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Purpose. To study long-term clinical outcomes in patients with submacular hemorrhage (SMH) and/or vitreous hemorrhage (VH)
associated with neovascular age-related macular degeneration (nAMD) and the real-world clinical situation of adding anti-VEGF
therapy after pars plana vitrectomy (PPV).Methods. In this retrospective case series, 25 eyes with SMH and/or VH associated with
nAMD were treated by PPV and followed up for at least 24 months. When exudative changes were unresolved or recurred after
PPV, additional intravitreal anti-VEGF therapy was given. Results. +e reasons for performing PPV were SMH (8 eyes) and VH
(17 eyes) associated with nAMD. Mean best-corrected visual acuity (BCVA) of eyes with SMH improved significantly at 6 months
(P< 0.01) and 12 months (P< 0.05) after PPV. Mean BCVA of eyes with VH improved at 1, 3, 6, 12, 18, and 24 months (P< 0.01)
and at the final visit (P< 0.05). Post-PPV anti-VEGF therapy was initiated in 6 of 8 (75.0%) eyes with SMH and 7 of 17 (47.1%)
eyes with VH. Of the 13 eyes given anti-VEGF therapy after PPV, 11 eyes had anti-VEGF therapy initiated within 10 months after
surgery. Dry macula rate after PPV was 50.0% in SMH and 70.6% in VH. Conclusions. BCVA improved in eyes with SMH at 6 and
12months after PPV, and the BCVA was maintained until the end of the study. BCVA improved significantly in eyes with VH at
all time points after PPV. In eyes undergoing PPV for nAMD, recurrence of exudative changes after 11 months from the initial
PPV was rare.

1. Introduction

Antivascular endothelial growth factor (VEGF) therapy is
the first-line therapy for neovascular age-related macular
degeneration (nAMD), and sometimes pars plana vitrec-
tomy (PPV) is required in highly active cases with sub-
macular hemorrhage (SMH) or vitreous hemorrhage (VH).
As treatments for SMH, both “nonvitrectomy” [1–3] and
“vitrectomy” methods [4–6] have been reported. Compared
to vitrectomy, nonvitrectomy treatment is easier to ad-
minister and facilitates early treatment. On the other hand,
vitrectomy is likely to remove fully SMH, especially pre-
existing VH or thick SMH [7]. While PPV may reduce the
activity of nAMD [8, 9], unresolved or recurrent exudative
changes may require addition of anti-VEGF therapy even

after PPV. However, the half-life of anti-VEGF agent is
shortened in vitrectomized eyes [10–12], and there is con-
cern that the effect may be diminished faster compared to
nonvitrectomized eyes.

+e aim of this study was to estimate the prognosis of
nAMD with SMH or VH necessitating PPV and to examine
appropriate management after PPV. We also investigated
the long-term outcome and the real-world clinical situation
of additional anti-VEGF therapy after PPV.

2. Materials and Methods

+is study was a retrospective case series of consecutive
patients with nAMD complicated by SMH or VH, who were
treated with PPV and followed up for at least 24months after
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PPV at the Department of Ophthalmology of Tokyo Medical
University Hospital between April 2009 and March 2017.
+e study adhered to the tenets of the Declaration of
Helsinki and was approved by the institutional review board.
All subjects provided written informed consent for the
treatment and for this study. Inclusion criteria were nAMD
with thick SMH of at least 1.5 disc diameter involving the
fovea or VH. Exclusion criteria were other concurrent in-
traocular diseases.

+e patients were examined for best-corrected visual
acuity (BCVA), intraocular pressure, slit-lamp biomicro-
scopy, indirect ophthalmoscopy, OCT examination, and
fluorescein and indocyanine green angiography before the
initial PPV (baseline). Subtypes of nAMD, namely, poly-
poidal choroidal vasculopathy (PCV), retinal angiomatous
proliferation (RAP), and typical AMD (tAMD), were di-
agnosed by fundus examination, optical coherence tomog-
raphy (OCT), and fluorescein and indocyanine green
angiography as reported previously [13–18]. However, as the
presence of hemorrhage resulted in poor image quality,
postoperative imaging was performed if preoperative eval-
uation was not possible.

+e surgical procedures were as follows. In all eyes, a
standard 3-port 25-gauge PPV was performed, and posterior
vitreous detachment was created if not already present. At
the time of PPV, phacoemulsification, aspiration and in-
traocular lens implantation (PEA-IOL), injection of
32,000 IU/0.2ml of tissue plasminogen activator (tPA)
(Monteplase; Eizai Co, Tokyo, Japan) solution into the
subretinal space using a 38-gauge flexible cannula (Alcon),
and intravitreal injection of anti-VEGF agents were per-
formed as needed (discretion of the operator). Intravitreal
bevacizumab (IVB) was used for anti-VEGF therapy during
PPV. Fluid-air exchange and tamponade with air, SF6, or
silicone oil was also conducted when necessary.

After the initial PPV, the patients were examined every
month for BCVA, intraocular pressure, slit-lamp bio-
microscopy, indirect ophthalmoscopy, and OCT examina-
tion. From 6 months or more after PPV, these examinations
were performed every 2–4 months in less active cases.
Intravitreal injection of anti-VEGF agents was performed
after PPV for unresolved or recurred exudative changes
detected using an ophthalmoscope or by OCT. In some
cases, the treat and extend (TAE) regimen [19, 20] was used
for subsequent injections depending on the activity of
nAMD while receiving anti-VEGF therapy. In the case of
TAE, the injection interval was extended or shortened to a
maximum of 16 weeks with adjustment every 2 or 4 weeks.
For some cases where the recurrence period was fixed, fixed
dosing was used.

Visual acuity was measured using decimal visual acuity
chart and converted to logarithm of minimal angle reso-
lution (logMAR). Counting fingers, hand motion, and light
perception were also converted to logMAR as reported
previously [21, 22]. BCVA improvement or worsening was
defined as improvement or worsening of more than 0.3
logMAR. Statistical analysis was performed using MedCalc
Statistical Software version 16.2.0 (MedCalc Software Bvba,
Ostend, Belgium; https://www.medcalc.org; 2016).

Wilcoxon signed-rank test was used for comparison of
preoperative and postoperative visual acuity, and Man-
n–Whitney’s U-test was used to compare two groups. +e
correlation between the amount of change in visual acuity
and each factor was evaluated using the Spearman’s cor-
relation coefficient by rank test. P values less than 0.05 were
statistically significant.

3. Results

In this study, 25 eyes of 25 patients (9 women and 16 men)
were included. All patients were followed up for at least 24
months after the initial PPV. Baseline characteristics of the
patients are listed in Table 1.

+e reasons for performing PPV were SMH (8 eyes) and
VH (17 eyes) associated with nAMD. +e mean age was
73.8± 13.2 (range 48–89) years at the initial PPV in eyes with
SMH, 77.3± 7.1 (67–89) years in eyes with VH. As for
subtypes of nAMD, PCV, RAP, and tAMD were diagnosed,
respectively, in 7, 0, and 1 eyes with SMH, and in 11, 2, and 4
eyes with VH. +e mean greatest diameter of the SMH was
4.0± 1.6 (range 2.0–6.7) disc diameters. +e mean BCVA
was 0.96± 0.65 logMAR (range 0.01–0.7, decimal) in eyes
with SMH and 1.82± 0.67 logMAR (range LP (+)−0.6) in
eyes with VH. +e mean time from onset to initial PPV was
9.3± 4.6 (range 4–17) days in eyes with SMH and 45.9± 40.0
(range, 13–142) days in eyes with VH (except 4 eyes with
unknown duration).

Treatment before initial PPV, additional procedure
during initial PPV, and treatment after initial PPV are
shown in Table 2. Before the initial PPV, 2 eyes with SMH
and 8 eyes with VH had intravitreal injection of anti-VEGF,
3 eyes with VH had photodynamic therapy (PDT), and 1 eye
with VH had photocoagulation (PC) for extrafoveal CNV.
During operation, tPA was injected into the subretinal space
in 8 eyes with SMH and in 5 eyes with VH. After the initial
PPV, 6 eyes with SMH and 7 eyes with VH received anti-
VEGF therapy. One eye with VH underwent PDT and
subsequently received anti-VEGF therapy, and two eyes with
VH underwent PDT after initiation of anti-VEGF therapy.
+ree eyes underwent PC for extrafoveal CNV after PPV,
one eye underwent PC after anti-VEGF induction, and the
other two eyes underwent PC only. Two eyes with SMH
underwent repeat PPV for postoperative macular hole and
postoperative proliferative vitreoretinopathy, and one eye
with VH for silicone oil removal. One eye with VH had
second PPV for recurrent VH and third PPV plus scleral
buckling for retinal detachment.

Figure 1 shows the mean BCVA of SMH (n� 8) and VH
(n� 17) eyes that underwent PPV. +e mean BCVA (log-
MAR) at baseline, 1, 3, 6, 12, 18, and 24 months after initial
PPV and at final examination were, respectively, 0.96, 0.68,
0.70, 0.54, 0.61, 0.72, 0.70, and 0.80 in eyes with SMH; and
1.82, 1.23, 1.24, 1.14, 1.25, 1.27, 1.24, and 1.30 in eyes of VH.
Significant improvement compared to preoperative BCVA
(0 month) was observed at 6 months (P< 0.01) and 12
months (P< 0.05) after vitrectomy in eyes with SMH; and at
1, 3, 6, 12, 24 months (P< 0.01), 18 months, and at the final
visit (P< 0.05) in eyes with VH.
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In both SMH and VH eyes, there was no significant
difference in BCVA at any time compared to 1 month after
initial PPV (P> 0.05). At the final visit, BCVA improved
(more than 0.3 logMAR compared to before PPV) in 4
(50.0%) and worsened in 1 (12.5%) of 8 eyes with SMH and
improved in 11 (64.7%) and worsened in 3 (17.6%) of 17 eyes
with VH. +e causes of vision loss were fibrosis in eyes with
SMH and chronic macular edema, fibrosis, and organized
SMH in eyes with VH. In eyes with SMH, there was no
correlation between preoperative factors (age, period from
onset of SMH or VH to PPV, greatest diameter of SMH, and
baseline BCVA) and the amount of BCVA change. In eyes
with VH, there were no significant differences in the amount
of BCVA change by gender, PCV or non-PCV, history of
anti-VEGF before PPV, or use of tPA during PPV.

A comparison of visual acuity between PCV and non-
PCV in eyes with VH showed that visual outcome was
significantly better in PCV eyes than in non-PCV at 3, 6, 12,
18, and 24 months after the initial PPV, although there was

no significant difference at the final observation (Figure 2).
+e mean follow-up period was 52.6± 20.5 months for PCV
eyes and 55.7± 24.8 months for non-PCV eyes.

Table 3 shows anti-VEGF therapy before and after PPV
in the SMH group and VH group. 6 of 8 (75.0%) eyes with
SMH and 7 of 17 (41.2%) eyes with VH underwent anti-
VEGF therapy after PPV. 2 of 6 (33.3%) eyes with SMH and
3 of 7 (42.9%) eyes with VH that underwent anti-VEGF
therapy after PPV maintained dry macula for more than 1
year after the last injection.+us, in all the subjects analyzed,
dry macula was achieved in 4 of 8 (50.0%) eyes with SMH
and 12 of 17 (70.6%) eyes with VH. +e average time from
the initial PPV to initiation of anti-VEGF therapy was
6.5± 9.3 (range 1–25) months in eyes with SMH and
8.4± 11.1 (range 1–32) months in eyes with VH.

+e cumulative percentage of anti-VEGF therapy ini-
tiation during follow-up is shown in Figure 3. +e rate of
anti-VEGF therapy initiation after PPV was 12.5% after 1
month, 50.0% after 2 months, 62.5% after 7 months, and
75.0% after 25 months in 8 eyes with SMH; 17.6% after 1
month, 23.5% after 5 months, 29.4% after 9 months, 35.3%
after 10 months, and 41.2% after 32 months in 17 eyes with
VH. Of the 13 eyes in which anti-VEGF therapy was ad-
ministered after PPV, 11 eyes had anti-VEGF initiated
within 10 months after surgery. +ereafter, anti-VEGF was
initiated only sporadically at 25 and 32 months after PPV
due to recurrence of exudative changes.

Table 4 lists the ocular findings, treatment contents, and
outcome of all the individual subjects analyzed in this study.
+e clinical findings of individual patients were reviewed.
Among patients with SMH who underwent PPV, 4 of 6 eyes
given anti-VEGF therapy after PPV had improvement of
final BCVA by logMAR 0.3 or more. In one eye with fibrosis,
BCVA decreased even after initiation of anti-VEGF, and
only one injection was administered. In two eyes with dry
macula without anti-VEGF therapy, BCVA was unchanged.

Regarding the status of anti-VEGF therapy before and
after PPV, among 6 eyes with SMH that received anti-VEGF
therapy after PPV, 4 eyes had no treatment before PPV and
the remaining 2 eyes had a history of anti-VEGF therapy
before PPV (for duration of 2.78 months before PPV and
45.00 months after PPV in one, 13.33 months before PPV
and 4.67 months after PPV in the other). Among 7 eyes with

Table 1: Baseline characteristics of the patients.

Characteristics SMH VH
Number of patients/eyes 8/8 17/17
Gender ratio: male/female 4/4 12/5
Average age, years 73.8± 13.2 (48–89) 77.3± 7.1 (67–89)
Lens status: phakic/IOL 7/1 11/6
Subtype of nAMD, number of eyes
PCV/RAP/tAMD 7/0/1 11/2/4
PCV/non-PCV 7/1 11/6

Mean greatest diameter of SMH, DD 4.0± 1.6 (2.0–6.7)
Mean BCVA, logMAR (range in decimal) 0.96± 0.65 (0.01–0.7) 1.82± 0.67 (LP (+)−0.6)
Mean time from onset to initial PPV, days 9.3± 4.6 (4–17) 45.9± 40.0 (13–142) excluding 4 eyes with unknown duration
Data are expressed as number of patients/eyes or mean± standard deviation. SMH: submacular hemorrhage, VH: vitreous hemorrhage, IOL: intraocular lens,
CNV: choroidal neovascularization, PCV: polypoidal choroidal vasculopathy, RAP: retinal angiomatous proliferation, tAMD: typical age-related macular
degeneration, DD: disc diameter, BCVA: best-corrected visual acuity, LP: light perception, PPV: pars plana vitrectomy.

Table 2: Additional procedures during initial PPV and treatments
before and after initial PPV.

SMH VH
Number of eyes 8 17
Treatment before initial PPV
Anti-VEGF 2 8
PDT 0 3
PC 0 1

Additional procedure during PPV
PEA-IOL 6 11
tPA 8 5
IVB 3 3
Tamponade SF6/SO/air 7/0/1 2/2/0

After initial PPV
Anti-VEGF 6 7
PDT 0 3
PC 0 3
Additional PPV 2 2

SMH: submacular hemorrhage, VH: vitreous hemorrhage, PPV: pars plana
vitrectomy, VEGF: vascular endothelial growth factor, PDT: photodynamic
therapy, PC: photocoagulation, PEA: phacoemulsification-aspiration, IOL:
intraocular lens, tPA: tissue plasminogen activator, IVB: intravitreal bev-
acizumab, SO: silicone oil.
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VH that received anti-VEGF therapy after PPV, 4 eyes had a
history of anti-VEGF before PPV. Of these 4 eyes, 2 eyes had
clear details of their anti-VEGF treatment history prior to
PPV and no other treatment interventions. In the 2 eyes, the
durations of pre- and post-PPV anti-VEGF therapy were,
respectively, 1.69 and 3.13months and 1.17 and 22.0months.

4. Discussion

Although there are several reports of using PPV and sub-
retinal tPA for treating SMH associated with nAMD, there
are few reports of long-term follow-up of cases requiring
post-PPV anti-VEGF therapy. Kimura et al. [23] reported
that, in patients with SMH associated with PCV, BCVA

improved significantly after 1 month (p � 0.001), with an
improvement of 0.39 logMAR from baseline to the last
follow-up (p< 0.01) (33± 14 months). In our study, BCVA
showed significant improvement from 6 to 12 months after
the first PPV compared to baseline. At the final visit (average
follow-up 32.6± 6.7 months), BCVA improved by 0.16
logMAR compared to baseline, but did not maintain a
significant improvement.

+e rate of anti-VEGF therapy initiation after PPV in
eyes with SMH was reported to be 38.6% (caused by nAMD)
for a mean follow-up period of 15.3 months by Chang et al.
[4] and 91% (caused by PCV) for a mean follow-up period of
33 months by Kimura et al. [23]. We initiated anti-VEGF
therapy at a rate of 75.0% for amean follow-up period of 32.6
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Figure 1: Mean best-corrected visual acuity (BCVA) (logMAR) in an eye with (a) SMH and (b) VH.
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months. +e rate of initiation of anti-VEGF therapy varies
among studies because follow-up period and the conditions
for starting anti-VEGF therapy were different. +e use of
postoperative anti-VEGF medications is decided by the
treating physician, and the initiation criteria are not clear
[4]. Our group and Kimura et al. [23] started administration
when exudative or hemorrhagic changes (such as accu-
mulation of subretinal fluid) and recurrence of SMH were
observed after PPV. Using this strategy, the rate of anti-
VEGF therapy initiation appears to be relatively high.

According to previous reports, the frequency of intra-
vitreal anti-VEGF injections after PPVwas 4.2 times per year
with a PRN regimen [23] and 3.1 times per year with a
regimen of two monthly doses changing to PRN in all
patients after PPV [24]. In our study, the frequency was 3.4
times for a basically PRN regimen, although some cases of
proactive protocols such as TAE and fix regimens were
included. +erefore, it is possible that the number of doses
administered was higher than the number of recurrences.

At the final visit, BCVA improved in 4 eyes and wors-
ened in 1 eye with SMH. All the 4 eyes with improved vision
had received multiple anti-VEGF injections after PPV.
BCVA decreased even after the initiation of anti-VEGF in 1
eye with fibrosis, and only one injection was administered in
this eye. In 2 eyes that had dry macula without anti-VEGF,
BCVA was unchanged. By reviewing the clinical course of
individual patients, there was an impression that increasing
the frequency of anti-VEGF injections was not a factor
associated with poor visual outcome. During PPV, tPA was
used in all the eyes with SMH. Although tPA was used
during PPV in some of the VH patients, there was no
significant difference in the amount of BCVA change with or
without tPA. Previous reports have suggested the possibility
of tPA toxicity in addition to damage to photoreceptor cells
and retinal pigment epithelium due to hematologic toxicity
in SMH eyes [25, 26], although it remains unclear whether
the use of tPA limited the improvement of visual acuity in
this study. Further investigation is needed to examine the
effects of tPA usage.

In eyes with VH, average BCVA improved significantly
at all time points compared to baseline. +e improvement of
BCVA in VH eyes was greater than in SMH eyes because
removal of VH by PPV per se improved BCVA. According
to reports of PPV for nAMDwith breakthrough VH [27–31],
improvement of BCVA logMAR from baseline to the last
follow-up was 0.82–1.22 (follow-up period: 12.7–25.2
months) in eyes with PCV and 0.00–0.92 (follow-up period:
17.0–29.1 months) in eyes with AMD (non-PCV). In our
study, improvement of BCVA logMAR from the baseline to
last follow-up was 0.77 (follow-up period: 52.6 months) in
PCV eyes and 0.05 (follow-up period: 55.7 months) in non-
PCV eyes. PCV eyes had significantly better BCVA than
non-PCV eyes up to 24 months, and the results were
generally consistent with previous reports, considering the
follow-up periods. However, the difference between PCV
and non-PCV seemed to decrease with longer follow-up. It is
difficult to investigate this phenomenon because of the
difficulty to evaluate the fundus before PPV in VH eyes, and
the fundus findings are modified by PPV.

Table 3: Anti-VEGF therapy before and after PPV.

SMH VH
Number of eyes 8 17
Before initial PPV
No. eyes with anti-VEGF therapy 2 (25.0%) 8 (47.1%)
No. of injections 6.0± 4.2 (3–9) 5.5± 5.4 (1–16)∗
Time from initial anti-VEGF to PPV, months 32.5± 10.6 (25–40) 21.6± 15.3 (4–49)∗
Duration of anti-VEGF therapy, months 8.1± 7.5 (2.8–13.3) 4.0± 2.9 (1.2–8.0)∗

After initial PPV
No. of eyes with anti-VEGF therapy 6 (75.0%) 7 (41.2%)
No. of injections 8.5± 4.9 (1–15) 5.0± 3.1 (1–8)
Time from PPV to final visit, months 32.6± 6.7 (24–45) 53.7± 21.4 (25–96)
Duration of anti-VEGF therapy, months 10.3± 17.1 (2.3–45.0) 14.7± 10.7 (3.1–32.0)
Time from PPV to anti-VEGF initiation, months 6.5± 9.3 (1–25) 8.4± 11.1 (1–32)
Dry macula after PPV 4 (50.0%) 12 (70.6%)

Data are expressed in number of patients (percentage) or mean± standard deviation (range). ∗ unknown in two eyes.
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+e percentage of eyes receiving anti-VEGF therapy
before PPV tended to be higher in eyes with VH (47.1%)
than in eyes with SMH (25.0%), while the rate of anti-VEGF
therapy initiation after PPV tended to be lower in eyes with
VH (41.2%) than in eyes with SMH (75.0%). It is difficult to
evaluate whether PPV has reduced the recurrence of exu-
dative changes in eyes with SMH because nAMD treatment
was started at the time of initial PPV in many eyes with
SMH. In contrast, pre-PPV treatment for nAMD was
present in nearly one-half of the eyes with VH.We examined
the durations of anti-VEGF therapy before and after PPV in
2 eyes of VH with a clear history of anti-VEGF therapy
before surgery and no other treatment interventions and
showed that the duration of anti-VEGF was prolonged after
PPV. Although we were only able to compare a small
number of cases, the duration between anti-VEGF therapy
after PPV tended to be longer in the comparable cases,
suggesting that the CNV activity of nAMD tends to decrease
after PPV, as reported by Ikeda et al. [8] and Sakamoto et al.
[9]. +ere are few reports on long-term postoperative ob-
servations of eyes with VH and on the use of anti-VEGF
when needed. Regarding the changes in anti-VEGF therapy
before and after PPV for eyes with VH, Kim et al. [32]
reported that the mean duration of anti-VEGF adminis-
tration was significantly prolonged from 4.53 months before
PPV to 27.64 months after PPV. In addition, initiation of
anti-VEGF therapy decreased from 11 months after the
initial PPV, suggesting that new recurrence of exudative
changes may be inhibited after a long period of time fol-
lowing PPV.

+ere is little evidence in the literature on the effect of
anti-VEGF therapy on nAMD in vitrectomized human eyes.
Hahn [33] presented a case of successful treatment with
aflibercept following single bevacizumab failure in a patient
with recurrent choroidal neovascularization following prior
macular translocation vitrectomy surgery for AMD. Jung
et al. [34] reported a case series of 4 patients with AMD who
were previously vitrectomized for macular pucker or mac-
ular hole. In their study, treatment with aflibercept was
effective in controlling AMD. Because of faster clearance of
anti-VEGF drug from vitrectomized eyes, injection of anti-
VEGF drug in vitrectomized eyes is expected to be less
efficient than in nonvitrectomized eyes [10–12]. On the other
hand, there are also reports that the intraocular pharma-
cokinetic profile of anti-VEGF drug in vitrectomized eyes is
similar to that in non-vitrectomized eyes [35]. In this study,
we did not examine the effect of anti-VEGF therapy without
PPV in SMH eyes and in VH eyes. +erefore, it is unclear
whether the effect of anti-VEGF therapy is attenuated in
vitrectomized eyes. However, according to the clinical
course of individual patients, visual acuity was improved or
maintained while on anti-VEGF therapy after PPV, sug-
gesting that anti-VEGF therapy may be effective in vitrec-
tomized eyes.

+ere are several limitations in this study. First, due to
the small number of cases, this study lacks statistical power
to detect significant differences. Second, in some cases, it was
difficult to accurately assess the status of nAMD before PPV.
+ird, anti-VEGF therapy after PPV was generally used as

reactive treatment, but was also used as proactive treatment
in some patients. +erefore, the number of anti-VEGF in-
jections did not accurately reflect the status of exudative
changes.

In conclusion, BCVA improved in eyes with SMH at 6
and 12 months after PPV and was maintained until the last
visit. BCVA improved significantly in eyes with VH at all
time points after PPV. In eyes undergoing PPV for nAMD,
recurrence of exudative changes after 11 months of initial
PPV was rare.
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[24] J. J. González-López, G. McGowan, E. Chapman, and
D. Yorston, “Vitrectomy with subretinal tissue plasminogen
activator and ranibizumab for submacular haemorrhages
secondary to age-related macular degeneration: retrospective
case series of 45 consecutive cases,” Eye, vol. 30, no. 7,
pp. 929–935, 2016.

[25] W. D. Irvine, M. W. Johnson, E. Hernandez, and K. R. Olsen,
“Retinal toxicity of human tissue plasminogen activator in
vitrectomized rabbit eyes,” Archives of Ophthalmology,
vol. 109, no. 5, pp. 718–722, 1991.

[26] M. W. Johnson, K. R. Olsen, E. Hernandez, W. D. Irvine, and
R. N. Johnson, “Retinal toxicity of recombinant tissue plas-
minogen activator in the rabbit,” Archives of Ophthalmology,
vol. 108, no. 2, pp. 259–263, 1990.

[27] T. Hasegawa, A. Otani, M. Sasahara et al., “Prognostic factors
of vitreous hemorrhage secondary to exudative age-related
macular degeneration,” American Journal of Ophthalmology,
vol. 149, no. 2, pp. 322–329, 2010.

[28] J. H. Jung, J. K. Lee, J. E. Lee, and B. S. Oum, “Results of
vitrectomy for breakthrough vitreous hemorrhage associated
with age-related macular degeneration and polypoidal cho-
roidal vasculopathy,” Retina, vol. 30, no. 6, pp. 865–873, 2010.

[29] H. C. Lin, C. H. Yang, and C. M. Yang, “Visual outcomes of
vitrectomy for polypoidal choroidal vasculopathy-related
breakthrough vitreous haemorrhage,” Eye, vol. 28, no. 7,
pp. 797–807, 2014.

[30] R. Narayanan, K. Mithal, S. Jalali, A. Mathai, and M. H. Ali,
“Vitreous haemorrhage in massive hemorrhagic polypoidal
choroidal vasculopathy: clinical characteristics and surgical
outcomes,” International Journal of Retina and Vitreous,
vol. 1, p. 25, 2015.

[31] T. Iwase, T. Baba, and Y. Saito, “Surgical outcomes of vit-
rectomy for breakthrough vitreous hemorrhage in eyes with
exudative age-related macular degeneration,” International
Ophthalmology, vol. 41, pp. 1835–1844, 2021.

[32] T. Y. Kim, H. G. Kang, and E. Y. Choi, “Prognostic factors and
long-term surgical outcomes for exudative age-related mac-
ular degeneration with breakthrough vitreous hemorrhage,”
Korean Journal of Ophthalmology, vol. 34, no. 4, pp. 281–289,
2020.

[33] P. Hahn, “Successful treatment of neovascular age-related
macular degeneration following single bevacizumab failure
using aflibercept in a vitrectomized eye,” Clinical Ophthal-
mology, vol. 8, pp. 2129–2131, 2014.

[34] J. J. Jung, Q. V. Hoang, M. Z. Arain, and S. Chang, “Afli-
bercept anti-vascular endothelial growth factor therapy in
vitrectomized eyes with neovascular age-related macular
degeneration,” Acta Ophthalmologica, vol. 94, no. 3,
pp. e249–e250, 2016.

[35] S. J. Ahn, J. Ahn, and S. Park, “Intraocular pharmacokinetics
of ranibizumab in vitrectomized versus nonvitrectomized
eyes,” Investigative Ophthalmology & Visual Science, vol. 55,
no. 1, pp. 567–573, 2014.

8 Journal of Ophthalmology


