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Background: The purpose of this study was to compare the effectiveness of pneumatic
displacement combined with intravitreal bevacizumab (IVB) with that of pneumatic displacement
(PD) alone to treat massive submacular hemorrhage (SMH) secondary to polypoidal choroidal
vasculopathy (PCV).

Methods: Thirty-two eyes of 32 patients with massive SMH secondary to PCV were studied.
Twenty-two eyes were treated with a combination of PD and 1.25 mg of intravitreal bevacizumab
(PD + 1VB group), and ten eyes with pneumatic displacement alone (PD group).

Results: Pretreatment, the differences in best-corrected visual acuity and size of the SMH
between the two groups were not significant (P=0.59 and P=0.72, respectively). Complete
displacement of the hemorrhage from under the fovea was achieved in 19 of 22 eyes (86.4%)
in the PD + IVB group and in five of ten eyes (50%) in the PD group. The best-corrected visual
acuity in the PD + IVB group was significantly better than that in the PD group at one, 3, and
6 months after treatment (P<<0.001, P<<0.001, and P<<0.001, respectively). Improvement in
best-corrected visual acuity by >0.3 logMAR units was obtained in 18 eyes (81.8%) in the
PD + IVB group and two eyes (20%) in the PD group (P<<0.001). The number of eyes that
required additional treatments was significantly fewer in the PD + IVB group than in the PD
group (P=0.0001).

Conclusion: The combination of PD and IVB may be a better therapeutic procedure for eyes
with massive SMH due to PCV in the short term because of the better visual outcome and less
need for additional treatments.

Keywords: pneumatic displacement, intravitreal bevacizumab, submacular hemorrhage,
polypoidal choroidal vasculopathy

Introduction

Massive submacular hemorrhage (SMH) is commonly found in eyes with the neo-
vascular type of exudative age-related macular degeneration, polypoidal choroidal
vasculopathy (PCV), retinal arterial macroaneurysm, trauma, and choroidal neovas-
cularization of any cause.'* SMH results in an acute and severe decrease of vision,
especially if the blood clot is thick and the fovea is involved.>*’

One of the most common procedures used to treat SMH is intravitreal injection of
sulfur hexafluoride (SF,) for pneumatic displacement (PD) of the hemorrhage with or
without recombinant tissue plasminogen activator (rTPA).*'? After displacement of
the blood clot from the central fovea, the choroidal neovascularization can be treated
by either intravitreal injection of anti-vascular endothelial growth factor (VEGF) drugs
or photodynamic therapy.?
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Bevacizumab (Genentech, San Francisco, CA, USA),
a humanized monoclonal antibody that blocks all VEGF
isoforms, has had good results in the treatment of choroidal
neovascularization associated with age-related macular
degeneration.'>" It has been reported that intravitreal beva-
cizumab (IVB) is a good therapeutic option for eyes with
neovascular age-related macular degeneration with SMH,
leading to stable visual acuity and anatomic improvements.'¢
Combination therapy of IVB injection, rTPA, and PD has
been reported to be effective for massive subretinal hemor-
rhage caused by choroidal neovascularization associated with
age-related macular degeneration.!”!¢

However, it has been reported that the results of intrav-
itreal gas without rTPA are not significantly different from
those of gas combined with rTPA for massive SMH in the
final visual outcome.' In addition, there have been concerns
about the toxicity of r'TPA to the neural retina, and this has led
us to stop using rTPA for the treatment of SMH.?*?! Recently,
two case series reported successful treatment of SMH using
a combination of IVB and PD without rTPA.?>?

The purpose of this study was to compare the effects of
combining IVB and an intravitreal injection of an expand-
able gas with that of PD only in eyes with massive SMH
due to PCV.

Materials and methods

This was a nonrandomized clinical trial in 32 eyes from
32 consecutive patients (seven women and 25 men) who
received PD combined with IVB or PD only for massive
SMH due to PCV. The study was conducted at Chiba
University Hospital between January 2004 and December
2010. The diagnosis of PCV was based on characteristic
indocyanine green angiographic (ICGA) findings. The
criteria for making a diagnosis of PCV were hyperfluores-
cent aneurysm-like dilatations and polyps, with or without
a dilated network of inner choroidal vessels in the images
obtained by ICGA. Inclusion criteria were the presence of a
large subretinal hemorrhage with a size =2 disc diameters
or an SMH located in the macular region and a duration
of symptoms <15 days. The blood clot had to be thick
enough to block the view of fluorescein leakage and the
borders of the complete vascular lesion could not be seen
on fluorescein angiography. Exclusion criteria included:
presence of choroidal neovascularization secondary to typi-
cal age-related macular degeneration, pathologic myopia, or
retinal artery macroaneurysm; tears of the retinal pigment
epithelium (RPE); and other maculopathies, such as diabetic
maculopathy or retinal vascular occlusion.

The procedures conformed to the tenets of the Declaration
of Helsinki, and approval was obtained from the institutional
review board of Chiba University. An informed consent was
obtained from each patient.

Among the 32 eyes, ten were treated with intravitreal
SF, (0.5 mL) between January 2004 and September 2007
(PD group), and 22 eyes were treated with a combination of
intravitreal SF, (0.3-0.5 mL) and 1.25 mg of bevacizumab
between August 2007 and March 2010 (PD + IVB group).
There were two women and eight men in the PD group and
five women and 17 men in the PD + IVB group.

All patients underwent a standard ophthalmologic
examination including best-corrected visual acuity (BCVA)
measurement, slit-lamp biomicroscopy, indirect ophthalmos-
copy, and color fundus photography before and 3 months
after treatment. BCVA was measured using a standard
Japanese Landolt visual acuity chart and converted to loga-
rithm of the minimum angle resolution (logMAR) units for
the statistical analyses.

In all subjects, 0.3-0.5 mL of expandable SF, gas were
injected intravitreally to displace the macular hemorrhage as
described by Ohji et al.® The bevacizumab was prepared by
the hospital pharmacy as sterile filled and packed tuberculin
syringes containing 0.1 mL of bevacizumab. Intravitreal
injection of bevacizumab 1.25 mg/0.05 mL was followed
by intravitreal injection of SF, gas. An anterior chamber
paracentesis was performed immediately after the injection
in eyes with high intraocular pressure. All patients were
instructed to maintain a prone position for 2—3 days.

Central foveal thickness was measured manually on
the images obtained by optical coherence tomography
(OCT; Stratus III OCT, Carl Zeiss, Dublin, CA, USA, and
RTVue-100, Optovue, Fremont, CA, USA) using 5 mm hori-
zontal scans before, and one and 3 months after treatment.
The Stratus 111 OCT was used from 2004 to 2007 and the
RTVue from 2008 to 2010. Central foveal thickness was
measured by placing calibrated calipers at the vitreous-retina
interface and the inner border of the choroid, and included
the thickness of the subretinal fluid or hemorrhage. Huang
et al reported that central foveal thickness measured by
RTVue frequency domain OCT was thicker by 7.7% than that
measured with the Stratus OCT. Therefore, we corrected the
central foveal thickness with RT Vue by reducing the values
by 7.7%.2* All OCT images were acquired through a dilated
pupil. When fixation was poor, the scans were centered on
the fovea under video observation.

The disc diameter of the SMH was measured on the fun-
dus photographs. The degree of leakage from the polypoidal
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lesions in the ICGA images before treatment was compared
with those at 1 month after treatment. The degree of blood
displacement was determined by comparing fundus photo-
graphs taken before and 1 month after the procedure. Com-
plete displacement was defined as no blood or only a thin
layer of blood within one disc area of the fovea.?

The indications and procedures for additional treatment
were as follows. First was the presence of a rhegmatogenous
retinal detachment (RRD) with vitreous hemorrhage or
dense vitreous hemorrhage, and these were treated by pars
plana vitrectomy (PPV). Second was the presence of exu-
dative changes from polypoidal lesions or classic choroidal
neovascularizations located in the subfoveal or juxtafoveal
area, and these were treated after August 2007 by anti-VEGF
therapy, eg, intravitreal ranibizumab or IVB. Patients with
persistent exudation after anti-VEGF therapy or with strong
leakage from polypoidal lesions with ICGA were treated
with photodynamic therapy. Before July 2007, patients with
residual polypoidal lesions with ICGA were treated with
photodynamic therapy because we were not permitted to
use any anti-VEGF therapy before August 2007. Third was
recurrence of an SMH with clear vitreous body, and these
eyes were treated by IVB + PD or PD only. Fourth was the
presence of polypoidal lesions located as extrafoveal lesions,
and these eyes were treated by direct photocoagulation.
Patients who needed additional photocoagulation were
treated before ICGA.

The Student’s #-test for continuous variables or the
Fisher’s exact probability test for categorical variables
was used to determine the significance of differences or
changes in the findings in the two treatment groups. All
analyses were conducted using JMP version 8 (SAS Inc,
Cary, NC, USA). A P-value<0.05 was considered to be
statistically significant.

Results
The mean age ( standard deviation) at initial examination
was 69.748.7 years in the PD group and 66.918.9 years in
the PD + IVB group (P=0.41, unpaired #-test; Table 1). The
average interval between onset of symptoms of SMH and
initial treatment was 8.143.7 days in the PD + IVB group
and 6.144.9 days in the PD group (P=0.23, unpaired #-test;
Table 1). The pretreatment diameter of the SMH in the PD +
IVB group (4.712.8 disc diameters) was not significantly
different from that in the PD group (4.4%1.7 disc diameters;
P=0.72, unpaired #-test; Table 1).

At baseline, the mean BCVA in the PD + IVB group
was 0.84%0.36 logMAR units, and was not significantly

Table | Baseline characteristics of patients

IVB + PD PD P-value
n=22 n=10
Age (years) 66.948.9 69.748.7 0.41%
Duration of 8.1£3.7 6.1+4.9 0.23*
symptoms (days)
SMH diameter (DD) 4.7£2.8 44+1.7 0.72*
Location of PCV (eyes)
Subfoveal/ 4 (18.2%)/2 (9.1%) 3 (30%)/0 (0%)  1.00°**
juxtafoveal
Extrafoveal 16 (72.7%) 7 (70%)
SF, volume (mL) 0.4110.06 0.49+0.06 <0.001*
BCVA (logMAR units)  0.84+0.36 0.94+0.69 0.59*
CFT (uM) 561.0+178.4 648.4+162.1 0.235%

Notes: Data are presented as the mean + standard deviation; *unpaired t-test;
**Fisher’s exact probability test.

Abbreviations: VB, intravitreal bevacizumab; PD, pneumatic displacement;
SMH, submacular hemorrhage; SF6, sulfur hexafluoride; BCVA, best-corrected visual
acuity; CFT, central foveal thickness; PCV, photocoagulation.

different from that in the PD group (0.94%0.69; P=0.59,
unpaired -test; Table 1). In the PD + VB group, mean BCVA
gradually improved during the follow-up period and was
significantly better than the baseline value at 3 and 6 months
after treatment (P<<0.0001, paired #-test; Figure 1). On the
other hand, BCVA in the PD group decreased slightly at
1 month, and then improved at 3 and 6 months after treatment.
However, there was no significant difference from the base-
line value at any point throughout the follow-up period in the
PD group (Figure 1). Mean BCVA in the PD + IVB group was
significantly better than that in the PD group at one, 3, and 6
months postoperatively (P<<0.001, P<<0.001, and P<<0.001,
respectively, paired z-test).

In the PD + VB group, BCVA improved by >0.3 logMAR
units in 18 eyes (81.8%) and remained unchanged in four
eyes (18.2%). In the PD group, BCVA improved in two eyes
(20%), remained unchanged in four eyes (40%), and wors-
ened in two eyes (20%). The number of eyes in which BCVA
improved by >0.3 logMAR units was significantly greater in
the PD +IVB group than in the PD group (P<<0.001, Fisher’s
exact probability test; Table 2).

Central foveal thickness at baseline was 561.0£178.4 um
in the PD + IVB group and 648.4+162.1 um in the PD group
(Table 1). This difference was not significant (P=0.235,
unpaired #-test). One month after treatment, mean central
foveal thickness was 220.0+£122.4 um in the PD + IVB group,
which was significantly thinner than the 402+194.4 um in the
PD group (P=0.0069, unpaired #-test; Table 2 and Figure 2).
However, the difference between the two groups at 3 and
6 months after treatment was not significant (P=0.511 and
P=0.261, respectively).
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Figure | Comparison of mean visual acuity in logarithm of the minimum angle of resolution (logMAR) units between eyes treated with pneumatic displacement (PD) only
or PD combined with intravitreal bevacizumab (PD + IVB). The difference in visual acuity between the two groups at baseline was not significant (P=0.59). However, the
differences between the two groups at |, 3, and 6 months after treatment were significant (P<<0.01, P<<0.01, and P<<0.01, respectively).

Abbreviations: VB, intravitreal bevacizumab; PD, pneumatic displacement; VA, visual acuity; M, month.

Complete displacement of the hemorrhage from under the
fovea was achieved after initial treatment in 19 of 22 eyes
(86.4%) in the IVB + PD group, and in five of ten eyes (50%)
in the PD group (P=0.39, Yates Chi-squared test; Table 2).

The number of eyes with resolution of leakage from the
polypoidal lesions or not requiring additional treatment was
significantly higher in the PD + IVB group (18 eyes) than in
the PD group (four eyes, P=0.037, Fisher’s exact probability
test; Table 2).

The results for a case of SMH secondary to PCV in which
combination therapy with IVB + PD was used successfully
are shown in Figure 3.

The difference in incidence of a recurrence of SMH within
1 month in the PD 4+ IVB group was not significantly different
from that in the PD group (two eyes, P=0.090, Fisher’s exact
probability test; Table 2). The PD + IVB group had fewer
recurrences of SMH within 1 month than the PD only group,
but the difference was not significant. A recurrence of SMH
during the follow-up period was observed in one eye in the PD
+IVB group and two eyes in the PD group, and this difference
was not significant (P=0.22, Fisher’s exact probability test).

Additional treatments were performed during the 6-month
follow-up period in six eyes in the PD + IVB group, comprising:
photocoagulation directly to residual PCV for an extrafoveal

lesion in two eyes, photodynamic therapy for cases showing
strong leakage from residual polypoidal lesions with ICGA in two
eyes, intravitreal ranibizumab injection for subretinal detachment
from a low active residual polypoidal lesion in one eye, and [IVB +
PD for recurrent SMH in one eye (Table 2). Repeat treatments
were performed for eight eyes in the PD only group; photody-
namic therapy with strong leakage from a residual polypoidal
lesions with ICGA in four eyes, PPV for RRD after PD in one
eye, and PPV for dense vitreous hemorrhage in three eyes. Three
patients treated with PPV for vitreous hemorrhage were treated
with photodynamic therapy within a month after the PPV. The
number of eyes with additional treatments for exudative change,
recurrence of SMH, or strong leakage from polypoidal lesions
was significantly fewer in the PD + IVB group than in the PD
group (P=0.049, Fisher’s exact probability test).

No serious ocular or systemic adverse events were
observed to be associated with combination of intravitreal
SF, and bevacizumab during the 6-month follow-up period.
One patient in the PD only group developed rhegmatogenous
retinal detachment at 1 month after treatment.

Discussion
The prevalence of PCV in eyes with age-related macular
degeneration is high in nonwhite populations, and has been
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Table 2 Outcomes after treatment

IVB + PD PD P-value
(n=22) (n=10)
BCVA (logMAR)
One month 0.67+0.51 1.56+0.79 <0.001*
Six months 0.32+0.33 0.98+0.64 <0.001*
Changes of BCVA (eyes)
Improved (=0.3 logMAR) 18 (81.8%) 2 (20%) <0.001**
Unchanged (<0.3 logMAR) 4 (18.2%) 4 (40%) <0.00|**
Worsened (=0.3 logMAR) 0 (0%) 4 (40%) <0.00#*
CFT (um)
One month 220.0£122.4 402.0+194.4 0.0069*
Six months 169.0488.8  215.1£1262 0.261*
SMH displacement (eyes) 16 (72.7%) 5 (50%) 0.067+*
ICGA improved (eyes) 18 (81.8%) 4 (40%) 0.037%*
SMH recurrence within 0 (0%) 2 (20%) 0.090%*
a month
SMH recurrence within | (4.5%) 2 (20%) 0.220%*
6 months
Complications | (4.5%) 4 (40%) 0.052%*
RRD 0 (0%) I (10%) 0.315%
VH | (4.5%) 3 (30%) 0.079%*
Additional treatments 6 (27.3%) 8 (80%) 0.016**
PPV for RRD 0 (0)% I (10%) 0.312%
Retreatment for PCV
PDT 2 (9.1%) 4 (40%) 0.049%*
Direct PC 2 (9.1%) 0 (0%)
PPV for VH + PDT 0% 3 (30%)
IVR or IVB I (4.5%) 0 (0%)
IVB + PD | (4.5%) 0 (0%)

Notes: Data are presented as the mean * standard deviation unless otherwise
indicated; *unpaired t-test; **Fisher’s exact test.

Abbreviations: VB, intravitreal bevacizumab; PD, pneumatic displacement;
BCVA, best-corrected visual acuity; CFT, central foveal thickness; SMH, submacular
hemorrhage; ICGA, indocyanine-green angiography; RRD, rhegmatogenous
retinal detachment; VH, vitreous hemorrhage; PDT; photodynamic therapy;
PC, photocoagulation; PPV, pars plana vitrectomy; IVR, intravitreal ranibizumab;
PCYV, polypoidal choroidal vasculopathy.

reported to be 23%—54.7% in Japanese patients diagnosed
with age-related macular degeneration.?®?” The presence
of massive SMH is a relatively common complication of
PCV.228 The natural course of SMH is generally poor, espe-
cially in cases where the hemorrhage is thick and involves a
large area of the macula.’’

An early displacement of a massive SMH from the macular
area improves the prognosis for visual acuity.®? Intravitreal
injection of an expandable gas such as SF, or perfluorocar-
bon (C,F,) with or without intravitreal injection of rTPA has
been shown to displace the blood clot in patients with SMH
due to age-related macular degeneration or PCV.>>2 After
displacement of the blood clot, direct photocoagulation or
photodynamic therapy can be considered for persistent poly-
poidal lesions at the macular area when the bleeding sites can
be easily identified.? In some cases, the bleeding sites might
not be identified because massive SMH or active vascular

lesions might be covered by a thick blood clot at the sub-RPE
level. In such cases, photodynamic therapy or photocoagula-
tion cannot be performed or must be postponed. We had four
patients in the PD group on whom photodynamic therapy or
photocoagulation was not able to be performed because of
vitreous hemorrhage and/or recurrence of SMH.

IVB has been used to treat choroidal neovascularization
with large SMH older than 2 weeks in patients with age-related
macular degeneration.'® This treatment was shown to achieve
anatomic and functional stabilization in both the short term and
long term. It has been reported that a combination of anti-VEGF
therapy with PD and rTPA is effective as an initial therapy in
SMH due to age-related macular degeneration.'”!3

Stabilization of visual acuity during the follow-up period
was achieved in all eyes, and an improvement of visual acuity
of >0.3 logMAR units was found in 81.8% of eyes in the
PD + IVB group, which was significantly better than that in
the PD only group. On the other hand, there was a significant
decrease in mean BCVA at 1 month in the PD group because
of recurrence of SMH or vitreous hemorrhage. Subretinal and
sub-RPE hemorrhages are typical findings in eyes with PCV.
Therefore, preventing recurrence of SMH is also important
at the time of initial treatment.

IfPD only is used in eyes with SMH, subsequent photo-
dynamic therapy might be postponed for a number of reasons,
eg, a vitreous hemorrhage, a large greatest linear dimension
size, or a delay in absorption or recurrence of SMH. PD
combined with IVB may be used to reduce exudative changes
during the early period after treatment.

Another advantage of PD combined with IVB was a
reduction in the need for additional treatments for exudative
or hemorrhagic changes due to PCV. We found that the
number of eyes requiring retreatment for PCV was sig-
nificantly lower in eyes treated with IVB + PD than those
treated with PD only, indicating that IVB at the time of PD
successfully suppressed the activity of PCV.

The mechanism by which IVB causes reduction of a
polypoidal lesion with SMH was not determined. Gomi
et al reported that the mechanism of action of IVB is reduc-
tion of fluids from the PCV but not choroidal vascular
changes.*® They also reported that polyps were reduced in
only one of eleven (9.1%), unchanged in eight of eleven
(72.7%), and increased in two of eleven (18.2%) eyes
with PCV. In contrast, we found that polyps resolved in
nine of 22 (40.9%), decreased in nine (40.9%), and were
unchanged in four of 22 (18.2%) eyes. Whether bevacizumab
can penetrate deeply into the sub-RPE space has not been
determined, but it has been reported that IVB is effective

Clinical Ophthalmology 2014:8

submit your manuscript

489

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kitahashi et al Dove
700 -
N P<0.001

600 - oo
£
2 500 P<0.001
o A
e . —- IVB +PD
X 400 | “a
(3]
2 P<0.001 e D
£
8 300 -
> | N\ A
L
£ 20w |
5 ! *P=not significant
o P<0.001 *P=0.0069

100 P<0.001

P<0.001
0 : : ‘
Pre ™ 3M 6M
Month

Figure 2 Comparison of central foveal thickness in eyes treated with pneumatic displacement (PD) only and PD combined with intravitreal bevacizumab (PD + IVB).
Significant differences were present between two groups only at | month after treatment (P=0.0069, unpaired t-tests).

Abbreviations: VB, intravitreal bevacizumab; PD, pneumatic displacement; M, month.

for PCV with RPE atrophy.*® There is a possibility that the
presence of an RPE crack is more frequent in PCV cases
with massive SMH because an elevated RPE due to sub-RPE
hemorrhage might generate tension on the RPE.

Complete displacement of blood from under the fovea
was achieved in 19 of 22 eyes (86.4%) in the IVB + PD
group. This result is comparable with that of an earlier study
using IVB, rTPA, and gas tamponade. In addition, Cakir et al
reported that a combination of gas with or without rTPA for
massive SMH had no significant effect on the final visual
outcome. "

Base line' B

4‘95

4

.g*'

; 'Baseﬁmg 0,15

We had one patient with RRD after PD for SMH
secondary to PCV. He had lattice degeneration at the superior
peripheral retina. Unfortunately, posterior vitreous detach-
ment had not occurred before the PD in his treated eye. We
supposed that the PVD occurred because of the gas injection
and RRD was complicated. Ophthalmologists should notice
the incidence of RRD when PD is performed for SMH in
patients who have lattice degeneration of the peripheral retina
without posterior vitreous detachment.

The limitations of this study are its small sample size,
the relatively short follow-up period, and differences in

Base line |D

Figure 3 Findings in a 63-year-old man who underwent pneumatic displacement combined with intravitreal bevacizumab (PD + IVB). (A and B) Fundus photographs.
(C and D) Indocyanine green angiograms. (E—G) Optical coherence tomographic images. Visual acuity was 0.15. (A) Photographs of fundus show 4 disc diameter massive
submacular hemorrhage in the right eye. Some hemorrhagic retinal pigment epithelium detachments can be seen in the hemorrhage. (B) One month after treatment
with PD + IVB, the fundus photograph shows no submacular hemorrhage. Visual acuity was 0.8. (C) Indocyanine green angiograms showing active polypoidal dilatation of
choroidal vessels at the site of hemorrhagic retinal pigment epithelium detachments. (D) Indocyanine green angiograms showing disappearance of leakage from the polypoidal
choroidal vasculopathy | month after treatment. (E) Baseline horizontal optical coherence tomography image showing thick submacular hemorrhage and hemorrhagic
pigment epithelium detachments. (F) Horizontal optical coherence tomography image | month after treatment with PD + IVB showing a decrease in central retinal thickness.
Hemorrhagic retinal pigment epithelium detachments and mild macular edema remain. (G) Horizontal optical coherence tomography image 6 months after treatment with
PD + IVB showing a smooth macular image. No exudative changes remain in the macular area.

Abbreviations: VB, intravitreal bevacizumab; PD, pneumatic displacement; M, month.
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methodology used in the two groups of patients. In particular,
a different period of time between the IVB + PD group and
the PD group and the difference in additional treatments given
to the two groups could lead to errors in interpretation. The
types of additional treatment could have direct implications
for final visual acuity, and we should have standardized the
period of time for treatment and therapeutic procedures in
the two groups. A randomized clinical trial with standardized
procedures for additional treatment should be undertaken
in the future. Nevertheless, the finding that PD + IVB leads
to better functional and morphologic outcomes indicates
that it should be strongly considered for patients with SMH
secondary to PCV.

In summary, our results show that the combination of
IVB and PD is an effective therapy for eyes with mas-
sive SMH due to PCV. This therapeutic regimen led to
stabilization of both anatomic and functional properties for
at least 6 months.

Disclosure
The authors report no conflicts of interest in this work.
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