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Introduction and Objective: To describe a novel technique for providing external ligation of the Ahmed glaucoma valve (AGV) to 
prevent hypotony in eyes at high risk with a 4/0 nylon stent suture and report outcomes compared to ligation with an absorbable vicryl 
suture and no ligation in terms of efficacy and safety.
Methods: This was a retrospective cohort study investigating the efficacy and safety of in situ stenting compared to an absorbable 
ligature and the standard care, in high risk eyes, of hypotony. It included 116 patients; 34 in Group A (ligation + stent), 27 in Group 
B (ligation – stent), and 55 in Group C (no ligation).
Results: The mean age (in years) of the participants was 53.94±19.01 in Group A, 44.85±29.92 in Group B and 52.62±24.47 in Group 
C, 59% (n = 20), 63% (n = 17) and 60% (n = 33) were males, respectively. The follow-up period was at least 6 months (Group A: 9.1 
±4.2 months, Group B: 9.6±3.4 months and Group C: 10.2±6.4 months). The mean baseline Snellen VA (LogMAR) was 1.82±1.34, 
1.30±0.98 and 1.34±1.07 and the mean baseline IOP was 32.50±9.48, 28.22±7.12 and 28.33±10.63 mmHg, in Groups A, B and C, 
respectively. The failure rates, by the Kaplan Meier Survival curve, were higher 27.3% in Group C (no ligation) compared to 20.6% in 
Group A (ligation + stent) and 18.5% in Group B (ligation – stent) yet not found to be statistically significant (p = 0.4; log rank test). 
There was lower hypotony 2.9% in Group A and lower complications 25.9% in Group B but no statistical significance was found 
amongst the groups.
Conclusion: In conclusion, temporary nylon in situ stenting of AGV had lower rates of hypotony. Furthermore, lower failure and 
complication rates were observed in vicryl only ligated AGV, then nylon in situ stented AGV and lastly in standard AGV controls.
Keywords: AGV, hypotony, ligation, stent, ligature

Introduction
Glaucoma drainage devices (GDD) are episcleral implants that are either valved or non-valved that transmit aqueous to 
the sub-Tenon’s space through a tube inserted into the anterior chamber (AC), ciliary sulcus or vitreous cavity.1,2 The 
valved devices include various models (FP7, FP8, S2, and S3) of the Ahmed glaucoma valve, AGV, (New World 
Medical, Inc, Rancho Cucamonga, CA).1

Although GDDs traditionally have been indicated in eyes with prior failed trabeculectomy with antimetabolite, severe 
conjunctival scarring, and secondary glaucomas like uveitic or neovascular, these devices can be used as primary 
filtration surgeries.2–5

In addition to corneal edema, complications of both valved and non-valved GDD include plate migration, tube 
exposure, tube occlusion and overfiltration with subsequent hypotony.1,6–8 The (non-valved) BGI had higher rates of 
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chronic hypotony than the (valved) AGV in both of the Ahmed versus Baerveldt comparison (ABC) studies and the 
Ahmed versus Baerveldt (AVB) study.9,10 Although the risk of hypotony is lower for AGV,8,9 it still may occur, leading 
to further potential complications such as AC shallowing, choroidal effusions, and hypotony maculopathy.11 The early 
post-AGV complication rates were 19% for shallow AC, 15% for choroidal effusion and 3% hypotony maculopathy in 
the AVB study.12 In eyes at high risk of hypotony, such as aphakic eyes13 or eyes with compromised ciliary body 
function,14 temporary ligation or stenting of the AGV has been suggested as a way of reducing immediate postoperative 
hypotony.15–17 Studies, which have compared ligated (by sutures tied adjacent to or outside the tube with vicryl 
ligation) with non-ligated AGV tubes, have shown lower rates of initial hypotony and complications in the ligated 
group.15,16

In the previous literature in which AGV tubes were ligated, Kee15 had only 10 patients with glaucoma in their series 
and used an external 6–0 prolene suture. Another study by Lee16 was descriptive and did not include a comparison group 
without ligation. They used three external 8–0 nylon sutures for stenting.

In the current study, we described an alternative technique for tube ligation, which minimizes risk of early hypotony, 
yet allows a stent suture that is tightened to the tube to be removed in the post-operative period if any refractory IOP 
increase occurs.

Methods
Study Design
This is a retrospective study that was conducted to review patients in the period between January 2017 and 
December 2020 at the Glaucoma Clinics of King Khaled Eye Specialist Hospital. The study compared uncontrolled 
glaucomatous eyes with high risk of hypotony treated with AGV ligated with a 6–0 vicryl suture and a temporary 
external stent of 4–0 nylon suture (Group A), ligation with 6–0 vicryl without a temporary external stent (Group B), and 
standard AGV without any ligation (Group C).

Inclusion and Exclusion Criteria
All patients with uncontrolled glaucoma regardless of age in need of AGV who were deemed at risk of hypotony (see 
definition of high-risk eyes below) during the allocated period (mentioned above). Glaucoma patients with less than two 
postoperative follow up visits within six months of surgery were excluded from the study.

Definitions
High Risks Eyes for Hypotony
Eyes that were aphakic,18 pseudophakic with anterior chamber IOL or secondary sulcus IOL,19 with a history of prior 
cyclodestruction,20 cyclodialysis or ciliary body cleft,21,22 uveitic,15 vitrectomized,23,24 high myopia (more than −6 
diopter or more than 26 millimeters axial length)25,26 or patients equal or older than 80 years of age. These factors were 
chosen as they have been reported to carry a higher risk of hypotony in the literature. Primary AGV was the surgery of 
choice for some eyes due to follow up concerns as many of the patients lived far away from our tertiary hospital so post- 
op management for trabeculectomy would have been difficult.

Failure
IOP that was greater than 21 mmHg or not reduced by 20% below baseline on two subsequent follow-ups after three 
months, IOP was equal or less than 5 mmHg on two subsequent follow ups after three months, loss of light perception 
vision or patients that required further glaucoma surgery (apart from tube trimming or stent removal). Conversely, 
‘success’ was defined as IOP ≤ 21 mmHg with ≥20% reduction of IOP from baseline and without the need for further 
glaucoma surgery.

Hypotony
IOP that was equal or less than 5 mmHg at one setting with proven detrimental effect on the visual function and/or ocular 
structure such as retinal/choroidal folds, macular folds, optic nerve oedema, etc.
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Surgical Technique (Figure 1)
After placing a 7–0 vicryl corneal traction suture to expose the desired quadrant, a fornix-based conjunctival flap 
dissection was made followed by cautery. Curved Stevens scissors were used to open a subconjunctival pocket in the 
desired quadrant (usually superotemporally). Then, AGV was primed with a balanced salt solution and the plate was 
inserted into the exposed quadrant and sutured to sclera with 9–0 nylon with anterior edge 8–9 mm posterior to limbus.

Stenting was achieved by placing a removable external stent (4–0 nylon suture) parallel to the tube. The tube was then 
tied with the stent suture in situ by a 6–0 vicryl suture. The other end of the stent was extended outside the AGV to be 
placed under the conjunctiva. (Figure 1D). If ligation was planned with no stent, then AGV is tightened with 6–0 vicryl 
sutures only.

A 23G-gauge needle was used to make a limbal stab incision, aiming for a 2 mm tunnel before entry to ensure a tight 
tube entry, then the tube was trimmed to an appropriate length and inserted into AC or sulcus as planned. For non-ligated 
AGVs, viscoelastic was placed in the eye (Provisc ophthalmic viscosurgical device, Alcon, Fort Worth, Texas), but not 
used for ligated tubes. The tube was sutured to episclera with 9–0 nylon and a patch graft (pericardium, cornea or sclera) 
is placed over and sutured with 10–0 nylon to cover the tube and entry site. Lastly, conjunctiva was sutured with 9–0 
vicryl sutures and concluded with subconjunctival administration of cefazoline and dexamethasone. For unligated AGVs, 

Figure 1 (Surgical technique of nylon stent ligature for Ahmed valve). (A) 4/0 nylon being placed parallel to the tube; (B) 6/0 vicryl tied around the tube and 4/0 nylon stent 
suture together; (C) Appearance after trimming the 4/0 nylon and placement of an episcleral 9/0 nylon fixation suture on the tube; (D) retrieval of the distal end of the 4/0 
nylon which is tucked inside the conjunctiva for subsequent removal at the slit lamp.
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viscoelastic was left inside the anterior chamber to minimize the risk of hypotony. The eye was treated with Maxitrol 
(Alcon Inc, Fort Worth, Texas) and 1% cyclopentolate ointment and patched.

Stent Removal
For Group A, the nylon stent was removed after the first two weeks if the IOP was deemed to be too high for the level of 
optic nerve damage; within the first two weeks, it was removed if the IOP was greater than 30 mmHg. For Group B, 
vicryl sutures were left to be resorbed (typically at 5–6 weeks post-operatively) any IOP spike during this time was 
managed medically.

Data Collection
Data were collected retrospectively from the medical records of the patients following the inclusion criteria in the 
specified timeframe above. Baseline demographic, preoperative clinical details, operative data and postoperative com-
plication rates and interventions of all groups were collected. These data were retrieved from patients’ last pre-operative 
visit and three post-operative visits at 1 month, 3 months and 6 months (at least two post-operative visits within 6 months 
of the surgery). All data were entered into customized data collection forms then transferred to Excel sheets (Microsoft 
Excel 2013, Microsoft Inc, Redmond, WA).

Sample Size
Considering hypotony rate in partially AGV ligated tubes is estimated to be 6.3% and was 15% in the non-ligated tubes 
of AGVs respectively13 (95% CI, power 0.8) the calculated sample was estimated as 63 patients for each of the ligated 
and non-ligated groups.

Data Analysis
Baseline demographics were displayed as proportions for categorical data such as gender, mean and standard deviation 
for continuous Gaussian data. Proportions were compared using a chi-square or Fisher test as appropriate. Continuous 
data was compared with an unpaired T-test.

Visual acuity was converted to LogMar for the ease of analysis. Repeated VA and IOP measurements and the number 
of antiglaucoma medications over time were displayed with a boxplot to show the difference between the groups at each 
time point and to estimate an overall effect between the three groups. Survival analysis was performed using the above 
definitions of failure to compare success rates of the nylon ligated, vicryl ligated and non-ligated groups using a Kaplan 
Meier Survival Curve and survival probabilities compared using a Log rank test. Statistical significance was set at 
p<0.05. Data was analysed using STATA 16.1 (StataCorp LLC, College Station, TX, USA).

Ethical Considerations
The study follows the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board (IRB) of 
the Research Center of King Khaled Eye Specialist Hospital.

Informed consent documentation was waived by the IRB as the study was retrospective in nature that carried no risk 
to participants, no adverse effect to the rights and welfare of the participants, and assured the participants confidentiality.

Results
The study included 116 eyes, with 34 eyes in Group A (ligation with stent suture), 27 eyes in Group B (ligation only, no 
stent) and 55 eyes in Group C (no ligation). The follow periods were at 1 month, 3 months and 6 months (Group A: 9.1 
±4.2 months, Group B: 9.6±3.4 months and Group C: 10.2±6.4 months).

The baseline characteristics and diagnosis of all groups are shown in Table 1. In the postoperative period (first 3 
months), 12 patients (35.3%) had high IOP spikes in Group A (ligation + stent). All the 12 patients had their IOP 
controlled with 9 patients by stent removal (7 within 1 month and 2 within 3 months) and 3 patients by topical 
antiglaucoma drops. No case of hypotony was recorded after stent removal. For Group B (ligation without stent), 11 
patients (44.4%) had early postoperative high IOP spikes managed medically with 3 patients failed as they needed further 
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Table 1 Baseline Characteristics of 116 Patients Underwent AGV

Group A (Ligation with 
Nylon Stent) (n = 34)

Group B (Ligation 
without Stent) (n = 27)

Group C (No 
Ligation) (n = 55)

P value

Age (years), mean + SD 53.94 ± 19.01 44.85 ± 29.92 52.62 ± 24.47 0.3

Age range (years) 11–84 4–84 4–86

Sex, n (%)

Male 20 (59) 17 (63) 33 (60) 0.945

Female 14 (41) 10 (37) 22 (40)

Study eye, n (%)

Right 22 (65) 12 (44) 28 (51) 0.252

Left 12 (35) 15 (56) 27 (49)

Snellen VA

LogMAR mean + SD 1.82±1.34 1.30±0.98 1.34±1.07 0.11

IOP, mean + SD 32.50±9.48 28.22±7.12 28.33±10.63 0.209

Number of drops preoperative, m ± SD 3.41 ± 0.70 3.44 ± 0.97 3.69 ± 0.77 0.209

Diamox preoperative, n (%)

Yes 13 (38) 8 (30) 16 (29) 0.008

No 21 (62) 19 (70) 39 (71)

Lens status, n (%)

Phakic 6 (18) 7 (26) 9 (16) 0.307

Pseudophakic 23 (68) 12 (44) 37 (68)

Aphakic 5 (14) 8 (30) 9 (16)

Previous glaucoma procedures, n (%) 0.351

Tube (AGV) 0 (0) 1 (4) 0 (0) 0.233

Trabeculectomy 5 (15) 7 (26) 8 (15) 0.756

Deep sclerotomy 0 (0) 1 (4) 0 (0) 0.233

Cyclodestruction 9 (26) 10 (37) 23 (42) 0.344

SLT 1 (3) 5 (19) 10 (18) 0.068

Surgical PI 1 (3) 0 (0) 0 (0) 0.526

iStent 0 (0) 0 (0) 1 (2) 1.0

Needling 0 (0) 1 (4) 0 (0) 0.233

Unknown 1 (3) 0 (0) 2 (4) 1.0

Previous ocular procedures, n (%) 0.156

Cataract extraction 28 (82) 20 (74) 46 (84) 0.765

PPV 5 (15) 2 (7) 9 (16) 0.574

Anterior vitrectomy 3 (9) 7 (26) 3 (5) 0.027

(Continued)
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glaucoma surgery and 1 patient failed for persistently high IOP. For the early postoperative high IOP spikes in Group 
C (no ligation), 18 patients (32.7%) were identified with 9 responding to antiglaucoma medications, 7 failed due to 
persistent uncontrolled IOP and 2 needed further surgeries for tube blockage (manual cutting of iris and vitreous tissue 
and intracameral TPA for blood clot).

The changes of VA, IOP and number of antiglaucoma drops over time in each group are presented in box-plot charts 
shown in Figures 2–4respectively. The means ± SD of VA (LogMAR) for Groups A, B and C were 1.82 ± 1.33, 1.30 ± 
0.98 and 1.34 ± 1.07 at baseline and 2.13 ± 2.47, 1.49 ± 1.49 and 1.44 ± 1.38 at 6 months, respectively. IOP levels 
(mmHg) for Groups A, B and C were at baseline 32.50 ± 9.48 mmHg, 28.22 ± 7.12 mmHg and 28.34 ± 10.63 mmHg 
(means ± SD) and 14.83 ± 4.35 mmHg, 16.57 ± 6.19 mmHg and 17.20 ± 8.02 mmHg at 6 months (mean ± SD), 
respectively. Also, numbers of medications for Groups A, B and C were at baseline 3.41 ± 0.70, 3.44 ± 0.97 and 3.96 ± 
0.77 (mean ± SD) and 1.70 ± 1.29, 1.89 ± 1.22 and 1.48 ± 1.22 at 6 months (mean ± SD), respectively. When comparing 

Table 1 (Continued). 

Group A (Ligation with 
Nylon Stent) (n = 34)

Group B (Ligation 
without Stent) (n = 27)

Group C (No 
Ligation) (n = 55)

P value

Scleral buckle 0 0 1 (2) 1.0

Corneal graft 6 (18) 1 (4) 4 (7) 0.171

Refractive surgery 0 0 1 (2) 1.0

Primary repair of open globe injuries 1 (3) 1 (4) 2 (4) 1.0

Secondary IOL 0 (0) 0 (0) 6 (11) 0.044

IOL explantation 0 (0) 0 (0) 3 (5) 0.322

Membranectomy 0 (0) 0 (0) 4 (7) 0.189

AC washout 0 (0) 0 (0) 1 (2) 1.0

Pupilloplasty 0 (0) 0 (0) 1 (2) 1.0

Removal of foreign body 0 (0) 0 (0) 1 (2) 1.0

Diagnosis, n (%) 0.860

Primary glaucomas

POAG 1 (3) 5 (19) 10 (18)

PACG 3 (9) 1 (4) 3 (5)

JOAG 2 (6) 0 (0) 1 (2)

PCG 2 (6) 2 (7) 4 (7)

Secondary glaucomas

PXG 0 (0) 4 (15) 5 (9)

NVG 5 (15) 3 (11) 8 (15)

Uveitic 5 (15) 3 (11) 5 (9)

Secondary childhood glaucoma 1 (3) 7 (26) 7 (13)

Other secondary glaucoma 15 (44) 2 (7) 12 (22)

Abbreviations: VA, visual acuity; IOP, intraocular pressure; AGV, Ahmed glaucoma valve; SLT, selective laser trabeculoplasty; PI, peripheral iridotomy; PPV, pars plana 
vitrectomy; IOL, intraocular lens; AC, anterior chamber; POAG, primary open angle glaucoma; PACG, primary angle closure glaucoma; JOAG, juvenile open angle glaucoma; 
PCG, primary congenital glaucoma; PXG, pseudoexfoliation glaucoma; NVG, neovascular glaucoma.
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IOP levels in the first postoperative visit using One-way ANOVA, no statistically significant difference was found with 
respect to all groups. Group C (no ligation) had a significantly lower number of anti-glaucoma medications in the early 
postoperative period compared to other groups using Fisher test (p = 0.0005). 

The cumulative survival is illustrated in the Kaplan Meier Survival curve shown in Figure 5. The success rates were 
79.4% for Group A, 81.5% for Group B and 72.7% for Group C. The failure was higher in Group C than the other two 
groups. The log rank test was performed to compare the difference in survival (Group A vs Group C, Group B vs Group 
C and Group A+B vs Group C) which gave p-values of p = 0.4, p = 0.4 and p = 1.0 respectively indicating that the 
groups did not differ significantly in survival.

Causes of failure (as defined above) are presented in frequencies and proportions amongst all groups. Inadequate IOP 
control was the main cause of failure in Group A 14.7% (n = 5) and Group C 23.6% (n = 13) whereas reoperation was the 
cause in Group B 11.1% (n = 3). Early postoperative and late postoperative complications are shown in Table 2 (Fisher 
test was used to compare early, late, and overall complications amongst the groups). Early postoperative complications 
were 26.5%, 25.9% and 21.8% and late postoperative complications were 20.6%, 0% and 18.2% in Group A, Group 
B and Group C, respectively. Early hypotony rates were 2.9%, 7.4% and 7.3% and late hypotony rates were 0%, 0% and 

Figure 3 (Box Plot Chart). Intraocular pressure at baseline and follow-ups in the three groups.

Figure 2 (Box Plot Chart). Visual acuity at baseline and follow-ups in the three groups.
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3.6% in Group A, Group B and Group C, respectively. No statistical significance was found comparing early, late and 
overall hypotony rates amongst the groups, although there was a tendency for early hypotony to be lower in Group A.

In Group A, 3 patients needed revision (tube trimming, tube ligation and anterior vitrectomy) and 1 patient needed 
additional surgery (PPV). No patients needed revision and 3 patients needed additional surgery (PPV, AC washout and 
CPC) in Group B. Only one patient needed intervention, which was a TPA injection, in Group C.

Figure 5 (Kaplan Meier Survival Curve). Survival rate amongst all groups in the follow-ups.

Figure 4 (Box Plot Chart). Number of medications at baseline and follow-ups in the three groups.
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Table 2 Complications in the Three Groups

Group A, Nylon 
Stent Group  
(n = 34)

Group B, Vicryl 
Group (n = 27)

Group C, No 
Ligation Group  
(n = 55)

Early postoperative complications

Early hypotony<3 months, n (%) 1 (2.9) 2 (7.4) 4 (7.3)

Choroidal effusion, n (%) 0 0 3 (5.5)

Choroidal hemorrhage, n (%) 0 1 (3.7) 0

Exudative retinal detachment, n (%) 1 (2.9) 0 0

Shallow anterior chamber, n (%) 0 1 (3.7) 1 (1.8)

Other retinal detachment, n (%) 0 1 (3.7) 0

Tube block by either vitreous, iris, or blood, n (%) 2 (5.9) 0 (0) 2 (3.6)

Tube touching endothelium, n (%) 1 (2.9) 1 (3.7) 1 (1.8)

Hyphema, n (%) 2 (5.9) 1 (3.7) 0

Persistent epithelial defect, n (%) 0 (0) 0 (0) 1 (1.8)

Microbial keratitis, n (%) 1 (2.9) 0 0

Aqueous misdirection, n (%) 1 (2.9) 0 0

Encapsulation, n (%) 0 (0) 0 (0) 0

Total number of patients with early postoperative complications, n (%) 9 (26.5) 7 (25.9) 12 (21.8)

Fisher test between groups and early postoperative complications p-value = 1

Late postoperative complications

Late hypotony>3 months, n (%) 0 0 2 (3.6)

Choroidal effusion, n (%) 1 (2.9) 0 1 (1.8)

Choroidal hemorrhage, n (%) 0 0 0

Exudative retinal detachment, n (%) 1 (2.9) 0 0

Shallow anterior chamber, n (%) 1 (2.9) 0 1 (1.8)

Other retinal detachment, n (%) 2 (5.9) 0 0 (0)

Tube block by either vitreous, iris, or blood, n (%) 0 0 (0) 3 (5.5)

Tube touching endothelium, n (%) 0 0 0 (0)

Hyphema, n (%) 0 0 0 (0)

Persistent epithelial defect, n (%) 0 (0) 0 (0) 0 (0)

Microbial keratitis, n (%) 0 (0) 0 (0) 0 (0)

Aqueous misdirection, n (%) 1 (2.9) 0 (0) 1 (1.8)

Encapsulation, n (%) 0 (0) 0 (0) 2 (3.6)

Total number of patients with late postoperative complications, n (%) 7 (20.6) 0 10 (18.2)

(Continued)
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Discussion
Early post-AGV hypotony can occur despite the implant being coupled with a valve-like mechanism.8–10 This complica-
tion is more common in certain eyes that are at a higher risk of hypotony and these patients need careful operative and 
postoperative considerations to avoid this risk and its subsequent complications. Tube ligation is an intraoperative 
measure that may reduce the risk of early postoperative hypotony but at the expense of increased postoperative IOP. The 
use of an in situ nylon suture with external vicryl ligation is a further surgical modification that allows for more control in 
the postoperative period since it allows for immediate filtration as the external suture can be removed at the slit lamp at 
any time without the use of a laser or return to the operating room.

In our study, the early hypotony rates (<3 months) in Groups A, B, and C were 2.9%, 7.4%, and 7.3% respectively. The rate of 
hypotony in Group A is lower than that reported in previous studies of patients undergoing AGV surgery with either a nylon 
(8.4%) or a prolene stent (6.3%).15,16 In unligated AGV, viscoelastic is routinely left in the anterior chamber to minimize post- 
operative hypotony, but hypotony can still develop in a third of eyes.27 Tube ligation can be achieved by using a stent suture as in 
the present study, with vicryl ligation only or with prolene suture ligation in the anterior chamber.17 In general, both the 
subconjunctival nylon stent (direct removal with forceps) and intracameral prolene suture (suture lysis using argon laser) can 
be manipulated at any time during the postoperative period when an undesirable level of IOP is encountered despite medical 
therapy. In our opinion the external nylon suture has some advantages over prolene suture occlusion in the anterior chamber. 
Firstly, the nylon stent suture technique can be used in cases where the cornea is opaque where an adequate view for suture lysis 
may not be possible. Secondly, the stent suture can be easier to remove in younger children or those with nystagmus where laser 
suture lysis may be difficult. Lastly, not all facilities may have convenient access to an argon or diode laser for postoperative clinic 
patients. No cases of late hypotony (>3 months) were encountered in the ligated cases of our study (both groups A and B). This 
contrasts with a reported rate of 2% in previous studies.16,26 Late hypotony can be caused by ciliary body shutdown, overfiltration 
with lack of adequate encapsulation, wound leak or implant exposure and are not likely related to the surgery itself.

The benefit of using the external stent occlusion technique is to provide more surgeon control over IOP and to allow for 
stent removal at any time during the post-operative period, especially in patients with advanced glaucoma that may not be able 
to tolerate prolonged increases in IOP. We did not find a significant difference in the mean IOP between the groups (A, B and 
C) during the first postoperative visit indicating that ligation did not present an added risk of immediate postoperative IOP 
elevation in our patient population (17.53±8.48 vs 19.92±10.60 vs 17.74±8.40 mmHg, respectively). These results may be 
expected due to ligation being performed in patients at higher risk of ciliary body shut down. Through the early postoperative 
period, 35.3% had high IOP spikes in Group A and all of them had their IOP controlled with 9 patients by stent removal and 3 
patients by topical antiglaucoma drops. In contrast, 44.4% had early postoperative high IOP spikes and 4 of them failed to be 
controlled in Group B and 32.7% had IOP spikes with 9 not responding to treatment in Group C. Having 32.7% of Group 
C with IOP spikes suggests that other mechanisms were involved in the high postoperative IOP as the “hypertensive phase” 
which is defined as IOP ≥22 mmHg within 3 months of the procedure (not caused by tube obstruction, retraction or 
dysfunction) after initial reduction to <22 mmHg in the first postoperative week. A hypertensive phase is known to occur 
in around half of eyes with unligated AGVs, possibly due to inflammation and fibrosis over the plate bleb and may lead to less 
favorable outcomes.28,29 In addition, the mean number of glaucoma medications was similar among all groups (A, B and C) at 
first visits (1.53±1.26 vs 2.2±1.58 vs 0.51±1.1, respectively). Al Owaifeer et al17 found the difference in mean IOP between 
ligated (either a polypropylene 9–0 or a polyglactin 7–0 suture) and nonligated groups was comparable throughout the study 

Table 2 (Continued). 

Group A, Nylon 
Stent Group  
(n = 34)

Group B, Vicryl 
Group (n = 27)

Group C, No 
Ligation Group  
(n = 55)

Fisher test between groups and late postoperative complications p-value = 1.0

Total number of patients with postoperative complications, n (%) 16 (47.1) 7 (25.9) 22 (40)

Fisher test between groups and overall rates p-value = 1.0
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except for the first month (at 1–2 months: 17.3 ± 5.6 vs 17.9 ± 8.1 mmHg) with a greater number of glaucoma medications 
needed for the ligated group throughout the study which was similar to our findings. Also, Lee et al16 in their one-armed study 
had higher mean IOP and comparable number of glaucoma medications at 1 month (19.9±8 mmHg and 1.5±1.2 medications) 
in their 3 external nylon stenting technique compared to the current study.

In the final visits, the mean IOP amongst the groups (A, B and C) were 14.83±4.35 mmHg, 16.29±6.19 and 17.20 
±8.02 mmHg and the number of glaucoma medications were 1.7±1.29 vs 2±1.19 vs 1.48±1.22, respectively. Lee et al16 

had comparable but higher mean IOP (15.8±5.8 mmHg) and lower number of medications (1.5±1.2) in the non- 
comparable nylon cases as compared to the nylon group in the current study. Kee et al15 had similar mean IOP between 
the ligated and nonligated groups which differs from our study. The mean IOP at 6 months was 19.6±5.5 mmHg for the 
partial prolene external stenting and 19.2±6.3 mmHg for the nonligated group.

Long-term IOP control was comparable among all patients in our study irrespective of surgical technique. Group 
A (the nylon group) had a higher reduction in mean IOP, however, it is important to note that patients in this group had 
the highest baseline mean IOP too (32.50±9.48 vs 27.52±6.93 vs 28.34±10.63). Though the difference in mean IOP 
between the groups was comparable throughout the follow-up period, patients in Group A had the lowest mean IOP at 
the last postoperative visit (14.83±4.35, 16.29±6.19 and 17.20±8.02 mmHg at last visit).

The visual outcomes were found to be comparable between the nylon, vicryl and no ligation groups. The mean 
changes between LogMAR from baseline to last exam were −0.31±1.13, −0.19±0.51 and −0.1±0.3, respectively. The 
nylon group had higher mean change and this might be due to this group had the worst vision upon presentation (1.82 
±1.34 vs 1.30±0.98 vs 1.34±1.07).

Early postoperative complications of Group A were comparable to the literature. We found that IOP spike rate was 
35.3%, hypotony was 2.9%, hyphema was 5.9% and tube blockage was 5.9% in Group A. Osman et al found that IOP 
spike rate was 21.4%, hypotony was 1.7%, hyphema was 6% and tube blockage was 1.7%.30

The limitations of our study include its retrospective nature and possible selection bias (eyes at higher risk are more 
likely to undergo ligation). However, we attempted to overcome this by only including eyes at high risk for hypotony.

In conclusion, failure and hypotony rates were similar amongst the groups though a tendency was observed in the 
nylon in situ stented AGV group to have a lower early postoperative hypotony rate. So, our recommendation is to use the 
nylon stent technique to minimize the risk of early hypotony yet allow the stent suture to be removed post-operatively if 
any refractory IOP increase occurs. Prospective studies are needed to confirm the findings of the current study and 
investigate the effect of ligation on long-term IOP.
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