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Abstract
Objective  To evaluate the occurrence of vitreous 
haemorrhage (VH) secondary to proliferative diabetic 
retinopathy (PDR) and the efficacy of intravitreal 
bevacizumab (IVB) for VH in 5-year real-life data.
Methods and analysis  850 adult patients with type 1 
(T1D) or type 2 diabetes (T2D) with PDR were screened for 
VH. The effect of IVB was evaluated by the clearage of VH 
and the change in best corrected visual acuity (BCVA). The 
rates of VHs, reinjections, macular oedema, complications, 
additional treatments and outcomes of spontaneous 
resorption, panretinal photocoagulation or pars plana 
vitrectomy (PPV) for VH were also investigated.
Results  VH occurred in 16% of patients with T1D and 
9% of patients with T2D with PDR. 336 VHs in 140 eyes 
of 103 patients were documented. VH was cleared in 92% 
of cases in less than 3 months by the initial IVB. IVB was 
superior to other treatment methods in shortening the time 
for clearance of VH (Kaplan-Meier, p<0.0001). The average 
rate of IVB reinjections was 1.7±1.1 and the reinjection 
interval was 7.2±3.9 weeks. BCVA increased 0.73±0.04 
logarithm of the minimum angle of resolution units after 
IVB (generalised estimating equations, p=0.0004). In 
5 years, the patients had 2.2±2.7 recurrence of VHs. 
A simultaneous 72% decrease in the rate of PPVs was 
documented (p<0.0001).
Conclusion  VH occurs mostly in patients with T1D. The 
therapeutic effect of IVB for VH was significant and led to 
improved clearance of VH and visual outcome. Moreover, 
IVB prevented persistent and recurrent VHs and decreased 
the need for costly PPV.

Introduction
Diabetes has become a major health issue 
worldwide. The International Diabetes Feder-
ation has estimated that there will be over 
640 million people with diabetes in the world 
by 2040, in comparison to 415 million in 
2015.1 Ocular complications are common in 
diabetes and especially proliferative diabetic 
retinopathy (PDR) and diabetic macular 
oedema (DME) may lead to severe visual loss 
or even to blindness.2 Due to a global increase 
in the prevalence of diabetes, also the number 
of patients with diabetic retinopathy (DR) or 

vision-threatening DR is estimated to triple 
from 2005 to 2050.3

PDR is characterised by retinal neovascular-
isation (NV) at the disc or elsewhere in the 
retina and can be complicated by vitreous 
haemorrhage (VH) or tractional retinal 
detachment (TRD). Several studies have 
shown that increased levels of vascular endo-
thelial growth factor (VEGF) play a role in 
the development of retinal NV, as well as in 
retinal vascular leakage related to PDR and 
DME.4–6

Panretinal photocoagulation (PRP) has 
been the golden standard for treating PDR 
for decades. The Early Treatment Diabetic 
Research Study concluded that PRP reduces 
the risk of severe visual loss and slows down 
the progress of PDR.7 PRP induces the 
regression of retinal NV by decreasing the 
intravitreal level of VEGF.5 VH often prolongs 
without spontaneous resorption and surgical 
pars plana vitrectomy (PPV) may be needed. 
Alternatively, intravitreal anti-VEGF agents 
may be applied, since anti-VEGF therapy used 
with PRP or as monotherapy is efficient in 
treating PDR,8–12 iris NV13 and VH.14–17

Key messages

What is already known about this subject?
►► Vitreous haemorrhage is a complication of prolifera-
tive diabetic retinopathy.

What are the new findings?
►► The clearance of haemorrhage and visual outcomes 
was improved by intravitreal bevacizumab. It also 
prevented rebleedings and diminished the need for 
costly vitrectomies.

How might these results change the focus of 
research or clinical practice?

►► Thus, intravitreal bevacizumab might be considered 
as a cost-effective treatment for vitreous haemor-
rhage in patients with diabetes.
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Table 1  Baseline features of patients with vitreous 
haemorrhage and their ocular parameters on the affected 
eye

Characteristics T1D T1D T2D All

Number of patients 57 46 103

Gender

 � Female 32 17 49

 � Male 25 29 54

Age (years, mean±SD) 44±13 66±7 54±15

PRP prior to VH 55 36 91

No eyes with VH 76 64 140

Eyes with iris neovascularisation 6 14 20

Lens status of the affected eye

 � Phakic 36 7 43

 � Cataract 9 14 23

 � IOL 30 43 73

 � Aphakic 1 0 1

Eyes with macular oedema 12 23 35

Naive eyes for IVB 68 56 124

IOL, intraocular lens; IVB, intravitreal bevacizumab; PRP, 
panretinal photocoagulation; T1/2D, type 1/2 diabetes; VH, 
vitreous haemorrhage.

The present 5-year real-life study evaluated the rate of 
VH in the diabetic population and the clinical effect of 
intravitreal bevacizumab (IVB) in the clearance of VH, 
visual outcomes, number of injections needed for resorp-
tion of VH, time interval of the reinjections and the 
frequency of recurrent VH in patients with complicated 
PDR.

Materials and methods
Patient selection
This study was carried out in Oulu University Hospital. 
The retrospective interventional case series was 
performed on all adult patients who presented at Oulu 
University Hospital with either type 1 (T1D) or type 2 
diabetes (T2D) complicated by VH due to PDR between 1 
January 2011 and 31 December 2015. The hospital’s elec-
tronic patient database was used to search the potential 
study patients by using the International Classification of 
Diseases diagnose codes for diabetes, PDR and VH. When 
the fundus of a patient could not be visualised due to VH, 
an ultrasonography examination was performed in order 
to exclude any tractional or other retinal detachment 
that would have been contraindicative for intravitreal 
anti-VEGF treatment. Only patients with naive eyes for 
PPV were included for the study and those with a history 
of prior PPV before beginning of the follow-up period 
were excluded from the statistical analysis (n=4). Exclu-
sion was also made if the follow-up period was less than a 
1 year (n=3). Subjects who had VH for reasons other than 
PDR (eg, retinal vein occlusion, retinal detachment or 
retinal breaks) were also excluded. After identifying the 
potential study subjects, a chart review of the patients’ 
demographic information was made, consisting of treat-
ments used for VH (IVB, PRP, PPV) and spontaneous 
resorption, best corrected visual acuity (BCVA), intra-
ocular pressure, iris NV and lens status. Patient records 
were also reviewed for dates of IVB, PRP, PPV, sponta-
neous resorption and the status of each VH during the 
study period. BCVA measurements were converted to a 
logarithm of the minimum angle of resolution (logMAR) 
for analysis.

Patient involvement
Patients were not directly involved in the design of this 
study.

Statistical analysis
The IBM SPSS Statistics V.23 was used for the statis-
tical analysis. In our study, multiple occurrences (VH) 
were found in a patient in one eye. In order to take the 
correlation of a specific patient’s repeated VHs into 
consideration, generalised estimation equation with 
exchangeable structure was used to analyse differences 
in the time of clearance of VHs with different treatment 
methods and to evaluate BCVA at the baseline and after. 
Four models were used to assess covariates: diabetes 
type, prior PRP, prior IVB and PPV to see if PPV for VH 
during the follow-up period had any effect to the study 

outcomes, also the baseline BCVA was taken into consid-
eration in the statistical analysis. Kaplan-Meier analysis 
was performed to compare the efficiency of anti-VEGF 
treatment versus other treatment modalities. The χ2 test 
was used for identifying differences between categorical 
variables. T-test was used for finding the differences in 
continuous variables between two groups. The Pearson 
correlation was calculated to find correlations between 
continuous variables.

Results
During the 5-year study period, a total of 850 patients 
with either T1D (n=351) or T2D (n=499) were diagnosed 
with PDR and followed up in Oulu University Hospital. 
The baseline characteristics of the study population are 
shown in table 1. There were 49 females and 54 males 
with VH secondary to PDR attending the study. The age 
of the patients ranged between 23 and 85 years, whereas 
the average age for patients with T1D was 44±13 and 66±7 
years for patients with T2D.

Sixteen per cent of the patients with T1D and 9% of 
the patients with T2D developed at least one occurrence 
of VH secondary to PDR in the total of 140 eyes. Prior 
PRP before any VH had been performed in 88% of the 
patients with VH (91 patients, 121 eyes). There was a total 
of 336 incidences of VHs in the study population during 
the follow-up. Two hundred and twenty-four VHs (67%) 
in 97 eyes were treated initially by IVB. The first treatment 
choice was waiting for spontaneous resorption of VH in 
an additional 14%, PRP in 6% and PPV in 13% of the 
cases. The decision of the primary treatment was made 
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Table 2  Result summary of intravitreal bevacizumab (IVB), 
panretinal photocoagulation (PRP), pars plana vitrectomy 
(PPV) or observation performed on patients with vitreous 
haemorrhage (VH) in a real-life setting

IVB PRP PPV Observation

No VHs 224 22 43 47

BCVA (logMAR*)

 � Baseline 1.15±0.70 0.55±0.57 0.39±0.43 0.24±0.33

 � After 0.42±0.42 0.19±0.21 0.75±0.62 0.26±0.34

VH duration 
(days*)

57±46 76±54 103±84 81±42

IOP (mm Hg*)

 � Baseline 16.7±4.9 17.2±3.3 16.7±9.0 17.0±5.9

 � After 16.3±4.5 15.7±3.7 14.5±4.3 16.4±4.1

*Mean±SD.
BCVA, best corrected visual acuity; IOP, intraocular pressure; logMAR, 
logarithm of the minimum angle of resolution.

Figure 1  Kaplan-Meier shows the clearance of vitreous 
haemorrhage (VH) with intravitreal bevacizumab and 
other treatments (pars plana vitrectomy, panretinal 
photocoagulation, observation) at 3 months. The diagnosis 
of VH was considered as the baseline point. IVH, 
intraventricular haemorrhage.

by a retina specialist according to Current Care Guide-
lines for DR18 and the clinical status of the retina and 
vitreous. The patients with very mild VH and previous 
PRP were likely to be observed. PRP was option for those 
with mild VH, no completed or prior PRP and a relatively 
good fundus visibility. The patients with more dense VH 
lowering their visual acuity were treated mainly by IVB 
if there were no contraindications for intravitreal treat-
ment, such as retinal traction, ocular infections or recent 
cardiovascular or cerebral disorders. PPV was a choice of 
treatment if there was a potential risk for retinal traction 
or other complications.

In 14 cases of the total of 336 VHs (4%), 14 different 
patients (14% of the total of 103 patients) had contrain-
dications for IVB. These 14 cases with contraindications 
consisted of pregnancy (3 patients), refusal of patient 
(3 patients), acute ocular infection (3 patients) and 
preceding cardiovascular complications (5 patients).

VH was cleared in 92% and 61% cases in less than 3 
months by IVB or other treatment modalities, respec-
tively (p<0.0001, χ2 test). Several patients reported that 
the resorption of VH occurred even within a few days to 
1–2 weeks after the IVB. The time from the beginning of 
VH to its clearance was 57±46 days by IVB, 76±54 days by 
PRP, 103±84 by performing PPV and 81±42 by observa-
tion in a real-life setting (table 2). As seen in figure 1, the 
median estimate for clearance of VH after the diagnosis 
of a new VH was 46±2 days in the IVB group and 70±6 
days in patients treated by other treatment modalities 
(Kaplan-Meier, 95% CI 42.3 to 49.7, p<0.0001,). Figure 2 
shows the clearance of VH and rapid inactivation of NV 
after IVB.

The final BCVA measured after the resolution of VH 
improved by ≥15 letters in 66% and in 59% of cases by 
initial IVB or other treatment modalities, respectively 
(table 2). IVB resulted significant improvement of BCVA 
of 0.73±0.04 logMAR units (7 Snellen lines) in average 
(generalised estimating equations, p=0.0004). The 

baseline conditions, diabetes type (E=0.03, SD ±0.02, 
p=0.223), prior PRP (E=−0.01, SD ±0.01, p=0.538), prior 
IVB (E=0.07 SD ±0.04, p=0.073) or prior PPV (E=0.10, 
SD ±0.08, p=0.228) were not significantly associated with 
BCVA improvement.

During the follow-up, a total of 376 injections were 
applied. The average rate of IVB injections for one VH 
was 1.7±1.1 (range from 1 to 7) and the reinjection 
interval 7.2±3.9 weeks. The study patients in all groups 
in total had 2.2±2.7 recurrence of VH in 5 years. None 
of the study patients had serious adverse effects of IVB or 
developed TRD.

Discussion
In the 1980s, the Diabetic Retinopathy Vitrectomy Study 
showed that 80% of VHs secondary to PDR did not clear 
spontaneously and required surgical intervention. The 
management of diabetes mellitus along with treatments 
for PDR and VHs has improved thereafter. Still, VH may 
prolong without spontaneous resorption and PPV may be 
required. PRP has been the golden standard for treating 
PDR for decades. Although successful at preventing blind-
ness, however, PRP commonly causes retinal damage and 
visual side effects, including constricted visual fields, 
reduced visual acuity, altered colour vision, impaired 
dark adaptation and decreased contrast sensitivity.19 20 
Moreover, PRP may be unavailable for patients with VH 
due to poor retinal visibility. Distinguishing the effects of 
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Figure 2  Vitreous haemorrhage and maculopathy in a 54-year-old man with type 1 diabetes are shown (A) before and (B) after 
three intravitreal bevacizumab injections.(C) Neovascularisation at disc and retina were rapidly inactivated (D) after a single 
intravitreal bevacizumab injection in a 28-year-old man with type 1 diabetes.

PDR and PRP has thus increased the need of restorative 
vision therapies for patients with advanced DR. There is 
good evidence of anti-VEGF therapy being used with PRP 
or as monotherapy to treat PDR and its complications.8–17 
CLARITY (Clinical efficacy and mechanistic evaluation 
of aflibercept for proliferative diabetic retinopathy) study 
has shown that anti-VEGF therapy was superior to PRP in 
terms of improvement in BCVA in patients with PDR,21 
suggesting that in addition to PRP, anti-VEGF should be 
used more widely as a conjunctive treatment for PDR to 
avoid the development of complications such as VH or 
TRD. The present study evaluated the efficacy of IVB, 
spontaneous resorption, PRP or PPV for VH secondary 
to PDR in real-life data.

Sixteen per cent of patients with T1D and nine per 
cent of patients with T2D with PDR developed at least 
one episode of VH during 5 years. This is in line with the 
previous studies indicating that PDR and its complica-
tions are more common in patients with T1D compared 
with those with T2D.22–24 Eighty-eight per cent of the study 
patients with VH had had previous PRP. The 67% initial 
rate of IVB with VH secondary to PDR in the current 
study is high compared with that of one-third reported 
previously.17 Our experience from the clinical setting 
since 2006 has suggested the usefulness and safety of 
anti-VEGF agents in the treatment of VH. The complete 
resolution of VH by IVB was achieved in 92% of cases in 
less than 3 months, and even within a few days to 1–2 weeks 
in several patients. To support this, diminished leakage 
of NV at 24 hours after IVB has been documented.25 In 
agreement with our results, Sinawat et al have reported 

that new dense VH cleared completely by IVB in 39%, 
50% and 72% of 18 eyes with previous PRP after 6 weeks, 
6 months and 12 months, respectively.26 More significant 
regression of retinal NV after IVB in patients with PDR 
and previous PRP has been documented compared with 
treatment-naïve patients,8 suggesting that IVB may be a 
potential adjuvant to PRP for PDR. Also, in contrast to 
PRP, anti-VEGF agents lower the rate of development or 
deteriorating of DME concomitant with PDR.27

The initial IVB for VH resulted in significantly better 
visual outcomes in comparison to PRP, PPV or observa-
tion alone despite the worse baseline BCVA in IVB group 
versus other interventions. This may result from the reso-
lution of possible subsequent and subclinical DME in 
addition to improved clearance of the vitreous cavity by 
IVB. Prior IVB due to earlier diagnosed DME was not, 
however, associated with the rate of improvement of BCVA 
in patients with VH. Improved visual acuity had also been 
reported in patients with PDR after the repeated anti-
VEGF injections8 9 28 and even 1 year after IVB for a dense 
VH.26 In contrast, Parikh et al reported no significant 
difference in BCVA between patients receiving PRP, PPV 
or IVB at 1 year.17 The discrepancy between these results 
may result from the differences in the patient selection 
including the baseline BCVA, severity of PDR, density of 
VH and the possible presence of DME or the potential 
postoperative cataract formation in the PPV group.

The new VH resolved by an average of 1.7 IVB injections 
in our study. In agreement, Parikh et al have documented 
that VH requires an average of 2 IVB injections and 12% 
of the cases can be managed even by a single injection.17 
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Figure 3  Number of diabetic vitrectomies during the years 
2000–2017 in the Oulu University Hospital. Intravitreal 
bevacizumab treatment for vitreous haemorrhage was 
initiated in 2006.

This is less than 3.7 intravitreal ranibizumab (IVR) 
injections for VH or an average of 4 injections needed 
for regression of retinal NV reported previously.8 9 14 It 
may be assumed that the resolution of a new VH from 
the bleeding NV requires less IVB injections than the 
complete regression of any NV at the disc or elsewhere. 
However, the complete regression of NV would be neces-
sary to lower the risk of rebleeding.

The recurrences of VH have been previously docu-
mented in 17%–56% of patients treated initially by 
anti-VEGF agents during 1 year.14 17 26 In our study, the 
average VH recurrence rate was only 2.2 after initial 
IVB, which is significantly less compared with PRP or no 
primary intervention. Thus, the effect of IVB in stabi-
lising DR might be longer than one could assume based 
on its known biological activity. In agreement, the recur-
rence of VH has been demonstrated in one-third and in a 
half of the patients treated by IVR or assigned to observa-
tion, respectively.14 The transient effect of IVB may lead 
to reactivation of NV and recurrent VH. Multiple injec-
tions may thus be needed to prevent further progression 
of PDR and VH to retain the stable visual function in 
patients with diabetes. However, our results show that the 
interval between reinjections may be relatively long.

In a recent study, 19% and 15% of the patients initially 
treated by IVB required PPV for recurrent VH after 1 or 
2 years, respectively, and 4% needed surgery for TRD.17 
Another study reported a 10% rate for PPV after IVB 
compared with that of 45% in controls.15 In agreement, 
a 24% need for PPV with IVR versus a 35% need in the 
control group has been demonstrated.14 It has been 
assumed that even 72% of patients could avoid PPV by 
receiving IVB timely.26 This emphasises the significant 
benefit of IVB in patients with PDR who often are high-
risk candidates for surgery. In our study, only 7% of the 
100 patients treated initially by IVB had PPV during the 

study period of 5 years and none developed TRD. The 
discrepancy in the numbers of PPV and TRD may be 
explained by patient selection excluding the patients with 
previous TRD or high risk for developing TRD as contra-
indicative for initial IVB in the current study. During the 
years 1993–2005, the number of PPVs performed for 
VHs in patients with diabetes in Oulu University Hospital 
increased continuously, but the increase ended in 2006 
after the initiation of IVB treatment for VHs. Thereafter, 
the incidence of PPVs for patients with diabetes has 
declined 72% during 2005–2017 as presented in figure 3 
(IRR=0.90, Poisson regression model, 95% CI 0.88 to 
0.92, p<0.0001, Pearson χ2).

Lin et al have evaluated the cost of PPV, PRP and IVR 
for the treatment of PDR,29 suggesting that early PPV for 
the treatment of PDR without DME demonstrates cost-
utility-like PRP and more favourable cost utility compared 
with IVR assuming the need for IVR to be regular and 
continuous over a lifetime. In contrast to this, our study 
demonstrates only transient need for IVB for the treat-
ment of VH with only 1.7 injections in average for each 
VH, and approximately 2 recurrences of VH over the 
5-year period. Also, the cost of IVB is usually markedly 
less than that of ranibizumab or aflibercept. The treat-
ment of VH by IVB may thus be assumed as cost effective 
and beneficial considering the direct expenses and the 
potential improvement of the quality of life of an indi-
vidual patient due to the accelerated clearance of VH 
and rapid normalisation of visual function.

Several limitations of our study include that it is non-
randomised, uncontrolled and retrospective. Due to its 
retrospective nature, there was also variability in the time 
the evaluations of the clearance of VH was concluded. 
However, to our knowledge from most patients, VH had 
resorbed much faster and earlier than that documented 
at 3 months. Thus, our results could have more impli-
cations without the negative effect of this bias. Another 
limitation of our study is that there is no commonly 
used classification for the density of VH. The severity 
of VH varies from very mild bleeding to dense haem-
orrhage and thus affects patients’ baseline visual acuity 
and possibly also to treatment outcomes. Thus, the treat-
ment decisions made might be favourable to outcomes 
of those patients in the observation or PRP group. The 
strength of the current study is the long follow-up time 
of the population-based cohort of patients with diabetes 
and VH, which enables the determination of the rate of 
VH recurrences and the need for reinjections in a long-
time frame.

None of the study patients had serious adverse effects 
of IVB or developed TRD during the follow-up, although 
some previous reports have expressed concerns about 
the formation of TRD according to anti-VEGF use for 
PDR.30 31 Anti-VEGF treatment seems to lead to a rapid 
regression of retinal NV and resorption of VH, but a 
more consistent effect on the stabilisation of PDR has 
been noted in patients treated additionally by PRP.8 9 
Taken together, our results suggest that IVB provides a 

 on A
pril 26, 2024 by guest. P

rotected by copyright.
http://bm

jophth.bm
j.com

/
B

M
J O

pen O
phth: first published as 10.1136/bm

jophth-2019-000390 on 10 D
ecem

ber 2019. D
ow

nloaded from
 

http://bmjophth.bmj.com/


6 Wirkkala J, et al. BMJ Open Ophth 2019;4:e000390. doi:10.1136/bmjophth-2019-000390

Open access

safe, efficient and cost-effective way to treat VH secondary 
to PDR by speeding up the resolution of VH, reducing 
the need of surgical interventions, preventing persistent 
and recurrent VH and leading to overall better visual 
outcomes in patients with PDR.
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