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ABSTRACT
BACKGROUND: Despite the high technological effectiveness of treatment methods for vitreoretinal conditions, secondary 
glaucoma is a fairly common complication in the postoperative period, especially after tamponade with silicone oil.
AIM: The aim of this study is to evaluate the effectiveness of Ahmed valve drainage device implantation in secondary glau-
coma after vitreoretinal surgery with silicone oil tamponade and after the silicone oil removal.
MATERIALS AND METHODS: The study included 42 patients with secondary glaucoma after vitreoretinal procedures with 
silicone oil tamponade for rhegmatogenous retinal detachment. Patients were divided into two groups: group 1 included 
27 patients with avitria after silicone oil removal, group 2 — 15 patients with silicone oil tamponade in whom silicone 
oil removal was not indicated for various reasons. Before surgery, decompensation of intraocular pressure was detected in 
all patients (32.5 ± 2.9 mmHg, at the maximum hypotensive regimen),  visual acuity varied from counting fingers to 0.5 with 
no correction of refractive error possible.
RESULTS: In all cases, anti-glaucoma surgeries with Ahmed valve implantation were performed without complications. 
In the early postoperative period, the hypotensive effect was achieved in 100% of cases in both groups, the level of intra-
ocular pressure on the first day after surgery in patients with avitria after removal of silicone oil averaged 9.3 ± 1.5 mmHg, 
in the group with silicone oil in the vitreal cavity — 10.2 ± 1.8 mmHg. The most common complication in the early postop-
erative period in patients with silicone oil tamponade was a shallow anterior chamber (in 40% of cases). Intraocular pres-
sure was compensated in all patients within 12 months.
CONCLUSIONS: The use of Ahmed drainage device is an effective method of intraocular pressure normalization in patients 
with secondary glaucoma after vitreoretinal procedures, both with silicone oil tamponade and avitria.
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Имплантация дренажа Ahmed 
при вторичной «силиконовой» глаукоме. 
Особенности послеоперационного течения
А.В. Старостина, А.В. Сидорова, А.А. Уянаева, Г.В. Сороколетов, К.С. Бурлаков
Национальный медицинский исследовательский центр «Межотраслевой научно-технический комплекс «Микрохирургия глаза» 
им. акад. С.Н. Фёдорова», Москва, Россия

АННОТАЦИЯ
Актуальность. Несмотря на высокую технологичность методов лечения витреоретинальной патологии, вторичная 
глаукома является достаточно частым осложнением в послеоперационном периоде, особенно после тампонады 
силиконовым маслом. 
Цель — оценить эффективность имплантации клапанного дренажа Ahmed при вторичной глаукоме после витрео-
ретинальной хирургии с тампонадой силиконовым маслом и после его удаления.
Материалы и методы. В исследование были включены 42 пациента со вторичной глаукомой после витреорети-
нальных вмешательств по поводу регматогенной отслойки сетчатки с тампонадой силиконовым маслом. Пациен-
ты были разделены на две группы: в первую группу вошли 27 пациентов с авитрией после удаления силиконо-
вого масла, во вторую — 15 пациентов с тампонадой силиконовым маслом, которым по различным причинам 
не показано его удаление. До операции у всех пациентов была выявлена декомпенсация внутриглазного давле-
ния (32,5 ± 2,9 мм рт. ст. на максимальном гипотензивном режиме), острота зрения варьировала от счёта пальцев 
у лица до 0,5 н/к.
Результаты. Во всех случаях антиглаукомные операции с имплантацией дренажа Ahmed прошли без осложнений. 
В раннем послеоперационном периоде гипотензивный эффект был достигнут в 100 % случаев в обеих группах, 
уровень внутриглазного давления на первые сутки после операции у пациентов с авитрией после удаления си-
ликонового масла в среднем составил 9,3 ± 1,5 мм рт. ст., в группе с силиконовым маслом в витреальной по-
лости — 10,2 ± 1,8 мм рт. ст. Наиболее частым осложнением раннего послеоперационного периода у пациентов 
с тампонадой силиконовым маслом была мелкая передняя камера (40 % случаев). Внутриглазное давление было 
компенсировано у всех пациентов в сроки до 12 мес. 
Выводы. Применение дренажа Ahmed является эффективным методом нормализации внутриглазного давления 
у пациентов со вторичной глаукомой после витреоретинальных вмешательств как с тампонадой силиконовым 
маслом, так и с авитрией.

Ключевые слова: вторичная глаукома; силиконовое масло; внутриглазное давление; клапанный дренаж Ahmed; 
витреоретинальная хирургия.
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Fig. 1. Biomicroscopy: drops of emulsified silicone oil under the 
conjunctiva
Рис. 1. Биомикроскопия: капли эмульгированного силиконово-
го масла под конъюнктивой

Fig. 2. Gonioscopy: drops of emulsified silicone oil on the struc-
tures of the anterior chamber angle
Рис. 2. Гониоскопия: капли эмульгированного силиконового 
масла на структурах угла передней камеры

BACKGROUND
Secondary glaucoma is a quite common complica-

tion of vitreoretinal surgery (VRS), despite the advanced 
treatment technologies. Understanding the etiology and 
pathogenesis of increased post-VRS intraocular pressure 
(IOP) is crucial for choosing a treatment method for sec-
ondary glaucoma.

VRS advancements significantly decreased intra- and 
postoperative complications, but the procedures are of-
ten accompanied by increased IOP and secondary glau-
coma. Published data suggests that an increase in IOP 
can be observed after all VRS types, including scleral 
buckling, vitrectomy, tamponade with silicone oil or a 
gas-air mixture, and after intravitreal administration of 
glucocorticoids and vascular endothelial growth factor 
inhibitors [1]. Increased IOP is the second most common 
complication of VRS with silicone oil tamponade follow-
ing cataract, with the frequency of 2.2%–56% according 
to various authors [2].

The main pathogenetic mechanism of secondary glau-
coma after silicone oil tamponade is its emulsification, 
as the smallest silicone oil bubbles penetrate all eye 
structures, in particular the trabecular meshwork, which 
leads to functional drainage disorders and increased IOP 
[3, 4]. The frequency of silicone oil emulsification direct-
ly depends on the tamponade duration. With tamponade 
time of 1–3 months, the risk of silicone oil emulsifica-
tion is minimal. If silicone oil is removed at postopera-
tive months 2, 6, or later, IOP increases in 29%, up to 
33% and 64% of cases, respectively [4–6]. If prolonged 
tamponade is required, published data recommends revi-
sion of the vitreous cavity with replacing the silicone oil 
[5, 6].

Drug therapy of glaucoma associated with silicone oil 
tamponade is not always effective, and the disease re-
quires surgery in some cases. Implantation of drainage 
devices has shown the greatest effectiveness in treat-
ing this type of secondary glaucoma. Ahmed, Molteno, 
Paul, Baerveldt, and other drainage devices are the most 
common outside Russia. The Ahmed valve is most often 

implanted in Russia. Published data states that the fre-
quency of persistent IOP normalization after implanta-
tion of drainage devices reaches 50%–76% in secondary 
glaucoma caused by silicone oil emulsification [7–11].

The study aimed to evaluate the effectiveness of 
Ahmed valve implantation in glaucoma secondary to VRS 
with silicone oil tamponade and the effect after its re-
moval.

MATERIALS AND METHODS
The study included 42 patients (42 eyes) with second-

ary glaucoma associated with VRS for rhegmatogenous 
retinal detachment with silicone oil tamponade, who 
were divided into two groups of 27 patients (27 eyes) 
with the empty vitreous cavity after silicone oil removal 
and 15 patients (15 eyes) with silicone oil tamponade, 
who were not eligible for its removal for various rea-
sons. At the time of the examination, the diagnostic data 
showed that all patients had IOP decompensation of 
32.5 ± 2.9 mmHg while on the most aggressive hypoten-
sive therapy regimen; visual acuity ranged from finger 
counting to 0.5.

Biomicroscopy revealed silicone oil droplets of vary-
ing severity under the conjunctiva and in the anterior 
chamber aqueous, as well as droplet settlement on the 
corneal endothelium, iris surface, and intraocular lens in 
all patients (Fig. 1).

Gonioscopy found droplets of emulsified silicone oil at 
the anterior chamber angle (Fig. 2).

B-scan and ultrasound biomicroscopy revealed settle-
ment of emulsified silicone oil droplets on the eye struc-
tures (Fig. 3).

All patients underwent Ahmed valve implantation 
using the procedure described below. Retrobulbar an-
esthesia was the first step. A 5–6 mm conjunctival in-
cision was made along the limbus in the superior tem-
poral quadrant. The drainage device was activated with 
0.9% sodium chloride solution and fixed to the sclera 
8–10 mm to the limbus with two interrupted sutures. 
Then a 1/3 thickness limbal-based scleral flap sized 
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Fig. 3. B-scan: Multiple drops of emulsified silicone oil in the vitreal cavity (a). Ultrasound biomicroscopy: deposition of silicone 
oil droplets on the corneal endothelium, iris surface, capsule and zonules; silicone bubbles are indicated by arrows (b)
Рис. 3. В-сканирование: множественные капли эмульгированного силиконового масла в витреальной полости (a). Ультразвуковая 
биомикроскопия: отложение капель силиконового масла на эндотелии роговицы, поверхности радужки, капсуле и связках хруста-
лика; стрелками указаны пузырьки силикона (b)

Fig. 4. Optical coherence tomography of the anterior segment of 
the right eye 1 day after surgery (a) and 3 days after surgery (b)
Рис. 4. Оптическая когерентная томография переднего отрезка 
правого глаза в первые сутки после операции (a) и третьи сутки 
после операции (b)

a b

1.242 mm

2.244 mm

a

b

6 × 4 mm was formed. A tunnel into the anterior chamber 
was made parallel to the iris under the scleral flap using 
a 23G needle, and then the anterior chamber was filled 
with a cohesive viscoelastic. The silicone tube was short-
ened and implanted 2–3 mm into the anterior chamber. 
The superficial scleral flap was fixed with 3–4 interrupted 
sutures, then the conjunctiva was closed. The final step 
of the procedure included a subconjunctival injection of 
an antibiotic and glucocorticoid.

The follow-up period ranged from 3 to 12 months. 
Follow-up examinations were performed on days 1, 3, 
and then 7, and 1, 6, and 12 months after surgery.

RESULTS
There were no complications in all cases of Ahmed 

glaucoma valve implantation. On postoperative day 1, 
mean IOP (pneumatic tonometry) was 9.3 ± 1.5 mmHg in 

patients with the empty vitreous cavity after silicone oil 
removal and 10.2 ± 1.8 mmHg in patients with silicone oil 
tamponade (Table 1).

In the early postoperative period, 3 patients in group 1 
and 1 patient in group 2 developed hyphema on day 1–2, 
which appeared as suspended blood in the anterior cham-
ber aqueous and resolved on day 4–5 without treatment. 
Two patients in group 1 had hypotony of 4–6 mmHg dur-
ing the first 5 days. One patient in group 1 had periph-
eral thin choroidal detachment, which resolved with drug 
therapy.

In the early postoperative period, biomicroscopy in 
patients in group 2 revealed anterior chamber shallow-
ing associated with silicone oil in the vitreous cavity 
(Table 2). During postoperative follow-up, adherence to 
the recommended “correct” position of patients in bed 
(the prone position for patients with light silicone oil 
tamponade, and the supine position for patients with 
heavy silicone oil tamponade) in combination with local 
glucocorticoid therapy enhanced the treatment effect in 
this group. This complication resolved in all cases within 
2–5 days (Fig. 4).

At postoperative month 1, IOP was within the normal 
range in all cases (Table 1). Biomicroscopy found that 
the drainage device tube was in the correct position, and 
the anterior chamber depth was similar to that before 
surgery (Fig. 5).

After 6 months of follow-up, 9 and 5 patients in groups 
1 and 2, respectively, required hypotensive therapy to re-
duce aqueous production. At month 12, IOP increased in 
both groups (Table 1).

In the late postoperative period, 1 patient experienced 
tube protrusion (the patient had high myopia, radial kera-
totomy, and prolonged silicone oil tamponade after a re-
currence of retinal detachment), which required a revi-
sion procedure to examine the glaucoma surgery area, 
cover the tube with an autologous graft (tenon capsule), 
and reposition the conjunctiva.
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Table 1. The level of intraocular pressure in patients after implantation of Ahmed glaucoma valve during follow-up at 1, 6, 12 months
Таблица 1. Уровень внутриглазного давления у пациентов после имплантации клапанного дренажа Ahmed в сроки 
наблюдения 1, 6, 12 мес.

Follow-up period Group 1 (n = 27) Group 2 (n = 15)

Month 1 14.3 ± 1.5 mmHg 15 ± 1.8 mmHg

Month 6 15.9 ± 1.6 mmHg
(33% of patients treated with hypotensive eye drops)

16.3 ± 1.7 mmHg
(33% of patients treated with hypotensive eye drops)

Month 12 18.1 ± 1.3 mmHg
(62% of patients treated with hypotensive eye drops)

18.2 ± 1.1 mmHg
(67% of patients treated with hypotensive eye drops)

Таблица 2. Послеоперационные осложнения
Table 2. Postoperative complications

Complications Group 1 (n = 27) Group 2 (n = 15)

Anterior chamber shallowing 0 6 (40%)

Choroidal detachment 1 (3.7%) 0

Hyphema 3 (11%) 2 (13%)

Protrusion of the drainage tube/body 1 (3.7%) 0

Valve encapsulation 7 (26%) 5 (33.3%)

Fig. 5. Anterior segment photography. The drainage tube is in the correct position, silicone oil deposits are visible under the con-
junctiva (the arrow indicates the drainage tube)
Рис. 5. Фотография переднего отрезка глаза. Трубка дренажа в правильном положении, визуализируются отложения силиконового 
масла под конъюнктивой (стрелкой указана трубка дренажа)

The most common complication in the late postopera-
tive period in both groups were connective tissue capsule 
around the drainage device body. When this complica-
tion was detected on the follow-up visit, 27G needling 
was performed with 0.3 mL of dexamethasone solution 
injected subconjunctivally into the area of the drainage 
device body. If necessary, the procedure was repeated, 
but not more than three times, then no recurrences were 
detected in all cases.

DISCUSSION
Selection of a surgical procedure for secondary glau-

coma associated with VRS depends on many different 
factors, such as the ocular surface and anterior chamber 
status, presence and number of emulsified silicone oil 
droplets in the anterior chamber, IOP, visual acuity, and 
history of glaucoma surgery [12–14].

Conventional conjunctival surgeries do not always 
normalize IOP in patients with secondary glaucoma as-
sociated with silicone oil tamponade. The emulsified sili-
cone oil covers the surgical area, and first mechanically 
obstructs the aqueous outflow through the formed path-
ways and then induces fibrosis [7–10]. Another issue is 
subconjunctival silicone oil, leading to chronic inflamma-
tion and also inducing scarring of the surgical area [8, 10, 
11, 15]. Cunha et al. [15] conducted a histopathological 
examination of the conjunctiva with silicone oil droplets 
and revealed signs of chronic inflammation in 90% of 
cases, even when the droplets were minimal.

A common complication of non-penetrating surgery or 
trabeculectomy is scarring of the newly formed outflow 
pathways, which is accompanied by IOP increase and re-
quires revision procedures. Inoue et al. [16] reported that 
the success rate of trabeculectomy with intraoperative 
administration of mitomycin C was 55.1% after 1 year. 
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Another alternative to trabeculectomy is implantation of 
the Ex-Press shunt; the data presented above [17–21] 
and non-Russian authors [8, 22, 23] report that its ef-
fectiveness reaches 72%.

Implantation of drainage devices has shown quite 
high efficacy in secondary glaucoma associated with 
VRS. Published data state that the efficacy of Ahmed 
valve ranges from 62% to 80% with follow-up of 12 to 
24 months [7–10]. The Ahmed glaucoma valve can be 
implanted both under silicone oil tamponade and after its 
removal. If the anterior segment structures are changed, 
it can be implanted into the posterior chamber or vitreous 
cavity (if the vitreous has been removed).

Selection of the Ahmed valve implantation area is of-
ten limited by conjunctival scarring after prior repeated 
vitreoretinal procedures. Another issue is migration of 
silicone oil under the conjunctiva as it contributes to 
chronic inflammation and fibrosis, which require pro-
longed administration of glucocorticoids and non-steroi-
dal anti-inflammatory drugs and also promote the forma-
tion of a connective tissue capsule around the drainage 
device body [10, 24]. Complications of drainage device 
implantation after VRS with silicone oil tamponade are 
common and vary from mild, such as postoperative hy-
pertension, hypotony (up to 50% of patients [23]), hy-
phema, or inflammation, to more serious, e.g. choroidal 
detachment, keratopathy caused by corneal contact with 
the device tube, and diplopia caused by implantation in 
the inferior temporal quadrant (the last two complica-
tions require re-implantation more often). In our study, 
complications in the early postoperative period included 
hyphema (11%–13% of cases) and choroidal detachment 
(1 case), with anterior chamber shallowing being the 
most common (40% of cases) in patients with silicone oil 
tamponade without concomitant ciliary body detachment. 
We find anterior chamber shallowing a pathognomonic 
complication in patients with silicone oil tamponade. 
After implantation, the valve immediately starts to drain 
aqueous. This may lead to silicone oil (with higher den-
sity than aqueous) moving the lens-iris diaphragm for-
ward (more often with zonular defects and iris atro-
phic changes), which takes time to restore the anterior 
chamber.

Published data also reports more serious compli-
cations, such as postoperative endophthalmitis (more 
common in younger patients), keratopathy, and retinal 
detachment. We did not observe any of these complica-
tions in our study.

One of the late postoperative complications is pro-
trusion of the drainage tube or body, which increases 
the risk of endophthalmitis. In our study, protrusion was 
detected in only 1 case and successfully eliminated after 
a revision intervention consisting in covering the surgical 
area with the tenon capsule tissue and repositioning the 
conjunctiva.

If there is scarring of the ocular surface after vitrec-
tomy and/or prior glaucoma surgery, a scleral flap may 
be created to cover the maximum drainage tube surface 
or donor material may be used to prevent protrusion 
[9, 24–26].

CONCLUSION
The Ahmed valve is effective in normalizing IOP in 

patients with secondary glaucoma associated with VRS 
with silicone oil tamponade and empty vitreous cavity. 
Patients require long-term postoperative follow-up with 
IOP control and monitoring of the posterior segment. 
The efficacy of drainage device implantation depends on 
many factors (implantation site, number of prior surger-
ies, presence of silicone in the vitreous cavity, number of 
emulsified silicone bubbles, etc.).
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