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Abstract
Background We investigate the SD-OCT features of sub-inner limiting membrane (sub-ILM) hemorrhage after
577nm laser membranotomy.

Methods The ocular fundus photography and SD-OCT of patients who received 577nm laser membranotomy for
sub-ILM hemorrhage were assessed from January 2017 to March 2021 in this retrospective cases series study.

Results Total of 7 patients (7 eyes) were enrolled in this study, in which 3 were female and 4 were male. The SD-
OCT of ILM after laser treatment showed two distinctive features: the ILM falling back to retina (4 cases) or
persistent unsealed ILM which forming premacular cavity (3 cases). The SD-OCT of macular fovea after laser
treatment showed three features: normal contour (3 cases), macular hole (1 cases) and epiretinal membrane (1
case). The outer retina showed “peg-like” or “patchy-like” structure on the site of ILM attached to retina.

Conclusions 577nm laser is effective in treating of sub-ILM hemorrhage and SD-OCT is effective for diagnosis
and following-up of sub-ILM hemorrhage. 

Background
Sub-inner limiting membrane(sub-ILM)hemorrhage is less common in clinic which can cause sudden and severe
vision loss. Spontaneous resorption of the blood entrapped in the sub-ILM space tends to be slow and may result
irreversible retinal damage and long-standing visual impairment1–5.

Sub-ILM hemorrhage has been associated with various causes, the most common being Valsalva retinopathy
and Terson’s syndrome, other causes being blunt trauma, ruptured retinal macroanuerysm, blood dyscrasias,
proliferative diabatic retinopathy(PDR), age-related macular degeneration, shaken baby syndrome, Dengue
maculopathy, Weil's disease, and so on1 3 6–17,.

Sub-ILM hemorrhage appear as sharply demarcated, dome-shaped hemorrhage at the posterior pole and
generally not across vascular arc. A glistening light re�ex re�ected from the ILM overlying the hemorrhage can
often be observed. However, it is usually di�cult to distinguish between a sub-ILM and a subhyaloid hemorrhage
funduscopically2–4. Some new methods were used recently to assess the exact location of hemorrhage, such as
“double ring” sign with the “inner ring” caused by the sub-ILM hemorrhage and the “outer ring” caused by the sub-
hyaloid hemorrhage13,18,19. Perimacular folds may be seen with large sub-ILM hemorrhage12 and "Arcus retinalis"
may be a novel clinical marker of sub-ILM hemorrhage20.

OCT is the most effective and noninvasive method for diagnosis of sub-ILM hemorrhage before treatment. Just
above the level of sedimented blood it can demonstrate two distinct membranes: a highly re�ective band
immediately above the hemorrhage corresponding to the ILM, and an overlying patchy membrane with low
optical re�ectivity consistent with the posterior hyaloid3 4 and in some cases vertical “peg-like” structure can be
seen in the outer retina20. The systemic demonstration of SD-OCT characteristics after laser treatment is
insu�cient.

The treatment methods of sub-ILM hemorrhage include Observation17 20 21, membranotomy by argon, krypton, or
YAG laser1 3 9 11 18 20 22 23, intravitreal gas injection14, intravitreal injection of tissue plasminogen activator(t-
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PA)8,intravitreal injection of anti-VEGF and vitrectomy with ILM peeling3 5–8 10 13 15 16 20 24.

Here we present 7 cases of sub-ILM hemorrhage treated by 577nm semiconductor laser and assess the clinical
and OCT features after laser.

Methods
9 patients (9 eyes) of sub-ILM hemorrhage from Tongren eye center, Capital Medical University were analyzed in
this retrospective cases series study from January 2017 to March 2021. Two patients had persistent vitreous
opacity after laser and the OCT could not be obtained, so there were total 7 patients (7 eyes) were enrolled in the
study. The study adhered to the tenet of declarations of Helsinki and All the patients were informed of the risks
and bene�ts of lasers and other treatment choice. Informed consent was obtained from all subjects or, if subjects
are under 18, from a parent and/or legal guardian.

A comprehensive ophthalmologic examination, including best corrected visual acuity (BCVA), slit-lamp
examination, intraocular pressure, ocular fundus examination with biomicroscopy and indirect ophthalmoscopy,
were performed preoperatively as well as postoperatively.

Fundus photographs (Canon™ or Optos™) and SD-OCT (Heidelberg™ or Optovue™) were taken for every patient
before and after laser.

The laser wavelength applied in this study was 577nm (Lumenis™). The power of laser was from 300mw to
400mw. The laser spot size was 200γm. The exposure time of laser was 200ms. The number of laser spots was
1 to 14.

Results
A total of 7 patients (7 eyes) were eligible for OCT analyses after 577nm membranotomy of sub-ILM hemorrhage.
There were 3 female and 4 male with age 15 to 78 years old (average 44.43 years). The causes of sub-ILM
hemorrhage were Valsalva retinopathy (4 cases), diabetic retinopathy (1 cases) and macroaneurysm (2case).

The time of symptom to laser interval was 1 to 25 days with average of 11 days. Drainage of sub-ILM
hemorrhage was successful in all patients after laser membranotomy. Drainage could be seen immediately after
laser burst in 5 cases and one day later in other 2 cases. The follow-up time was from 1.5 to 9 months (average
3.71 months) (Table 1).



Page 4/12

Table 1
The general information of 7 patients

No. Sex Diagnosis Eye Symptom
to laser
interval

(day)

Size of
hemorrhage

(DD)

Power
of
laser

(mv)

Folliow-
up

time
(month)

Initial
BCVA

Final
BCVA

1 female Valsalva R 8 4 4 300 3 0.01 0.05

2 male Valsalva L 7 3 3 300 3.5 0.01 1.0

3 male Valsalva R 12 5 5 300–
400

9 0.02 0.7

4 female macroanuerysm R 15 3 3 400 4 Fingue

count

0.01

5 female diabetic
retinopathy

R 25 4 4 320–
340

2.5 Fingue

count

0.2

6 male Valsalva R 11 4 5 300 2.5 0.02 0.2

7 male macroanuerysm R 1 4 3 320 1.5 0.02 0.1

 

The OCT features of sub-ILM hemorrhage after 577nm laser membranotomy could be classi�ed into 3 aspects,
that was the morphology of ILM, macular fovea and the outer retina. The ILM could reattached to retina (3
cases). The hole on ILM could be unsealed and formed a cavity between the ILM and the retina (4 cases). The
macular fovea might be normal contour (3 cases), macular hole (MH) (1 case), epiretinal membrane (1 case), or
the macular fovea be coved by insu�cient drainage of sub-ILM hemorrhage(2 case). There were “peg-like” or
“patchy-like” structure in outer retina (4 cases). (Table 2, Fig. 1–3)
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Table 2
OCT features after laser treatment

No. ILM morphology after laser Macular contour after laser Outer retina
morphology
after laser

ILM
falling
back

ILM stiff and
forming sub-ILM
cavity

Normal
fovea
contour

Macular
hole

Epiretinal
membrane

Fovea covered
by sub-ILM
hemorrhage

“peg-like” or
“patchy -ike”
structure

1 Yes     Yes     Yes

2   Yes Yes        

3   Yes Yes        

4 Yes   Yes       Yes

5   Yes     Yes    

6   Yes       Yes Yes

7 Yes         Yes Yes

Discussion
Premacular or preretinal hemorrhage and subhyaloidal hemorrhage were the commonly used synonyms for
subhyaloidal and sub-ILM hemorrhages, Hemorrhage beneath the ILM is located within the neuroretina and the
anatomically correct description should be sub-ILM hemorrhage4. The �gures in some researches published
before may be incorrect according to the anatomy de�nition and may be confused between subhyaloidal and
sub-ILM hemorrhage.

Sub-ILM hemorrhages are caused by multiple reasons including Valsalva retinopathy, blood dyscrasias, Terson
syndrome, and ocular trauma3 4. In this study, 4 cases were Valsalva retinopathy, 2 case was macroaneurysm, 1
case was diabetic retinopathy. Blood in sub-ILM hemorrhages spontaneously clears signi�cantly slower than that
of sub-hyaloid hemorrhages and sub-hyaloid hemorrhages can often be observed for spontaneous improvement.
The catabolites in sub-ILM hemorrhage may lead to retinal toxicity and proliferative vitreoretinopathy3–5. In
conclusion, the patients of sub-ILM hemorrhage with earlier intervention have better visual outcomes5.

Differentiating between the two types of hemorrhages clinically is a challenge. Some signs in fundus
photography may be the clue to sub-ILM hemorrhage, Sub-ILM hemorrhages appear as sharply demarcated,
round hemorrhages at the posterior pole and a glistening light re�ex of ILM can often be observed2 3. Another
sing is “double ring” with the “inner ring” caused by the sub-ILM hemorrhage and the “outer ring” caused by the
sub-hyaloid hemorrhage13 18 19,but this may not be true in some cases (as case 7). Some authors emphasized
“perimacular folds” may be seen with large sub-ILM hemorrhage12 and “Arcus retinalis" might be a novel clinical
marker of sub-ILM hemorrhage20. Until now the only method to con�rm the sub-ILM hemorrhage still remains
intraoperative staining of the membrane overlying the hemorrhage and pathological approval10. OCT remains the
non-invasive mainstay for accurate diagnosis1–4 10 11 20.
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Normally ILM cannot be distinguished on OCT because of its thickness and anatomical characteristics. Foveal
ILM has a thickness of approximately 100 nm, whereas the parafoveal ILM has a thickness of up to 3 µm25. The
OCT features of sub-ILM hemorrhage is mentioned above. If there is coexistence of sub-ILM with sub-hyaloid
hemorrhage or the posterior vitreous detachment is visible, the diagnosis is easy, otherwise OCT as a tool for
diagnosis of sub-ILM hemorrhage is still di�cult3–5.

The OCT features of sub-ILM hemorrhage after laser membranotomy has three main aspects, that is the change
of ILM, the macular fovea and the outer retina.

The ILM is obviously thicken in sub-ILM hemorrhage. The ILM is straight and stiff in most cases but also can be
undulant (case 7) after laser. The ILM can reattach to retina, or do not attach and form a cavity between the ILM
and the retina after membranotomy (Fig. 1–3).

In this study, the ILM did not attach to retina and had the “cavity-structure” in 4 cases. This phenomenon was not
less common. Zhou et al9 had demonstrate some reasons for this complication, such as large perforating
puncture of the ILM and liquefaction of vitreous9. In our study, the average age of ILM fallen back group was 63
years old and the average age of ILM not fallen back was 30.5 years old, so we thought vitreous liquefaction
might be the reason of ILM fallen back instead of “cavity-structure” formation.

The macular fovea might be normal contour after laser. But MH and epiretinal membrane could also be seen2 5 7

8 13 15 21 24. In this study, the macular fovea have normal contour in 3 cases, MH in 1 case and epiretinal
membrane in 1 case. The macular fovea are covered by insu�cient drainage of sub-ILM hemorrhage in 2 case.
Several causes may contribute to the formation of MH. It could be induced by hemorrhage breaking through the
neurosensory layers, traction of ILM to the fovea or toxicity of the long lasting blood 21 24. The primary closure
rate of MH after sub-ILM hemorrhage seems to be low (57%) when compared with the rate for idiopathic MH (> 
90%)14. In this the study (case 1) the MH is unsealed even after vitrectomy and silicone oil tamponade.

There were “peg-like” structure or “patchy-like” structure in outer retina in 4 cases of this study. Kumar V et al20

described a retinal yellowish-white arc (“arcus retinalis”) corresponding to the outer margin of sub-ILM
hemorrhage. The “peg-like” structures on OCT are the result of localized traction on the retina by the ILM. Another
reason may be exudates or hemorrhage in the outer retina derived from the sub-ILM hemorrhage (“patchy-like”)
(Fig. 1).

Other OCT changes of sub-ILM hemorrhage after laser include hyperre�ective spots in vitreous cavity and on the
retina side of ILM (residual hemorrhage), the undulant surface of the retinal nerve �ber layer and retinoschisis at
the attachment of ILM to retina (Fig. 2).

Laser is an effective method to treat sub-ILM hemorrhage but some attention should be paid to. Firstly, the best
time of laser is no more than 21 days from the onset of hemorrhage7 9. The size and thickness (Cushing effect to
prevent damage to the retina) of hemorrhage should be taken into count. Too small or too thin hemorrhage
should avoid laser. Do not try to do laser If the lower boundary of the sub-ILM hemorrhage is near the central area
of the macula. If the patient has frequent eye movement the laser should be avoided. Secondly, if sub-ILM
combined with PDR, the laser membranotomy must be combined with photocoagulation in the lower periphery
retina. Lastly, there is the possibility of immediate drainage or delayed drainage (1 day to 1 week). The
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hemorrhage with obvious �uid level is easy to be drained immediately, while hemorrhage without obvious �uid
level is not easy to be drained. Even if the hemorrhage is drained into the vitreous cavity, the absorption is
sometimes very slow which still affect the recovery of visual acuity and fundus observation (such as case 6 and
7) and vitrectomy may be applied.

The shortcoming of this study is limited cases and short time of follow-up, also there is no control groups of
other types of laser or surgery. Prospective and randomized trials with large patient numbers will be required to
validate the effectiveness and safety of 577nm laser as a treatment modality for sub-ILM hemorrhage.

Conclusions
Sub-inner limiting membrane hemorrhage is seldom seen in clinic and OCT is an effective tool in diagnosis. Inner
limiting membrane, macular fovea and outer retina are the three sites we should note after laser membranotomy.
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Figure 1

Fundus photograph of the right eye (case 1) showing a large sub-ILM hemorrhage (A). OCT of the right eye 4
days after laser showed ILM and ILM hole, multiple punctate hyperre�exia in the vitreous cavity. Full-thickness
macular hole under the ILM could be seen. Posterior vitreous cortex was in front of the ILM attached to the retina
(arrow), “Patchy-like” structue located in the outer retina(arrowhead) (B). The fundus photograph on the day of
laser, blood �owed out from the hole of ILM, Vitreous bleeding and a round lesions of macula could be seen,
which was later con�rmed as macular hole (C). OCT two weeks later, the ILM fell back and attached to the
surface of the macular hole but the macular hole did not close (D). Fundus photograph of right eye two months
after laser treatment, vitrectomy with ILM peeling and silicone oil �lling were performed in the right eye (E). OCT
two months later after vitrectomy showed that the macular hole was still not closed (F).
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Figure 2

Fundus photograph of the right eye (case 3) showing sub-ILM hemorrhage 5 days after laser membranotomy.
Blood could be seen �ow out from the ILM hole (A). OCT on the 5th day after laser treatment in the right eye
showed that the ILM above the macula dropped and a thin hypore�ective band above the anterior surface of ILM,
which was the posterior vitreous cortex (arrow). The hyperre�ective spots could be seen on the retinal surface of
the ILM, and residual hemorrhage under ILM could still be seen in the lower part of macular fovea. The contour of
macula fovea was normal but the surface of retinal nerve �ber layer was undulant. Hyperre�ective point could be
seen in the vitreous cavity. The BCVA improved to 0.5 (B). The fundus photograph one month after laser
treatment, the right eye developed sub-ILM hemorrhage and vitreous hemorrhage again, and the BCVA decreased
to 0.05 (C). OCT of the right eye one month after laser treatment showed that the ILM was stiff and protruding,
and there were hyperre�ective points inside and outside the ILM (D). The fundus photography showed that the
sub-ILM hemorrhage had been absorbed 9 months after laser, and vitreous opacity could be seen in the lower
periphery of vitreous cavity (E). OCT of the right eye 9 months after laser showed that the ILM hole did not heal
and a cavity was formed below. Retinoschisis was seen at the attachment of ILM to retina (F).
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Figure 3

Fundus photograph of the right eye (case 7) showing sub-ILM hemorrhage on the day of laser membranotomy.
Blood could be seen �ow out from the ILM hole. There were two “ring” of hemorrhage which represented two
kinds of sub-ILM hemorrhage as liquefying (short arrow) and coagulative (long arrow). This is different from
“double ring” sign with the “inner ring” caused by the sub-ILM hemorrhage and the “outer ring” caused by the sub-
hyaloid hemorrhage (A). 1.5 months later the sub-ILM hemorrhage became smaller and the sub-retina
hemorrhage had been absorbed completely (B). The OCT of right eye. The arrowhead showed the posterior
vitreous cortex. The white arrow showed the wavy-like ILM. The yellow arrow showed the sub-ILM hemorrhage
with different contents (C). The OCT 1.5 months later after laser. the sub-ILM hemorrhage had not been absorbed
completely but the ILM had fallen back to retina (D).


