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Abstract

Objective: To demonstrate the multimodal imaging and his-
topathology of Berger’s space. Methods: We conducted a
retrospective in vivo analysis of 4 patients demonstrating
Berger's space with intraocular pathological conditions, doc-
umented by slit-lamp biomicroscopic photography and, in 2
patients, also by optical coherence tomography (OCT). Ad-
ditionally, we carried out a retrospective histological study
of 7 enucleated eyes with retinoblastoma demonstrating
Berger's space. A review of the literature was also performed.
Results: Two eyes had slit-lamp photographs. One case
showed Berger’s space surrounded by vitreous hemorrhage.
Inthe other case, amyloid was trapped within Berger's space.
In another 2 eyes that were pseudophakic, Berger's space
was visible on anterior segment OCT. One had amyloid
trapped in Berger’s space that could be seen with OCT. The
histological review of the 7 enucleated eyes with advanced
retinoblastoma demonstrated the presence of pyknotic cells
in Berger's space. Conclusions: Berger's space is an actual

space in pathological conditions and can be an important
site of pathology. Additionally, to our knowledge, this is the
first time that Berger’s space has been documented by ante-
rior segment OCT in a clinical setting. ©2019S. Karger AG, Basel

Introduction

Berger’s space is described as a potential compartment
between the posterior surface of the lens and the vitreous
humor. The earliest reference to Berger’s space was made
in 1887, by Emil Berger [1]. He evaluated enucleated eyes
post mortem and created meticulous anatomical illustra-
tions of the space. Berger had help from his colleague
Wieger in evaluating the fibers representing the hyalo-
capsular ligament [1, 2].

The contact between the posterior lens capsule and the
anterior hyaloid face is maintained by a thickened circu-
lar vitreolenticular adhesion [3], known as the hyalocap-
sular ligament or Wieger’s ligament. Under physiologic
conditions, this adhesion is fairly strong. However, in pa-
tients with pathological conditions, this attachment is
weakened, resulting in a retrolental space: Berger’s space.
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The pathologic conditions associated with this phenom-
enon include trauma [4], pigmentary dispersion syn-
drome [5], vitreous hemorrhage [6], intraocular tumors,
and amyloidosis. There is also a case described in the lit-
erature with the presence of a dexamethasone implant in
Berger’s space [7].

Surgical access to Berger’s space is difficult, due to its
small size and close proximity to the lens. Therefore, the
authors would like to confirm the existence of Berger’s
space and discuss its importance based on noninvasive im-
aging modalities such as biomicroscopy and anterior seg-
ment optical coherence tomography (OCT). To the best of
our knowledge, this is the first report of the use of OCT for
documenting Berger’s space in a clinical setting. Addition-
ally, we performed a histopathological analysis of enucle-
ated eyes for a better morphologic understanding.

Materials and Methods

A review of the English-language literature was performed us-
ing PubMed. Keywords searched included Berger’s space, anterior
hyaloid, lens capsule, and retinoblastoma.

This is a retrospective study of 4 patients seen at Mayo Clinic
in Rochester, MN, USA, with diagnoses of amyloidosis, vitreous
hemorrhage, and pseudophakia. All 4 patients underwent com-
plete ophthalmologic examination. Biomicroscopic images were
recorded using a Haag-Streit BX 900 device, and we used Spectra-
lis HRA OCT (version 1.10; Heidelberg Engineering) in the ante-
rior segment module, with a VAO 01083 (version 3.3) anterior
chamber lens, to document Berger’s space in the pseudophakic
eye.

Additionally, we performed a retrospective review of 7 enucle-
ated eyes with retinoblastoma: 5 from patients recently seen at
Mayo Clinic, 1 consultation case from an outside hospital, and 1
case seen at Mayo Clinic in 1922 to which we had access to through
the histopathological slides in the teaching files of one of the au-
thors (D.R.S.). The 6 recently enucleated eyes had been fixed for a
minimum of 48 hin 10% buffered formalin. Following fixation, the
eyes were examined, photographed, and sectioned. The sections
were then paraffin embedded and stained with hematoxylin-eosin
(H&E) and periodic acid-Schiff (PAS) for subsequent microscopic
examination. The histopathological evaluation was performed by
an experienced ocular pathologist (D.R.S.) and a vitreoretinal sur-
geon (J.S.P.). Attention was focused on Berger’s space, the vitreous,
the posterior chamber, and the anterior hyaloid for the presence of
tumor cell infiltration.

Results

Case Series
The findings on the 4 cases that demonstrated Berger’s
space in vivo are summarized below.
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Fig. 1. Amyloid material confined to Berger’s space before capsu-
lotomy.

Case 1

A 40-year-old male patient with a medical history of
systemic transthyretin amyloidosis and an ocular history
of cataract surgery and vitrectomy presented with com-
plaint of visually significant glare. The case is described
elsewhere in depth (accepted by the American Journal of
Ophthalmology Case Reports). Briefly, visual acuity was
20/20 in the right eye (OD) and 20/25 in the left eye (OS).
However, brightness acuity testing revealed a visual acu-
ity of 20/200 OS. Retrocapsular opacification was noted
in both eyes and the fundus examination was unremark-
able. Nd:YAG (neodymium-doped yttrium aluminum
garnet) laser capsulotomy was performed on both eyes,
and vision improved (Fig. 1).

Case 2

A 56-year-old female patient reported sudden de-
creased vision in her left eye as a result of a significant
vitreous hemorrhage. Biomicroscopic examination was
performed due to the presence of surrounding blood. It
was possible to delineate the presence of Berger’s space.
It was also possible to see probable ghost cells inside Berg-
er’s space. There was no view of the fundus (Fig. 2).

Case 3

A 63-year-old pseudophakic female patient came to
the clinic for routine examination. It was possible to see
Berger’s space on anterior segment OCT. It is possible
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Fig. 2. Vitreous hemorrhage delineating Berger’s space with blood
inside inferiorly (arrow).

that the absence of her natural lens combined with distur-
bance from cataract surgery was enough to create a visible
Berger space in this patient (Fig. 3).

Case 4

A 42-year-old female patient with a history of sys-
temic transthyretin amyloidosis noticed blurred vision
in her left eye. Her previous ocular history included cat-
aract surgery and vitrectomy in both eyes. At the time
of initial presentation, her visual acuity was 20/25 OD
and 20/40 OS. Biomicroscopy revealed amyloid deposi-
tion in the retrolental space in both eyes (Fig. 4a). Fun-
dus examination showed a macular abnormality OS
compatible with amyloid deposition in the fovea. Macu-
lar OCT identified the posterior hyaloid and amyloid
material attached to the fovea (Fig. 4b). Because we had
been able to visualize Berger’s space by anterior segment
OCT in case 3, we attempted to use it here, and it showed
that Berger’s space was visible with deposits of amyloid
material inside it as well as on the surface of the ante-
rior hyaloid (Fig. 4c¢).

Retrospective Review of Enucleated Eyes

The histopathological review of 6 enucleated eyes from
6 patients with advanced retinoblastoma showed that
Berger’s space was well visualized in this pathological
condition. On examination, there were numerous tumor
cells in the vitreous. However, these tumor cells were not
observed to cross the anterior hyaloid face. In Berger’s
space, it was possible to identify pyknotic cells and pro-
teinaceous material.
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These findings were also visualized on the slides of an
enucleated eye at Mayo Clinic from 1922, from a patient
with advanced retinoblastoma (Fig. 5a). Therefore, in ad-
dition to histological confirmation of the existence of
Berger’s space, it appears that the anterior hyaloid serves
as a semipermeable membrane which does not allow the
passage of tumor cells. Proteinaceous material appears to
easily cross the membrane (Fig. 5b-f).

Discussion

There are a few papers describing the existence of
Berger’s space and its associated pathological conditions
in the literature. Using Google Scholar, we found that be-
fore 1960 there were only 3 studies mentioning Berger’s
space. This coincides with the beginning of the use of the
surgical microscope. From 1960 until 2000 there were 9
studies, and from 2000 until 2018 the number of studies
mentioning Berger’s space increased to 85. This signifies
a growing interest in this anatomical space over the last
few years.

Tolentino et al. [8], in their “Biomicroscopic Study of
Vitreous Cavity in Diabetic Retinopathy,” described a
visible arc between the hyalocapsular ligament and the
central portion of the posterior lens surface free of blood
in cases of vitreous hemorrhage, similar to our case 2.
When observing optical sections, the authors described
the blood deposits forming a wedge between the detached
anterior hyaloid and the posterior lens capsule. Roberts et
al. [9] described central retrolental pigmentation in a case
of blunt trauma with pigment dispersion syndrome, and,
corroborating this finding, Li et al. [6] discusses a case of
traumatic hemorrhage in Berger’s space in a 4-year-old
child.

Most of the literature on Berger’s space consists of
case reports, but the importance of this anatomical lo-
cation for microsurgery has increased. Tassignon and
Ni Dhubhghaill [3] succeeded in imaging this space in-
traoperatively using anterior segment OCT following
lens extraction, and Tassignon et al. [10] performed
phacoemulsification with a bag-in-the-lens implant
technique as opposed to the more common “lens-in-
side-the-capsular-bag” technique. This technique in-
volves the use of a bag-in-the-lens ocular implant. The
lens is positioned so that the posterior flange is posi-
tioned in Berger’s space. A viscoelastic is used to fill the
space for greater protection of the hyaloid and to phys-
ically dissect this space. The use of filtered air to pneu-
modissect an anatomical plane beginning at Petit’s ca-
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Fig. 3. Berger’s space in a pseudophakic patient on anterior segment OCT. The arrow shows the anterior hyaloid
and Berger’s space.

Color version available online

Fig.4.a Amyloid material in the retrolental
space, one spot of amyloid material being
indicated by the arrow. b Amyloid material
attached to the fovea demonstrated by
OCT. c Berger’s space demonstrated by an-
terior segment OCT, with amyloid mate-
rial inside it. The arrows identify amyloid
material trapped in the anterior hyaloid
and within Berger’s space.
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Fig. 5. a Berger’s space in a histopathological slide from a patient
with advanced retinoblastoma from the year 1922. Arrow: Berger’s
space. H&E. x20. b Magnified image from the same patient. The
arrow shows probable proteinaceous and pyknotic cells within the

nal to completely separate the anterior hyaloid from the
posterior lens capsule has also been described [11].
Our cases add further credence to Berger’s space as a
real space under pathological conditions, and they also
show that anterior segment OCT can be used to view this
space in pseudophakic patients. We believe that it is pos-
sible to capture images of Berger’s space with anterior seg-
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space. H&E. x40. ¢ Lens, tumor cells, and Berger’s space. PAS. x20.
d Berger’s space with a pyknotic nucleus. PAS. x100. e Retinoblas-
toma and probable pyknotic cells in Berger’s space. PAS. x100.
f Retinoblastoma and Berger’s space. PAS. x100.

ment OCT in pseudophakic patients because the intraocu-
larlensis a thinner interface than the natural lens. We tried
to capture similar images in a young, healthy, phakic pa-
tient, but it was not possible because OCT imaging failed
to reach the depth necessary to capture Berger’s space.
We believe that the anterior hyaloid functions as a
semipermeable membrane, protecting Berger’s space
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from blood and tumor cells. However, it is permeable to
amyloid material and pyknotic cells. It is therefore rea-
sonable to postulate that this anatomical location could
also be permeable to small microorganisms and act as a
reservoir for infection. This is likely not the case, as anti-
biotics would also be able to pass through the hyaloid
membrane, but we have to consider this possibility when
thinking about retrolental abscesses, or pathologically
thickened membranes in severe posterior uveitis [12].

Another condition in which Berger’s space may be
clinically relevant is malignant glaucoma. The patho-
physiology of malignant glaucoma is multifactorial and
poorly understood. One of the accepted theories of this
condition is the posterior misdirection of aqueous humor
into or behind the vitreous body. Because the aqueous
humor cannot pass through an abnormal anterior hya-
loid, the entire vitreous-lens-iris complex is displaced an-
teriorly [13, 14]. A known treatment for this condition is
vitrectomy with anterior hyaloidectomy. This procedure
can be challenging due to the close proximity of the pos-
terior lens capsule and the anterior hyaloid face. Dissect-
ing Berger’s space would increase this distance and also
separate the hyalocapsular ligament, thus making the an-
terior vitrectomy easier to complete. This physical dissec-
tion of Berger’s space could be accomplished using visco-
elastic material, hydrodissection, or pneumodissection,
as previously described [13-15].

Conclusions

Berger’s space is a real and clinically significant space
in pathological conditions. The anterior hyaloid seems to
be a semipermeable membrane protecting this space, but
more research is required to further establish its anatom-
ical and physiological importance. Changes in the ante-
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