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Purpose: To describe the clinical characteristics, multimodal imaging features, and
anatomic basis of a distinctive pattern of deep retinal hemorrhages located in the central
fovea, a presentation referred to as “central bouquet hemorrhage.”

Methods: Retrospective, observational, multicenter case series of eyes with central
bouquet hemorrhage. Multimodal imaging features were reviewed and analyzed.

Results: Ten eyes from 10 patients (4 women and 6 men), with a mean age of 55.6 6
21.7 years (range 25–84 years) were included. Underlying etiologies were neovascular age-
related macular degeneration (40%), lacquer cracks in pathological myopia (30%), macular
telangiectasia Type 2 (10%), proliferative diabetic retinopathy (10%), and ocular trauma
associated with angioid streaks (10%). On ophthalmoscopy, all eyes with central bouquet
hemorrhage displayed a deep retinal hemorrhage with round margins in the central fovea
and associated with petaloid hemorrhages radiating in the surrounding Henle fiber layer.
Cross-sectional optical coherence tomography showed a well-delineated round hyperre-
flective lesion involving the central foveal Henle fiber layer/outer nuclear layer in all cases.
Accompanying hyperreflective hemorrhages tracking along the obliquely oriented Henle
fiber layer were present in all eyes. Resolution occurred in all patients, either spontaneously
(30%) or after treatment with intravitreal anti-vascular endothelial growth factor injections
(70%), and was associated with partial visual acuity improvement (from 20/113 to 20/36).

Conclusion: “Central bouquet hemorrhage” is a novel descriptive term describing a
characteristic round pattern of intraretinal blood in the fovea associated with Henle fiber
layer hemorrhage and encountered in a spectrum of macular disease.
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The Rochon-Duvigneaud’s “bouquet des cones cen-
traux” (central bouquet, CB) refers to a small circu-

lar island measuring 100 to 200 mm in diameter that

comprises densely packed cone photoreceptors and a
specialized population of glial elements called Müller
cell cones.1–5 The CB is characterized by unique geom-
etry and morphology of cone photoreceptors including
thin elongated inner (i.e., myoid and ellipsoid) and outer
segments, packed cell bodies distributed in up to six
layers, and short vertically oriented axons connecting
their synaptic pedicles in the foveal pit floor.6,7 The
Henle fiber layer (HFL) is formed by the outer processes
of Müller cell cones which accompany the cone axons.8

These processes terminate at the boundary between the
cone cell bodies and myoids by continuous heterotypic
adherens junctions that collectively form the external
limiting membrane (ELM).8,9

Accumulation of blood within the perifoveal HFL
may result in a specific pattern of intraretinal hemorrhage
known as HFL hemorrhage.10 This type of hemorrhage
is characterized by a petaloid or radial distribution dis-
playing a feathery edge on ophthalmoscopy and
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hyperreflective changes separated by hyporeflective ob-
lique septa on optical coherence tomography (OCT).10

These HFL hemorrhages are often found in patients with
systemic or ocular venous anomalies and originate pre-
dominantly from the adjacent deep capillary plexus
(DCP).10,11 We have observed a peculiar pattern of
HFL hemorrhage involving the CB, a presentation
referred to as “CB hemorrhage” (CBH). In the existing
literature, instances of CBH have been documented.12–14

However, as far as we know, there has been no elucida-
tion of the anatomical basis of this pattern nor a differ-
entiation between HFL hemorrhage cases with and
without CBH.
This study aims to describe the clinical and multimodal

imaging features of CBH, to elucidate its anatomic
location and to discuss the potential implications.

Methods

This is an observational, retrospective, multicenter
case series of patients presenting with CBH. Each
coauthor identified compatible cases using patient
lists, keywords, or diagnostic indicators applied to
their database from 2018 to 2022. This study was
approved by the Western Institutional Review Board-
Copernicus Group (Princeton, NJ), and written
informed consent was not required because of the
retrospective nature of this study. This report adhered
to the tenets of the Declaration of Helsinki and
complied with the Health Insurance Portability and
Accountability Act.
The inclusion criteria were eyes with findings on

clinical examination and multimodal imaging consis-
tent with CBH, defined as a deep retinal hemorrhage
with round margins centered on the fovea with varying
amounts of adjacent petaloid hemorrhage radiating in
the surrounding HFL and corresponding to a central
hyperreflective intraretinal lesion on OCT.
All patients underwent a complete ophthalmologic

examination, including measurement of the best-
corrected visual acuity (BCVA) using Snellen charts,
slitlamp biomicroscopy, and indirect fundus ophthalmos-
copy. Multimodal retinal imaging was reviewed and
studied when available including color fundus photog-
raphy (EIDON AF, Centervue Padova, Italy or Topcon
TRC-50IX retinal camera, Topcon Medical Systems,
Oakland, NJ or Optos plc, Dunfermline, Scotland),
spectral domain OCT (OCT; Spectralis, Heidelberg
Engineering, Heidelberg, Germany, or CIRRUS 6000,
Carl Zeiss Meditec, Inc, Dublin, CA), high-resolution
spectral domain OCT (High-Res OCT prototype, Hei-
delberg Engineering, Heidelberg, Germany), swept
source OCT and OCT angiography (PLEX Elite 9000,

Carl Zeiss Meditec, Inc), fundus autofluorescence (Spec-
tralis HRA, Heidelberg Engineering or Optos, plc), and
fluorescein angiography (Spectralis HRA, Heidelberg
Engineering or Optos, plc).
Detailed chart reviews were performed, and deiden-

tified demographic and clinical data, including age,
sex, refraction, presenting symptoms, ocular and
systemic medical history, ocular and systemic thera-
pies, and baseline and final Snellen BCVA, were
collected and summarized. The Snellen BCVA was
converted to logarithm of minimum angle of resolution
for analysis. Quantitative and qualitative data are
presented as mean 6 SD and median, and absolute
and relative proportions, respectively.

Results

Demographic Data

Ten eyes from 10 patients (4 women and 6 men)
were included. The mean age of the cohort was 55.66
21.7 years (range 25–84 years; median, 59.0 years),
and the mean follow-up duration was 45.6 months
(range 12–204 months; median, 12.0 months). Seven
eyes (70%) were emmetropic, and three eyes (30%)
were highly myopic with a mean spherical equivalent
of 213.6 diopters (range 215.0 to 212.0 diopters).
Involvement was unilateral in all cases. At presenta-
tion, the mean BCVA was 0.76 logarithm of minimum
angle of resolution (Snellen equivalence, 20/115;
range 20/40–20/350). Seven patients (70%) were trea-
ted with intravitreal injections of anti-vascular endo-
thelial growth factor, and the mean number of
injections was 3 (range 1–6; median 3 injections).
Three patients (30%) were observed.
Presenting symptoms were acute vision loss with

central scotoma in all cases. Systemic medical history
included hypertension (40%), diabetes mellitus (20%),
dyslipidemia (10%), obstructive sleep apnea (10%),
and pseudoxanthoma elasticum (10%). Ocular medical
history included neovascular age-related macular
degeneration (nAMD, 30%), lacquer cracks secondary
to pathological myopia (30%), ruptured retinal arterial
macroaneurysm (10%), macular telangiectasia Type 2
(10%), proliferative diabetic retinopathy (10%), and
ocular blunt trauma associated with pre-existent
angioid streaks (10%). Table 1 summarizes the demo-
graphic and clinical data.

Ophthalmoscopic Features

On ophthalmoscopic examination, CBH was char-
acterized by a deep retinal hemorrhage with round
margins centered on the fovea. Surrounding HFL
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hemorrhages located in the perifoveal macula were
seen in all cases and displayed the typical petaloid
distribution radiating from the fovea. Associated
subretinal fluid and hemorrhage were noted in eight
eyes (80%, three eyes with nAMD, three eyes with
pathological myopia, one eye with ruptured retinal
arterial macroaneurysm, and one eye with angioid
streaks).

Multimodal Imaging Features

On cross-sectional OCT, CBH corresponded to a
hyperreflective lesion within the central foveal HFL
and outer nuclear layer (ONL) and bordered posteri-
orly by the ELM in all cases. The shape of CBH varied
with the volume of accumulated blood and was
categorized into two patterns: 1) smaller CBH (mean
horizontal diameter, 85.5 mm) displayed a truncated
cone appearance (80% of eyes), while 2) larger CBH
(mean horizontal diameter, 282.7 mm) displayed a piri-
form or hemispherical-shaped configuration with acute
angles at the base (20% of eyes). Surrounding hyper-
reflective radial HFL hemorrhages located in the peri-
fovea were identified in all cases. The foveal ellipsoid

zone (EZ) and interdigitation zone were disrupted in
all cases. Subretinal fluid and hemorrhages were pre-
sent in 80% of eyes.
With en face OCT segmented at the level of the

outer retina, CBH was characterized by a hyper-
reflective round-shaped lesion centered on the fovea
and bordered by a thin hyperreflective edge in all
cases. Adjacent hyperreflective HFL hemorrhages
displayed a petaloid pattern radiating from the fovea
in all cases.
On fundus autofluorescence and fluorescein angi-

ography, CBH showed blocked hypoautofluorescence
and hypofluorescence, respectively. On OCT angiog-
raphy, CBH colocalized with macular neovasculariza-
tion in three eyes (30%), telangiectasias and
microaneurysms around the foveal avascular zone in
two eyes (20%), and no apparent abnormalities were
noted in the remaining eyes (40%). Figure 1 shows
representative cases of CBH on multimodal imaging.

Evolution and Complications

During the follow-up period, resolution of CBH
occurred in all cases (mean duration: 10 6 4 weeks)
either spontaneously (three patients) or concurrent
with intravitreal anti-vascular endothelial growth fac-
tor injections in seven patients and was associated with
visual acuity improvement (final mean BCVA, 0.26
logarithm of minimum angle of resolution; Snellen
equivalence, 20/36; range, 20/20–20/50) at the end
of the follow-up. On cross-sectional OCT, regression
of CBH was followed by vertical hyperreflective
lesions tracking along the central HFL/ONL in 80%
of eyes. Final alterations of the central EZ/interdigita-
tion zone were noted in all cases. No significant thin-
ning of the HFL/ONL was observed after complete
regression of the CBH. Figure 2 shows the serial mul-
timodal imaging of CBH associated with nAMD.
None of the cases developed full-thickness macular
hole.

Discussion

In this report, we describe a series of patients with a
deep intraretinal hemorrhage in the central fovea corre-
sponding to a hyperreflective conical lesion within the
HFL/ONL on OCT. All cases were unilateral and
associated with radial HFL hemorrhages in the perifovea
displaying a characteristic petaloid pattern. We postulate
that these specific morphologic features and OCT
localization are related to the anatomy of the CB and
the vertical pathway of Müller cells in the central
fovea,15 and therefore, we suggest the term central bou-
quet hemorrhage to describe this clinical presentation.

Table 1. Demographic and Clinical Data of Patients With
Central Bouquet Hemorrhage

Characteristics Number

No. of patients 10
No. of eyes 10
Age (mean years 6 SD) 55.6 6 21.7
Follow-up duration (mean months,
range)

45.6 (12–204)

Sex, n (%)
Male 6/10 (60.0)
Female 4/10 (40.0)

Refractive error n (%)
Highly myopic 3/10 (30.0)
Emmetropic 7/10 (70.0)

BCVA in logMAR (mean Snellen
equivalent)
Initial 0.76 (20/115)
Final 0.26 (20/36)

Underlying etiologies n (%)
nAMD 3/10 (30.0)
Lacquer cracks 3/10 (30.0)
Ruptured retinal arterial
macroaneurysm

1/10 (10.0)

MacTel 2 1/10 (10.0)
Proliferative diabetic retinopathy 1/10 (10.0)
Ocular Trauma and angioid
Streaks

1/10 (10.0)

Treatments n (%)
Intravitreal anti-VEGF injections 7/10 (70.0)
Observation 3/10 (30.0)

LogMAR, logarithm of minimum angle of resolution; MacTel 2,
macular telangiectasia Type 2; VEGF, vascular endothelial
growth factor.
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The advent of high-resolution retinal imaging
modalities, especially spectral domain OCT, has
enabled in vivo visualization of CB abnormalities in
retinal conditions, including tractional macular disor-
ders and cystoid macular edema.16,17 Notably, the
presence of CB abnormalities on OCT has clinical
and prognostic implications. For example, morpholog-
ical CB alterations identified with OCT in eyes with
epiretinal membrane, including “the cotton ball sign”,
foveolar detachment, and acquired vitelliform lesions,
correlate with reduced visual function.16,18 Moreover,
CB abnormalities are associated with worse visual out-
comes after epiretinal membrane surgery.19 However,
most OCT studies have focused their analyses on the

posterior aspects of the CB, namely the central EZ/
interdigitation zone. In this study, we described accu-
mulation of hemorrhage within the anterior portion of
the CB. Importantly, the occurrence of CBH also had
clinical and prognostic implications because regres-
sion was followed by incomplete visual acuity resto-
ration and persistent alterations of the central foveal
EZ/interdigitation zone in all cases.
Based on the underlying etiologies and the consis-

tent association with perifoveal HFL hemorrhages,
two distinctive pathways of CBH formation may be
suggested: 1) an anterior pathway involving the
diffusion of blood from the choroid and 2) a posterior
pathway of blood diffusion from the DCP. In fact,

Fig. 1. Representative cases of CBH on multimodal imaging. A–C. Case 1. A man in his 20s with angioid streaks and ocular trauma. A. Color fundus
photography of the right eye shows a deep round-shaped CBH centered by the fovea (white arrowhead). Note the HFL hemorrhages with a feathery
edge and petaloid distribution that surround the CBH. B. Horizontal OCT B scan through the fovea shows a piriform-shaped hyperreflective CBH with
acute angles at the base (white arrowhead). The CBH is located in the central foveal HFL/ONL. Note the presence of subretinal fluid/hemorrhage. C.
Vertical OCT B scan though the nasal fovea shows concurrent HFL hemorrhages (orange arrowhead). D–F. Case 2. Myopic woman (212.0 diopters)
in her 20s with lacquer cracks. D. Color fundus photography of the right eye shows a small, deep, round-shaped CBH centered by the fovea (white
arrowhead). E. Horizontal OCT B scan through the fovea shows a conical hyperreflective CBH (white arrowhead). The CBH is located in the central
foveal HFL/ONL and is posteriorly bordered by the ELM. F. Adjacent OCT B scan though the inferior fovea shows concurrent HFL hemorrhages
(orange arrowhead). G–I. Case 3. A man in his 80s with neovascular age-related macular degeneration. G. Color fundus photography of the right eye
shows a deep round-shaped CBH centered by the fovea (white arrowhead). Note the HFL hemorrhages with a feathery edge and petaloid distribution
that surround the CBH. H. Horizontal OCT B scan through the fovea shows a conical hyperreflective CBH (white arrowhead). The CBH is located in
the central foveal HFL/ONL and is posteriorly bordered by the ELM. Note the presence of subretinal fluid/hemorrhage and a pigment epithelial
detachment. I. Adjacent OCT B scan though the inferior fovea shows concurrent HFL hemorrhages (orange arrowhead). J–L. Case 4. Myopic woman
(214.0 diopters) in her 20s with lacquer cracks. J. Color fundus photography of the right eye shows a deep round-shaped CBH centered by the fovea
(white arrowhead). Note the HFL hemorrhages with a feathery edge and petaloid distribution that surround the CBH. K. Horizontal OCT B scan
through the fovea shows a piriform-shaped hyperreflective CBH (white arrowhead). The CBH is located in the central foveal HFL/ONL. Note the
presence of subretinal fluid. L. En face OCT segmented at the level of the HFL/ONL shows a round-shaped hyperreflective CBH centered by the fovea
and bordered by a thin hyperreflective edge (orange arrowhead). Adjacent hyperreflective HFL hemorrhages exhibit a petaloid pattern radiating from
the fovea. The inset is the corresponding OCT B scan with the purple lines indicating the segmentation used to obtain the image in (L).M–O. Case 5. A
man in his 60s with ruptured retinal arterial macroaneurysm.M. Color fundus photography of the left eye shows a deep round-shaped CBH centered by
the fovea (white arrowhead). Note the HFL hemorrhages with a feathery edge and petaloid distribution that surround the CBH. N. Horizontal OCT B
scan through the fovea shows a piriform-shaped hyperreflective CBH (white arrowhead). The CBH is located in the central foveal HFL/ONL. Note the
presence of subretinal fluid. O. En face OCT segmented at the level of the HFL/ONL shows a round-shaped hyperreflective CBH centered by the fovea
and bordered by a thin hyperreflective edge (orange arrowhead). Adjacent hyperreflective HFL hemorrhages exhibit a petaloid pattern radiating from
the fovea. The inset is the corresponding OCT B scan with the yellow lines indicating the segmentation used to obtain the image in (N).
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hemorrhage from the choroid (e.g., macular neo-
vascularization, myopic lacquer cracks) has been
associated with perifoveal HFL hemorrhages.10 Nota-
bly, cases of CBH in highly myopic eyes have been
reported in the literature, although the interpretation of
blood localization on OCT is inconsistent.12–14 Abnor-
mal hemodynamic forces resulting from choroidal
leakage and disruption of the foveal ELM may con-
tribute to the anterograde tracking of blood within the
CB.9 This mechanism is supported by the high prev-
alence of subretinal fluid/hemorrhage (80%) and pre-

existent outer retinal disruption (e.g., nAMD, patho-
logical myopia, angioid streaks) seen in this subgroup
in our study. Moreover, disruption of the DCP and
diffusion of blood into the adjacent HFL have been
reported in eyes with elevated central and local venous
pressure.10,11 In fact, the DCP is the major site of
retinal venous drainage based on confocal microscopy
and retinal imaging studies using OCT angiography
and fluorescein angiography.20,21 The hydraulic con-
ductivity of human retinas has been assessed by Antcl-
iff et al, who demonstrated that fluid leakage from the

Fig. 2. Longitudinal multimodal imaging of CBH associated with neovascular age-related macular degeneration. A. Baseline confocal fundus pho-
tography of the left eye shows a deep round-shaped CBH centered by the fovea (white arrowhead) and surrounded by HFL hemorrhages with a typical
feathery edge (orange arrowhead). The time point is displayed. B. En face OCTA segmented between the retinal pigment epithelium and Bruch
membrane shows a macular neovascularization (red arrowhead). C. Corresponding OCTA B scan with the yellow lines indicating the segmentation
used to obtain the image in (B). D. High-resolution (high-Res) OCT B scan shows a conical hyperreflective CBH (white arrowhead). The CBH is
located in the central foveal HFL/ONL and is posteriorly bordered by the ELM. Note the presence of subretinal fluid/hemorrhage and a shallow irregular
pigment epithelial detachment. The inset is the near infrared reflectance image with the green line indicating the position of the high-Res OCT B scan.
The timepoint is displayed. E. Adjacent high-Res OCT B scan though the inferior fovea shows concurrent HFL hemorrhages (orange arrowhead). The
inset is the near infrared reflectance image with the green line indicating the position of the high-Res OCT B scan. The time point is displayed. F. At 6
weeks of follow-up, confocal fundus photography shows gradual fading of the CBH and HFL hemorrhages (white arrowhead). The time point is
displayed. G. At 6 weeks of follow-up, tracked high-Res OCT B scan shows regression of the hyperreflective CBH located in the central foveal HFL/
ONL and bordered posteriorly by the ELM (white arrowhead). Note the persistent subretinal hyperreflective hemorrhage. The time point is displayed.
H. At 10 weeks of follow-up, confocal fundus photography shows gradual fading of the CBH and HFL hemorrhages (white arrowhead). The time point
is displayed. I. At 10 weeks of follow-up, tracked high-Res OCT B scan shows persistent vertical hyperreflective CBH tracking along the central foveal
HFL/ONL and bordered posteriorly by the ELM (white arrowhead). Note the resolution of the subretinal hemorrhage. The time point is displayed. J. At
16 weeks of follow-up, confocal fundus photography shows complete regression of the CBH and HFL hemorrhages (white arrowhead). The time point
is displayed.K. At 16 weeks of follow-up, tracked high-Res OCT B scan shows persistent vertical hyperreflective CBH tracking along the central foveal
HFL/ONL and bordered posteriorly by the ELM (white arrowhead). Note the persistent disruption of the central ellipsoid and interdigitation zones. The
time point is displayed.
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DCP is restrained by two high-resistance barriers: The
inner plexiform layer composed of dense dendritic
processes of bipolar, amacrine and ganglion cells,
and the outer plexiform layer consisting of invaginated
rod and cone synapses.22,23 Therefore, blood leakage
from the damaged DCP primarily extends into the
HFL/ONL, causing displacement of photoreceptor ax-
ons and nuclei.24

Accurate assessment of the retinal hemorrhage
location, whether intraretinal or subretinal, is funda-
mental as the detection of blood can be used as a
surrogate endpoint in neovascular AMD trials and may
affect distinct treatment strategies, visual prognosis,
and pathogenic pathways.25 The main differential
diagnoses of CBH include central subretinal hemor-
rhage and hemorrhagic bacillary layer detachment
(BALAD).26 The hemorrhagic variant of BALAD
was first described by Ramtohul et al in a case of
proliferative macular telangiectasia Type 2, and sub-
sequent studies reported this OCT finding in nAMD
and ruptured retinal arterial macroaneurysms.27–29 On
OCT, hemorrhagic BALAD is characterized by accu-
mulation of hyperreflective blood within the cavity
formed by the BALAD (i.e., split at the level of the
photoreceptor inner segment myoids).26,27 Its anterior
border is marked by the ELM, and the posterior border
is represented by a faint EZ corresponding to residual
inner and outer segments remaining adherent to the
retinal pigment epithelium/Bruch membrane com-
plex.26–28 Conversely, CBH is characterized on OCT
by the accumulation of hyperreflective blood within
the central foveal HFL/ONL with the posterior border
being the ELM. Furthermore, the clinical course of
hemorrhagic BALAD and CBH is distinct: while
hemorrhagic BALAD tends to resolve rapidly after
intravitreal injections of anti-vascular endothelial
growth factor, as shown in previous studies, CBH
may persist for several weeks with a legacy of vertical
hyperreflective lesions tracking along the central
foveal HFL/ONL.26–28 Moreover, regressing CBH
may masquerade as hyperreflective lesions affecting
the central foveal HFL/ONL, including retinal pigment
epithelium plume, vertical hyperreflective lesions
associated with vitreoretinal lymphoma or viral retini-
tis, vertical hyperreflective stress lines, foveal outer
retinal hyperreflectivity, and the angular sign of HFL
hyperreflectivity.8,30

Strengths of our study include the detailed charac-
terization of CBH using multimodal imaging tech-
niques, the use of high-resolution OCT prototype with
increased axial resolution enabling accurate localiza-
tion of blood within the retinal layers, the correlation
of OCT-derived anatomical information with previ-
ously published histologic data of human foveae, and

the validation of a novel descriptive terminology based
on the seminal descriptions provided by Rochon-
Duvigneaud. Limitations include the small number
of patients and the lack of complete multimodal
imaging data in some cases.
In conclusion, CBH is a novel descriptive terminol-

ogy referring to the accumulation of blood within the
central foveal HFL/ONL. Specific morphologic fea-
tures, localization, and clinical course characterize this
pattern of intraretinal hemorrhage. Diffusion of blood
from the choroidal vasculature or the DCP may
account for the variety of underlying etiologies.

Key words: central foveal bouquet, hemorrhage,
Henle fiber layer, multimodal imaging, optical coher-
ence tomography, Rochon-Duvigneaud.
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