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Factors associated with the surgical
outcomes of Baerveldt glaucoma
implant for open-angle glaucoma,
an age-related eye disease

Satoshi Iraha'2, Yuji Takihara'*, Yui Urahashi?, Takahiro Watanabe?, Kenichi Nakamura?,
Mai Urahashi?, Fumika Watanabe-Kitamura?, Kei-Ichi Nakashima?, Eri Takahashi?,
Sachi Kojima?, Hidenobu Tanihara® & Toshihiro Inoue!

To identify the factors associated with the surgical outcomes of Baerveldt glaucoma implant (BGI) for
open-angle glaucoma (OAG), the medical records of 51 consecutive OAG patients (age, 43-91 years)
who underwent BGI were retrospectively reviewed (median follow-up, 21.7 months). Surgical success
was defined as the following postoperative intraocular pressures (IOPs, mmHg): (A) 6 <IOP <21;

(B) 6 <10P <18; and (C) 6 <IOP <15 without loss of light perception or additional glaucoma surgery.
Univariate analysis showed that age (all criteria), glaucoma type (criterion C), and preoperative |IOP
(criteria A and B) were the candidate factors (P <0.20). When the patients were divided into two groups
according to median age (72 years), the success probability was higher in the older group for criteria B
(P=0.047) and C (P=0.02), and the postoperative IOP was lower in the older group 1-year post-surgery
(P=0.002). Furthermore, the multivariate Cox proportional hazards model revealed that older age was
independently associated with surgical success for criteria B (relative risk [RR], 0.94; P=0.02) and C
(RR, 0.94; P=0.01). In conclusion, older age is a factor associated with the surgical success of BGI for
OAG.

Open-angle glaucoma (OAG) is an age-related eye disease whose incidence increases with aging'=. The number
of patients with glaucoma is rapidly rising and estimated to reach 111.8 million by 2040*. OAG significantly
contributes to this rapid rise because life expectancy is globally increasing which is brought about by medical
advances®. In this situation, it is necessary to improve the surgical strategies for OAG by identifying the factors
associated with the surgical outcomes.

Although trabeculectomy with mitomycin C (MMC) is a popular glaucoma surgery, implant surgeries using
a glaucoma drainage device (GDD), such as Baerveldt glaucoma implant (BGI), Ahmed glaucoma valve (AGV),
and Molteno implant, have been widely performed in recent years. GDD was initially used for refractory glau-
coma such as neovascular glaucoma. However, recent prospective multicenter trials have suggested the efficacy
and safety of GDD for many glaucoma types, including OAG®-'°. After Molteno introduced GDD in 1969, many
studies have shown the treatment outcomes and factors associated with the surgical outcomes of GDD'!*8,
However, most of the previous studies included refractory glaucoma, whose surgical outcomes of GDD are
different from those for OAG. Importantly, the factors associated with the surgical outcomes of BGI for OAG
remain unclear.

This study aims to investigate the factors associated with the surgical outcomes of BGI for OAG using the
Kaplan-Meier survival curve and Cox proportional hazards model analysis. The results in this study would
facilitate the improvement of the surgical strategies for OAG in an aging society.

Results

Baseline characteristics and probability of success of all eyes. In the present study, 51 eyes of 51
patients with OAG were examined with a median follow-up of 21.7 months. The preoperative characteristics of
all eyes are described in Table 1. The mean (standard deviation [SD]) age at BGI surgeries was 71.6 (+ 11.0) years
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Value
Characteristic (n=51)
Age, years
Mean (SD) 71.6 (11.0)
Range 43-91
Gender, No. (%)
Male 37 (73%)
Female 14 (27%)
Eye laterality, No. (%)
Right 20 (39%)
Left 31 (61%)
Glaucoma type, No. (%)
POAG 19 (37%)
EXG 32 (63%)
Hypertension, No. (%) 21 (41%)
Diabetes mellitus, No. (%) 9 (18%)
Number of previous glaucoma filtration surgeries, No. (%)
0 2 (4%)
1 28 (55%)
2 19 (37%)
3 2 (4%)
Previous cataract surgery, No. (%) 38 (75%)
Preoperative IOP, mmHg
Mean (SD) ‘ 29.4(7.1)
Preoperative glaucoma medications, No
Mean (SD) [42(07)
BCVA, logMAR
Mean (SD) 055 (0.73)
Automated perimetry program 24-2
Eyes, No 37
MD, mean (SD), dB —20.7 (7.5)
Automated perimetry program 10-2
Eyes, No 9
MD, mean (SD), dB -27.7 (6.1)
Location of plate implantation, No. (%)
Superotemporal 33 (65%)
Inferotemporal 18 (35%)
Location of tube implantation, No. (%)
Anterior chamber 48 (94%)
Vitreous 3 (6%)

Table 1. Preoperative characteristics of all 51 patients with OAG. OAG open-angle glaucoma, SD standard
deviation, POAG primary open-angle glaucoma, EXG exfoliation glaucoma, IOP intraocular pressure, BCVA
best-corrected visual acuity, logMAR logarithm of the minimum angle of resolution, MD mean deviation.

old. The mean (SD) preoperative intraocular pressure (IOP) was 29.4 (+£7.1) mmHg. The mean (SD) preopera-
tive number of glaucoma medications was 4.2 (£0.7).

As described in the Methods section, surgical success was defined as the following IOPs: 6-21 mmHg (cri-
terion A), 6-18 mmHg (criterion B), and 6-15 mmHg (criterion C). The Kaplan-Meier survival curve of the
surgical outcomes of all 51 eyes for the three criteria is shown in Fig. 1. The success probability 1 and 2 years
after BGI was 94.1% for criterion A. The success probabilities 1 and 2 years after BGI were 89.9% and 79.2% for
criterion B, respectively. The success probabilities 1 and 2 years after BGI were 49.6% and 41.2% for criterion C,
respectively. The reasons for surgical failure were hypotony in one eye, BGI removal in one eye, and elevated IOP
in 2, 7, and 26 eyes for criteria A, B, and C, respectively. Elevated IOP of 1, 6, and 19 eyes for criteria A, B, and
C, respectively, were managed by glaucoma medications. One eye needed bleb revision, micropulse transscleral
cyclophotocoagulation, and additional BGI surgery after surgical failure for criteria A, B, and C due to elevated
IOP. No surgical failure due to loss of light perception was observed.

Univariate analysis for candidate factors associated with the surgical outcomes. To find the
candidate factors associated with the surgical outcomes of BGI for OAG, we analyzed the association between
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Figure 1. The Kaplan-Meier survival curves for the success probability of BGI of all 51 OAG eyes. (a) Criterion
A (6<I0OP <21 mmHg). (b) Criterion B (6 <IOP <18 mmHg). (c) Criterion C (6 <IOP <15 mmHg). The
number of eyes at risk is indicated at the bottom. BGI, Baerveldt glaucoma implant; OAG, open-angle glaucoma;
IOP, intraocular pressure.

P value

Criterion A Criterion B Criterion C
Variable 6<I0P<21 mmHg |6<IOP<18 mmHg |6<IOP<15mmHg
Age 0.10 0.007 0.002

Gender 0.84 0.70 0.53

Glaucoma type (POAG/EXG) 0.59 0.28 0.04

Preoperative IOP 0.08 0.08 0.48

Previous cataract surgery 0.89 0.59 0.97

Number of previous glaucoma filtration surgeries 0.30 0.30 0.32
Eye laterality 0.59 0.77 0.82
Hypertension 0.66 0.27 0.52
Diabetes mellitus 0.66 0.68 0.72

Location of plate implantation (superotemporal/inferotempral) | 0.43 0.50 0.58

Location of tube implantation (anterior chamber/vitreous) 0.48 0.53 0.38

Table 2. Univariate analysis of candidate factors associated with the surgical outcomes of BGI for OAG by
the Cox proportional hazards model. BGI Baerveldt glaucoma implant, OAG open-angle glaucoma, IOP
intraocular pressure, POAG primary open-angle glaucoma, EXG exfoliation glaucoma. P values <0.20 are
shown in boldface.

the surgical outcomes of BGI and the following factors shown in Table 2 using the univariate Cox proportional
hazards model: age, gender, glaucoma type, preoperative IOP, previous cataract surgery, the number of previ-
ous glaucoma filtration surgeries, eye laterality, hypertension, diabetes mellitus, and location of plate and tube
implantation. When the factors that had a P value <0.20 were regarded as the candidate factors, the analysis
showed that age (all criteria), glaucoma type (criterion C), and preoperative IOP (criteria A and B) were the
candidate factors associated with the surgical outcomes of BGI.

Comparison of cumulative probability of success. The results in Table 2 suggest that age has the
highest ability to predict the surgical outcomes of BGI for OAG. Thus, the patients were divided into two groups
according to the median age of the patients in this study (72 years) to investigate in detail the predictive ability
of age. Table 3 shows the comparison of the baseline characteristics of the patients between those aged <72 years
(younger group) and those aged =72 years (older group). In addition to an age difference, the ratio of patients
diagnosed as having exfoliation glaucoma (EXG) in the older group was significantly higher than that in the
younger group (P=0.03). There were no other statistically significant differences between the younger and older
groups in terms of preoperative characteristics. The results of Kaplan-Meier survival curve analysis to compare
the younger and older groups for criteria A, B, and C are described in Fig. 2. For criterion A, the success prob-
abilities both 1 and 2 years after BGI were 96.2% vs 91.8% in the older vs younger groups, respectively. For cri-
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Younger group | Older group
Characteristic (n=25) (n=26) P value
Age, years <0.0001*
Mean (SD) 63.3(9.1) 79.7 (4.9)
Range 43-71 72-91
Gender, No. (%) 0.93°
Male 18 (72%) 19 (73%)
Female 7 (28%) 7 (27%)
Eye laterality, No. (%) 0.64°
Right 9 (36%) 11 (42%)
Left 16 (64%) 15 (58%)
Glaucoma type, No. (%) 0.03°
POAG 13 (52%) 6 (23%)
EXG 12 (48%) 20 (77%)
Hypertension, No. (%) 8 (32%) 13 (50%) 0.19°
Diabetes mellitus, No. (%) 3 (12%) 6 (23%) 0.47¢
Number of previous glaucoma filtration surgeries, No. (%) 0.24*
0 0 (0%) 2 (6%)
1 13 (52%) 15 (58%)
2 11 (44%) 8 (31%)
3 1 (4%) 1 (4%)
Previous cataract surgery, No. (%) 16 (64%) 22 (85%) 0.12¢
Preoperative IOP, mmHg 0.30°
Mean (SD) 30.3 (7.1) 28.6 (7.2)
Preoperative glaucoma medications, No 0.15*
Mean (SD) 4.3 (0.6) 4.1(0.7)
BCVA, logMAR 0.85*
Mean (SD) 0.66 (0.89) 0.45 (0.55)
Automated perimetry program 24-2 0.53*
Eyes, No 19 18
MD, mean (SD), dB -19.9 (7.5) -21.4(7.5)
Automated perimetry program 10-2 1.00*
Eyes, No 5 4
MD, mean (SD), dB —27.5(7.0) -28.0 (5.8)
Location of plate implantation, No. (%) 0.91°
Superotemporal 16 (64%) 17 (65%)
Inferotemporal 9 (36%) 9 (35%)
Location of tube implantation, No. (%) 0.61¢
Anterior chamber 23 (92%) 25 (96%)
Vitreous 2 (8%) 1 (4%)

Table 3. Comparison of the baseline characteristics between patients with OAG in the younger and older
groups. OAG open-angle glaucoma, SD standard deviation, POAG primary open-angle glaucoma, EXG
exfoliation glaucoma, IOP intraocular pressure, BCVA best-corrected visual acuity, logMAR logarithm of the
minimum angle of resolution, MD mean deviation. *Mann-Whitney U test. ®*Chi-square test. “Fisher’s exact
test. P values < 0.05 are shown in boldface.

terion B, the success probabilities 1 and 2 years after BGI were 96.2% vs 83.3% and 88.8% vs 69.2% in the older
vs younger groups, respectively. For criterion C, the success probabilities 1 and 2 years after BGI were 61.3% vs
37.1% and 61.3% vs 21.2% in the older vs younger groups, respectively. A significantly higher probability of suc-
cess for criteria B (P=0.047) and C (P=0.02) was observed in the older group by the log-rank test. There was a
similar tendency for a higher probability of success in the older group than in the younger group for criterion
A (P=0.27).

Univariate analysis with the Cox proportional hazards model showed that glaucoma type was also a candidate
factor associated with the surgical outcomes of BGI for OAG (Table 2). The Kaplan-Meier survival curves of
EXG and primary OAG (POAG) groups were shown in Supplementary Fig. S1. The success probability of BGI
was significantly higher in the EXG group than in the POAG group for criterion C by the log-rank test (P=0.03).
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Figure 2. Comparison of the Kaplan-Meier survival curves for the success probability of BGI between patients
with OAG aged < 72 years (younger group, dotted line) and those aged > 72 years (older group, solid line). (a)
Criterion A (6 <IOP <21 mmHg), P=0.27 by the log-rank test. (b) Criterion B (6 <IOP <18 mmHg), P=0.047
by the log-rank test. (c) Criterion C (6 <IOP <15 mmHg), P=0.02 by the log-rank test. The number of eyes at
risk in each group is indicated at the bottom. BGI, Baerveldt glaucoma implant; OAG, open-angle glaucoma;
IOP, intraocular pressure.

I0P, mmHg
Younger group Older group
Time Mean+SD | Number | Mean+SD | Number | Pvalue®
Baseline 30.3+7.1 25 28.6+7.2 26 0.30
6 months 15.7+3.7 23 14.2+4.0 26 0.17
1 year 15.8+2.4 22 13.4+3.9 25 0.002
2 years 15.0+3.5 11 14.3+3.8 15 0.24

Table 4. IOP during follow-ups after BGI. IOP intraocular pressure, BGI Baerveldt glaucoma implant, SD
standard deviation. “Mann-Whitney U test.

IOP and number of glaucoma medications in the younger and older groups. The IOP levels
6 months, 1 year, and 2 years after BGI between the younger and older groups were compared (Table 4). In
agreement with the results in Fig. 2, the postoperative IOP level in the older group tended to be consistently
lower than that in the younger group during the follow-up. Furthermore, the IOP levels were significantly lower
in the older group than those in the younger group 1 year after BGI (Table 4, P=0.002, Mann-Whitney U test).
Compared with the respective baseline levels of each group, both groups showed significantly lower IOP levels
6 months, 1 year, and 2 years after BGI (Table 4, all P<0.01, Wilcoxon signed-rank test with Bonferroni correc-
tion) and at the final follow-up (Supplementary Fig. S2, P<0.0001, Wilcoxon signed-rank test).

The number of glaucoma medications was also compared between the younger and older groups 6 months,
1 year, and 2 years after BGI (Table 5). The number of glaucoma medications in the older group tended to be
consistently lower than that in the younger group, but the difference did not reach a statistical significance at
all the follow-up time points. Compared with the respective baselines of each group, both groups showed sig-
nificantly fewer medications 6 months, 1 year, and 2 years after BGI (Table 5, all P<0.01, Wilcoxon signed-rank
test with Bonferroni correction).

Multivariate analysis for factors associated with the surgical outcomes. As shown in Table 2,
the candidate factors identified by univariate analysis were age (for criteria A, B, and C), preoperative IOP (for
criteria A and B), and glaucoma type (for criteria C). To reveal the independent factors associated with the sur-
gical outcomes of BGI for OAG, a multivariate analysis was performed by the Cox proportional hazards model
analysis. The analysis indicated that only age was an independent factor associated with the surgical outcomes
in criterion B (relative risk [RR], 0.94; 95% confidence interval [CI], 0.89-0.99; P=0.02) and criterion C (RR,
0.94; 95% CI 0.90-0.99; P=0.01), indicating that older age was associated with a higher probability of success of
BGI for OAG (Table 6).
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Glaucoma medications, No
Younger group Older group
Time Mean+SD | Number | Mean+SD | Number | Pvalue®
Baseline 4.3+0.6 25 4.1+0.7 26 0.15
6 months 1.7+1.5 23 12+1.5 26 0.22
1 year 1.7+1.5 22 1.3+1.5 25 0.35
2 years 1.7+1.6 11 1.5+1.8 15 0.74

Table 5. The number of glaucoma medications during follow-ups after BGI. BGI Baerveldt glaucoma implant,
SD standard deviation. *Mann-Whitney U test.

Criterion A Criterion B Criterion C

(6<IOP <21 mmHg) (6<IOP <18 mmHg) (6<IOP <15 mmHg)
Variable RR (95% CI) Pvalue | RR (95% CI) Pvalue | RR (95% CI) Pvalue
Age, per 1-year increase 0.96 (0.88-1.04) | 0.31 0.94 (0.89-0.99) |0.02 0.94 (0.90-0.99) | 0.01
Glaucoma type - - - - 0.66 (0.29-1.55) | 0.33
Preoperative IOP, per 1-mmHg increase 1.08 (0.95-1.24) |0.22 1.04 (0.96-1.13) | 0.34 - -

Table 6. Multivariate analysis to reveal the factors associated with the surgical outcomes of BGI for OAG
using the Cox proportional hazards model. BGI Baerveldt glaucoma implant, OAG open-angle glaucoma, IOP
intraocular pressure, RR relative risk, CI confidence interval.

Complications. The surgical complications that occurred within the first postoperative month were defined
as early postoperative complications, and those that developed 1 month after surgery were defined as late post-
operative complications. No significant difference between the groups was observed for all the postoperative
complications during each early and late phase (Supplementary Table S1). In eyes with tube cornea touch, one
eye needed reformation of the anterior chamber, and one eye needed reformation of the anterior chamber and
choroidal effusion drainage. One eye with tube occlusion needed release of tube occlusion. In this eye, scleral
patch exposure occurred, and BGI was removed. In another eye, blebitis was suspected, which was resolved by
additional antibiotic eye drops. Although Shin et al.’? have reported that older age is one factor for choroidal
detachment after GDD surgery, no significant difference was found between the younger and older groups in
this study.

Discussion

This study aims to reveal the factors associated with the surgical outcomes of BGI for OAG. The univariate Cox
proportional hazards model suggested that age (all criteria), glaucoma type (criterion C), and preoperative IOP
(criteria A and B) were associated with the surgical outcomes of BGI for OAG. The analysis for Kaplan-Meier
survival curves indicated that the success probabilities for criteria B and C were higher in the older group than
in the younger group. In addition, the IOP was lower in the older group 1 year after BGI, and the number of
glaucoma medications tended to be consistently lower in the older group than that in the younger group. Fur-
thermore, the multivariate Cox proportional hazards model revealed that older age is an independent factor
associated with the surgical success of BGI for OAG in criteria B and C.

In this study, older age was a factor associated with the surgical success of BGI for OAG. Seven reports that
have shown age as a factor associated with surgical outcomes of GDD were found'?™'%; three reports used BGI'**4,
while the other four used AGV'*-'8. However, these reports included refractory glaucoma'?~'%. Generalizing the
results from these reports to the surgical outcomes of BGI for OAG may be difficult because the surgical outcomes
of GDD for refractory glaucoma are quite different from those of BGI for OAG. Among these seven reports,
two studies reported opposite results to those in this study; Seah et al.'* and Tai et al.!” have reported that older
age was associated with the surgical failure of GDD. In addition to the difference in glaucoma type (OAG and
refractory glaucoma), the difference in the age range of patients between the two studies and this study may have
caused the difference in the results. The age range was from 11 to 90 years in Seah’s study that included pediatric
eyes and from 40 to 66 years in Tai’s study that did not include patients aged over 70 years. The age range in this
study was from 43 to 91 years, reflecting the age distribution of patients with OAG. This study has the advantages
of including only OAG eyes, using three criteria for surgical success, and using both univariate and multivariate
analyses, which confirmed that age is an independent factor associated with the surgical outcomes of BGI for
OAG. Interestingly, older age is associated with surgical success in this study which did not include childhood
glaucoma, meaning that age > 43 years still has the ability to predict the surgical outcomes of BGI for OAG eyes
that did not have a developmental abnormality of aqueous humor outflow. Additional data also suggest the
association between older age and surgical success of BGI for OAG eyes. The Tube Versus Trabeculectomy Study
has shown that the cumulative probability of failure at 5 years after BGI was 42.9%, 44.6%, 38.3%, and 28.6%
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in patients aged < 60, 60-69, 70-79, and > 80 years, respectively’. Although these data did not show statistically
significant differences and included patients who underwent BGI or trabeculectomy, there was a tendency that
older patients had a lower probability of failure. On the other hand, either glaucoma type in OAG (POAG and
EXG) or preoperative IOP did not reach statistical significance in the multivariate analysis with the sample size
of this study. Glaucoma type in OAG has not been independently associated with the surgical success of tra-
beculectomy in a previous report®. Previous studies including refractory glaucoma identified prior glaucoma
surgery or prior incisional surgery'>?!-2* and higher preoperative IOP'>?* as factors associated with the surgical
outcomes of GDD surgery. The difference in glaucoma type (OAG and refractory glaucoma) could lead to a dif-
ference in the results because refractory glaucoma has stronger inflammation and conjunctival fibrosis than did
OAG after surgery due to underlying diseases.

Less wound healing might be the mechanism of better surgical outcomes of BGI for OAG eyes in older
patients because a clinicopathological study showed more extracellular matrix and activated fibroblasts in the
non-functioning bleb than in the functioning bleb from GDD-inserted eyes of patients?. This suggests that
active wound healing is associated with the surgical failure of GDD. In addition, fibroblasts play an essential
role in wound healing, and their ability to regulate reactive oxygen species decreases with aging, resulting in
less wound healing®. These results suggest that aging leads to less wound healing and contributes to the better
surgical outcomes of BGI for OAG eyes.

Based on the results of this study, we should pay attention to the worse surgical outcomes of younger patients.
To improve the surgical outcomes, attenuation of wound healing may be necessary. In the same concept as trab-
eculectomy, the intraoperative use and postoperative subconjunctival injection of antimetabolites such as MMC
or 5-fluorouracil with GDD implantation have been studied to attenuate wound healing”~*. Two randomized
clinical trials have shown that intraoperative MMC during AGV implantation did not improve the surgical
outcomes®”?, suggesting that the nature of wound healing in GDD is different from that in trabeculectomy. On
the other hand, a study that performed AGV implantation with both intraoperative injections of MMC and post-
operative injections of 5-fluorouracil or MMC has shown a decreased hypertensive phase and improved surgical
outcomes 1-year postoperation®. Thus, optimizing the intraoperative and postoperative use of antimetabolites
might improve the surgical outcomes of BGI for younger patients with OAG.

There are limitations in the present study because of the retrospective nature. First, the method of the postop-
erative follow-ups was not unified. Second, the retrospective assessment of the medical records might be subject
to selection bias. However, this was minimized in the present study by reviewing consecutive OAG patients who
underwent BGI.

In conclusion, using the multivariate Cox proportional hazards model, this study demonstrated that older
age is independently associated with a higher probability of success of BGI for OAG to achieve criteria B and C.
Consistent with this, the probability of success is higher in the older group than in the younger group, and the
postoperative IOP is lower in the older group 1 year after BGI. To advance the surgical strategies for OAG in an
aging society, further research is needed on the mechanism of better surgical outcomes of BGI in older patients
and the improvement of the surgical methods of BGI for younger patients with OAG.

Methods

Patients. In this study, the medical records were retrospectively reviewed for OAG eyes that underwent BGI
surgery from November 2012 to April 2019 in Kumamoto University Hospital. The present study was approved
by the Institutional Review Board of Kumamoto University. The Institutional Review Board waived the need
for written informed consent because of the retrospective design of this study. Written informed consent was
substituted by the opt-out method on our department website in which the study information was disclosed to
the patients and the right for the patients to deny inclusion into this study was guaranteed. The protocol adhered
to the tenets of the Declaration of Helsinki. The inclusion criteria were: patients aged =20 years, those with
POAG or EXG, and eyes in which an IOP >20 mmHg was observed despite the use of glaucoma medication.
The exclusion criteria were as follows: eyes that had no light perception, eyes that had a simultaneous cataract
surgery at the time of BGI, and those who underwent a previous BGI or AGV surgery. Eyes having a history of
ocular surgeries other than BGI or AGV surgery were not excluded. If both eyes from the same patient satisfied
the inclusion criteria above, the first treated eye was included in this study.

Surgical procedures.  All BGI surgeries were conducted by one of three experienced surgeons (K.N., H.T,
and T.I.). After sub-Tenon anesthesia, a conjunctival flap was created in the superotemporal or inferotemporal
quadrant, depending on the previous surgical scar. Implant model BG101-350 (Abbott Medical Optics) was
chosen in the eyes without a history of vitrectomy, while BG102-350 (Abbott Medical Optics) was selected in
the eyes with a history of vitrectomy. To minimize the frequency of hypotony after BGI, the tube was completely
occluded with 8-0 vicryl. The plate of the implant was placed under the rectus muscles and fixed to the sclera
8-10 mm behind the corneal limbus using 8-0 nylon. For the insertion of the tube into the anterior chamber,
a tunnel of the sclera was made using a 23-gauge needle. If the eyes had a history of vitrectomy, the tube was
inserted into the vitreous cavity via a tunnel made by a 20-gauge needle. The tube was sutured using 8-0 nylon
to the sclera. Sherwood slits were made by the 8-0 nylon needle to minimize the postoperative IOP elevation.
The tube was covered by a scleral patch graft or a half-thickness scleral flap. The conjunctiva was sutured by 8-0
vicryl. The patients received 1.5% levofloxacin for 1 month and 0.1% betamethasone for 3 months after BGL.

Collected data. The collected preoperative information was as follows: the age at the time of surgery, gen-
der, eye laterality, glaucoma type, best-corrected visual acuity (BCVA), IOP, the number of glaucoma medica-
tions, history of hypertension and diabetes mellitus, history of previous cataract surgery, the number of previous
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glaucoma filtration surgeries, and results of visual field test. The postoperative visits were usually scheduled
1 week, 1 month, 3 months, 6 months, 1 year, 2 years, 3 years, 4 years, and 5 years after BGI. The BCVA, IOP,
complications, and number of glaucoma medications were evaluated at all postoperative visits. The IOP values
were measured by a Goldmann applanation tonometer, and the mean of at least two consecutive measurements
just before BGI was calculated for the preoperative IOP. Visual field was tested by a SITA-standard 24-2 program
(Zeiss). When the eye had an advanced visual field defect, a SITA-standard 10-2 program was used. For statisti-
cal analysis, counting fingers were regarded as 1/100, hand motions were regarded as 1/800, light perception was
regarded as 1/1600, and no light perception was regarded as 1/3200 based on the guideline®. The logarithm of
the minimal angle of resolution was approximated by a logarithm of the reciprocal of the decimal BCVA. When
the BGI needed to be removed, the subsequent IOP and glaucoma medication data were censored.

Evaluation of surgical success and failure. Surgical success was defined as the following IOPs at two
consecutive visits 3 months or later after surgery: 6-21 mmHg (criterion A), 6-18 mmHg (criterion B), and
6-15 mmHg (criterion C) without loss of light perception or additional glaucoma surgery. Hypotony (defined
as IOP <6 mmHg) was considered a surgical failure based on the guideline®’. We defined cases of eyes needing
surgery to control IOP (such as additional GDD surgery or cyclophotocoagulation) or BGI removal as a surgical
failure. A surgical intervention due to complications was not considered a surgical failure if the IOP of the eyes
was well-controlled after the intervention.

Statistical analysis. The Mann-Whitney U test for continuous variables and Chi-square test or Fisher’s
exact test for categorical variables were used for the comparison between two groups. For multiple comparisons
within a group in Tables 4 and 5, the Wilcoxon signed-rank test with Bonferroni correction was chosen. The
log-rank test was used to analyze the probability of success. The Cox proportional hazards model was employed
for the univariate and multivariate analysis to determine the factors associated with the surgical outcomes. Fac-
tors with a P value <0.20 by the univariate analysis were regarded as the candidate factors for the multivariate
analysis. P values <0.05 were considered statistically significant using the JMP (version 10.0.2, SAS Institute).

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.

Received: 25 July 2021; Accepted: 24 December 2021
Published online: 25 January 2022

References
1. De Voogd, S. et al. Incidence of open-angle glaucoma in a general elderly population: The Rotterdam study. Ophthalmology 112,
1487-1493 (2005).
2. Leske, M. C., Wu, S. Y., Hennis, A., Honkanen, R. & Nemesure, B. Risk factors for incident open-angle glaucoma the Barbados eye
studies. Ophthalmology 115, 85-93 (2008).
3. The Eye Diseases Prevalence Research Group. Prevalence of open-angle glaucoma among adults in the United States. Arch. Oph-
thalmol. 122, 532-538 (2004).
4. Tham, Y. C. et al. Global prevalence of glaucoma and projections of glaucoma burden through 2040: A systematic review and
meta-analysis. Ophthalmology 121, 2081-2090 (2014).
5. World Health Organization. Global Health Observatory (GHO) data. Life expectancy. Available at: http://www.who.int/gho/morta
lity_burden_disease/life_tables/situation_trends/en/. (Accessed: 20th September 2020).
. Budenz, D. L. et al. Five-year treatment outcomes in the Ahmed Baerveldt comparison study. Ophthalmology 122, 308-316 (2015).
. Christakis, P. G. et al. The Ahmed versus Baerveldt study: Five-year treatment outcomes. Ophthalmology 123, 2093-2102 (2016).
8. Gedde, S.]. et al. Treatment outcomes in the Primary Tube Versus Trabeculectomy study after 3 years of follow-up. Ophthalmology
127, 333-345 (2020).
9. Gedde, S. . et al. Treatment outcomes in the Tube Versus Trabeculectomy (TVT) study after five years of follow-up. Am. J. Oph-
thalmol. 153, 789-803 (2012).
10. Christakis, P. G. et al. Five-year pooled data analysis of the Ahmed Baerveldt Comparison study and the Ahmed Versus Baerveldt
study. Am. J. Ophthalmol. 176, 118-126 (2017).
11. Molteno, A. C. New implant for drainage in glaucoma: Clinical trial. Br. J. Ophthalmol. 53, 606615 (1969).
12. Krishna, R., Godfrey, D. G., Budenz, D. L. & Escalona-camaan, E. Intermediate-term outcomes of 350-mm?2 Baerveldt glaucoma
implants. Ophthalmology 108, 621-626 (2001).
13. Seah, S. K. L., Gazzard, G. & Aung, T. Intermediate-term outcome of Baerveldt glaucoma implants in Asian eyes. Ophthalmology
110, 888-894 (2003).
14. Sidoti, P. A. et al. Experience with the Baerveldt glaucoma implant in treating neovascular glaucoma. Ophthalmology 102, 1107-
1118 (1995).
15. Fatehi, N. et al. Long-term outcome of second Ahmed valves in adult glaucoma. Am. J. Ophthalmol. 186, 96-103 (2018).
16. He, Y. et al. Clinical efficacy analysis of Ahmed glaucoma valve implantation in neovascular glaucoma and influencing factors.
Medicine 96, €8350. https://doi.org/10.1097/md.0000000000008350 (2017).
17. Tai, M. C,, Cheng, J. H,, Chen, J. T, Liang, C. M. & Lu, D. W. Intermediate outcomes of Ahmed glaucoma valve surgery in Asian
patients with intractable glaucoma. Eye 24, 547-552 (2010).
18. Chen, A. et al. Valved glaucoma drainage devices in pediatric glaucoma retrospective long-term outcomes. JAMA Ophthalmol.
133, 1030-1035 (2015).
19. Shin, D. Y., Jung, K. I, Park, H. Y. L. & Park, C. K. Risk factors for choroidal detachment after Ahmed valve implantation in glau-
coma patients. Am. J. Ophthalmol. 211, 105-113 (2020).
20. Takihara, Y. et al. Trabeculectomy for open-angle glaucoma in phakic eyes vs in pseudophakic eyes after phacoemulsification: a
prospective clinical cohort study. JAMA Ophthalmol. 132, 69-76 (2014).
21. Souza, C. et al. Long-term outcomes of Ahmed glaucoma valve implantation in refractory glaucomas. Am. J. Ophthalmol. 144,
893-900 (2007).

N

Scientific Reports |

(2022) 12:1359 | https://doi.org/10.1038/s41598-021-04570-4 nature portfolio


http://www.who.int/gho/mortality_burden_disease/life_tables/situation_trends/en/
http://www.who.int/gho/mortality_burden_disease/life_tables/situation_trends/en/
https://doi.org/10.1097/md.0000000000008350

www.nature.com/scientificreports/

22. Zhu, Y. et al. Clinical outcomes of FP-7/8 Ahmed glaucoma valves in the management of refractory glaucoma in the mainland
Chinese population. PLoS ONE 10, 1-13 (2015).

23. Ko, S.J., Hwang, Y. H., Ahn, S. . Il. & Kim, H. K. Surgical outcomes of additional Ahmed glaucoma valve implantation in refractory
glaucoma. J. Glaucoma 25, €620-e624 (2016).

24. Lee, C.K,, Ma, K. T,, Hong, Y. J. & Kim, C. Y. Long-term clinical outcomes of Ahmed valve implantation in patients with refractory
glaucoma. PLoS ONE 12, 1-13 (2017).

25. Valimaki, J. & Uusitalo, H. Immunohistochemical analysis of extracellular matrix bleb capsules of functioning and non-functioning
glaucoma drainage implants. Acta Ophthalmol. 92, 524-528 (2014).

26. Fujiwara, T. ef al. Age-associated intracellular superoxide dismutase deficiency potentiates dermal fibroblast dysfunction during
wound healing. Exp. Dermatol. 28, 485-492 (2019).

27. Costa, V. P, Azuara-Blanco, A., Netland, P. A,, Lesk, M. R. & Arcieri, E. S. Efficacy and safety of adjunctive mitomycin C during
Ahmed glaucoma valve implantation: A prospective randomized clinical trial. Ophthalmology 111, 1071-1076 (2004).

28. Yazdani, S., Mahboobipour, H., Pakravan, M., Doozandeh, A. & Ghahari, E. Adjunctive mitomycin C or amniotic membrane
transplantation for Ahmed glaucoma valve implantation: A randomized clinical trial. J. Glaucoma 25, 415-421 (2016).

29. Cui, Q N. et al. Effect of mitomycin C and 5-flurouracil adjuvant therapy on the outcomes of Ahmed glaucoma valve implantation.
Clin. Exp. Ophthalmol. 45, 128-134 (2017).

30. Heuer, D. K., Barton, K., Grehn, E, Shaarawy, T. & Sherwood, M. Consensus on definitions of success. In Guidelines for economic
evaluation of glaucoma surgical trials (eds Shaarawy, T. et al.) 15-24 (Kugler Publications, 2009).

Acknowledgements

We would like to thank Haruka Masumoto for the assistance. The present study was supported by grants from
the Ministry of Education, Culture, Sports, Science and Technology (Grants-in-Aid for Scientific Research
JP21K09703 and JP20K09774).

Author contributions

S.I. and Y.T. Wrote the first draft of the manuscript. S.I., Y.T., and T.I. Designed the study. S.I, Y.T., Y.U.,, TW.,
KN, M.U, EW, K.N,, E.T,, S.K,, H.T,, and T.I. Collected/analyzed and interpreted the data. T.I. Supervised the
study. All authors reviewed and approved the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-021-04570-4.

Correspondence and requests for materials should be addressed to Y.T.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:1359 | https://doi.org/10.1038/s41598-021-04570-4 nature portfolio


https://doi.org/10.1038/s41598-021-04570-4
https://doi.org/10.1038/s41598-021-04570-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Factors associated with the surgical outcomes of Baerveldt glaucoma implant for open-angle glaucoma, an age-related eye disease
	Results
	Baseline characteristics and probability of success of all eyes. 
	Univariate analysis for candidate factors associated with the surgical outcomes. 
	Comparison of cumulative probability of success. 
	IOP and number of glaucoma medications in the younger and older groups. 
	Multivariate analysis for factors associated with the surgical outcomes. 
	Complications. 

	Discussion
	Methods
	Patients. 
	Surgical procedures. 
	Collected data. 
	Evaluation of surgical success and failure. 
	Statistical analysis. 

	References
	Acknowledgements


