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ABSTRACT
Premacular hemorrhages are accompanied by a sudden significant vision loss and may originate from by various causes, 
the most common of which are proliferative retinopathy associated with diabetic eye diseases, ischemic retinal vein oc-
clusion, macroaneurysms, and Valsalva retinopathy. Small hemorrhages (less than 3 disc diameters) often resolve spon-
taneously, whereas large hemorrhages under the internal limiting membrane have a significantly reduced probability 
of spontaneous regression and increased risks of complications associated with the toxic effects of hemoglobin breakdown 
products. The main treatment method in these cases is Nd:YAG-laser membranotomy or hyaloidotomy. It allows effective 
and safe drainage of blood into the vitreous humor, where it is completely resorbed. The article presents a clinical case of 
a long-term premacular hemorrhage associated with retinal arterial macroaneurysm. Though Nd:YAG-laser membranoto-
my was performed late, it not only significantly improved visual functions, but also prevented invasive vitreal procedures. 
Three-year follow-up revealed no treatment complications.
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АННОТАЦИЯ
Премакулярные кровоизлияния сопровождаются внезапным значительным снижением зрения и могут быть вы-
званы различными причинами, среди которых наиболее частыми являются пролиферативная ретинопатия 
при диабетической офтальмопатии, ишемических ретинальных венозных окклюзиях, ретинальных артериальных 
макроаневризмах и ретинопатии Вальсальвы. Небольшие по объёму кровоизлияния (менее 3 диаметров диска зри-
тельного нерва) часто подвергаются полному самостоятельному разрешению, но при больших кровоизлияниях и их 
локализации под внутренней пограничной мембраной сетчатки вероятность самостоятельного разрешения значи-
тельно снижается, и повышаются риски развития осложнений, связанных с токсическими эффектами продуктов 
распада гемоглобина. Основным методом лечения в таких случаях служат Nd:YAG-лазерная мембрано- или гиало-
идотомия, которые позволяют эффективно и безопасно дренировать кровь в стекловидное тело, где она полностью 
резорбируется. В статье представлен клинический случай длительно существующего премакулярного кровоизлия
ния из ретинальной артериальной макроаневризмы, при котором проведение Nd:YAG-лазерной мембранотомии 
даже в отдалённом периоде от момента кровоизлияния позволило не только значительно повысить зрительные 
функции, но и избежать проведения инвазивных витреальных вмешательств. Наблюдение в течение 3 лет после 
лечения не выявило развития осложнений лечения.

Ключевые слова: Nd:YAG-лазер; гиалоидотомия; мембранотомия; премакулярное кровоизлияние; макроаневризма; 
сетчатка.
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Fig. 1. Macular OCT at initial presentation (a) and after 2 months (b); the quality of OCT images is low, signs of preretinal hemorrhage are observed; 
at month 2, the en face infrared image shows signs of forming hemorrhage.

INTRODUCTION
Premacular hemorrhages as one of the causes of a 

sudden significant decrease in central vision may origi-
nate from retinal vascular disorders, such as prolifera-
tive retinopathy associated with diabetic eye diseases, 
ischemic retinal vein occlusion, macroaneurysms, neo-
vascular age-related macular degeneration, and retinal 
arteriovenous anastomosis [1–3]. There are also reports 
on premacular hemorrhages secondary to hematological 
diseases, including aplastic anemia and leukemia, after 
keratorefractive surgery (LASIK) and retinal vessel rup-
ture caused by the Valsalva maneuver, Terson syndrome, 
and Purtscher retinopathy [3, 4]. Although hemorrhages 
resolve spontaneously in most cases, this process takes 
a long time, from several weeks to months, depending on 
the total volume of leaked blood, thus reducing patient’s 
ability to work and worsening the quality of life for a long 
time. In addition, prolonged hemorrhage can irreversibly 
reduce visual function [3]. The main treatment method for 
premacular hemorrhages is Nd:YAG laser hyaloidotomy, 
which, if promptly performed, allows effective and safe 
drainage of blood into the vitreous humor, where it is 
completely resorbed.

The article presents a clinical case of Nd:YAG laser 
membranotomy of a long-term premacular hemorrhage 
associated with retinal arterial macroaneurysm.

CASE DESCRIPTION
A 75-year-old female patient was referred from a lo-

cal outpatient clinic to the St. Petersburg branch of the 
National Medical Research Center “S.N. Fyodorov MNTK 
Eye Microsurgery” of the Ministry of Health of the Russian 
Federation in March 2022 for consultation on treatment 
strategy of OD preretinal hemorrhage.

Ocular history included a decrease in OD visual acuity 
caused by an increase in blood pressure in December 
2022. Ophthalmological examination (see Fig. 1) revealed 
OD best corrected visual acuity (BCVA) of 0.01 non-cor-
rectable and OD intraocular pressure (IOP) measured 
using Maklakoff tonometry of 22 mmHg. OD objective 
examination revealed the following specifics: pseudopha-
kia, a posterior chamber intraocular lens in the capsular 
bag, and extensive preretinal hemorrhage involving the 
entire macula. OS fundus had no signs of any pathology, 
except for single hard drusen.

The patient reported no ocular injuries or inflamma-
tory conditions; she had cataract surgery in the left eye 
in 2017 and in the right eye in 2021. At presentation, the 
patient did not receive any eye drops. Relevant medical 
history included severe hypertension with poorly con-
trolled blood pressure.

The patient was diagnosed with preretinal hemorrhage 
and neovascular age-related macular degeneration. 
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Fig. 2. Fundus image and structural macular OCT line images (1–4) at presentation to the St. Petersburg branch of MNTK 3.5 months after the occurrence 
of complaints. a, retinal arterial macroaneurysm; b, internal limiting membrane on the structural section; c, deposits under the internal limiting membrane 
representing erythrocyte hemoglobin degradation products; d, shadow of the Weiss ring on the fundus.

Intravitreal injections of 5000 IU prourokinase and gas 
were administered, followed by two intravitreal injections 
of aflibercept 1 month apart. Treatment did not result in 
a subjective improvement in vision acuity. Therefore, the 
attending physician suggested posterior vitrectomy with 
surgical drainage of hemorrhage, for which the patient 
presented to the St. Petersburg branch of MNTK. The pa-
tient provided optical coherence tomography (OCT) data 
showing signs of premacular hemorrhage (see Fig. 1). 
At examination, the patient complained of low vision and 
persistent dark spot in the OD central visual field.

OD and OS visual acuity of 0.01 non-correctable and 
0.3 sph –0.75 D = 0.7, respectively. Maklakoff tonometry 
showed OD and OS IOP of 20 and 21 mmHg, respectively. 
The OD and OS anteroposterior lengths were 23.24 and 
24.15 mm, respectively. A central scotoma was detected 
in the OD visual field.

OD ophthalmoscopy demonstrated pseudophakia, 
a centered posterior chamber IOL in the capsular bag, 
total posterior vitreous detachment with a Weiss ring, ex-
tensive preretinal hemorrhage with signs of hemolysis in 
the central fundus involving the inferior half of the mac-
ula, and blood decomposition with signs of erythrocyte 
hemoglobin degradation represented by a yellow-brown 
clot and yellowish deposits under the dome-shaped mac-
ula and around it (see Fig. 2). Arterial macroaneurysm 
was detected along the superior temporal branch of the 
central retinal artery without signs of exudates or hemor-
rhages (at examination), but with signs of sclerosis.

OS ophthalmoscopy demonstrated pseudophakia, 
a centered posterior chamber IOL in the capsular bag, 
pale optic disc, cupping of 0.7, normal neuroretinal rim 
thickness, and single hard drusen in the macular area.

OCT showed hemorrhage under the internal limit-
ing membrane (ILM) represented by the hyper-reflective 
membrane with deposits of optically dense conglom-
erates; the inferior half of the macula was completely 
shaded, whereas suspended blood elements in the su-
perior half partially blocked the OCT signal to the un-
derlying retina. Structural OCT images revealed mac-
roaneurysm with ILM detachment extending from it 
(see Fig. 2).

Based on the examination results, the patient was 
diagnosed with premacular hemorrhage from the reti-
nal arterial macroaneurysm, OD early stage complicated 
cataract, pseudophakia, and OS low myopia.

Nd:YAG-laser membranotomy was performed using 
UltraQ-Reflex (Ellex, Australia), Ocular Mainster Focal/
Grid lens, and pulse energy of 2.1 mJ with a total of 
2 pulses at two sites (Fig. 3).

Membranotomy induced immediate leakage from the 
sub-ILM space, with a significant subjective improvement 
in patient’s visual quality (BCVA 0.6 using a diaphragm 
test 5 minutes after drainage). After treatment, the pa-
tient was recommended to conduct normal activities for 
the first two days to better disperse the remaining blood 
in the sub-ILM space and then wear a binocular bandage 
for several days for the blood elements to faster migrate 
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Fig. 3. Fundus images and structural OCT images (1–4) after Nd:YAG laser membranotomy, before treatment (a), 5 min (b), 1 day (c), and 1 month (d) 
post-treatment. The white arrows indicate the puncture sites of the internal limiting membrane.

Fig. 4. Fundus, autofluorescence, and structural OCT images 3 years after Nd:YAG laser membranotomy: m, obliteration of arterial macroaneurysm with 
focal atrophy of the outer layers of the sensory retina; 1, the OCT section shows dense internal limiting membrane partially adherent to the retinal nerve 
fiber layer; 2, the OCT section shows the puncture sites of the internal limiting membrane.

to the inferior vitreous. At follow-up visits on day 1 and 
at month 1, the remaining blood elements resorbed in 
the sub-ILM space, and the patient reported a further 
improvement in vision quality with BCVA of 0.8 on day 1 
and 1.0 at month 1 (see Fig. 3).

At the follow-up visit at year 3, visual functions re-
mained the same; no new changes in the retina or vitreo-
macular interface were detected; the dense ILM partially 
adhered to the retinal nerve fiber layer; deposits of he-
moglobin breakdown products were observed under the 
ILM, which was more noticeable in fundus autofluores-
cence images, as deposits under the ILM partially shaded 
the background fundus autofluorescence in the macula 
(see Fig. 4). Retinal arterial macroaneurysm completely 
resolved with hypertension treatment, and OCT revealed 
focal atrophy of the sensory retina, affecting the outer 
retinal layers, in its place.

DISCUSSION
Along with Valsalva retinopathy, proliferative reti-

nopathy, and neovascular age-related macular degenera-
tion, retinal arterial macroaneurysms are one of the most 
common causes of premacular hemorrhages, although 
macroaneurysms themselves are often asymptomatic 
and detected incidentally at routine clinical examination, 
mainly in older female patients with poorly controlled 
hypertension [5, 6]. In addition to premacular hemor-
rhage, arterial macroaneurysms may be accompanied by 
intra- and subretinal exudation, causing macular edema 
if located close to the macula [7]. In the presented clini-
cal case, there were no signs of pre-existing exudation 
secondary to macroaneurysm, suggesting that continuous 
formation of macroaneurysm was not accompanied by 
decompensation of the vascular wall barrier functions, 
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and macroaneurysm rupture was caused by a significant 
increase or fluctuation in systemic blood pressure [7]. 
The observed macroaneurysm sclerosis followed by 
complete regression during 3 years of follow-up also 
suggests that retinal arterial macroaneurysm may re-
solve, with no additional intervention required in these 
cases, except for blood pressure control.

Premacular hemorrhages can be divided into two 
main anatomical types based on the potential bleed-
ing location—subhyaloid and sub-ILM hemorrhages. In 
the first case, blood penetrates the space between the 
retinal surface and detaching posterior hyaloid mem-
brane. In the second case, blood delaminates the inner 
retinal layers, thus separating the ILM from the adjacent 
Muller cells [4, 8]. Although blood is located in the retinal 
layers, sub-ILM hemorrhage is considered premacular 
to distinguish it from intra- and subretinal hemorrhages, 
which differ significantly in pathophysiology and clinical 
manifestations [4].

Before OCT introduction into routine clinical practice, 
hemorrhage location was challenging to determine, al-
though distinctive clinical signs were identified, including 
the surface and margin contour (dome-like, well-defined 
in sub-ILM hemorrhages, a boat-shaped contour with an 
irregular lower edge in subhyaloid hemorrhages), surface 
reflex (light in sub-ILM hemorrhages, dull or absent in 
subhyaloid hemorrhages), mobility (immobile sub-ILM 
hemorrhages and mobile subhyaloid hemorrhages with 
head movements) [4, 9]. The hemorrhage type could be 
accurately determined only during surgery, as ILM peel-
ing was required during vitrectomy to drain sub-ILM 
hemorrhages, in contract to subhyaloid hemorrhages.

In addition, hemorrhage location can be determined 
based on the root cause—subhyaloid hemorrhages are 
more common in retinal vascular diseases with ischemia, 
leading to the growth of newly formed vessels on its 
surface (for example, proliferative diabetic retinopathy, 
retinopathy secondary to occlusion, and Eales disease). 
As reported in this article, sub-ILM hemorrhages are 
more common in retinal arterial macroaneurysms, Val-
salva retinopathy, and other retinal and systemic dis-
eases, conditions, and injuries leading to an isolated 
vascular wall leakage.

Because of challenges in differentiating the type of 
premacular hemorrhage in some publications, there is 
confusion in the terminology, for example, hemorrhages 
located under the ILM are called subhyaloid, and vice 
versa [1, 9]. However, determining the hemorrhage loca-
tion is of great clinical value. Sub-ILM hemorrhages take 
longer to resolve, hemoglobin breakdown products have 
a more intensive toxic effect on the sensory retina, and 
a blood clot under the ILM additionally compresses it [4]. 
In addition, epiretinal fibrosis is more common in sub-ILM 
hemorrhages [10]. Surgeons should consider the source 
of subhyaloid hemorrhage. If it is caused by proliferative 

vitreoretinopathy, Nd:YAG laser hyaloidotomy without 
preoperative steps (intravitreal anti-VEGF therapy and 
panretinal photocoagulation) may induce hemorrhage 
reoccurrence.

Various approaches can be used to treat premacu-
lar hemorrhages. For example, watchful waiting may be 
recommended for small hemorrhages (less than 3 disc 
diameters), as they may resolve spontaneously with high 
probability within a few months [11]. Intravitreal injec-
tions of fibrinolytics and gas can be administered, but the 
effectiveness of this approach have not been properly as-
sessed in patients with premacular hemorrhage [12, 13]. 
Vitrectomy is indicated when Nd:YAG laser hyaloidotomy 
and membranotomy (a  more correct term for sub-ILM 
hemorrhages) are not possible for some reason; these 
procedures are currently the most effective methods to 
treat premacular hemorrhages [1]. Laser treatment is 
considered to be most effective within few days after 
hemorrhage [9]. Clinical cases of premacular hemorrhage 
progression to hemolysis are extremely rare and have 
not been described in the available publications. Never-
theless, late membranotomy was effective and prevented 
more invasive vitrectomy.

Nd:YAG laser hyaloidotomy and membranotomy are 
quite safe, as the blood layer shades the retina. In ad-
dition, the risks of iatrogenic complications are signifi-
cantly reduced if the appropriate technique is followed, 
including minimum required energy and number of pulses 
and puncture at the lower slope of the dome, away from 
the fovea and large vessels, and outside the macula. 
However, there are reports of laser retinal damage with 
full-thickness tears, epiretinal fibrosis, and choroidal 
neovascularization [14, 15].

CONCLUSION
The presented clinical case demonstrates that Nd:YAG 

laser membranotomy is an effective and safe method 
to treat sub-ILM premacular hemorrhages, including 
long-standing ones, and not only significantly improves 
visual functions, but also prevents invasive vitreous 
procedures.
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