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Purpose: To investigate the incidence and risk factors for postoperative choroidal detachment (CD) following Baerveldt glaucoma
implant (BGI) surgery.

Patients and Methods: We conducted a retrospective cohort study including adult patients who underwent BGI surgery using a 350-
mm? endplate at Fukui University Hospital between April 2012 and March 2025. We excluded patients who had eyes with no light
perception, prior tube-shunt surgery, postoperative follow-up of <3 months, or additional intraocular surgery within 3 months. CD was
diagnosed by fundoscopy using B-scan ultrasonography when fundus visualization was limited. The clinical characteristics and
postoperative intraocular pressure (IOP) were compared between eyes with and without CD. Multivariable logistic regression analysis
was performed to identify independent risk factors for CD, and exploratory analyses were conducted to compare early- and delayed-
onset CD. For these exploratory analyses, early-onset CD was defined as occurring within 10 days after surgery and delayed-onset CD
as occurring 30 days or later.

Results: We analyzed the data of 261 eyes, and postoperative CD developed in 48 eyes (18.4%). Eyes with CD were significantly older
and showed lower postoperative day 1 IOP and the lowest postoperative IOP within 7 days compared with those without CD.
Multivariable analysis revealed that older age (odds ratio [OR] 1.06 per year, P < 0.01) and greater postoperative IOP reduction (OR
1.08 per mmHg, P < 0.01) were independently associated with CD. Among the eyes with CD, 37 were classified as early onset and 11 as
delayed onset. Exploratory analyses suggested that early-onset CD tended to be associated with a greater number of previous intraocular
surgeries, longer axial length, differences in tube insertion site, and lower postoperative day 1 IOP compared with delayed-onset CD.
Conclusion: Older age and greater postoperative IOP reduction were independently associated with CD after BGI surgery, suggesting
that rapid postoperative IOP reduction may play an important role in CD pathogenesis. Early- and delayed-onset CD may reflect
different postoperative mechanisms of aqueous humor dynamics following BGI surgery.
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Introduction

Choroidal detachment (CD) is a common early complication of glaucoma filtering surgery.' It is typically associated with
ocular hypotony, excessive aqueous outflow, and postoperative inflammation. Many cases resolve spontaneously;
however, severe or persistent CD may lead to a shallow anterior chamber, hypotonic maculopathy, or visual deterioration,
which negatively affect surgical outcomes.”

Previous studies investigating trabeculectomy with mitomycin C identified several risk factors for postoperative CD,
including advanced age, exfoliation glaucoma (ExG), large postoperative IOP reduction, low early postoperative IOP,
and smaller central corneal thickness.>”’ This suggests that preoperative ocular characteristics and early postoperative
IOP dynamics play important roles in CD development.

In recent years, tube-shunt surgery using the Baerveldt glaucoma implant (BGI) or Ahmed glaucoma valve (AGV)
has been increasingly adopted worldwide to manage refractory glaucoma.® ' Contrary to trabeculectomy, which relies
on subconjunctival filtration, glaucoma drainage devices divert the aqueous humor into an endplate reservoir through
a tube inserted into the eye. The AGV incorporates a mechanical valve designed to restrict excessive aqueous outflow and
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reduce the risk of early postoperative hypotony. Contrarily, the BGI is a non-valved drainage device that requires
temporary tube ligation at the time of surgery to prevent early postoperative hypotony. Aqueous outflow is restored only
after the spontaneous dissolution of the ligature, leading to characteristic postoperative IOP fluctuations. Consequently,
the mechanism and timing of postoperative hypotony after BGI surgery differ from those observed after trabeculectomy
or AGV implantation. These differences in aqueous outflow control may influence the incidence and mechanisms of
postoperative complications such as CD.

Despite the growing use of tube-shunt surgery, limited information regarding the incidence and risk factors of
postoperative CD is available. The incidence of CD after tube-shunt surgery ranges from 2.1 to 35.1%.'*'® ExG, older
age, pseudophakia, diabetes mellitus, and systemic hypertension are known risk factors for CD after AGV implantation,'*'
In our previous study using the same cohort, we investigated risk factors for postoperative hyphema following BGI
surgery.!” However, to the best of our knowledge, the risk factors for CD following BGI surgery have not yet been
systematically investigated. Given the distinct aqueous humor dynamics and postoperative IOP profiles associated with this
procedure, whether the risk factors identified in trabeculectomy and AGV apply to BGI remains unclear.

Therefore, we aimed to investigate the incidence of CD after BGI surgery and identify the clinical factors associated
with its development.

Material and Methods

Participant Selection

This retrospective cohort study was approved by the Institutional Review Board of Fukui University Hospital (Japan) and
adhered to the principles of the Declaration of Helsinki. The requirement for informed consent was waived, given the
retrospective nature of the study. All data were anonymized prior to analysis, and patient confidentiality was maintained
in accordance with institutional regulations.

We reviewed the data of consecutive adult patients (>20 years) who underwent BGI surgery using a 350-mm?
endplate (BG101-350 or BG102-350; Abbott Medical Optics, Abbott Park, IL, USA) at Fukui University Hospital
between April 1, 2012, and March 31, 2025. We excluded individuals whose eyes could not perceive light, with a history
of tube-shunt implantation (including BGI or AGV), with a postoperative follow-up period <3 months, or who required
additional intraocular surgery unrelated to postoperative CD management within 3 months of the initial procedure,
including implant removal. When both eyes met the eligibility criteria, only data from the first operated eye was included
to avoid inter-eye correlation. All surgeries were performed using a previously described standardized technique.'®

Outcome Measures and Data Collection

We collected patient demographic, ocular, and surgical data, including sex, age, glaucoma subtype, lens status, central
corneal thickness, axial length, tube insertion site, plate type and position, preoperative and postoperative IOP, number of
glaucoma medications, history of previous intraocular surgery, and combined surgery status from medical records. We
also recorded systemic comorbidities, including hypertension and diabetes mellitus.

The main outcome was the risk factors for CD occurrence as an early postoperative complication (within 3 months) of
BGI surgery. Postoperative examinations were routinely performed at regular clinical follow-up visits, and the presence
of CD was assessed based on fundoscopy by the treating glaucoma specialists and was defined as a solid-appearing
elevation of the retina and choroid. When adequate fundus visualization was limited, including cases with media opacity,
B-scan ultrasonography was used to assist in the diagnosis of CD.

Preoperative and postoperative IOP measurements were obtained from routine clinical examinations. We recorded the
lowest postoperative IOP within 7 days of surgery, and the magnitude of postoperative IOP reduction (AIOP) was
calculated as the difference between preoperative IOP and the lowest postoperative IOP in 7 days. Regarding the primary
analysis that compared eyes with and without CD, postoperative IOP-related variables were evaluated using standardized
early postoperative measurements applicable to all eyes, including the postoperative day 1 IOP and the lowest post-
operative IOP within 7 days. For exploratory analyses of the eyes that developed CD, the lowest IOP before CD onset
was defined as the lowest postoperative IOP recorded before or on the day of CD diagnosis. Early-onset CD was defined
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as CD occurring within 10 days after surgery, whereas delayed-onset CD was defined as CD occurring 30 days or later.
No cases developed CD between postoperative days 10 and 29.

Statistical Analysis

Categorical variables were analyzed using the chi-squared or Fisher’s exact test, as appropriate. Continuous variables were
compared using the Mann—Whitney U-test. Univariable logistic regression analyses were performed for each variable to
assess associations with postoperative CD. Multivariable logistic regression analysis was subsequently performed to identify
the independent factors associated with postoperative CD. Candidate covariates for the multivariable logistic regression
model were selected a priori based on clinical relevance and previously published evidence, while considering the number of
CD events and potential multicollinearity among variables. Statistical significance was set at P < 0.05. All statistical analyses
were performed using the JMP Pro software (version 17.2.0; SAS Institute Inc., Cary, NC, USA).

Results

Patient Characteristics

We included the data of 261 eyes of Japanese patients. Postoperative CD developed in 48 eyes (18.4%); 16 of these had
hypotony-related shallow or flat anterior chambers requiring anterior chamber reformation using viscoelastic material,
and the remaining cases resolved without additional surgery. Baseline characteristics of eyes with and without post-
operative CD are summarized in Table 1. Patients who developed CD were significantly older than those who did not
(74.2 £ 11.5 vs. 66.0 £ 13.2 years, P < 0.01). The distribution of glaucoma subtypes also differed significantly between
the two groups (P = 0.014), with ExG being more common in eyes with CD. Eyes with CD had a significantly higher
prevalence of previous glaucoma filtration surgery (54.2% vs. 37.1%, P = 0.035), a lower prevalence of pars plana
vitrectomy (18.8% vs. 39.4%, P < 0.01), significantly shorter axial length (24.1 +£2.0 mm vs. 24.9 +£ 2.3 mm, P = 0.015),
significantly lower postoperative day 1 IOP (14.5 £ 13.9 mmHg vs. 22.6 + 12.5 mmHg, P < 0.01), lower postoperative
IOP within 7 days (6.3 + 5.4 mmHg vs. 14.7 £ 6.8 mmHg, P < 0.01), and a significantly greater AIOP (24.1 + 9.2 mmHg
vs. 17.8 £ 11.6 mmHg, P < 0.01) than those without CD.

Table | Baseline and Perioperative Characteristics of Eyes with and without Postoperative CD

Characteristics Total CD (+) CD (-) P-value
(n=261) (n = 48) (n=213)

Age, years 67.5%13.3 742115 66.0£13.2 <0.01

Sex, Male/Female, n 169/92 29/19 140/73 0.51

Diabetes mellitus, n (%) 113 (43.3) 17 (35.4) 96 (45.1) 0.26

Hypertension, n (%) 127 (48.7) 29 (60.4) 98 (46.0) 0.08

Glaucoma subtype, n (%) 0.01
Primary open-angle glaucoma 63 (24.1) Il (22.9) 52 (24.4)

Exfoliation glaucoma 64 (24.5) 17 (35.4) 47 (22.1)
Primary angle-closure glaucoma 8 (3.1) 3 (6.3) 5(2.3)

Neovascular glaucoma 81 (31.0) 6 (12.5) 75 (35.2)
Other secondary glaucoma 45 (17.3) 11 (22.9) 34 (16.0)

Lens status, n (%) 0.45
Phakia 43 (16.5) 5(104) 38 (17.8)
Pseudophakia 212 (81.2) 42 (87.5) 170 (79.8)

Aphakia 6 (2.3) I @.1) 5(24)

Number of previous intraocular surgeries, n 2.1%1.1 2.1+1.4 2.11.0 0.27

Previous glaucoma filtration surgery, n (%) 105 (40.2) 26 (54.2) 79 (37.1) 0.04

Previous pars plana vitrectomy, n (%) 93 (35.6) 9 (18.8) 84 (39.4) <0.01

Axial length, mm 24.842.2 24.1£2.0 249423 0.02

Corneal thickness, ym 532.6+43.3 529.3+39.8 533.4+44.1 0.40

(Continued)
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Table | (Continued).

Characteristics Total CD (+) CD (-) P-value
(n=261) (n = 48) (n=213)

Combined surgery, n (%) 0.18
Alone 222 (85.1) 44 (91.7) 178 (83.6)
Phacoemulsification 39 (14.9) 4 (8.3) 35 (16.4)

Type of implant, n (%) 0.23
BG101-350 210 (80.5) 42 (87.5) 168 (78.9)

BG102-350 51 (19.5) 6 (12.5) 45 (21.1)

Endplate position, n (%) 0.12
Superotemporal 235 (90.0) 43 (89.6) 192 (90.1)
Inferotemporal 9 (3.5) 4 (8.3) 5(24)

Superonasal 16 (6.1) I (2.1) 15 (7.0)
Inferonasal 1 (0.4) 0 (0.0) 1 (0.5)

Tube insertion site, n (%) 0.06
Anterior chamber 114 (43.7) 22 (45.8) 92 (43.2)

Ciliary sulcus 76 (29.1) 19 (39.6) 57 (26.8)
Vitreous cavity 71 (27.2) 7 (14.6) 64 (30.0)

Preoperative |IOP, mmHg 32.1%9.7 30.4+8.9 32.5%9.9 0.21

Preoperative glaucoma medications, n 3.8+1.2 3.9+1.2 3.8+1.2 0.78

Postoperative day | IOP, mmHg 21.1£13.1 14.5+13.9 22.6£12.5 <0.01

Lowest postoperative IOP within 7 days, mmHg 13.247.3 6.315.4 14.7+6.8 <0.01

AIOP (preoperative IOP — lowest postoperative |OP within 7 days), mmHg 19.0+11.4 24.14£9.2 17.8x11.6 <0.01

Notes: Continuous variables were compared using the Mann—Whitney U-test, and categorical variables were compared using the chi-squared test or Fisher’s exact test.
Abbreviations: CD, choroidal detachment; IOP, intraocular pressure; AIOP, magnitude of postoperative |OP reduction.

Risk Factors for Postoperative CD

Univariable logistic regression analyses for factors associated with postoperative CD are summarized in Supplementary
Table 1. Multivariable logistic regression analysis was performed to identify independent factors associated with
postoperative CD (Table 2). Patient characteristics, including age, glaucoma type, previous glaucoma filtration surgery,
previous pars plana vitrectomy, axial length, and AIOP (preoperative IOP — lowest postoperative IOP within 7 days),
were assessed as potential determinants of postoperative CD. For regression analysis, glaucoma subtype was categorized
as ExG versus non-ExG because previous studies have identified ExG as a potential risk factor for postoperative CD.
Multivariable logistic regression analysis revealed that older age was significantly associated with an increased risk of
CD (odds ratio [OR] 1.06, 95% confidence interval [CI] 1.03—1.11, P < 0.01). Additionally, a greater reduction in IOP
was independently associated with CD (OR 1.08, 95% CI 1.04—-1.12, P < 0.01). Other variables were not independently
associated with CD after adjustment.

Table 2 Multivariable Logistic Regression Analysis for Postoperative CD After BGI Surgery

Variable OR 95% CI P-value
Age, per year 1.06 1.03—1.11 <0.01
Type of glaucoma (Exfoliation glaucoma/other) 0.82 0.36-1.85 0.64
Previous glaucoma filtration surgery 1.66 0.77-3.64 0.20
Previous pars plana vitrectomy 0.44 0.16-1.08 0.08
Axial length, per mm 0.93 0.77-1.10 0.38
AIOP (preoperative IOP — lowest postoperative IOP within 7 days), per mmHg 1.08 1.04-1.12 <0.01

Abbreviations: OR, odds ratio; Cl, confidence interval; IOP, intraocular pressure; AIOP, magnitude of postoperative |OP reduction.
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Exploratory Analysis of Early- and Delayed-Onset CD

Among the 48 eyes that developed CD, 37 were classified as early-onset and 11 as delayed-onset CD (Supplementary
Table 2). No cases developed CD between postoperative days 10 and 29. The mean time to CD onset was 3.8 + 1.7 days
(range 1-9 days) in the early-onset group and 48.4 + 9.5 days (range 38—67 days) in the delayed-onset group. Eyes with
early-onset CD had a significantly higher number of previous intraocular surgeries and longer axial lengths than those
with delayed-onset CD. Additionally, the distribution of the tube insertion sites differed significantly between the two
groups. The IOP on postoperative day 1 was significantly lower in the early onset CD group.

Discussion

In this retrospective cohort study, postoperative CD developed in 18.4% of the eyes following BGI surgery. Multivariable
analysis showed that older age and greater postoperative IOP reduction were independently associated with CD.
Additionally, exploratory analysis within the CD group suggested that early- and delayed-onset CD may have different
clinical characteristics, and early-onset CD was associated with a greater number of previous intraocular surgeries, longer
axial length, posterior tube placement, and lower postoperative day 1 IOP. The present study is distinct from our previous

report focusing on postoperative hyphema,'’

as it specifically investigates the incidence and risk factors of choroidal
detachment following BGI surgery.

Postoperative CD is a known complication of glaucoma surgery that is generally associated with ocular hypotony,
excessive aqueous outflow, and postoperative inflammation. The pathophysiology of CD involves inflammation and an
acute reduction in IOP, resulting in a sudden shift in hydrostatic pressure. Consequently, serum transudates across the
choriocapillaris and accumulates in the suprachoroidal space.'®'® The incidence of postoperative CD in this study
(18.4%) falls within the range reported in previous studies on glaucoma drainage device surgery. This relative frequency
underscores the need for careful postoperative observation after BGI implantation. Clinicians should note that CD may
develop during the immediate and later postoperative periods following changes in tube resistance and aqueous outflow.

One of our main findings was that greater postoperative IOP reduction was independently associated with CD. This
finding suggests that absolute postoperative hypotony and the magnitude of postoperative IOP reduction may play an
important role in the pathogenesis of CD after BGI surgery. A rapid decrease in IOP may alter the trans-scleral and trans-
choroidal pressure gradients, thereby facilitating the expansion of the choroid and the accumulation of suprachoroidal
fluid. This observation was consistent with that of a previous report on trabeculectomy.” In BGI surgery, such changes
may be particularly relevant because the aqueous outflow is initially restricted by tube ligation and may increase abruptly
as the ligature loosens or dissolves. Therefore, our findings suggest that dynamic postoperative IOP change may play an
important role in the development of CD after BGI surgery. Because postoperative IOP-related variables were measured
during the early postoperative period, particularly in early-onset cases, these findings should be interpreted as associa-
tions rather than definitive predictive factors. Although the tube is usually completely ligated during BGI surgery to
prevent early postoperative hypotony, early IOP reduction may still occur in some eyes>’ due to aqueous leakage through
the Sherwood slit, leakage around the tube insertion site, and incomplete or loosened tube ligation. Contrarily, delayed
IOP reduction is most likely related to spontaneous dissolution of the absorbable ligature, resulting in a sudden increase
in aqueous outflow. Therefore, delayed-onset CD may be a postoperative event associated with restoration of aqueous
flow after BGI surgery.

Consistent with findings of previous reports on postoperative CD following glaucoma surgery, older age was
identified as an independent risk factor for CD.*”'*'3 Age-related changes in scleral rigidity, choroidal vascular
permeability, and ocular tissue compliance may make older eyes more susceptible to choroidal expansion in response
to a sudden IOP reduction. Therefore, older patients undergoing BGI surgery may require closer postoperative monitor-
ing, particularly when a marked IOP reduction is observed.

In univariable analysis, ExG, previous glaucoma filtration surgery, shorter axial length, absence of previous pars plana
vitrectomy, and ciliary sulcus tube insertion were associated with postoperative CD. However, these factors were no
longer significant after adjusting for covariates, suggesting that their effects may be partly mediated through post-
operative IOP behavior rather than representing fully independent mechanisms. Eyes with previous filtration surgery or
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ExG may be more prone to unstable aqueous dynamics after surgery, which could ultimately result in greater post-
operative IOP reduction and subsequent CD formation. Previous studies on trabeculectomy and AGV implantation have
also identified ExG as a risk factor for postoperative CD.”"'? Similarly, vitreous cavity tube insertion may be associated
with different postoperative aqueous humor dynamics compared with anterior chamber or ciliary sulcus insertion.
However, tube insertion site was not included in the final multivariable model because of potential collinearity with
previous pars plana vitrectomy and concerns regarding model stability given the limited number of CD events.

When comparing early- and delayed-onset CD, we found that early-onset CD was associated with lower IOP on
postoperative day 1, suggesting immediate postoperative hypotony as an important mechanism in early-onset CD.
Contrarily, delayed-onset CD may reflect a different process related to postoperative changes in aqueous outflow after
spontaneous ligature dissolution. Since BGI surgery involves temporary tube occlusion with absorbable suture material,
CD may occur in the immediate postoperative period and after the re-establishment of aqueous flow. This temporal
variability may be characteristic of CD following BGI surgery. Interestingly, early-onset CD was also associated with
a greater number of previous intraocular surgeries, longer axial lengths, and differences in the tube insertion site. These
findings suggest that the structural vulnerability of the operated eye, altered intraocular fluid dynamics, and surgical
complexity contribute to the timing of CD onset. Eyes that have undergone multiple intraocular surgeries may have
altered ocular biomechanics or postoperative inflammatory responses, making them more susceptible to early post-
operative hypotony-related changes. Similarly, posterior tube placement is a more complex surgery, causing different
fluid dynamics in the eyes. However, as this subgroup analysis was exploratory and based on a limited number of cases,
the findings should be interpreted with caution.

This study has some limitations. First, its retrospective design inherently introduced selection bias and unmeasured
confounding factors. Second, the diagnosis of CD was primarily based on clinical findings. Wide-field imaging
modalities, such as ultra-widefield fundus photography, were not used; therefore, small or peripheral CD may have
been under-detected. Additionally, adequate fundus visualization is occasionally difficult in patients with an anterior
chamber hyphema or vitreous hemorrhage. Although B-scan ultrasonography was performed when necessary, subtle CD
may not have been fully captured, potentially leading to an underestimation of its true incidence. Third, the severity or
extent of CD was not quantitatively graded using a standardized scoring system. Therefore, we were unable to analyze
the risk factors according to CD severity. Fourth, postoperative management during the early postoperative period was
not fully standardized and was left to the surgeon’s discretion. Variations in medical therapy or the timing of clinical
interventions may have influenced postoperative IOP fluctuations and CD development. Finally, although all tubes were
occluded with absorbable sutures at the time of surgery, early postoperative hypotony was observed in some eyes that
subsequently developed CD. This finding suggests that subtle technical differences in ligation tightness or intraoperative
aqueous dynamics may have influenced the early IOP behavior, which could not be fully quantified in this study. In
addition, the exploratory comparison between early- and delayed-onset CD involved a relatively small number of
delayed-onset cases, which may have limited the statistical power of this subgroup analysis. Moreover, this single-
center study was conducted in the Japanese population, which may have limited the generalizability of our findings.
Further prospective multicenter studies with standardized imaging protocols and severity grading systems are warranted
to validate our results.

Conclusion

Postoperative CD after BGI surgery was associated with older age and greater postoperative IOP reduction. These
findings suggest that rapid IOP reduction may play an important role in CD development after BGI surgery. Furthermore,
the clinical differences observed between early- and delayed-onset CD may suggest that multiple mechanisms contribute
to CD development in this setting. Careful postoperative monitoring, particularly in older patients and eyes with marked
early IOP reduction, may help facilitate earlier detection and management of this complication.

Abbreviations
BGI, Baerveldt glaucoma implant; AGV, Ahmed glaucoma valve; CD, Choroidal detachment; IOP, Intraocular pressure.
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