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AIM: This study uses OCT imaging to examine morphological changes at the chorioretinal interface of the choroidal melanoma
biopsy site over time.
SETTING: Liverpool Ocular Oncology Centre (LOOC), St. Paul’s Eye Unit, Royal Liverpool University Hospital, Liverpool, United
Kingdom.
METHODOLOGY: Retrospective analysis of all patients who underwent 25G vitrector-assisted transretinal biopsy for choroidal
melanoma between 1st Jan 2017 and 31st Dec 2019. The biopsy procedure does not involve full vitrectomy, treatment of the retinal
hole or tamponade. Patients routinely undergo OCT imaging over the tumour site at each follow up. Cases required a minimum of a
baseline OCT and two consecutive post-operative OCT scans of adequate quality, overlying the biopsy site. All images were
reviewed and graded by an ophthalmic specialist.
RESULTS: Fifty-one patients met the criteria for inclusion. OCT analysis identified 2 characteristic morphologies following
transretinal biopsy –a choroidal plugging of biopsy site (47.0%), or a flat retinal hole (53.0%). Choroidal plugging morphologies tend
to remain unchanged over time, whereas flat holes demonstrate greater variability and would more commonly seal over with
atrophic retina (Fisher Exact Value= <0.01). 60.8% demonstrated vitreous plugging of the biopsy site.
CONCLUSION: OCT analysis has identified key morphological changes following transretinal choroidal melanoma biopsy. The
morphologies identified may provide dynamic protective effects against vitreous flow into the subretinal space, accounting for low
rates of retinal detachment despite the presence of an untreated iatrogenic retinal hole following transretinal biopsy.
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INTRODUCTION
Intraocular biopsies have evolved as an important part in the
management of choroidal melanoma. Histopathological and
cytogenetic analysis of biopsy specimens allow for diagnosis,
determination of tumour characteristics and likelihood of metastasis
[1]. Surgical approaches vary significantly, depending on the tissue
involved, size and location of the lesion, and surgeons’ preferences.
A transretinal approach allows better visualisation and access to

more posteriorly located tumours, whereas a trans-scleral approach
may be preferred for lesions located more anteriorly. Previous
studies report yields between 85 and 99% for histopathological
analysis, with rates of significant complications, such as vitreous
haemorrhage requiring surgical intervention, retinal detachment
and tumour seeding, ranging between 0 and 3.6% [1–6]. There is no
consensus regarding the optimal surgical technique for transretinal
biopsies of tumours at the posterior pole. Published approaches
vary significantly, including fine needle aspiration biopsy [7–9], a
transretinal technique using a vitreous cutter [10], or complete
vitrectomies with endotamponade, retinopexy, and cryopexy to the
ports [5, 11–13].
At the Liverpool Ocular Oncology Centre (LOOC), diagnostic and

prognostic tumour biopsy is discussed with every uveal melanoma
patient. With informed consent, transretinal tumour biopsy is

performed using a vitreous cutter, through a standard 25-gauge 3-
port vitrectomy setup. The technique has previously been
described in detail [10]. Importantly, this technique is performed
without vitrectomy, retinopexy, tamponade or cryotherapy of
sclerotomies, following Ruthenium-106 brachytherapy or proton
beam radiotherapy. The ‘no vitrectomy, no retinopexy, no
tamponade’ approach is controversial, as conventional thinking
suggests that a retinal defect that is not sealed by retinopexy and
not supported by endotamponade is associated with significant
risks, i.e., postoperative retinal detachment or tumour seeding.
However, a significant number of such events following this
procedure have not been seen [2–4].
Spectral-domain ocular coherence tomography (OCT) allows for

accurate identification of retinal layers, the retinal pigment
epithelium (RPE) and choroid, and for changes in these layers to
be noted even following radiotherapy for choroidal melanoma [14].

AIM
To ascertain why untreated full-thickness retinal defects following
tumour biopsies do not lead to a greater number of retinal
detachments, this study was performed to examine the retinal
changes at the transretinal biopsy site in greater detail with OCT
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and better understand iatrogenic structural changes associated
with this procedure.

METHODOLOGY
A retrospective review of all patients who underwent transretinal
biopsy for choroidal melanoma at the LOOC between 1st Jan 2017
and 31st Dec 2019 was undertaken. Patients had received treatment
with Ruthenium-106 plaque or proton beam radiotherapy prior to
biopsy. The surgical details of these treatments have previously
been described [14]. Patient baseline characteristics, ophthalmic
examination and OCT images were obtained from electronic
medical records. Patients routinely undergo a complete slit-lamp
examination and OCT imaging of the posterior pole using the
Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) with
two 19-line volume scans with a setting of 9 automatic real time
centred over the tumour area and fovea at each visit.
Inclusion criteria include having a baseline and a minimum of two

consecutive postoperative OCT scans showing the biopsy site at
different time points, with an adequate OCT image quality as judged
by an ophthalmic specialist. OCT analysis included assessment of
posterior hyaloid face morphology, neurosensory retinal layers, RPE,
choroidal layer, and presence of retinal fluid. Any atypical, non-
categorical features were also noted. All images were reviewed and
graded by an ophthalmic specialist, and uncertainties were referred
to an independent second ophthalmic specialist for opinion.
Follow-up examinations were performed at varying timepoints,

depending on individual patient characteristics including tumour
size and location, associated ocular complications, distance of
travel to the LOOC, and availability of appropriate follow-up
examinations closer to the patients’ place of residence. Routinely,
follow-up examinations are scheduled 3 to 6 months after the
radiotherapy treatment and biopsy, and then 6 to 12-monthly
subsequently. Follow-up imaging data were obtained between
date of diagnosis and 1st October 2020.

TRANSRETINAL BIOPSY TECHNIQUE
All surgeries were performed, using a standard operating microscope
(Haag-Streit, Zug, Switzerland) with a mounted non-contact retinal
viewing lens (Eibos, Haag-Streit, Zug, Switzerland). One of three
consultant vitreo-retinal surgeons, or a trained, supervised vitreo-
retinal fellow, would perform the surgery using the standardised
technique as described. Transretinal biopsies were performed under
local or general anaesthesia with a 25-gauge vitreous cutter, in a
3-port sutureless vitrectomy set-up (Alcon Constellation, Geneva,
Switzerland). This has been described in further detail previously [10].
In summary, an infusion line is connected to one of the trocars with
the other two trocars being used for endo-illumination and the
vitreous cutter. A 3-way tap is inserted into the standard suction line
leading to the vitrectomy machine and is used to backflush the
specimen once retrieved. The cutter is advanced through the vitreous
and then pushed through the retina into the tumour tissue, ideally
over the apex of the tumour and avoidingmajor retinal blood vessels.
The cutter is advanced as close to the sclera as possible, the cutter is
activated (cut rate 1000 cpm, vacuum 600mmHg) and the biopsy is
performed for approximately one minute, or until biopsy material
becomes visible in the suction tubing. The cutter is then withdrawn,
and the biopsy specimen is flushed back through the cutter into a
specimen tube with balanced salt solution injected through the
3-way tap. The tube is inspected for visible biopsy material and the
cutter is re-introduced through the retinal defect for a repeat biopsy if
the specimen is deemed insufficient. The trocars are removed and,
after ascertaining the absence of a vitreous wick, the conjunctiva
is massaged over the trocar site; the ports are not routinely
sutured. Importantly, biopsies were performed without vitrectomy,
retinopexy of the retinal defect, endotamponade or cryotherapy of
sclerotomies.

All biopsies are performed after radiation therapy. Typically, it is
between 0 and 4 weeks following proton beam radiotherapy, and
at around 4 weeks following plaque radiotherapy. The timing is
primarily guided by logistical factors including surgeon, operating
theatre slot and patient availability and patient availability, as well
as patient recovery following radiotherapy.
Informed patient consent was obtained for surgical procedures

as well as collection and analysis of all data. Ethics committee
approval was not required for this retrospective data analysis. The
study adheres to the tenets of the Declaration of Helsinki.

RESULTS
Fifty-one patients met the OCT requirement criteria (see methodol-
ogy). The reasons for excluding patients from the study were
insufficient number of OCT scans performed at LOOC, inadequate
scan quality over the biopsy site and biopsy site outside the reach of
routine OCT imaging. Of the 51 eyes; all had a baseline OCT, 18 had
an OCT within 3 months of biopsy, 39 had an OCT between 3 and
6 months, 40 patients at 12 months (±6 months), 22 at 24 months
(±6 months) and 6 at 36 months (±6 months).
Posterior vitreous detachment (PVD) over the tumour and in

areas adjacent to the tumour was 14/51 patients (27.5%). It was
noted that even if a PVD were present, often there would be
contact between the posterior hyaloid face and retinal surface at
areas of choroidal elevation.
Intraretinal fluid (IRF) was noted in 17/51 patients (33.3%), and sub-

retinal fluid (SRF) in 42/51 patients (82.4%). Intra-retinal hyper-
reflective foci (intra-retinal HRF) were noted in 49/51 patients (96.1%).

OCT within 6 months
At the 6-month interval, 39 OCTs were analysed.
PVD was noted in 11/39 patients—of which, 5 were new.

Interestingly, 21/39 patients (53.8%) developed vitreous adher-
ence at the biopsy site, whereby the posterior hyaloid face would
track into the biopsy site (Fig. 1). This was observed on OCTs as
early as day 1 and day 20 following the biopsy.
Upon analysis of biopsy site morphology, two distinct patterns

were noted at the choroidal interface:
The ‘tumour plug’ morphology appears as a hyper-reflective

plug within the area of absent retina at the biopsy site (Fig. 2). This
is likely to be plugging by choroidal tumour tissue, however, may
also consist of a blood clot formation soon after biopsy, or, later,
formation of scarring at the biopsy site. Nineteen patients (48.7%)
demonstrated this pattern. Three out of these 19 patients
demonstrated hyper-reflectivity at the corresponding RPE layer.
The tumour plug had a flat top in majority of cases, however, in
two cases the plug appeared to be pulled vertically into the
vitreous cavity (Fig. 3).

Fig. 1 OCT of Vitreous Adherance. Vitreous adherence to biopsy
site in two separate cases, as marked by arrowheads.
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An open, retinal hole morphology was seen in the remaining 20
patients (51.3%). This was identified by absence of retina, with no
tumour plugging. Often, the edges of the site tapered down into
the adjacent excavated choroid. (Fig. 4a). Further assessment
demonstrated that although initially an absence of retina was
noted, at the 6-month point, 9/20 (45%) patients demonstrated
development of tissue formation sealing over the biopsy site—
likely to represent an overlying glial membrane.

Three-year OCT progression
Having identified two distinct morphologies, OCT analysis was
performed in the time intervals accordingly. Several factors were
analysed over the 3-year period (Table 1).
In total, 47.0% of cases demonstrated a tumour plug. The tumour

plug morphology tends to remain relatively unchanged over the
3-year period. The hyperreflective tumour plug remains consistent
over the 3 years, with minimal evidence of a glial membrane
developing over the biopsy site. Approximately two-thirds of cases
with a tumour plug morphology develop vitreous adherence to the
biopsy site. There is little change in the presence of fluid, and the
presence of hyperreflective foci is variable.
In contrast, the, open, retinal hole morphology showed greater

variability. Of note, a glial membrane extends and covers the
biopsy site in a proportion of patients, typically between 6 and
12 months. Atrophy of tissue at the choroid layer may also be seen
(Fig. 4b). These findings were not seen in the tumour plug

morphology. Approximately two-thirds of open, retinal hole
morphology demonstrates vitreous adherence at the biopsy site.
Key characteristic differences were noted between the two

morphologies in several time points. At 6 months, absence of
choroidal tissue at the biopsy site was more frequently seen in the
open, retinal hole morphology, as compared to the tumour plug
(Fisher Exact Value= 0.02, p < 0.05). Formation of a glial membrane,
that would extend over the biopsy site is more commonly seen in
the open, retinal hole morphology (Fisher Exact Value= <0.01,
p < 0.01). Conversely, hyperreflective choroid was noted consis-
tently in the tumour plug morphology, as compared to the open,
retinal hole morphology (Fisher Exact Value = 0.02, p < 0.05).
At 12 months, a significant difference was noted in the presence

or absence of retina overlying the biopsy site. A glial membrane
extended over the open retinal hole morphology, whereas the
tumour plug would have a persistent absence of the retinal layer
(Fisher Exact Value= <0.01, p < 0.01).

DISCUSSION
Transretinal tumour biopsies without vitrectomy, retinopexy and
endotamponade has been previously shown to be a safe method
for obtaining tumour material [2, 4]. This technique is commonly
challenged, as conventional thinking of vitreoretinal experts is that a

Fig. 2 OCT of Tumour Plug Morphology. OCT series demonstrating
tumour plug stability over 2 year period.

Fig. 3 OCT of Tumour Plug Morphology. Progression of Tumour
Plug extending into vitreous as marked by arrowheads.

Fig. 4 OCT Series of Open, Retinal Hole Morphology. a OCT series
demonstrating progression in an ‘open, retinal hole’ morphology at
the biopsy site. Note the eventual choroidal atrophy, as highlighted
by the arrowhead. b OCT series demonstrating progression in an
‘open, retinal hole’ morphology with development of an overlying
glial membrane, as highlighted by the arrowhead.
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retinal break would require treatment with retinopexy and internal
tamponade to avoid retinal detachment. Key complications
published in previous publications tend to include retinal detach-
ment, vitreous haemorrhage, and tumour recurrence—ranging
between 0 and 3.6% [1–3, 5, 6]. Previous reporting of the technique
performed in Liverpool Ocular Oncology suggests a vitreous
haemorrhage rate of 1.9%, rhegmatogenous retinal detachment
0.7% and endophthalmitis rate 0.14% [4]. Previous studies assessing
rates of rhegmatogenous retinal detachments secondary to
iatrogenic holes in macular hole surgery demonstrated rates of
retinal detachment of 0–3.1% following iatrogenic retinal breaks
[15, 16]. It is worth noting that, despite macular hole surgeries
having a vitrectomy, the rates of retinal detachment secondary to
an iatrogenic hole are similar to those demonstrated by the trans-
retinal biopsy without vitrectomy [4].
These trans-retinal biopsies are performed after radiation

treatment, as mentioned previously. Theoretically, one would
expect reduced risk of seeding following biopsy, although this has
not been formally investigated. Alongside this, logistically, it is
preferrable to commence treatment prior to the biopsy, as this
would eliminate the potential for treatment delays. As many
patients are not local to the region, personal reasons including
transport, accommodation, and occupational leave, may influence
their availability for biopsy, thus needlessly delaying treatment.
The changes occurring at the biopsy site, as identified by this

study, may explain the low rates of retinal complications despite
an untreated iatrogenic retinal hole. To the best of our knowledge,
this is the first study to examine transretinal biopsy sites on OCT
imaging in greater detail. OCT has commonly been used to aid in
diagnosis and monitoring of choroidal melanoma, however, this
study has shown its utility to extend into assessing the effects of
choroidal biopsy on chorioretinal architecture.
Two distinct morphological patterns of the biopsy site following

25G transretinal choroidal sampling were identified. The tumour
plug results in choroidal tumour tissue filling the iatrogenic hole,
thus preventing fluid from entering the subretinal space. This tends
to remain stable, with minimal changes over the 3-year follow up
period. In a small proportion of patients, the tumour plug was pulled
further into the vitreous cavity – these also remained stable, with no
increased risk of complications. The open, retinal hole patients
typically demonstrated tapering down of the retinal edges, with little
evidence of intra- or subretinal fluid. Approximately 50% of these
patients developed a glial membrane over the biopsy site, typically
noted at the 6-month OCT, which would therefore eliminate any
long-term risk of retinal detachment. Both morphologies identified
would prevent liquified vitreous from entering the subretinal space
and causing subsequent retinal detachment.
In addition, the theoretical protective factors from retinal detach-

ment include the formation of a round hole with no associated
traction, the buckling effect of the underlying tumour, the scarring
effects of the chorioretinal adhesion from radiation treatment, and
the presence of blood at the biopsy site acting as a plug/glue.
A study by Grewal et al. studied the use of 4D microscope-

integrated OCT in transvitreal retinochoroidal biopsy. Interestingly,
the authors also demonstrated formation a tumour plug
morphology intra-operatively, as the vitreous cutter was with-
drawn from the choroidal tumour tissue [17]. It is worth noting,
their vitrector settings were slightly different (cut rate 300 cpm,
vacuum 600mmHg) to that used in LOOC. One would expect a
lower cut rate and higher vacuum may pull up tumour tissue and
plug the gap formed by the biopsy, however, this was beyond the
scope of our study, as the vitrectomy settings were the same in all
cases at LOOC. Further to this, Murray et al. describes SD-OCT
morphology of biopsy site following transretinal fine needle
aspiration biopsy. 3 cases were analysed with biopsy day 1 post-
biopsy. All 3 demonstrated a small wound gape, similar to
the open, retinal hole morphology but smaller [18]. No plug
morphology was noted in any case. This gives weight to theTa
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suggestion that the pull force of the vitrector vacuum plays a role
in formation of the tumour plug.
An area of discussion, not analysed in this paper, would be the

role of tumour size and treatment response on the morphology of
the biopsy site. As aforementioned, the buckling effect of the
choroidal melanoma may play a role in preventing retinal
detachment following an iatrogenic hole. Following radiation
therapy and tumour shrinking, as the tumour flattens, this may
hasten covering of the hole with retinal or glial tissue.
Avoiding the full pars plana vitrectomy and gas or oil tamponade

results in reduced operative times, surgical costs, as well as
improving patient comfort and procedure related morbidity.

CONCLUSION
This study provides pertinent information to the short and longer-
term OCT changes overlying the site of the 25 G cutter acquired
transretinal biopsies. These findings aid in explaining the rationale
behind its safety profile. In previous reports, we have also
demonstrated its efficacy in terms of yield for histopathological
and cytogenetic analysis, even in smaller tumours [2], as well as
those taken post radiotherapy [19]. We would therefore advocate
this technique for safe and effective diagnostic and prognostic
biopsy tissue sampling of choroidal tumours.

SUMMARY

What was known before

● Transretinal biopsies are key in diagnosis, characterising and
prognostication of choroidal melanomas.

● Although transretinal biopsy results in a full thickness defect,
even without full vitrectomy, retinopexy, or tamponade, it is
not associated with a significant retinal detachment risk.

What this study adds

● Discovered key morphologies that explain why untreated
retinal holes from transretinal biopsies do not typically result
in retinal detachment.

● Explains the structural changes of retinal hole sites, secondary
to transretinal biopsy, over a 3 year period.

DATA AVAILABILITY
Data utilised for this study are stored on a secure database accessible to treating
physicians within the Liverpool Ocular Oncology Centre. Raw, anonymised data are
available upon request.
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