETCA XUPYPrUYeCKUM NyTeM AN pasMeLleHns Tpy6Ku
B UMAnapHoi 60po3ze C Lenblo JOCTUKEHUA NyYLLei NO3ULMOHHOM CTaBUABHOCTM U YMEeHbLUEHWA 3HAOTENNANbHOTO KOHTaKTa.

D. Okon4yamesnbHoe pasmeujeHue u HanoxeHue wsos. TpybKy 0CHOBaTeNbHO pa3MeLlaoT B HOBOM NOJOXKEHWW, CO3AaHHOM B LiunnapHoi 6opo3sae ¢ nocneay-
loLLeN TILaTeNbHOW OLEHKOM Ha NpeAMeT GuibTpauuu. 3aTeM MecTo onepaLum 3allMBaloT, 4Tobbl 06ecneynTb cTabUnbHOCTb M NPaBUIIbHYIO (UKcaLuio Tpyb-
Kkn. Kpome Toro, Ha CMMKOHOBYIO TPYOKY HaK1aAblBaKOT WOB, YTO6bLI NPeA0TBPaTUTL NOTEHLMAbHYIO TMMOTOHMIO.

ged as a viable alternative, especially in pseudophakic/ap-
hakic patients or those with peripheral anterior synechiae
(PAS). This approach aims to preserve corneal health while
effectively managing the glaucoma [20].

Corneal decompensation is a well-documented comp-
lication of common glaucoma procedures, yet the specific
causes and risk factors are not fully understood. It is incre-
asingly evident that the pathophysiology extends beyond
mere mechanical injury and involves ongoing processes. Re-
search into corneal edema post-glaucoma interventions has
identified multiple mechanisms for endothelial cell dama-
ge. These include mechanical trauma from the surgery it-
self, alterations in the composition of aqueous humor, and
shifts in the dynamics of aqueous humor flow [21]. A notab-
le two-year study demonstrated a significant and progressi-
ve decline in endothelial cell density (ECD) following AGV
implantation, with an average loss of 18.6%. The most subs-
tantial decrease occurred in the superotemporal quadrant,

directly impacted by the tube placement, showing a loss of
22.6%. Such declines are clinically significant, with corneal
decompensation often being the most common complicati-
on arising from this procedure [6]. Comparatively, while ot-
her intraocular surgeries like cataract and vitreoretinal sur-
geries also cause endothelial cell loss, such losses are gene-
rally one-time events. In contrast, ECD loss from GDD imp-
lantations tends to be progressive [15, 22]. Additionally, stu-
dies indicate that the position of the tube relative to the cor-
nea, which may shift over time, correlates with the degree of
endothelial cell loss. For instance, a study tracking 70 eyes
with Baerveldt tubes freely placed in the anterior chamber
showed a significant decrease in the distance between the
tube and the cornea over 24 months, suggesting that tube
migration is a critical factor affecting endothelial health [23].

Given the inflammatory nature of the glaucoma in our
cases and the long-term medical treatment these patients
had undergone, the likelihood of successful trabeculectomy
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was anticipated to be low; thus, AGV implantation was the
preferred initial strategy. A significant limitation in our pre-
operative preparation was the absence of endothelial cell
count and morphological analysis. Had specular microscopy
been feasible before surgery, we might have considered alter-
native surgical approaches given the elevated risk of endot-
helial loss. Unfortunately, the high preoperative IOP in these
patients caused corneal edema, which hindered such diag-
nostic assessments. Furthermore, research suggests that the
incidence of corneal edema is comparably high following
any IOP-lowering procedure, whether it involves device pla-
cement or not. This indicates that corneal edema is a poten-
tial risk inherent to all such interventions. To better unders-
tand the nuances of corneal decompensation across diffe-
rent treatments, it is crucial to conduct long-term follow-up
studies comparing outcomes between GDD implantations
and trabeculectomy [21].

The relationship between glaucoma and endothelial da-
mage extends beyond the effects of surgical intervention;
our examination reveals that certain types of glaucoma in-
herently predispose patients to endothelial dysfunction. Par-
ticularly in complex cases like NVG and pseudoexfoliation
(PEX), the endothelial cell count and functionality are no-
tably inferior compared to those in healthy individuals [24].
Research shows that patients on chronic therapy with mul-
tiple IOP-lowering medications experience molecular alte-
rations in the corneal endothelium [15]. From a molecular
perspective, these drugs are thought to affect endothelial
cells particularly by altering intracellular calcium balance
[25]. Therefore, the risk of endothelial decompensation fol-
lowing GDD implant surgery should be kept in mind for the-
se patient groups [26].

Anterior chamber (AC) tube placement, while effective
in reducing IOP, poses corneal endothelial risks [12]. Con-
versely, CS and vitreous cavity placements reduces the risk
of mechanical damage to the cornea, which can result from
blinking, eye rubbing, or other external force on the eye [20,
27, 28]. Positioning the tube in the CS increases the distan-
ce between the tube and the corneal endothelium and the
effects from the turbulent flow at the tip of the implant or
intermittent tube-corneal touch are mitigated. The iris may
also act as a barrier to mechanical factors that cause ECD loss
[29]. Studies, including those by Zhang et al.,, have demons-
trated that the iris effectively shields the endothelium from
tube-related damage in CS placements, maintaining ECD ac-
ross different corneal areas [28]. Retrospective and interven-
tional studies have documented a lesser decline in ECD in
CS placements over time, emphasizing its benefits over AC
placements [30, 31]. For instance, a 2021 study noted a more
pronounced decrease in ECD in the AC group compared to
the CS group over 24 months, with the AC group experien-
cing a 20% reduction versus 10% in the CS group [29]. While
CS tube placement offers considerable advantages in redu-
cing endothelial cell loss, it does present challenges such as
difficulty in accurately placing the tube during surgery, and
the potential for iris pigmentation due to friction [32]. Be-
cause of these constraints, most GDDs are inserted into the
AC [33]. In cases where the tube is placed in the AC, surge-
ons aim to minimize the tube’s length and align it as close
and parallel to the iris as possible to reduce the risk of en-
dothelial damage. However, progressive endothelial dama-
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ge remains a concern with AC placements. While pars pla-
na placement requires a vitrectomy, introducing potential
complications, CS placement has been increasingly favored
for its ability to preserve endothelial integrity by increasing
the separation from the cornea and minimizing the effects
of turbulent flow at the tube tip [29].

Several hypotheses have been suggested to explain the
loss of ECD following AGV surgery. The proposed theories
include turbulent flow at the implant’s tip, postoperative
inflammation, depletion of nutrients and oxygen, intermit-
tent contact between the tube and the cornea or uveal tis-
sue, and the foreign body effects of the silicone tube [29, 34].
Rososinski and colleagues have posited that the mere pre-
sence of the tube in the AC can trigger inflammation, either
from physical contact or simply from its presence, leading
to the formation of peripheral anterior synechiae (PAS). PAS,
in turn, has been negatively correlated with endothelial cell
count, and can lead to endothelial decompensation either
through direct iris-endothelial contact or indirectly by incre-
asing IOP due to impaired outflow [30]. Inflammation alters
the composition of the aqueous humor, increasing oxidati-
ve stress and endothelial loss. Research indicates that GDDs
can themselves exacerbate inflammation and increase inf-
lammatory cytokines within the aqueous humor, potential-
ly intensifying inflammation [35]. Additionally, the jet stre-
am of aqueous humor flowing through the silicone tube du-
ring the heartbeat could contribute to endothelial loss, even
without direct mechanical contact [34, 30].

Freedman and colleagues have reported that cytokines
from a foreign-body reaction in the bleb of aqueous drainage
implants can diffuse back into the AC. This interaction, com-
bined with the altered flow dynamics near the tube’s inter-
nal tip—where back-and-forth motion due to pulse-induced
IOP changes can occur—may mechanically damage the near-
by corneal endothelium. Normally, aqueous fluid enters the
AC through the pupil, flows forward toward the endotheli-
um, and then peripherally to the trabecular meshwork, faci-
litating efficient nutrient delivery and waste removal. Howe-
ver, when flow is redirected through a GDD tube, these me-
tabolic exchanges are likely compromised [37].

Risk factors for endothelial decompensation when a
shunt tube is present include high IOP, an initially low en-
dothelial cell count (observed in conditions like Fuchs en-
dothelial dystrophy or post-cataract surgery or trabeculec-
tomy with mitomycin C), a shallow AC, synechial angle clo-
sure, direct tube-endothelial contact, and the presence of a
corneal graft [38]. Even when direct endothelial contact is
eliminated, endothelial loss may continue, suggesting the
influence of the tube’s dynamic movements and intermit-
tent endothelial contact. Dynamic tube migration, particu-
larly prevalent in inflammatory glaucomas such as uveitis,
can occur in various gaze positions, as exemplified by our
cases [39]. Regarding the compensation mechanisms of cor-
neal endothelial cells, it is expected that the central ECD ref-
lects the superotemporal ECD to some extent. Since corne-
al endothelial cells cannot reproduce, they compensate for
damage through sliding, rearrangement, and enlargement.
Therefore, central ECD loss might not only result from dire-
ct central damage but also as a compensation for damage in
the superotemporal area [11]. This might explain the diffu-
se corneal edema in such patients. Koo et al. have also focu-
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sed on the mechanism of endothelial loss involving the aqu-
eous jet stream, noting that the positioning of the tube end
(‘bevel up’) exposes endothelial cells more directly to these
currents, thereby increasing the risk of endothelial loss [5].

Our initial case involved NVG, a form of secondary gla-
ucoma characterized by inflammatory processes, where hy-
potony ensued following the placement of an AGV into the
AC. Hypotony following drainage implantation common-
ly arises from leaks at the tube entry sites [40]. In this ins-
tance, a progressive sequence of events unfolded, involving
tube-lens contact, the onset of cataract formation, and the
tube exerting pressure against the endothelium due to lens
swelling. Throughout the management process, cataract sur-
gery was performed, and the tube’s position was initially as-
sessed as appropriate and unchanged. However, given the
inflammatory nature of NVG, compounded by the presen-
ce of synechiae, the likelihood of endothelial contact inc-
reased. Managing NVG poses significant challenges, and as
time progresses, angle closure can potentially direct the tube
end towards the endothelium, exacerbating the risk of en-
dothelial damage [41].

In cases involving AC AGV, immediate intervention is ne-
cessary upon noticing endothelial decompensation due to
tube-endothelial contact. Prior to opting for tube placement
in the CS, less invasive techniques might have been intro-
duced. For instance, as demonstrated in our second case,
suture-assisted tube revision serves as a feasible alternati-
ve for patients who cannot undergo anesthesia due to sys-
temic conditions. On the other hand, if the conjunctiva is
fibrosed, reopening it for tube reinsertion can be challen-
ging. This technique, employed by Bochmann et al. in a pa-
tient with significant subconjunctival scarring and no scleral
support, may induce complications such as astigmatism. In
their case, while visual acuity remained stable, surgically in-
duced astigmatism was noted. Other potential complicati-
ons include suture erosion at the limbus, long-term degrada-
tion of prolene, or ocular infection [14]. Despite Bochmann
et al. reporting no complications aside from induced astig-
matism over a 20-month follow-up period, our case exhibi-
ted loosening of sutures shortly after the procedure.

Ma et al. proposed a technique for repositioning the tube
with scleral fixation, which does not necessitate dissection
or retrieval from the original scleral pathway. This method
involves creating a scleral flap at the fixation site and ma-
intaining the AC with a chamber maintainer. A precise inci-
sion is made just above the point where the tube enters the
AC, allowing the tube end to be carefully flipped out using a
Sinskey hook. Subsequently, a double-armed 10/0 Prolene
straight needle is employed to penetrate through the tube
end, with one needle entering the AC through the incision
and being drawn through the scleral flap, followed by the
other needle. This meticulous technique aligns the tube end
parallel to the corneal surface, thereby minimizing potential
complications associated with conventional methods [13].

Another suture assisted revision technique also involves
using a scleral flap. Initially, the tube’s position is identified,
typically situated in the superotemporal quadrant. Subsequ-
ently, a meticulous placement of a 9-0 Prolene (Ethicon; Jo-
hnson and Johnson, USA) straight transchamber needle is
executed across the cornea to overlay the body of the AGV
tube. Following this, fornix-based conjunctival peritomies

are meticulously performed, and partial-thickness scleral
flaps are created. The Prolene suture is then inserted at the
10 o’clock limbus under the scleral flap and exits at the 2 0’c-
lock limbus. This precise needle placement ensures that it
lies above the AGV tube. Subsequently, the suture is securely
fastened to displace the tube away from the cornea. Both sc-
leral flaps and conjunctival peritomies are carefully closed
to ensure that the suture knot remains adequately covered
[42]. In this technique, different from the one we applied,
the sutures passing further back from the limbus and being
held under the scleral flaps might increase the tension and
flattening effect of the suture.

In managing endothelial decompensation and tube-en-
dothelial contact, revising the tube’s placement into the CS
has been the definitive method in both cases presented. Ini-
tially, it might be questioned why placement in the sulcus
was not chosen. One reason was the phakic nature of the
patients. Additionally, it’s important to consider that sul-
cus implantation doesn’t entirely prevent endothelial loss
and may contribute to inflammation. A recent study com-
paring endothelial loss after trabeculectomy and drainage
implant surgery showed significantly higher endothelial loss
post-implantation, even years later, with continued higher
levels of inflammation indicated by persistent elevated fla-
re levels [43]. In the study group with sulcus AGV, monthly
ECD loss was notably higher in the superotemporal corneal
region compared to the central and inferonasal areas. This
suggests that, while CS placement reduces trauma to central
endothelial cells, it still induces endothelial loss and corne-
al changes near the tube [28]. Hypotheses for this ongoing
loss include turbulence from altered aqueous humor flow,
immune reaction from foreign body presence, and intermit-
tent tube contact with the endothelium [43, 44]. Moreover,
CS placement could exacerbate intraocular inflammation
in uveitic glaucoma cases due to microscopic and continu-
al contact between the tube and the iris, thereby promoting
further inflammation [18]. Therefore, AC implantation mi-
ght be considered beneficial, especially in inflamed or comp-
lex glaucoma cases, and was deemed appropriate in our ca-
ses for this reason.

Murakami et al. demonstrated that CS placement with
a GDD led to decreased central endothelial cell density. Fa-
ctors like previous ocular surgeries and high preoperative
IOP were linked to this reduction. The long-standing glau-
coma in our cases also posed a risk for post-surgical endo-
thelial loss. They emphasized that the number of past int-
raocular surgeries was directly associated with endothelial
decompensation. Hence, the suture revision surgery applied
to our second case could have negatively impacted the pro-
cess as an additional intraocular surgical intervention [10].

Mechanical contact between the tube and the endothe-
lium is a primary cause of endothelial damage following the
implantation of a GDD. If the tube is left excessively long,
resulting in evident contact with the corneal endothelium,
tube trimming should be considered. Traditionally, this pro-
cedure is viewed as a major surgical intervention involving
multiple steps: dissection through scarred conjunctiva, na-
vigating beneath the scleral patch graft, extracting the tube
from the AC, cutting it to the appropriate length, and then
reinserting and securing it with sutures. This comprehensi-
ve approach can be extensive and prone to complications.
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However, Asrani and colleagues [45] have proposed a less in-
vasive method requiring just two paracenteses, while Soebi-
jantoro and associates [46] have introduced an even more
minimally invasive technique involving only a single para-
centesis. This streamlined procedure minimizes the surgical
footprint and potential for complications.

Hypotony, characterized by IOP below 5 mmHg, poses a
significant concern following glaucoma surgeries, including
AGV implantation Factors such as insufficient capsule cre-
ation, excessively wide sclerostomy, or weak aqueous pro-
duction due to postoperative iritis can contribute to hypo-
tony [40]. In such cases, it is crucial first to investigate and
rule out the possibility of leakage [40, 47]. The AGV is speci-
fically designed to minimize postoperative hypotony throu-
gh its valve mechanism, demonstrating fewer severe comp-
lications compared to the Baerveldt glaucoma implant [8].
Despite the precautionary designs, studies indicate that whi-
le AGV effectively reduces hypotony risks, it does not elimi-
nate them. Surgical precautions to prevent persistent hy-
potony include avoiding over-priming the tube and exces-
sive manipulation of the valve housing during surgery [48].
In the realm of clinical outcomes and predictive factors for
postoperative hypotony, Rachmiel et al. observed lower IOP
levels in patients with uveitic glaucoma compared to tho-
se with primary open-angle glaucoma in the initial mont-
hs post-surgery [41]. However, Kaderli et al. found no sig-
nificant differences in risk factors such as age, sex, lens sta-
tus, history of previous ocular surgeries, preoperative glau-
coma medication usage, or type of glaucoma affecting the
prevalence of postoperative hypotony [47]. Chronic hypo-
tony, which persists beyond four weeks, can lead to serious
complications such as accelerated cataract formation, cho-
roidal detachments, hypotony maculopathy, and even supra-
choroidal hemorrhages [49, 50]. In these situations, surgical
interventions may be necessary, such as ligating sutures for
tube shunts or revising the surgery to reduce outflow, ensu-
ring vision preservation [51, 52]. Non-physiological IOP le-
vels, whether high or low, can disrupt endothelial function.
Elevated or decreased IOP can impair endothelial cell fun-
ction, leading to decompensation through the disruption
of desmosomes and junctional complexes [53]. Furthermo-
re, long-term complications like mechanical tube corneal
rubbing might go unrecognized. A long AC tube, more pro-
ne to movement in eyes with low IOP, could lead to inter-
mittent corneal contact during eye movements such as blin-
king or rubbing, potentially exacerbating endothelial dama-
ge over time [21].

Ophthalmic viscosurgical devices (OVDs) play a crucial
role in managing complications associated with ocular sur-
geries by blocking the trabecular meshwork, closing ciliary
body detachments, and interrupting the cycle of hypotony
and choroidal effusion. These devices also increase the visco-
sity of aqueous humor, effectively slowing the rate of filtrati-
on through tube shunts or sclerotomies [51, 54]. In our cases,
postoperative hypotony was managed by injecting OVD into
the AC. For the first patient, a Seidel positive wound with le-
akage was identified and subsequently repaired. It is impor-
tant to note that if wound leakage is not addressed, the effe-
ctiveness of the OVD injection will be limited, thus checking
and repairing the wound site is crucial initially.

In their research comparing AGVs placed in the AC and
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the CS, Bayer and colleagues observed that shallow AC and
the need for AC revisions with OVD were more frequent in
implants placed in the AC. They provided three possible exp-
lanations for this observation, suggesting that the AC ten-
ds to be deeper in pseudophakic or aphakic eyes compared
to phakic eyes, influencing the rate of AC reformation. Se-
condly, the threshold for reforming the AC may have been
lower in the AC group to prevent mechanical contact betwe-
en the tube and the corneal endothelium or the crystalline
lens. Thirdly, they noted that peritubular filtration of aque-
ous is less likely in CS implantations due to the longer pat-
hway through sclera and ciliary body tissues, compared to
the shorter pathway through just scleral tissue in AC imp-
lantations [18].

Given the challenges associated with sulcus implanta-
tion, Chey and colleagues recently published a study on a
technique to reduce endothelial damage by utilizing a gui-
ded-assisted AGV implantation in the AC. In this technique,
a 4-0 nylon suture is used as an intraluminal guide to facili-
tate accurate placement. Their findings revealed that none
of the cases with guided implantation required repositio-
ning of the tube into the CS, in contrast to standard imp-
lantation where such repositioning was necessary in 10 out
of 79 cases. The postoperative complications did not differ
significantly between the two groups, except for instances
of flat AC, potentially due to leakage at the sclerotomy site
following multiple punctures made to achieve the desired
tube positioning in the non guided AGV group. Furthermo-
re, the study indicated that guided implantation resulted in
less endothelial loss over a two-year follow-up period [55].
Given that this is a recent and innovative technique, there
is a need for long-term comparative studies with traditional
sulcus implantation to fully evaluate its efficacy and safety.

Research indicates that both CS and AC tube shunt pla-
cements are effective and safe for reducing IOP. However,
studies also show that CS implantation leads to significant-
ly lower rates of corneal endothelial cell loss compared to
AC placements. This makes CS implantation particularly ad-
vantageous for patients at high risk of corneal decompensa-
tion [3, 18, 20, 29]. When complications such as tube-endot-
helial contact occur, the recommended interventions inclu-
de trimming or repositioning the tube tip. Nonetheless, it is
important to note that endothelial decompensation resul-
ting from such contact may become irreversible, potentially
necessitating corneal transplantation to restore vision [38].

CONCLUSION

The findings from this study underscore the critical na-
ture of strategic AGV placement and postoperative mana-
gement to optimize patient outcomes in glaucoma surgery.
While AGV is effective in reducing IOP, its association with
significant risks such as hypotony and corneal endothelial
decompensation necessitates careful surgical planning and
follow-up. The comparison between AC and CS placements
reveals a clear preference for the latter, given its reduced im-
pact on corneal endothelial health. Furthermore, the intro-
duction of guided-assisted AGV implantation presents a pro-
mising technique to reduce endothelial damage, although
long-term studies are required to establish its efficacy fully.
Despite being a valved system, AGV implantation, especial-
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ly in high-risk cases, may benefit from intraoperative ligati-
on to prevent postoperative hypotony and subsequent tu-

be-

endothelial contact.
These findings highlight the complexity of managing hi-

gh-risk glaucoma cases and emphasize the importance of ta-
ilored surgical approaches that consider individual patient
anatomy and disease severity. Future research should conti-
nue to explore innovative surgical techniques and postope-
rative management strategies to enhance the safety and ef-
fectiveness of glaucoma filtration surgeries, thereby impro-
ving quality of life for affected patients.
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