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TREATMENT OPTIONS FOR PREMACULAR AND SUB-INTERNAL LIMITING
MEMBRANE HEMORRHAGE

Introduction: Premacular hemorrhage (PH) and sub-internal limiting membrane hemorrhage (sub-ILM-H) are among the causes of sudden
deterioration of central visual acuity. Anatomical and functional outcomes of different therapeutic options were evaluated retrospectively.
Methods: The study included three eyes of three patients (2 females and 1 male). Location of the hemorrhage was determined by spectral domain
optical coherence tomography. Subhyaloid premacular location of the hemorrhage was proven in one eye of each woman and sub-ILM location of the
hemorrhage in one eye of the male. The baseline best corrected visual acuity (BCVA) was 0.63 in the eyes of the females and 0.16 in the eye of the male.
Conservative treatment option was chosen in case of juxtafoveolar PH in the eye of the female patient on anticoagulant warfarin therapy. The female patient
with PH secondary to proliferative diabetic retinopathy (PDR) underwent Nd: YAG laser hyaloidotomy. The male patient with unexplained cause of the subILM-H underwent 25-Gauge vitrectomy with ILM peeling and subsequent ultrastructural morphometric and histopathological examination of the ILM.
Results: Both BCVA and retinal finding improvement were achieved in all patients. Final BCVA was 0.8 in the eye of the female patient with PDR and
1.0 in rest of the eyes of the other patients. No complications were recorded at follow-up visits. Histopathological and morphometric examination
demonstrated variable ILM thickness (2.70 ±1.58 µm) and proved presence of fibroblasts and macrophages with hemosiderin deposits on the retinal
side of ILM.
Conclusion: The choice of the treatment option of PH and sub-ILM-H depends on input parameters such as the initial BCVA, the extent and the location
of the hemorrhage, as well as the overall health of the patient. Nd: YAG laser hyaloidotomy is an effective method for rapid recovery of visual functions.
Surgical ILM peeling and aspiration of the underlying hemorrhage result in the removal of breakdown products of hemoglobin and minimization of the
risk of secondary epiretinal membranes development.
Keywords: premacular hemorrhage, internal limiting membrane, ultrastructural morphometry, histopatology, Nd:YAG laser hyaloidotomy, 25-Gauge
vitrectomy, histology
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INTRODUCTION
Premacular bleeding and bleeding under the inner
limiting membrane (ILM) of the retina in the posterior
pole of the eye is one of the causes of sudden deterioration in central visual acuity (CVA). We distinguish types according to the location of the bleeding- bleeding
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under the ILM, i.e., between the layer of retinal nerve
fibres and the ILM, and subhyaloid bleeding, which is
located between the ILM and the posterior vitreous
membrane, or a combination of both. Biomicroscopically, subhyaloid hemorrhage is usually diffuse, with irregular edges, varying in saturation and changes shape
with the patient's body position. The shape of bleeding
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under the ILM does not change with the patient's position and is well demarcated with cellophane glosses
and has the shape of a dome with a double ring of
ILM and a posterior vitreous membrane. The main
causes of premacular bleeding and bleeding under
the ILM include the Valsalva manoeuvre (sudden increase in intrathoracic and central venous pressure),
subarachnoid haemorrhage, trauma, hematopoietic
or prothrombotic conditions, hypertensive disease or
ocular complications of diabetes mellitus.

MATERIAL AND METHODS
There were three eyes of three patients (2 women
and 1 man) who were 60, 50 and 51 years of age respectively. Detailed eye examination included determination of the best corrected central visual acuity
using the Snellen or Early Treatment of Diabetic Retinopathy Study (ETDRS) optotypes, expressed in decimal values. The fundus finding upon biomicroscopic examination in mydriasis was photographically
documented (FF 450 plus IR and Visucam 200, Carl
Zeiss Meditec AG, Jena, Germany). Individual macular layers were imaged using spectral domain optical
coherence tomography (SD-OCT) using Spectralis
(Heidelberg Engineering GmbH) and Spectral OCT /
SLO (OTI Ophthalmic Technologies Inc., Toronto, Canada). In one patient, material from the vitreoretinal
interface was sent for ultrastructural morphometric
examination. Semi-thin and ultrathin sections were
made and photographed in 40 examination locations
(NIS-Elements, Laboratory Imaging, Prague, Czech
Republic).
Patient No. 1, a 60-year-old woman, was exami-

ned for 2 weeks of worsened vision in the right eye.
She was treated with warfarin anticoagulant therapy
for recurrent deep vein thrombosis and pulmonary
embolism. Haematological examination carried out
because of the presence in family members of deep
vein thrombosis and mesenteric vascular thrombosis
and confirmed heterozygous FII prothrombin mutation and C677T methylenetetrahydrofolate reductase
(MTHFR) gene mutation in homozygous form in the
patient's son showed a heterozygous form of C677T
MTHFR with a physiological level of homocysteinemia. During the eye examination, the CVA of the right
eye was found to be 0.63 with a correction of -0,75
Dcyl ax 180°. We diagnosed subhyaloid haemorrhage
biomicroscopically and by SD-OCT, located just above the fovea (Figure 1 A).
Patient No. 2, a 50- year-old woman suffering from
type 2 diabetes mellitus treated with oral antidiabetics, arrived at our workplace for 14 days due to immobile cobwebs in the visual field of the right eye.
The initial CVA of the right eye was 0.63 with a correction of −0.50 D = −1.25 Dcyl ax 80°. Biomicroscopic examination revealed subhyaloid haemorrhage
(Figure 2 A), which was subsequently confirmed by
SD-OCT (Figure 2 G). Patient No. 3, a 51 -year-old healthy man, was examined for impaired left eye vision lasting 1 month, which was preceded by greater
physical exertion. CVA was 0.16 with correction +1.0
D = −0.5 Dcyl ax 170°. Upon fundoscopic examination, erythrocytes were scattered in the vitreous of the
left eye, and the posterior pole area was covered with
a domed haemorrhage (Figure 3 A). SD-OCT examination confirmed the localization of bleeding under the
ILM in the macula (Figure 3 B, C).

Figure 1. Subhyaloid haemorrhage in the right eye of patient No. 1 receiving warfarin
therapy (A), subhyaloid haemorrhage spontaneously gradually resolved (B-I)
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Figure 2. Subhyaloid haemorrhage in the right eye of patient No. 2 (A), immediately after
Nd:YAG laser hyaloidotomy (B, C), one week after Nd:YAG laser hyaloidotomy (D), fluorescein angiogram showing retinal neovascularization (arrowheads) (E), stabilization diabetic retinopathy after 27 months (F). Linear transfoveolar horizontal optical coherence
tomography scan showed subhyaloid haemorrhage (G), linear horizontal inferoextrafoveolar optical coherence tomography scan demonstrating a residual sub-hyaloid cavity
(arrowhead) after 1 month (H) and linear horizontal transfoveolar optical coherence tomography scan after 27 months of Nd:YAG laser hyaloidotomy (I)

RESULTS
In patient No. 1 a conservative approach was chosen, anticoagulant therapy was adjusted, and a lying
position on the right side was recommended. Nd: YAG
laser hyaloidotomy of the posterior vitreous membrane was not indicated, due to the upper juxtafoveolar
localization of bleeding. The patient underwent regular weekly eye examinations for possible indication
of Nd: YAG laser hyaloidotomy of the posterior vitreous membrane and/or pars plana vitrectomy (PPV)
if preretinal haemorrhage shifted to the centre of the
macula. Complete resorption of bleeding occurred
within 4 months (Figure 1 B-I), the CVA of the right
eye was adjusted to 1.0. The patient's follow-up monitoring lasted a total of 32 months.
Patient No. 2 underwent Nd: YAG laser hyaloidotomy of the posterior vitreous membrane. The selected energy of the Nd: YAG laser was in the range of
2.4–3.8 mJ. Immediately after the procedure, subhyaloid hemorrhage was evacuated to the vitreous space
(Figure 2 B, C). One week after the procedure (Figure
2 D), the CVA improved to 0.8. Retinal neovascularizations were identified as the source of preretinal
haemorrhage and were confirmed by fluorescence
angiography (Figure 2 E). Subsequently, focal laser
photocoagulation was performed and at the same
time clinically significant macular oedema was treated with a laser. In the next follow-up period, for 27
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months, the irregularity on the ocular background of
the right eye was stabilized (Figure 2 F). After complete resorption of preretinal haemorrhage, a residual
subhyaloid pocket was captured on SD-OCT (Figure 2
H), with no evidence of epimacular membrane development in the next follow-up period (Figure 2 I).
Patient No. 3 was indicated for surgical treatment by the
method of suture-free 25 -Gauge PPV with ILM peeling
and short-term gas tamponade with 20 % hexafluorosulfide. The patient underwent the planned operation within
a week of making the eye diagnosis. The removed ILM was
sent for ultrastructural morphometric examination. Morphometric analysis showed a variable ILM thickness of 2.70
± 1.58 µm. On the retinal side of the ILM, there were signs
of organizing and resorbing hematoma with abundant
involvement of pigmented macrophages and elements
of fibroblastic nature (Figure 3 E-H). In the postoperative
period, the CVA of the left eye improved to 1.0 and the irregularity on the retina also improved (Figure 3 D). The total
follow-up period with the patient was three months.
No complications of the treatment used were reported in patients. The results are summarized in Table 1.

DISCUSSION
Subhyaloid haemorrhage or haemorrhage below
the inner limiting membrane of the retina in the posterior pole of the eye can be a manifestation of a
number of diseases. It is usually accompanied by a
sudden loss of CVA.
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To rapidly restore visual function, we can use the Nd:
YAG method of laser hyaloidotomy of the posterior vitreous membrane accompanied by the release of subhyaloid
haemorrhage into the vitreous space. The set laser energy

should not exceed 10.5 mJ, due to a higher risk of complications in terms of the development of a macular hole
or retinal rupture with the risk of subsequent retinal detachment [1]. We performed Nd: YAG laser hyaloidotomy of

Obrázek 3. Krvácení pod vnitřní limitující membránu (ILM) sítnice na levém oku pacienta č. 3 (A), znázorněné na lineárním transfoveolárním vertikálním skenu pomocí
optické koherenční tomografie (B), kopulovitá prominence krvácení mezi odloučenou
ztluštělou ILM a vrstvou nervových vláken sítnice na lineárním horizontálním superojuxtafoveolárním skenu (C), zlepšení nálezu v makule po 25-G pars plana vitrektomii
s peelingem ILM (D). Ultrastrukturální morfometrické vyšetření materiálu z vitreoretinálního rozhraní, v ultratenkých řezech s vloženými značkami (F: fibroblast, L: lymfocyt,
M: makrofág s granuly hemosiderinu) identifikována ILM vykazující výrazně variabilní
tloušťku (průměr 2,70 µm ±1,58 µm), na retinální straně ILM známky resorbujícího a organizujícího se hematomu s účastí hojných pigmentovaných makrofágů a elementů
fibroblastické povahy, zvětšení 5000krát s měřítkem 1 µm v záběru (E-G). Polotenký řez
ze světelné mikroskopie s pigmentovanými makrofágy na ILM, zvětšení 60x (H)
Table 1. Results of various treatments for premacular bleeding and bleeding below the inner limiting membrane
Case

Age
(years)

Sex

Baseline
VA

Type of
haemorrhage

Therapy

Best

Follow- up
(months)

1

60

Female

0.63

Subhyaloid

Conservative therapy

1.0

32

2

50

Female

0.63

Subhyaloid

Nd:YAG laser hyaloidotomy

0.8

27

3

51

Male

0.16

Sub- internal limiting membrane

25 G pars plana vitrectomy
combined with internal limiting
membrane peeling

1.0

3

VA: visual acuity
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the posterior vitreous membrane in patient No. 2 of our
test group. The energy of the Nd: YAG laser ranged from
2.4 to 3.8 mJ. The timing of Nd: YAG laser hyaloidotomy of
the posterior vitreous membrane should be in the range of
1–3 weeks from the onset of the problem [1], and was preform on our patient in 2 weeks. Before performing a Nd:
YAG laser hyaloidotomy of the posterior vitreous membrane, it is necessary to preform SD-OCT examination to
accurately determine the location of bleeding (subhyaloid
or bleeding under ILM). Laser disruption of the posterior
vitreous membrane is performed at the lower edge of
subhyaloid haemorrhage, in the places where the posterior vitreous membrane is most arched and there is a larger
interval of distance from the retinal surface [2].
After complete evacuation of preretinal haemorrhage
after Nd: YAG laser hyaloidotomy of the posterior vitreous
membrane, a persistent subhyaloid cavity was detected
during SD-OCT examination in patient No. 2. Sabella et al.
(2010) documented its healing after signs of Nd: YAG laser membranotomy for bleeding under the ILM without
signs of damage to the retinal nerve fibre layer [3]. Zou et
al. [4] reported a non-healing preformed hole in the ILM
and epimacular membrane formation after performing
a Nd: YAG laser membranotomy for bleeding under the
ILM. In our patient, we did not detect the formation of an
epiretinal membrane during biomicroscopy or SD-OCT.
In patient No. 1, this procedure was not indicated because the lower edge of the haemorrhage reached the
upper edge of the fovea. Due to the risk of possible retinal
damage by invasive procedure and good CVA, the conservative procedure was chosen. Particularly in subhyaloid
haemorrhage, depending on the positioning of the head,
it is possible through the effect of gravity to achieve the
displacement of blood in the retrohyaloid space. In patient
No. 1, this procedure resulted in the transfer of the haemorrhage out of the axis of vision. However, in bleeding
below the ILM, spontaneous bleeding resorption is usually
prolonged and the possibility of toxic damage to retinal
nerve cells by hemoglobin breakdown products cannot
be ruled out. Gibran et al. and Krásnik et al. [5,6] reported
that spontaneous absorption of haemorrhage under the
ILM is associated with a retinal toxicity, premature traction
membrane formation, and proliferative vitreoretinopathy.

Surgical peeling of the ILM and aspiration of macular
bleeding during suture-free 25 -Gauge PPV can eliminate
the risk of toxic retinal nerve cell damage. During the operation in our patient No. 3, the ILM was peeled off and sent
for histological and morphometric examination. In 2007,
Gibran et al. and in 2013 Hua et al. presented histological
results of peeling ILM during PPV for bleeding under ILM.
[5.7]. On the retinal side of the peeled ILM, there were present macrophages with phagocytosed hemosiderin and
cells similar to retinal pigment epithelial cells, which are
responsible for the formation of the glial membrane. No
cells were found on the vitreous side of the peeled ILM.
These histological findings were also confirmed in patient No. 3. Tissue injury flushes inflammatory monocytes,
tissue macrophages, fibroblasts, inflammatory mediators,
and growth factors to repair damaged tissue [8]. The histological finding of peeled ILM in patient No. 3 confirms the
ongoing repair processes of the injured tissue.
We believe that the cause of bleeding under the ILM in
this patient was the Valsalva manoeuvre. During exercise,
there is an increase in abdominal and intrathoracic pressure, which results in an increase in venous pressure and may
cause retinal capillary bleeding under the ILM. If the bleeding is massive, it can cause cracks in the ILM and blood
can further penetrate into the subhyaloid or even vitreous
space [9,10]. In our cohort, we did not observe any complications associated with the surgical treatment of bleeding
under the ILM by suture-free 25-G PPV or Nd: YAG laser
hyaloidotomy of the posterior vitreous membrane.

CONCLUSION
The choice of treatment for preretinal bleeding
(PPV, Nd: YAG laser hyaloidotomy or conservative
procedure) depends on input parameters such as
CVA, type and extent of bleeding and, last but not
least, the overall health of the patient. Nd: YAG laser
hyaloidotomy is a fast and effective method leading
to the restoration of the patient's visual function. Surgical aspiration of bleeding under ILM with peeling of
ILM helps to remove iron and hemosiderin deposits,
thus minimizing the risk of secondary retinal membranes and toxic damage to retinal nerve cells.
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