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Dear Editor,
‘ N J € present three anatomical forms of premacular
hemorrhage with niveau formation: hemorrhage in
posterior precortical vitreous pocket (intrapocket hemorrhage),
sub-internal limiting membrane (ILM) hemorrhage, and
premacular retrocortical hemorrhage. Niveau formation is the
formation of a horizonal boundary between fluid and blood
cells when they accumulate in a closed space, because blood
cells with higher specific gravity settle in a standing position.
Differentiating between the three forms of hemorrhage is
important for understanding the pathophysiology of premacular
hemorrhage and selecting treatment.
Premacular hemorrhage may cause sudden loss of vision
when the accumulation of blood is localized in the macular
region. Various causes have been reported, such as retinal
arterial macroaneurysm, Valsalva retinopathy, trauma,
Terson syndrome, proliferative diabetic retinopathy, retinal
vein occlusion, Eales’ disease, pregnancy and hematologic
disorders'”. Different treatment approaches have been used,
including observation', neodymium-doped yttrium aluminum
garnet (Nd:YAG) laser hyaloidotomy or membranotomy'™,
and vitrectomy'®”, but no clear guidelines are available. One
reason is that the different anatomical forms of premacular
hemorrhage are not differentiated before treatment; namely,
hemorrhage in the posterior precortical vitreous pocket,
hemorrhage behind the ILM, and hemorrhage between the
ILM and the posterior vitreous cortex.

The vitreous of the human eye has a physiological liquefaction
cavity before the macula. Worst™ observed the vitreous by
injecting Indian ink into an autopsy eye without retina, choroid
or sclera. He reported for the first time that there was a space
called the “bursa premacularis” in front of the macula. Kishi
and Shimizu™ stained the gel component of autopsy eyes
with fluorescein and showed a space in front of the macula
without posterior vitreous detachment (PVD), which was
attached to the macula. They called this structure “posterior
precortical vitreous pocket” (vitreous pocket) to differentiate
it from bursa premacularis. From this anatomical relationship,
it became possible to explain the pathogenic mechanism
of vitreous macular diseases"”"'"!. When triamcinolone was
injected into the vitreous pocket during vitreous surgery, a
disc-shaped glossy surface was observed, and the vitreous
pocket was described as a liquefied lacuna surrounded by
dense networks of fibrils''*. Recently, a combination of ultra-
widefield swept-source optical coherence tomography (OCT)
and 3-dimensional structural imaging has been reported to
be useful in visualizing the complex structure of the vitreous.
These technologies are powerful tools that can be used to
clarify the normal evolution of the vitreous, pathological
changes of the vitreous, and implications of vitreous changes
in various vitreoretinal diseases'”.

This study was conducted in accordance with the ethical
principles of Declaration of Helsinki. Written informed consent
for publication of patient information and images was given by
the patients. The study was approved by the Ethics Committee
of the Nihon University School of Medicine (No.161001).
CASE 1

A 50-year-old man diagnosed with Valsalva retinopathy had
best corrected visual acuity (BCVA) of 20/400. Examination
revealed a hemispherical hemorrhage 6 mm in diameter within
the vitreous pocket centered over the macula. The pocket
was surrounded by fibril networks, giving the surface of the
intrapocket hemorrhage a shiny appearance. Bleeding in the
pocket showed niveau formation. Since the vitreous pocket is
almost a closed space, no spreading of bleeding to surrounding
tissue was found, except for the hemorrhage in the connecting
channel leading to Cloquet’s canal (Figure 1A). On OCT, no
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Figure 1 Intrapocket hemorrhage in case 1 A: Fundus photograph
shows an intrapocket hemorrhage with niveau formation. There
is no spreading of hemorrhage to surrounding tissue (*), except
for the hemorrhage in the connecting channel leading to Cloquet’s
canal (arrow). B: On OCT, no retinal compression (arrow) and the
thin anterior wall of the vitreous pocket (arrowhead) can be seen.
The hemorrhage is denser in the inferior portion due to gravity. C:
The hemorrhage is displaced inferiorly. D: OCT confirms posterior
vitreous detachment. Hemorrhage is identified in the vitreous (*) but

not in posterior vitreous cortex. OCT: Optical coherence tomography.

retinal compression was seen as the hemorrhage was on the
retina. Because of the thin anterior wall of the vitreous pocket
(Figure 1B), the hemorrhage was denser in the inferior portion
due to gravity. A space corresponding to the vitreous pocket
posterior wall was visible. Four days later, the intrapocket
hemorrhage was displaced inferiorly (Figure 1C) and the
hemorrhage was absorbed spontaneously following formation
of PVD (Figure 1D), and BCVA improved to 20/16.

CASE 2

A 47-year-old healthy female presented with decreased BCVA
to 20/25 in her left eye associated with Valsalva retinopathy.
Examination revealed a hemispherical hemorrhage beneath the
ILM with a shiny surface showing niveau formation (Figure
2A). PVD was apparently absent on OCT. Since the ILM is not
a closed structure, spreading of bleeding to surrounding tissue
was observed (Figure 2B). On OCT, the sub-ILM hemorrhage
was found to compress the retina, and the hemorrhage had
uniform density throughout the whole depth because bleeding
was beneath the ILM. The hemorrhage was absorbed after 3mo
(Figure 2C), but BCVA remained unchanged at 20/25 due to
cells depositing in the sub-ILM space of the fovea as shown on
OCT (Figure 2D).

CASE 3

A 52-year-old man with premacular retrocortical hemorrhage
associated with proliferative diabetic retinopathy presented with
left BCVA of 20/400. Examination showed a hemispherical

hemorrhage with niveau formation. Since the retrocortical
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Figure 2 Sub-ILM hemorrhage in case 2 A: Fundus photograph
shows a sub-ILM hemorrhage with niveau formation and subretinal
hemorrhage (*). Spreading of hemorrhage to surrounding tissue is
observed (arrow). B: On OCT, the hemorrhage compresses the retina
(arrow) and has uniform density because of the ILM (arrowhead).
Subretinal hemorrhage (*) is confirmed. C: Hemorrhage was absorbed
after 3mo. D: On OCT, cells depositing on sub-ILM space (¥) at
the fovea and partial posterior vitreous detachment (arrow) can be
seen. OCT: Optical coherence tomography, ILM: Internal limiting

membrane.

Figure 3 Premacular retrocortical hemorrhage in case 3 A:
Fundus photograph shows a premacular retrocortical hemorrhage with
niveau formation. Bleeding spreads nasally beyond the optic disc,
accompanied by vitreous hemorrhage. Spreading of hemorrhage to
surrounding tissue is observed (*). B: On OCT, the hemorrhage does
not compress the retina (arrow), and posterior vitreous (arrowhead)
can be seen. C: Fundus photograph at 6mo after vitrectomy. D: OCT

shows no macular edema. OCT: Optical coherence tomography.

space is not a closed structure, spreading of bleeding to
surrounding tissue was observed (Figure 3A). Bleeding
spread nasally beyond the optic disc, accompanied by vitreous
hemorrhage. On OCT, the retina was not compressed by the
premacular retrocortical hemorrhage (Figure 3B). Vitreous

surgery and cataract surgery were performed, and retinal
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Table 1 Fundus findings and OCT findings of three forms of premacular hemorrhage with niveau formation

Parameters Intrapocket hemorrhage Sub-ILM hemorrhage Premacular retrocortical hemorrhage
Site of Inside vitreous pocket Below ILM Between ILM and posterior vitreous cortex
hemorrhage
PVD Absent Unrelated Partial
Hemorrhage disappears with PVD Hemorrhage remains after PVD Hemorrhage disappears with PVD
Fundus Hemispheric bleeding centered on the macula Hemispheric hemorrhage not centered on the Irregular or hemispherical bleeding not
findings Size of vitreous pocket: about 6 mm in diameter macula centered on the macula
Bleeding spreading to surrounding (-) Various sizes: 1/4 to several disc diameters Various sizes: 1/4 to several disc diameters
Smooth surface (+) Bleeding spreading to surrounding (+) Bleeding spreading to surrounding (+)
Smooth surface (+) Smooth surface (+/-)
OCT Denser lower portion by gravity due to the thin Uniform density from upper to lower portion Denser at the site of PVD
findings vitreous pocket anterior wall due to bleeding beneath ILM Bleeding compresses retina (-)

Bleeding compresses retina (-)

Bleeding compresses the retina (+)

OCT: Optical coherence tomography; ILM: Internal limiting membrane; PVD: Posterior vitreous detachment.

photocoagulation was also used (Figure 3C). After Smo, BCVA
recovered to 20/32, and OCT showed no macular edema
(Figure 3D).

Table 1 summaries the differentiation between the three
forms of premacular hemorrhage with niveau formation.
In intrapocket hemorrhage, bleeding occurs in the vitreous
pocket™; therefore, the hemorrhage is approximately 6 mm
in diameter and centered on the macula, coinciding with
the vitreous pocket'”. Since bleeding occurs in the vitreous
pocket, the retina is not compressed by the hemorrhage, and
the space corresponding to vitreous pocket posterior wall
can be seen. Intrapocket hemorrhage is recognized as a large
hemispherical hemorrhage with a shiny surface accompanied
by niveau formation. This form of hemorrhage occurs in
association with conditions such as Valsalva retinopathy in the
absence of PVD. Since the vitreous pocket is almost a closed
space, no spreading of bleeding to surrounding tissue was
found, except for the hemorrhage in the connecting channel
leading to Cloquet’s canal. Because bleeding occurs below
the thin anterior wall of the vitreous pocket, the hemorrhage is
denser in the inferior region due to gravity.

The occurrence of sub-ILM hemorrhage is unrelated to the
status of PVD. The size of hemorrhage ranges from 1/4 to
several disc diameters. Large hemispherical hemorrhages
show a shiny surface with niveau formation, but the location
and size of the hemorrhage do not coincide with the vitreous
pocket. As the ILM is not a closed structure, bleeding spreads
slightly to surrounding tissue. Because bleeding occurs behind
the rigid ILM, there is no density gradient in the hemorrhage
due to gravity. Furthermore, since the ILM is a part of the
retinal tissue, compression of the retina by the hemorrhage is
clearly depicted in the peripheral region. Hemorrhage may be
associated with subretinal or intraretinal hemorrhage.
Premacular retrocortical hemorrhage is caused by bleeding
between the posterior vitreous cortex and ILM, associated with

conditions such as proliferative diabetic retinopathy, in the

presence of partial PVD. Although this hemorrhage may show
niveau formation, bleeding spreads nasally beyond the optic
disc, accompanied by vitreous hemorrhage. The hemorrhage
has a flat irregular appearance and may spread irregularly.
There is no compression of the retina by the hemorrhage.
Regarding treatment, although intrapocket hemorrhage may be
absorbed spontaneously accompanying PVD formation, YAG
laser treatment is selected when spontaneous absorption does
not occur. An observation period of around one month would
be appropriate. For the treatment of sub-ILM hemorrhage,
observation, YAG laser and vitrectomy are used"”. Waiting
for spontaneous absorption is recommended for small
hemorrhage. For large hemorrhages, many cases have been
successfully treated by YAG laser, but multiple retinal holes
after treatment have been reported”. Large hemorrhage may
lead to proliferative vitreoretinopathy-like changes on the
inner retinal surface of the ILM if surgery is delayed®. Many
cases require treatment with anti-vascular endothelial growth
factor therapy, vitrectomy, or photocoagulation for underlying
diseases such as proliferative diabetic retinopathy.
Differentiation between intrapocket hemorrhage, sub-ILM
hemorrhage, and premacular retrocortical hemorrhage by
fundus photography and OCT is important for understanding
the pathophysiology of premacular hemorrhages, which
may help decide treatment approach. In this short report, we
have clearly demonstrated the features of the three forms
of macular hemorrhage in three cases. However, in clinical
practice, differentiation of the premacular hemorrhages may
not be straightforward due to morphological variations and
differences in clinical background. More detailed clinical and
imaging studies on a larger number of cases are required, and
the effects on retinal tissues should be examined.
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