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Glaucoma drainage devices (GDDs) are an important ther-
apeutic alternative in the management of glaucoma that is re-
sistant to medical therapy and glaucoma filtration surgery [1]. 
Their use has increased, particularly in patients whose previ-
ous filtering procedures, with or without adjunctive anti-me-
tabolites, failed or were expected to have a very low chance 

of success [2-4]. Various aqueous shunting devices have been 
developed, including open-tube and valved designs. Hypoto-
ny during the immediate postoperative period is a common 
complication associated with open-tube implants [5,6].

The Ahmed glaucoma valve (AGV; New World Medical, 
Rancho Cucamonga, CA, USA) is a shunt device with a 
flow-restriction mechanism that is used in refractory glauco-
ma either as a primary surgical option or after the failure of 
conventional filtration procedures. It directs the flow of aque-
ous through the silicone tube and between two thin silicone 
elastomer membranes in a tapered chamber [4,7]. Clinical ex-
perience with this implant had indicated that hypotony 

Received: August 14, 2017    Accepted: January 29, 2018

Corresponding Author: Chan Kee Park, MD, PhD. Department of Ophthal-
mology and Visual Science, Seoul St. Mary’s Hospital, The Catholic Uni-
versity of Korea College of Medicine, #222 Banpo-daero, Seocho-gu, Seoul 
06591, Korea. Tel: 82-2-2258-6199, Fax: 82-2-533-3801, E-mail: ckpark@
catholic.ac.kr 

Effects of Early Postoperative Intraocular Pressure after Ahmed 
Glaucoma Valve Implantation on Long-term Surgical Outcomes

Hyun Jin Jeong, Hae-Young Lopilly Park, Chan Kee Park

Department of Ophthalmology and Visual Science, Seoul St. Mary's Hospital, The Catholic University of Korea College of Medicine, 
Seoul, Korea

Purpose: To evaluate the long-term effects of early postoperative intraocular pressure (IOP) after Ahmed glau-

coma valve (AGV) implantation on long-term surgical outcomes.

Methods: This retrospective, non-randomized study included 100 eyes of 100 patients who underwent AGV 

surgery. We divided the enrolled patients into four groups according to the presence of transient hypotony 

within the first postoperative week or the presence of a hypertensive phase during the first three postoperative 

months. Postoperative IOP, the number of glaucoma medications, and cumulative success rate were com-

pared among the groups.

Results: There was significantly better IOP control and a better success rate in the non-hypertensive phase 

group 2 years postoperatively. However, no significant difference was found in the IOP or success rate at 2 

years postoperatively between the transient hypotony and non-hypotony groups. Further subgroup analysis 

showed that the non-hypotony, non-hypertensive phase group had a significantly higher success rate (100%) 

at 2 years postoperatively.

Conclusions: We can predict the long-term prognosis after AGV implantation by considering the early postop-

erative IOP state and the presence of a hypertensive phase.
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during the immediate postoperative period is less common 
than that with other GDDs [8,9]. Early postoperative hypoto-
ny occurs in the first 1 to 2 weeks after surgery and is defined 
as an intraocular pressure (IOP) less than or equal to 6 
mmHg [10]. However, good IOP control in the early postop-
erative period is frequently followed by a large rise in IOP 
[11,12]. This hypertensive phase, defined as an IOP greater 
than 21 mmHg within 3 months of surgery, has also been re-
ported after non-valved drainage shunts [13,14]. However, 
there is little published information on the long-term progno-
sis according to the early postoperative IOP. A recent report 
showed that eyes without a hypertensive phase after AGV 
implantation had a higher success rate [15].

Therefore, we investigated the effects of early postopera-
tive hypotony and the presence of a hypertensive phase after 
AGV implantation on surgical prognosis after 2 years.

Materials and Methods  

A retrospective chart review examined consecutive pa-
tients who underwent placement of an AGV in the glauco-
ma division of Seoul St. Mary’s Hospital between January 
2003 and December 2009. All eyes followed for at least 2 
years postoperatively were included. This study adhered to 
the Declaration of Helsinki and approved by the institu-
tional review board of Seoul St. Mary’s Hospital (KC15RI-
SI0427). Informed consent was obtained from each patient. 

Preoperative data were collected from the patient records 
and included age at the time of the surgery, gender, eye lat-
erality, diagnosis, mean IOP during the 3 months before the 
surgery, the number of medications being taken during the 
3 months before the surgery, and mean deviation of the 
Humphrey visual field (24-2 full-threshold or Swedish in-
teractive threshold algorithm). We excluded any patients 
with an IOP exceeding 21 mmHg on the first postoperative 
day or those with an IOP of less than 6 mmHg after one 
postoperative week; those who required additional glauco-
ma surgery due to an IOP increase or surgical complica-
tion; those who required anterior chamber reformation due 
to hypotony that caused flat anterior chamber for more than 
1 week or kissing choroidal detachment; or those who had 
undergone another ophthalmologic intraocular surgery (i.e., 
cataract surgery or retinal surgery). When both eyes were 
eligible, we randomly choose one eye for inclusion.

All surgeries were performed by one of the authors 

(CKP). During the procedure, the eye was prepared and 
draped after retrobulbar anesthesia. A lid speculum was 
situated and an 8-0 Vicryl (Ethicon, Irvine, CA, USA) su-
ture was placed in the superior midstromal cornea and used 
for downward retraction. A limbal-based flap of the con-
junctiva and Tenon capsule was created in the superior 
temporal quadrant. The AGV was positioned in the middle 
of the quadrant, with the anterior edge of the plate at a po-
sition of at least 8 mm posterior to the superior temporal 
corneoscleral limbus. Before implantation, the AGV was 
tested and primed using a balanced salt solution. The tube 
was trimmed to extend 1 to 2 mm beyond the limbus. Par-
allel to the iris plane, a 23-gauge needle was used to enter 
the anterior chamber at the limbus. Then, the tube was in-
serted into the anterior chamber through this needle track 
and secured to the sclera with one 10-0 nylon suture. Par-
tial ligation of the tube was performed using 9-0 nylon su-
tures. A scleral patch graft was prepared and sutured to 
cover the drainage tube with four interrupted 10-0 nylon 
sutures. The conjunctiva and Tenon capsule were reapprox-
imated to the limbus with 8-0 Vicryl sutures.

Postoperative data were collected from the patient re-
cords for all consecutive visits. Data collected included IOP 
measurements, number of medications used, surgical com-
plications, and follow-up duration. Visual fields mean devi-
ation data were collected from up to 1 to 2 years after sur-
gery when available. The hypertensive phase was defined 
as an IOP >21 mmHg during the first 3 months after sur-
gery with or without any antiglaucoma medication and not 
caused by tube obstruction, tube retraction, or valve mal-
function. Based on the presence of a hypertensive phase, 
the patients were divided into a hypertensive group and 
non-hypertensive group. When IOP exceeded 30 mmHg 
during the hypertensive phase, antihypertensive medica-
tion was given with respect to the patient’s condition. Hy-
potony was defined as when the IOP was less than 6 mmHg 
without glaucoma medication within 2 weeks postopera-
tively and when it was without cause by wound site leakage 
or valve malfunction. Based on the presence of hypotony, 
the patients were also divided into a hypotony group and 
non-hypotony group. Patients were classified into four 
groups according to the presence of early hypotony and 
hypertensive phase; eyes with transient early hypotony and 
a hypertensive phase (group I), eyes with early hypotony 
but without a hypertensive phase (group II), eyes without 
early hypotony but with a hypertensive phase (group III), 
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and eyes without both hypotony and a hypertensive phase 
(group IV).

The main outcome measure was surgical success, de-
fined as an IOP of less than 21 mmHg without additional 
glaucoma surgery. Another lower cutoff criterion of suc-
cess was an IOP of less than 18 mmHg. Failure occurred 
when the IOP exceeded the success range on two consecu-
tive visits. Secondary outcome measures were the IOP level 
and number of medications at 1 day; 1 week; and 1, 3, 6, 12, 
and 24 months after surgery.

The baseline characteristics of the groups were compared 
using an independent Student’s t-test or one-way analysis of 
variance. The chi-squared test was used to compare cate-
gorical data. Kaplan-Meier survival analysis and the log-
rank test were used to compare the cumulative risk ratio of 
surgical failure. Statistical analysis was performed using the 
SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). A p-value of 
less than 0.05 was considered to be statistically significant.

Results

The records for 108 eyes (of 108 patients) were examined. 
Eight eyes were excluded because two eyes underwent ad-
ditional procedures due to low IOP in the early postopera-
tive period and six eyes underwent anterior chamber refor-
mation due to hypotony resulting from f lat anterior 
chamber or kissing choroidal detachment. The remaining 
100 eyes (in 100 patients) were further analyzed. The pre-
operative IOP was 31.9 ± 8.0 mmHg and the total number 
of preoperative medications was 2.8 ± 2.1. The mean fol-
low-up duration was 31.3 ± 0.9 months. Other baseline 
characteristics are described in Table 1.

Table 2 compares the preoperative characteristics be-
tween the hypertensive and non-hypertensive groups. 
There were no significant differences with respect to age, 
preoperative IOP, number of preoperative medications, or 
mean deviation of the visual field between the two groups. 
The mean postoperative IOPs of the hypertensive and 
non-hypertensive groups are plotted in Fig. 1. IOP differed 
significantly between the two groups at 1, 3, 6, 12, and 24 
months postoperatively (p < 0.01, p < 0.01, p < 0.01, p < 0.01, 
and p < 0.01, respectively). The postoperative number of 
medications was 2.9 ± 0.8 for the hypertensive group and 
1.9 ± 0.4 for the non-hypertensive group and differed sig-
nificantly between the two (p = 0.03). The success rate at 2 

years postoperation was significantly higher in the non-hy-
pertensive group than in the hypertensive group (95.0% 
and 72.6%, respectively; p = 0.02). The success rate was 
also significantly different between in the non-hyperten-
sive and hypertensive groups when the success was defined 
as an IOP of less than 18 mmHg (96.20% and 72.6%, re-
spectively; p = 0.02). The success rate was significantly dif-

Table 1. Characteristics of the patients
Characteristics Value
No. of patients
No. of eyes
Age (yr)

Mean ± SD
Range

Sex, male : female
Eye laterality, right : left
Lens statue

Phakic
Pseudophakic

Diagnosis
POAG
NVG
Uveitic glaucoma
Other secondary OAG
Other secondary ACG
Miscellaneous

Previous glaucoma surgery
None
One

Preoperative intraocular pressure
Mean ± SD
Range

No. of preoperative medications
Mean ± SD
Range

Preoperative visual acuity
Range
Median

Mean deviation of visual field
Mean ± SD

Follow-up (mon)
Mean ± SD
Range

100
100

51.3 ± 17.3
19–80
74 : 26
51 : 49

96
4

21
21
9

16
14
19

78
22

31.9 ± 8.0
20–51

2.8 ± 2.1
1–4

LP–20 / 20
25 / 200

-14.5 ± 9.8

31.3 ± 0.9
12–51

SD = standard deviation; POAG = primary open-angle glaucoma; 
NVG = neovascular glaucoma; OAG = open-angle glaucoma; 
ACG = angle-closure glaucoma; LP = light perception.
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ferent between the non-hypertensive group and the hyper-
tensive group (83.8% and 65.4%, respectively; p = 0.04) 
when it was defined as an IOP of less than 18 mmHg.

Table 3 compares the preoperative data between the hy-
potony and non-hypotony groups. The baseline character-
istics of the two groups did not differ statistically. The 
mean IOP did differ significantly between the two groups 
at 3 and 6 months postoperatively (p < 0.01 and p = 0.02, 
respectively), but not at 12 months and 24 months postop-
eratively (p = 0.33 and p = 0.74, respectively). The mean 
postoperative IOPs of the hypotony and non-hypotony 
groups are plotted in Fig. 2. There was also no significant 
difference in the number of postoperative medications (2.6 
± 1.1 and 2.4 ± 0.9, respectively) or 2-year success rate (hy-
potony group 79.4%, non-hypotony group 78.6%, p = 0.84) 
between the groups. The success rate was not different be-
tween the non-hypertensive group and the hypertensive 
group (61.8% and 55.6%, respectively; p = 0.33) when it was 
defined as an IOP of less than 18 mmHg.

When the patients were divided into four groups accord-
ing to the presence of both a hypertensive phase and hypo-
tony, the mean postoperative IOP during the first 12 post-

Table 2. A comparison of preoperative data between the hypertensive phase group and non-hypertensive phase group
Hypertensive phase group Non-hypertensive phase group p-value*

No. of patients
No. of eyes
Age (yr)

Mean ± SD
Range

Sex, male : female
Eye laterality, right : left
Diagnosis

POAG
NVG
Uveitic glaucoma
Other secondary OAG
Other secondary ACG
Miscellaneous

Preoperative intraocular pressure
Mean ± SD
Range

No. of preoperative medications
Mean ± SD
Range

Mean deviation of visual field
Mean ± SD

74
74

52.0 ± 17.1
19–80
57 : 17
43 : 31

16
17
9

12
11
14

33.0 ± 8.1
22–64

2.8 ± 1.2
1–4

-15.0 ± 9.8

26
26

49.3 ± 18.1
20–78
17 : 9
8 : 18

5
4
0
4
3
5

30.9 ± 6.8
20–42

2.9 ± 1.1
1–4

-14.4 ± 9.2

0.49

0.24

0.97

0.22

SD = standard deviation; POAG = primary open-angle glaucoma; NVG = neovascular glaucoma; OAG = open-angle glaucoma; ACG = 
angle-closure glaucoma.
*Independent Student’s t-test.

Fig. 1. A comparison of intraocular pressure IOP between the 
hypertensive phase and non-hypertensive phase groups.
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operative months was significantly lower in eyes with 
transient early hypotony but without a hypertensive phase 
(group II) and significantly higher in eyes without early 

hypotony but with a hypertensive phase (group III). How-
ever, the postoperative IOP at 24 months and the number of 
postoperative medications did not differ significantly 
among the four groups (Table 4). Group III (non-hypotony 
and hypertensive phase group) had the lowest success sur-
vival rate and group IV (non-hypotony and non-hyperten-
sive phase group) had the highest success survival rate in 
the Kaplan-Meier analysis (log-rank test, p = 0.03) (Fig. 3).

Discussion

A hypertensive phase is one of the early findings after 
AGV implantation. Huang et al. [9] reported the presence 
of a higher mean IOP 2 months after insertion of an AGV 
implant as compared with at 1 and 2 years after surgery. 
Ayyala et al. [11] evaluated 85 patients who underwent in-
sertion of an AGV for the control of refractory glaucoma. 
Based on the criterion IOP >21 mmHg over the first 6 

Table 3. A comparison of preoperative data between the transient hypotony group and non-hypotony group
Hypotony group Non-hypotony group p-value*

No. of patients
No. of eyes
Age (yr)

Mean ± SD
Range

Sex, male : female
Eye laterality, right : left
Diagnosis

POAG
NVG
Uveitic glaucoma
Other secondary OAG
Other secondary ACG
Miscellaneous

Preoperative intraocular pressure
Mean ± SD
Range

No. of preoperative medications
Mean ± SD
Range

Mean deviation of visual field
Mean ± SD

45
45

51.5 ± 20.4
8–80

34 : 11
23 : 22

10
10
5
9
7
8

32.0 ± 7.4
20–51

2.8 ± 1.5
1–4

-14.4 ± 9.3

55
55

49.5 ± 17.2
18–77
40 : 15
28 : 27

11
11
4
7
7

11

31.8 ± 6.2
20–42

2.8 ± 1.9
1–4

-14.6 ± 9.6

0.92

0.49

0.90

0.76

SD = standard deviation; POAG = primary open-angle glaucoma; NVG = neovascular glaucoma; OAG = open-angle glaucoma; ACG = 
angle-closure glaucoma.
*Independent Student’s t-test.

Fig. 2. A comparison of intraocular pressure between the tran-
sient hypotony and non-hypotony groups.
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months after surgery, they reported a hypertensive phase 
in 70 patients (82%). The IOP peaked at 1 month and stabi-
lized at 6 months. Nouri-Mahdavi and Caprioli [12] report-
ed that a hypertensive phase occurred in 56% of the eyes 
studied as defined using a criterion of IOP >21 mmHg 
during the first 3 months after surgery because they be-
lieved that eyes showing an increase in IOP after 3 months 
postoperatively might be demonstrating a poor IOP out-
come rather than a hypertensive phase. Yuen et al. [16] per-
formed a subanalysis comparing mean IOP at 3 months be-
tween a group that had a hypertensive phase and one that 
did not. The hypertensive group had a significantly higher 
mean IOP and more uncontrolled IOP as compared with 
the non-hypertensive group.

In our study, based on the definition used by Nouri-Mah-

davi and Caprioli [12], a hypertensive phase occurred in 
74% of the eyes studied. This is higher than in their reports. 
The identified risk factors for IOP elevation after trabe-
culectomy are related with the level of inflammation. Pa-
tients who experience an IOP spike after trabeculectomy 
had a significantly higher untreated IOP at 3 and 5 years 
after surgery. Our results may also be related with the in-
f lammation and fibrosis that occurs following AGV im-
plantation. We observed a significantly lower success rate 
in the hypertensive phase group at 2 years after AVG im-
plantation. As reported earlier, our results show that it is 
difficult to control IOP in eyes experiencing a hypertensive 
phase [12,16].

To our knowledge, no published report explains why a 
hypertensive phase occurs after AGV insertion. Molteno 

Table 4. A comparison of the four groups according to presence or absence of transient hypotony and hypertensive phase
Transient hypotony group Non-hypotony group

p-valueHypertensive 
phase

(Group I)

Non-hypertensive
phase

(Group II)

Hypertensive 
phase

(Group III)

Non-hypertensive 
phase

(Group IV)

No. of eyes
Age (yr)
Diagnosis

POAG
NVG
Uveitic glaucoma
Other secondary OAG
Other secondary ACG
Miscellaneous

Intraocular pressure (mmHg)
Baseline
Postoperative 1 mon
Postoperative 3 mon
Postoperative 6 mon
Postoperative 12 mon
Postoperative 24 mon

No. of patients who needed medications
No. of postoperative medications at 2 yr
Medication class

β-blocker
α-agonist
Carbonic anhydrase inhibitor
Prostaglandin

33
52.6 ± 20.4

10
9
3
7
5
6

33.6 ± 8.0
21.2 ± 6.4
16.0 ± 3.5
16.9 ± 2.6
14.6 ± 3.4
18.5 ± 5.6

31 (93.9)
2.5 ± 1.3

11 (35.5)
9 (29.0)

10 (32.3)
1 (3.2)

12
48.4 ± 21.1

0
1
2
2
2
2

31.4 ± 7.3
10.2 ± 3.6

8.3 ± 7.5
9.3 ± 5.6

13.8 ± 4.1
19.1 ± 7.0

10 (83.3)
2.2 ± 1.3

6 (60.0)
2 (20.0)
2 (20.0)

0

41
51.5 ± 14.1

8
8
4
5
6
8

32.5 ± 8.4
22.3 ± 7.9
20.6 ± 7.6
19.8 ± 8.2
18.6 ± 7.7
20.9 ± 8.1

37 (90.2)
2.6 ± 1.1

15 (40.5)
8 (21.6)

12 (32.4)
2 (5.4)

14
50.0 ± 16.0

3
3
0
2
1
3

30.4 ± 6.6
14.7 ± 4.3
12.9 ± 3.1
13.0 ± 3.6
15.2 ± 3.6
16.9 ± 3.5

13 (2.9)
1.8 ± 0.8

2 (15.4)
6 (46.2)
4 (30.8)
1 (7.7)

0.84*

0.64*

<0.01*

<0.01*

0.02*

0.07*

0.12*

0.73†

0.08*

0.65†

Values are presented as number, mean ± standard deviation, or number (%).
POAG = primary open-angle glaucoma; NVG = neovascular glaucoma; OAG = open-angle glaucoma; ACG = angle-closure glaucoma.
*One-way ANOVA test; †Chi-squared test.
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and Dempster [17] described the sequential wound healing 
that occurs after insertion of a single-plate Molteno implant 
and IOP elevation. After a short hypotensive phase lasting 
between seven and 10 days postoperatively, the IOP in-
creased gradually in accompaniment with the formation of 
a well-circumscribed bleb over the AGV reservoir. During 
the first few weeks after the hypotensive phase, there is in-
tense congestion of the bleb, with the untreated IOP rising 
from 30 to 50 mmHg. With a reduction in bleb congestion 
and inflammation over the ensuing months, the bleb be-
comes less dense and the IOP stabilizes. Nouri-Mahdavi 
and Caprioli [12] postulated that the sequence of events 
with the AGV was likely similar and that the hypertensive 
phase could probably be explained by the congestion, ede-
ma, and fibrosis of the conjunctiva above and around the 
plate of the GDD. Another possible explanation is the plate 
size of the AGV. In the single-plate Molteno implant, which 
has a smaller surface area than that of the AGV, a more 
pronounced elevation of IOP may occur after implantation 
[18,19]. In comparison, patients with Baerveldt implants did 
not have a hypertensive phase because the Baerveldt device 
has a larger plate surface area than that of the AGV [5]. 
The 1-year outcomes of the Ahmed-Baerveldt comparison 
study show that the Baerveldt implant has a significantly 
lower mean IOP and a higher success rate as compared 
with the AGV implant [20]. It is strongly suggested that the 
presence of a hypertensive phase could be related with 
long-term IOP control and its success rate. Recently, there 

have been reports showing that early use of aqueous sup-
pressants may prevent a hypertensive phase and are related 
with better outcomes after drainage device surgery [21,22]. 
There were also patients who used aqueous suppressants 
after surgery in our study; however, we could not perform 
a comparison to find out the effect of these medications in 
terms of surgical outcomes related with the presence of a 
hypertensive phase.

In our study, the outcome differed according to the pres-
ence of transient hypotony after AGV implantation. The 
reported incidence of early postoperative hypotony ranges 
between 8% [9] and 26% [23] for uveitic glaucoma patients. 
Other studies have reported that it occurs in 42% of uveitic 
glaucoma patients [24-26]. In our study, 45% of the eyes 
showed transient hypotony within 2 weeks postoperation. 
Of these, 42 eyes (93%) showed hypotony at 1 day postop-
eratively and three eyes (7%) showed it at 5 days postoper-
atively. However, the IOP of all patients was above 6 
mmHg at 1 week postoperatively without the use of addi-
tional medications. In the uveitic glaucoma patients, tran-
sient hypotony appeared in five eyes (56%). This result is 
similar to those seen in previous studies. The presence of 
hypotony was not significantly related with age, gender, di-
agnosis, or preoperative IOP in a multiple regression analy-
sis (data not shown).

There are no known reports on long-term prognosis in 
patients with transient hypotony. In our study, transient hy-
potony, which occurs in the first 2 weeks postoperatively, 
did not seem to influence the long-term success of AGV 
implantation (79.4% in the hypotony group vs. 78.6% in the 
non-hypotony group at 2 years postoperation). However, 
postoperative IOP control was better in group II (transient 
hypotony with non-hypertensive phase group) until 12 
months postoperatively, as shown in Table 4. If we had an-
alyzed the success rate at 6 months postoperatively, there 
might have been a difference according to the presence of 
early hypotony. In addition, group II used fewer glaucoma 
medications during the low IOP period as compared with 
the other three groups. Based on the postoperative aqueous 
outflow model of Kotliar et al. [27], the lower the postoper-
ative IOP, the less the aqueous humor uses the natural out-
flow pathways, including the trabecular meshwork. More 
study is needed to determine the exact mechanism, al-
though using the natural outflow pathways could be an ad-
vantage in IOP control after AGV implantation in eyes 
with early postoperative hypotony.

Fig. 3. Kaplan-Meier cumulative probability curve of the success 
rate in the groups according to the presence of early postop-
erative transient hypotony and a hypertensive phase. Group I, 
transient hypotony with a hypertensive phase; group II, transient 
hypotony without a hypertensive phase; group III, non-hypotony 
with a hypertensive phase; group IV, non-hypotony without a 
hypertensive phase.
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This study was limited by its small number of cases and 
retrospective design because of the lack of other informa-
tion about glaucoma surgery prognosis. Another limitation 
was that we could not assess the histology of the fibrous 
capsule. Patients with only transient early hypotony that 
resolved spontaneously were included in this study. Pa-
tients with hypotony who underwent additional procedures 
were excluded from this study and this should be consid-
ered when interpreting our results.

In conclusion, a hypertensive phase after AGV implanta-
tion significantly influences the long-term IOP and success 
rate. Transient hypotony, which does not require additional 
surgery and resolves within 1 week, may also result in bet-
ter IOP control in the first 12 months postoperatively. The 
early IOP state can predict the long-term IOP control and 
prognosis after AGV implantation.
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