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IMPORTANCE Evidence is limited to support therapies to treat submacular hemorrhage

(SMH) secondary to neovascular age-relatedmacular degeneration (AMD) as an adjunct

to anti–vascular endothelial growth factor therapy (anti-VEGF).

OBJECTIVE To determine if intravitreal tissue plasminogen activator (TPA) or gas improves

visual acuity or promotes resolution of SMH secondary to neovascular AMD in eyes treated

with ranibizumab.

DESIGN, SETTING, AND PARTICIPANTS This was a double-masked, sham-controlled,

factorial randomized clinical trial and feasibility study that recruited participants

from June 2014 toMarch 2019, with 12 months’ follow-up. Included in the trial were

patients from 4 UK vitreoretinal units who had fovea-involving SMH of at least 1 disc area

secondary to neovascular AMD andwere evaluated within 14 days of onset.

INTERVENTIONS Study eyes received baseline ranibizumab and were then randomized 2:1:1:1

to 1 of 4 intravitreal treatments: sham injection, perfluoropropane (C3F8), TPA, or combined

C3F8 and TPA (C3F8 + TPA). All eyes receivedmonthly pro re nata ranibizumab therapy

over 12 months. Outcome assessors were masked to intervention assignment.

MAIN OUTCOME ANDMEASURE Best-corrected visual acuity (BCVA) atmonth 3.

RESULTS Fifty-three of 56 participants (95%; mean [SD] age, 81.5 [8.1] years; 33 female

[59%]) reached the primary end point. Study eyes were randomized to the following

intravitreal treatments: sham injection (n = 23), C3F8 (n = 11), TPA (n = 11), or C3F8 + TPA

(n = 11). On factorial analysis, the combined TPA groups had significantly better month 3

mean logMAR BCVA than those not receiving TPA: 0.66 vs 0.98 (μd = −0.32; 95% CI,

−0.58 to −0.07; P = .02). There was no statistically significant difference comparing groups

that did vs did not receive C3F8: 0.80 vs 0.90 (μd = −0.11; 95% CI, −0.37 to 0.16; P = .43).

The combined TPA groups were less likely to have SMH present at month 1 (10 of 18 [55.6%]

vs 21 of 24 [87.5%]; P = .03), a benefit not evident in the combined gas groups. Themean

logMAR BCVA at 3months was not significantly different between the groups: monotherapy

control, 0.99; C3F8, 0.97 (vs control μd = −0.02; 95% CI, −0.48 to 0.44); TPA, 0.70

(vs control μd = −0.29; 95% CI, −0.79 to 0.21); combined C3F8 and TPA, 0.71 (vs control

μd = −0.36; 95% CI, −0.82 to 0.11); P = .11. No safety differences were identified across

the treatment groups.

CONCLUSIONS AND RELEVANCE Results of this randomized clinical trial suggest that TPA

may increase the chance of visual acuity gain when added to ranibizumab therapy

for neovascular AMD in eyes with SMH, warranting consideration of additional clinical trials.
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A
ge-related macular degeneration (AMD) remains the

leading cause of sight loss in many high-income

nations.1 Neovascular AMD can rarely be associated

with large submacular hemorrhage (SMH), occurring in only

5.4 casespermillionper annum.2Untreated, SMHleads toper-

manent and severe loss of vision due to rapid photoreceptor

injury,3 typically ranging from 20/100 to light perception.4

The anti–vascular endothelial growth factor (anti-VEGF)

registration trials excludedpatientswith largeSMHs,but there

are subsequent retrospective and 1 prospective case series in-

dicating thatanti-VEGFtherapyoffersoutcomes farbetter than

thenaturalhistory.5-8 Intravitrealgas tamponadehasbeenused

to try and displace the SMH, often in combinationwith tissue

plasminogen activator (TPA) to liquify the clot and facilitate

displacement.9-14 The TPA can be administered by intravit-

real injection or subretinally via a pars plana vitrectomy.

An exploratory randomized clinical trial (RCT) of 24 par-

ticipants compared intravitreal TPA, gas, andbevacizumabvs

vitrectomy, subretinal TPA, gas, and bevacizumab. It was not

powered to detect a statistically significant difference and

concluded that larger studies are needed.15

Another trial randomized 90 participants to intravitreal

TPA, gas, and aflibercept or vitrectomy, subretinal TPA, gas,

and aflibercept.16 The study failed to show superiority in the

primary end point, with a mean 16 letter gain in both groups

at month 3.

The current intravitreal TPA andPerfluoropropane (C3F8)

for the Treatment of Neovascular AMDWith Associated SMH

(TAPAS) study assessed the safety and efficacy of ranibi-

zumab combined with intravitreal TPA, C3F8 tamponade, or

both TPA and C3F8 combined (C3F8 + TPA). It aimed to deter-

mine which of these elements was driving any treatment re-

sponse, to establish if a definitive study was justified and

feasible, and to inform its design.

Methods

The TAPAS study was a multicenter, double-masked, sham-

controlled, factorial RCT and feasibility trial. It received

ethical review from the London–Central Research Ethics

Committee (12/LO/1928) and complied with the tenets of the

declaration of Helsinki. All participants provided written in-

formed consent. No payment or financial incentive was pro-

vided toparticipants.Thestudyprotocol is available inSupple-

ment 1. This study followed the Consolidated Standards of

Reporting Trials (CONSORT) reporting guidelines.

Study Population

From June 25, 2014, to March 31, 2019, participants were re-

cruitedfrom4UKNationalHealthServicehospitals.Eligiblepar-

ticipantshadSMH,withonsetwithin2weeksof screeningand

secondary to treatment-naive or previously treated neovascu-

lar AMD or idiopathic polypoidal choroidal vasculopathy,

foveal hemorrhage of at least 1 disc area, and obscuring retinal

pigment epithelium detail. Eligibility criteria are listed in the

eMethods inSupplement2. Informationonparticipant raceand

ethnicity was not collected in the study database.

Randomization andMasking

Participants were randomly allocated 2:1:1:1 to 1 of 4 groups:

control, C3F8, TPA, or C3F8 + TPA, respectively, using ran-

domly permuted blocks. The statisticians developed an allo-

cation list, with groups randomly allocated in a listwiseman-

ner. The list was maintained in the sponsor’s clinical trials

pharmacy, and an unmasked pharmacist allocated treatment

according to the block order. The treating investigator was

unmaskedbutwasonlypermitted toperformday1and7safety

visits.All other investigations, examinations, and imageanaly-

ses were undertaken by masked staff.

Intervention

Treatment-naive participants received baseline ranibi-

zumab,0.5mg(Lucentis [Novartis]), then2additionalmonthly

doses, then monthly pro re nata. Previously treated partici-

pants received monthly pro re nata injections after the base-

line injection.Eachgroup received 1of4additional treatments

shown in Table 1.

All participants attendedday 1 and7 after treatment, then

monthly for 12 months. Treatment and visit details are de-

tailed in eTable 1 in Supplement 2.

OutcomeMeasures

Theprimaryefficacyoutcomewas themeanbest-correctedvi-

sual acuity (BCVA)at3months.Anearlyoutcomeaimedtocap-

ture the treatment effect, before subsequent and perhaps

unrelated changes due to neovascular AMD progression.

The secondary outcome measures are shown in eTable 2 in

Supplement 2.17 Ocular imaging was analyzed centrally by

masked trial retinal clinicians using Scion Image software.

The safety outcomeswere all adverse events (AEs) and se-

rious AEs (SAEs) up to month 12, coded using the Medical

Dictionary for Regulatory Activities preferred terms, version

26.0 (ICH).

Statistical Analysis

In keepingwith feasibility studies, a sample size of 50partici-

pants was deemed sufficient,18,19 inflated to 55 to accommo-

date 10% attrition. The studywas designed to look for trends

andmakepreliminary estimates, andpower calculationswere

Key Points

Question Does intravitreal tissue plasminogen activator

(TPA) or perfluoropropane improve visual acuity or promote

resolution of submacular hemorrhage secondary to neovascular

age-relatedmacular degeneration (AMD) in eyes treated

with ranibizumab?

Findings In this factorial randomized clinical trial of 56participants,

all ofwhomreceived ranibizumab, adjunctive treatmentwithTPA,

but notperfluoropropane, resulted in significantly better visual acuity

at themonth3primaryoutcome.

Meaning These results suggest that TPAmay increase the chance

of visual acuity gain when added to ranibizumab therapy for

neovascular AMD in eyes with submacular hemorrhage,

warranting consideration of additional clinical trials.
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not undertaken. A larger control group allowed more infor-

mative estimation of the randomized effect sizes of indi-

vidual interventions.

With 4 groups, therewere up to 3 separate principal com-

parisons that could be specified, and 2 factorial comparisons

were chosenbasedondata fromall studyparticipants: (1) TPA

(groups, TPA and C3F8 + TPA) vs no TPA (groups, mono-

therapy control and C3F8) and (2) gas (groups, C3F8 and

C3F8 + TPA)vsnogas (groups,monotherapycontrol andTPA).

Additional single-arm comparisons were made by com-

paring thepairwise comparisons of either the analysis of vari-

ance or Kruskal-Wallis test, and a univariate difference-of-

differencesmodelwasusedtoassess for interaction.Bonferroni

correction was applied to all tests of multiple comparisons.

However, 95% CIs were not corrected for multiplicity.

The Shapiro-Wilk test was used to determine normality.

Comparisonsweremadeusingappropriateparametric ornon-

parametric analysis of variance tests for continuous mea-

sures, with Fisher exact or χ2 tests for categorical outcomes.

All analyses were performed on an intention-to-treat basis.

Missing data were not imputed, and participants were not

excluded from other analysis.

The Early Treatment Diabetic Retinopathy Study (ET-

DRS) letter score was converted to logMAR using 1.9 and 2.3

for count fingers and hand motions, respectively.20 To de-

scribe changes in acuity, logMAR valueswere converted back

to letter score, with 1 letter equaling 0.02 logMAR. Statistical

analysiswas performedusing SPSS statistics, version 28 (IBM

Corp). A 2-sided significance level of α = .05 was used.

Results

Baseline Characteristics

Fifty-three of 56 participants (95%; mean [SD] age, 81.5 [8.1]

years; 33 female [59%];23male [41%]) reachedtheprimaryend

point, and 39 (70%) had preexisting neovascular AMD. Base-

line characteristics are shown in Table 2. Recruitment aver-

aged3.6participants per site per year. Fiftyparticipants (89%)

completed 12 months on trial (Figure). Study eyes were ran-

domized to the following intravitreal treatments: sham injec-

tion (n = 23), C3F8 (n = 11), TPA (n = 11), or C3F8 + TPA (n = 11).

Primary Outcome

Atmonth 3, the factorial analysis showed a large and statisti-

cally significant logMARBCVAdifference favoring TPA (0.66)

overnoTPA(0.98) (μd = −0.32;95%CI,−0.58to−0.07;P = .02);

gas vs no gas did not show a statistically significant differ-

ence (gas, 0.80 vs no gas, 0.90; μd = −0.11; 95% CI, −0.37 to

0.16; P = .43) (Table 3).

The comparison between individual groups did not show

astatisticallysignificantdifference (control logMAR,0.99;C3F8,

0.97 vs control, μd = −0.02; 95% CI, −0.48 to 0.44; TPA, 0.70

vs control, μd = −0.29; 95%CI, −0.79 to0.21; C3F8+TPA,0.63

vs control, μd = −0.36; 95%CI, −0.82 to 0.11; P = .11) (eTable 3

in Supplement 2). There was no observed interaction be-

tween TPA and C3F8, interaction coefficient, −0.05 (95% CI,

−0.58 to 0.49; P = .86).

Secondary Outcomes

Visual Acuity

Mean logMARBCVAatmonth1wassignificantlydifferentcom-

paringTPAwithnoTPA (0.78vs 1.03, respectively; μd = −0.24;

95%CI, −0.49 to −0.02;P = .05) but not gaswith no gas (0.80

vs 1.01; μd = −0.21; 95% CI, −0.46 to 0.04; P = .10). The supe-

riority of TPA over no TPAwas sustained atmonth 12 (0.60 vs

0.97; μd = −0.37; 95% CI, −0.68 to −0.07; P = .02). At month

12, the difference was not statistically significant comparing

gaswithnogas (0.81vs0.87;μd = −0.06;95%CI,−0.37 to0.25;

P = .70).

Change in letter score from baseline to month 12 was not

significantly different when comparing TPA (+10.53 letters)

with no TPA (+3.76 letters; μd = 6.78; 95% CI, −7.76 to 21.30;

P = .35) or gas (+11.00 letters) with no gas (+8.00 letters;

μd = −6.0; 95% CI, −18.0 to 5.0; P = .26). The eFigure in

Supplement 2 shows the BCVA of the 4 groups.

The percentage of participants gaining 15 letters or more

atmonth 12were as follows: TPA, 35% (6of 17) vs noTPA, 39%

(13 of 33; P = .78) and gas, 38% (8 of 21) vs no gas, 38% (11 of

29; P = .61).

The percentage of participants maintaining or gaining

any letters at month 12 were significantly different compar-

ing those receiving TPA 94% (16 of 17) vs no TPA 60% (20

of 33; P = .02). The difference was not significant be-

tween gas, 81% (17 of 21) vs no gas, 66% (19 of 29; P = .34).

eTable 3 in Supplement 2 shows the proportions by indi-

vidual group.

There was no significant difference between those par-

ticipants losing 15 letters or more at month 12: TPA, 6% (1 of

17) vs no TPA, 21% (7 of 33; P = .24) and gas, 19% (4 of 21) vs

no gas, 14% (4 of 29; P = .71).

Contrast Sensitivity

The Pelli-Robson contrast sensitivity score improved in all

groups between baseline and month 12 (eTable 4 in Supple-

ment 2). There was a significant difference in favor of TPA vs

no TPA at each follow-up visit with a median month 12 score

of 1.35 (IQR,0.90-1.35)vs0.75 (IQR,0-1.24;P = .002).Bymonth

12, there was also a significant difference favoring gas at 1.20

(IQR, 0.79-1.35) vs no gas at 0.75 (IQR, 0.26-1.35;P = .04). The

pairwisecomparisonsshowedasignificantdifferenceatmonth

12 between control at 0.68 (IQR, 0.08-1.13) and C3F8 + TPA at

1.35 (IQR, 1.01-1.39; P = .001) and between C3F8 at 0.98 (IQR,

0-1.35) andC3F8+TPAat 1.35 (IQR, 1.01-1.39;P = .04) (eTable 5

in Supplement 2).

Table 1. Study Treatment Groups

Treatment group Intervention

Monotherapy control Sham intravitreal injection

C3F8 Intravitreal injection of 0.3 mL of 100% C3F8

and posturing for 7 d

TPA Intravitreal injection of 50 μg of alteplase in 0.05 mL
(Actilyse [Boehringer Ingelheim])

C3F8+TPA Intravitreal injection of 0.3 mL of 100% C3F8

and posturing for 7 d, plus intravitreal injection
of 50 μg alteplase in 0.05 mL

Abbreviations: C3F8, perfluoropropane gas; TPA, tissue plasminogen activator.

TPA or Perfluoropropane for Submacular Hemorrhage in AMD Original Investigation Research

jamaophthalmology.com (Reprinted) JAMAOphthalmology December 2024 Volume 142, Number 12 1159

© 2024 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.



Visual Function Questionnaire

In the factorial analysis, there was a statistically significant

difference between the National Eye Institute 25-Item Visual

FunctionQuestionnaire (VFQ-25)composite scorechange from

baseline atmonth 6 favoring TPA, 4.61 (IQR, −1.21 to 17.57) vs

noTPA, −2.80 (IQR, −14.38 to 3.06;P = .02), although the dif-

ference at month 12 was no longer significant at TPA, −0.99

(IQR, −4.72 to 10.42) vs no TPA, –2.79 (IQR, −10.48 to 5.24;

P = .33). Atmonth 6, gas, −0.03 (IQR, −2.34 to 4.77) vs no gas,

−3.12 (IQR, −15.54 to 7.58; P =.21) comparisonwas not signifi-

cant and likewise at month 12, with gas, −0.90 (IQR, −3.85 to

6.68) vs no gas, −3.32 (IQR, −11.88 to 9.14; P = .15).

At each time point, change from baseline in the VFQ-25

composite score decreased until month 12 for the mono-

therapy control (−3.24; 95%CI, −13.62 to 7.14) andC3F8 (−1.89;

95%CI, −6.00 to +2.23) groups. The TPA group improved un-

til month 6 (4.61; IQR, −5.55 to 17.57) but decreased atmonth

12 (−4.17; 95% CI, −14.30 to 5.96). Only the combined C3F8 +

TPA group had an improvement at month 12 (8.27; 95% CI,

−9.72 to 26.26). The difference at each time point was not

statistically significant across the 4 groups (eTables 4 and 5 in

Supplement 2).

Lens Status

Atbaseline59%of studyeyes (33of56)werephakic.Threepar-

ticipants in the monotherapy control group and 1 in the C3F8

+ TPA group underwent cataract surgery (eTables 4 and 5 in

Supplement 2).

Ranibizumab Retreatment

In both the TPA and gas factorial comparisons, there was no

significant difference in the mean number of injections re-

Table 2. Baseline Characteristics

Baseline characteristic Monotherapy C3F8 TPA C3F8 + TPA Overall

No. of study eyes 23 11 11 11 56

Sex, No. (%)

Female 13 (57) 7 (64) 8 (73) 5 (45) 33 (59)

Male 10 (43) 4 (36) 3 (27) 6 (55) 23 (41)

Study eye right, No. (%) 15 (65) 7 (64) 5 (46) 5 (46) 31 (55)

Study eye phakic, No. (%) 7 (30) 5 (46) 6 (55) 5 (46) 23 (41)

AREDS score, mean (SD)
[95% CI]

2.38 (1.59)
[1.53 to 3.22]

1.60 (0.65)
[0.79 to 2.41]

2.10 (1.77)
[−2.29 to
6.50]

1.90 (1.82)
[−0.36 to
4.16]

2.13 (1.48)
[1.56 to 2.70]

Age, mean (SD) [95% CI],
y

81.5 (7.09)
[78.46 to
84.59]

80.1 (4.48)
[77.08 to
83.10]

82.8 (12.92)
[74.14 to
91.50]

81.6 (7.90)
[76.32 to
86.95]

81.5 (8.14)
[79.34 to
83.70]

Anticoagulant, No. (%) 7 (30) 5 (46) 4 (36) 4 (36) 20 (36)

Antiplatelet, No. (%) 6 (26) 1 (9) 5 (46) 4 (36) 16 (29)

Study eye

Visual acuity, mean
(SD) [95% CI], logMAR

1.01 (0.53)
[0.78 to 1.24]

1.14 (0.48)
[0.82 to 1.46]

0.88 (0.40)
[0.61 to 1.15]

0.83 (0.42)
[0.55 to 1.11]

0.97 (0.48)
[0.85 to 1.10]

Visual acuity of
CF/HM, No. (%)

1 (4) 1 (9) 0 0 0

Preexisting nAMD, No.
(%)

16 (70) 9 (82) 8 (73) 6 (55) 39 (70)

Previous anti-VEGF,
No. (%)

7 (30) 6 (55) 3 (27) 1 (9) 17 (30)

No. 23 9 10 11 53

Pelli-Robson,
median [IQR]

0.45 (0 to 1.05) 0.75 (0.60 to
0.90)

0.75 (0.15 to
0.90)

1.05 (0.60 to
1.28)

0.75 (0.15 to
1.05)

No. 22 11 11 11 55

VFQ-25, composite
score, mean (SD)
[95% CI]

60.37 (21.31)
[50.92 to
69.82]

68.61 (22.1)
[51.63 to
85.60]

58.81 (20.31)
[44.29 to
73.34]

53.43 (21.94)
[38.69 to
68.17]

60.03 (21.30)
[54.10 to
65.96]

Imaging

No. 21 10 10 10 51

Hemorrhage area,
median (IQR),
disc diameters

11.4 (7.10 to
18.50)

7.8 (3.55 to
11.38)

15.05 (6.70 to
25.90)

7.53 (3.08 to
12.58)

10.10 (4.10 to
16.00)

No. 21 9 10 10 50

Hemorrhage greatest
linear diameter,
Median (IQR), μm

6225
(5405.5 to
8681.5)

5608
(4389 to
6422.5)

8568.5
(4441.75 to
10695.5)

5849
(3833.5 to
6661)

6080.00
(4869.00 to
8260.00)

No. 17 10 8 11 46

OCT central retinal
thickness, mean (SD)
[95% CI], μm

792.24
(312.77)
[631.43 to
953.04]

730.40
(288.02)
[524.36 to
936.44]

662.50
(204.93)
[491.17 to
833.82]

648.91
(338.04)
[421.81 to
876.01]

721.96
(295.15)
[634.31 to
809.61]

Abbreviations: AREDS, Age-Related

Eye Disease study; C3F8,

perfluoropropane gas; CF, count

fingers; HM, handmotions;

nAMD, neovascular age-related

macular degeneration; OCT, optical

coherence tomography; TPA, tissue

plasminogen activator;

VEGF, vascular endothelial growth

factor; VFQ-25, National Eye Institute

25-Item Visual Function

Questionnaire.
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ceived (TPA, 4.62; 95% CI, 3.41-5.83 vs no TPA, 5.23; 95% CI,

4.13-6.32; P = .25; gas, 5.15; 95%CI, 3.98-6.32 vs no gas, 4.88;

95% CI, 3.77-5.98; P = .37) (eTables 6 and 7 in Supplement 2).

Macular Hemorrhage and Fibrosis

Atmonth 1 subfoveal bloodwaspresent in 51.1%of study eyes

(31 of 42): only 55.6% of individuals (10 of 18) receiving TPA,

but 87.5% of those (21 of 24) who did not (P = .03). There was

no significant difference comparing the gas (73.3% [11 of 15])

and no gas (74.1% [20 of 27]) groups (P = .62) (eTable 8 in

Supplement 2).

There were no statistically significant differences be-

tween the groups comparing hemorrhage size or greatest lin-

ear diameter atmonths 1, 3, and6 (eTable 9 in Supplement 2).

By month 12, the median central retinal thickness de-

creased in all groups (eTable 9 in Supplement 2). There was

no significant difference comparingTPA (395.0μm; IQR, 295-

496 μm) and no TPA (403.0 μm; IQR, 321-535 μm; P = .56) or

gas (395.0 μm; IQR, 305-484 μm) and no gas (398.0 μm; IQR,

285-527 μm; P = .82).

Month 12 angiography showed fibrosis in 51.2% of study

eyes (22 of 43). Eyes receiving TPA had less fibrosis (31.3%

[5 of 16]) than those that didnot (63.0% [17 of 27];P=.06), but

the result was not quite significant. There was no significant

difference comparing gas (58.8% [8 of 17 eyes]) and no gas

(53.8% [14 of 26 eyes; P = .76) (eTable 9 in Supplement 2).

Safety

The AEs are listed in eTables 10, 11, 12, and 14 in Supple-

ment 2. Of 21 study eye AEs, 6 were SAEs. Raised intraocular

pressure occurred in 2 of 22 eyes (9.1%) receiving C3F8, with

both responding to topical medication alone.

There were 2 SMH recurrences, one each in the mono-

therapy control and combined C3F8 + TPA groups (eTable 13

in Supplement 2). The participant in the control group was

treatedwith a pars plana vitrectomywith subretinal TPA and

anti-VEGF to manage the recurrence. The participant in the

combined C3F8 + TPA group received repeat intravitreal TPA

andgas. This patient then subsequently exited the study con-

sequent to a fatal hemorrhagic stroke. Both participants had

concomitant antiplatelet medication but did not receive an-

ticoagulant treatment. One further participant died of stroke,

and a third died after a mechanical fall and long hospitaliza-

tion. Three further patientswithdrew fromthe study, onedue

to nonocular AE and hospitalization, one was lost to follow-

up, and the third emigrated from the country.

Discussion

Although the TAPAS study was primarily designed to inform

a future definitive trial and was not powered to detect a sta-

tistically significant difference betweengroups, themain fac-

torial analysis showed a statistically significant benefit in the

primaryoutcome in thegroups receiving intravitrealTPA,with

a large and clinically meaningful effect size (+16 ETDRS let-

ters; P =.02). The combined gas groups did not show asmuch

benefit (+5 letters; P = .43). The contrast sensitivity, VFQ-25,

fibrosis, and SMHsize analyses also showedbenefit fromTPA

at various time points, benefits that were much less evident

or absentwith gas. These findingswere unexpected, suggest-

ing TPA and ranibizumab drive vision gains, rather than gas.

There was also no evidence supporting an interaction be-

tween TPA and gas.

Figure. Trial Profile

59 Patients screened

3 Excluded (did not meet inclusion criteria)

56 Randomized

23 Allocated to monotherapy control 11 Allocated to TPA and C3F811 Allocated to TPA11 Allocated to C3F8

22 Analyzed at 3 mo 

1 Missed 3-mo visit

11 Analyzed at 3 mo9 Analyzed at 3 mo 11 Analyzed at 3 mo 

22 Analyzed at 12-mo follow-up 10 Analyzed at 12-mo follow-up7 Analyzed at 12-mo follow-up11 Analyzed at 12-mo follow-up

1 Lost to follow-up (withdrew 
following serious adverse event)

1 Lost to follow-up (died)2 Lost to follow-up

1 Withdrew

1 Died

1 Experienced recurrent 
submacular hemorrhage

1 Experienced recurrent 
submacular hemorrhage

2 Lost to follow-up

1 Withdrew

1 Died

Consolidated Standards of Reporting Trials diagram detailing participant allocation and exclusions. C3F8, indicates perfluoropropane gas;

TPA, tissue plasminogen activator.
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Safety was acceptable in all groups. Two participants re-

ceiving intravitreal TPA experienced a stroke, but many par-

ticipants had risk factors for stroke, which is not uncommon

in this age group.Also, thehalf-life of intravitreal TPA is likely

less than 12 hours, yet the strokes occurred 2 and 3 months

after treatment, making a biological link less plausible.21 The

incidence of cataract was similar between the groups. Only 2

participants in the gas groups experienced raised intraocular

pressure, and these resolved uneventfully with eye drops.

At 12months, all groupshad improvedmeanBCVA.These

results are far better than those reported before the introduc-

tion of anti-VEGF therapy, with patients typically losing 3.2

lines at 12months.22Although individual groupswerenot sig-

nificantlydifferent (unlike themain factorial comparison), for

the primary outcome, the anti-VEGFmonotherapy grouphad

a logMAR BCVA of 0.99, very similar to the gas group (0.97);

by comparison, the TPA group had a materially better out-

come (0.70) that was slightly better yet with the addition of

gas (0.63). The BCVA gain was similar to other studies inves-

tigatinganti-VEGF therapycombinedwithgas,23-27orbothgas

and TPA,9,28-30 although not quite as good as the recent Sur-

gery, Tissue Plasminogen Activator, Antiangiogenic Agents

andAge-RelatedMacularDegeneration (STAR)RCT,which re-

ported a mean improvement at 6 months of 15.4 ETDRS let-

ters in 37participants receiving intravitreal ranibizumab,TPA,

and sulfur hexafluoride gas.16Although a small retrospective

case series investigatedvitrectomy, subretinal TPA, and intra-

vitreal anti-VEGF therapy,31 to our knowledge, our studywas

the first RCT investigating intravitreal TPA without gas.

At all timepoints, theTPAgroupshadbetter contrast sen-

sitivity outcomes than the groups without TPA, whereas gas

was only significantly better than no gas at month 12. The

VFQ-25composite score showedameandecreaseat themonth

12 time point for all groups except the combined C3F8 + TPA

group. Most VFQ-25 statistical comparisons were nonsignifi-

cant, althoughat6months, thegroups receivingTPAhadasig-

nificantly better gain than those that did not. Considering the

VFQ-25 and contrast sensitivity results in toto suggests that

TPAproducesmoreconvincingbenefit thangas, butdue to the

small size, it is hard to exclude additional benefit from add-

ing gas to TPA, as suggested by the month 12 VFQ-25 result.

Although largeSMHisa rareconditionandrecruitmentwas

predictablyslow, itwas feasible to recruit 56participantsacross

4 sites, with good retention at 3 and 12 months. This trial de-

liberately includeda largenumberofoutcomemeasures, to as-

sesswhich are themostuseful for adefinitive study. Themean

Table 3. Visual Acuity Outcomes for Factorial Analysis

Acuity outcome TPA No TPA
Mean difference
(95% CI) P value

Unadjusted
odds ratio Gas No gas

Mean difference
(95% CI) P value

Unadjusted
odds ratio

No. 22 33 NA NA NA 22 33 NA NA NA

Month 1 visual
acuity, mean (SD)
[95% CI], logMAR

0.78
(0.39)

1.03
(0.48)

−0.24 (−0.49 to
0.02)

.05 NA 0.80 (0.40) 1.01 (0.48) −0.21 (−0.46 to
0.04)

.10 NA

No. 20 33 NA NA NA 22 31 NA NA NA

Primary outcome

Month 3 visual
acuity, mean
(SD) [95% CI],
logMAR

0.66
(0.37)

0.98
(0.49)

−0.32 (−0.58 to
−0.07)

.02 NA 0.80 (0.40) 0.90 (0.52) −0.11 (−0.37 to
0.16)

.43 NA

No. 17 33 NA NA NA 20 30 NA NA NA

Month 6 visual
acuity, mean
(SD) [95% CI],
logMAR

0.67
(0.39)

1.03
(0.54)

−0.37 (−0.66 to
−0.07)

.02 NA 0.85 (0.39) 0.95 (0.59) −0.11 (−0.41 to
0.20)

.48 NA

No. 17 33 NA NA NA 21 29 NA NA NA

Month 12
visual acuity,
mean (SD)
[95% CI],
logMAR

0.60
(0.41)

0.97
(0.55)

−0.37 (−0.68 to
−0.07)

.02 NA 0.81 (0.49) 0.87 (0.57) −0.06 (−0.37 to
0.25)

.70 NA

No. 17 33 NA NA NA 21 29 NA NA NA

Month 12
change in
letter score,
mean (SD)

10.53
(9.85)

3.76
(28.81)

6.78 (−7.76 to
21.3)

.35 NA 11.00 [5.00
to 22.5]a

8.00 [−6.00
to 16.5]a

−6.0 [−18.0 to
5.0]b

.26 NA

Month 12 ≥15
letter gain, No.
(%)

6
(35.3)

13 (39.4) NA .78 0.84 (0.25
to 2.83)

8 (38.1) 11 (37.9) NA .99 1.01 (0.32 to
3.20)

Month 12 0
letter gain, No.
(%)

16
(94.1)

20 (60.6) NA .02 10.40
(1.23 to
88.2)

17 (81.0) 19 (65.5) NA .34 2.24 (0.59 to
8.47)

Month 12 ≥15
letter loss, No.
(%)

1 (5.9) 7 (21.2) NA .24 0.23 (0.03
to 2.07)

4 (19.0) 4 (13.8) NA .71 1.47 (0.32 to
6.70)

Abbreviations: C3F8, perfluoropropane gas; NA, not applicable;

TPA, tissue plasminogen activator.

aMedian (IQR).

bHodges-Lehmanmedian difference.
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month 3 BCVA was a discriminating and deliverable primary

outcome.Despiteaconsiderableburdenofcomorbidity inmany

participants, the retention ratesatmonth 12 suggest a laterout-

come may also be deliverable and may be informative for pa-

tients and clinicians. Change in BCVA is often a helpfulmetric,

but due to the often poor presenting BCVA, measurements

may be unreliable, and therefore, final BCVA may be better.

Contrast sensitivity and VFQ-25 showed meaningful differ-

ences between groups, as did the structural outcomes.

These resultsmight argue for a future comparisonof anti-

VEGFmonotherapy, representing the licensedstandardof care

for neovascularAMD,vs anti-VEGFandTPA, as the gains from

TPAwere similar to those of TPA and gas, and this avoids the

burden of face down positioning. An alternative is to com-

pare anti-VEGFmonotherapy and combined anti-VEGF, TPA,

and gas. The rationale of adding gas is that the TAPAS study

wasnot large enough toexcludeabenefit fromgas.A fewmet-

rics suggest it helps, and gas had acceptable safety and clini-

cians may be more receptive to trial participation.

Consistentwith the latter option, theVitrectomy, Subreti-

nalTissuePlasminogenActivator, and IntravitrealGas for Sub-

macular Hemorrhage Secondary to Exudative Age-Related

Macular Degeneration (TIGER) study is an ongoing 210-

participant,noncommercialRCTcomparingafliberceptmono-

therapy against aflibercept, TPA, and gas tamponade, albeit

with the TPA delivered transretinally via vitrectomy.32

Strengths and Limitations

The TAPAS study was the second largest RCT of SMH, a rare

disease, and with longer follow-up time than prior RCTs of

SMH.Weaknesses include the higher dropout rate in the TPA

groupbymonth 12 (4of 11 participants).However, thiswasnot

due to ocular SAEs and may be due to chance, as the gas and

TPAgrouphadgood retention.Although the studymasked the

delivery of TPAby sham injection, itwas not possible tomask

the delivery of gas, which might introduce performance bias

for functional tests, but assessors were all masked and used

protocol standardizedmethodology. It isnotknownif thesame

resultswouldoccurwithotheranti-VEGFagents,butgiventhat

most have a similar mode of action, this might be expected.

Baseline differences between groups might alter the likeli-

hood of vision improvement.

Conclusions

In summary, in this factorialRCT, results suggest thatTPAmay

increase the chance of visual acuity gain when added to ra-

nibizumab therapy for neovascular AMD in eyes with SMH.

Therefore, adefinitive trial againstanti-VEGFmonotherapyap-

pears justified and deliverable, with potential visual acuity

benefits appearing to be driven largely by TPA in combina-

tion with anti-VEGF.
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Invited Commentary

CanWeDo Better for Submacular Hemorrhage in Neovascular AMD?
Christina Y. Weng, MD, MBA

The topic of this commentary hits close to home, as a

patient of mine recently developed a submacular hemor-

rhage (SMH). This is a dreaded condition, not only because

of the negative impact it can have on visual prognosis but

because of its acute and

unpredictable presentation

in an era where remarkably

effective treatments for neovascular age-related macular

degeneration (AMD) otherwise exist. Anti–vascular endothe-

lial growth factor (anti-VEGF) intravitreal injections have

contributed to the growing number of patients with neovas-

cular AMD living with excellent visual acuity (VA). But SMH

can rob patients, like mine, of their vision. Thus, the quest to

identify optimal treatment continues, propelled by studies

like the one published by Murphy et al1 in this issue of JAMA

Ophthalmology.

In a factorial randomized clinical trial of 56 patients,

Murphy and colleagues1 assess whether intravitreal tissue

plasminogen activator (TPA) or perfluoropropane gas (C3F8)

improves VA or promotes resolution of SMH secondary to

neovascular AMD in eyes treated with ranibizumab.1 Study

eyes with fovea-involving SMH seen within 14 days of onset

received ranibizumab and were then randomized to sham

injection, C3F8, TPA, or C3F8 + TPA. All eyes received
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