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Abstract

Objectives To study the efficacy and the long-term outcomes of treating micro and macrocystic orbital and/or adnexal
lymphatic malformations (OA-LM) with protocol-based bleomycin sclerotherapy.

Methods A retrospective interventional study of 69 eyes having OA-LM treated with non-image guided transcutaneous or
transconjunctival bleomycin sclerotherapy (1IU/ml aqueous solution) between December 2014 and December 2018. Based
on clinical regression, the outcomes were classified as excellent, good, fair and poor.

Results The mean age at presentation was 20+ 16 years (median 16; range 1 month to 70 years). The orbital-palpebral
variant was the most common presentation, seen in 29 patients (42%). Microcystic morphology was seen in 34(49%),
macrocystic in 22 (32%) and mixed cyst in 13 (19%) patients. Mean units of bleomycin injected per patient were 9 + 8 IU
(median 5.5 IU, range 1-38 IU). Mean number of treatment sessions required were 2+ 1 (median 2, range 1-6). The
response was excellent in 43 (62%), good in 12 (17%), fair in 9 (13%) and poor in 5 (7%) patients. These responses were
comparable across the morphological subgroups (p = 0.24, chi-square test). Adverse reactions noted were inflammation in
11 eyes (16%) and peri-ocular pigmentation in 15 (22%). There was a sustained tumour regression over a mean follow-up
duration of 3.5 years (median 3; range 1.5-5 years).

Conclusions Seventy-nine percent of eyes with OA-LM showed a good outcome with transcutaneous and/or transcon-
junctival non-image guided bleomycin sclerotherapy with no serious adverse events. The results were promising over long-
term follow-up.

Supplementary information The online version contains Introduction

supplementary material available at https://doi.org/10.1038/s41433-

021-01527-9. Orbital and/or adnexal lymphatic malformations (OA-LM),

previously known as lymphangiomas, are benign vascular
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lesions with a predilection for the head and neck region [1].
These lesions account for ~4% of space occupying lesions
in the orbit [2]. They are benign, thin-walled, ill-defined and
cystic vascular lesions [3]. The ill-defined and vascular
nature of the lesion poses a challenge during surgical
debulking [4, 5]. Other treatment options include observa-
tion, sclerotherapy and systemic therapy [4-8]. The out-
come is dependent on the length of time the lesion has been
present, its size, its position in the orbit and its relationship
to the other important structures in the orbit, such as the
globe, optic nerve or the extraocular muscles. The man-
agement of these lesions has seen a paradigm change in
recent times, with a shift from surgical debulking to intra-
lesional sclerotherapy with one of the several sclerosing
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agents [9]. Lymphatic malformations can occur as isolated
lymphatic lesions or as complex lymphatic lesions con-
taining lymphatic as well as venous, capillary or arterial
components [7]. Sclerotherapy in the presence of a venous
or arterial component is contraindicated [10].

Sclerotherapy has gained popularity in the management
of the macrocystic component of LM [2, 9-19]. Percuta-
neous intralesional injection of bleomycin has been shown
to be effective in the treatment of macrocystic orbital LM by
inducing inflammation and destroying the endothelial cells
with resultant fibrosis and thrombosis of vascular channels
[20, 21]. However, its role in the microcystic variant of the
lesion is unclear [2, 9—19]. In addition, the long term effi-
cacy, percentage regression in the tumour volume with
sclerotherapy and the recurrence rates after sclerotherapy
have not been reported. We report here our experience with
a protocol-based treatment algorithm using bleomycin for
sclerotherapy in OA-LM. To the best of our knowledge, this
is the largest series reported till date. We also discuss its
efficacy in treating OA-LM as a percutaneous intralesional
injection, without image guidance, in both the micro and
macrocystic subsets of the malformation.

Method

This is a retrospective study of 69 cases of OA-LM treated
within the network of a tertiary eye care institute in India.
Institutional Review Board approval was obtained for the
study and the study adhered to the tenets of the Declaration
of Helsinki. The medical records of patients with OA-LM
who received bleomycin sclerotherapy between December
2014 and December 2018 were reviewed. Data was collected
for particulars of age, gender, presenting symptoms and
signs, imaging features, bleomycin dose, clinical response,
treatment outcome, complications and follow-up. A com-
prehensive eye examination was performed in all patients.
Hemodynamic tests such as the Valsalva manoeuvre, posi-
tional proptosis, palpable thrill and audible bruit were per-
formed to rule out venous varices and high-flow vascular
malformations. Pre-operative imaging included Doppler
ultrasonography to check the flow within the lesion and
orbital MRI/CT with and without Valsalva manoeuvre.
Patients underwent either a CT or an MRI based on the
affordability of the scan. In these patients, all imaging was
non-contrast enhanced as patients with a venous component
had been ruled out. The T1 fat saturation MRI sequences
were used to look for haemorrhages and T2 to look at the
morphology of the lesion. Clinical photographs were taken
for all patients prior to the first sitting of sclerotherapy and
during each follow-up visit. Based on the orbital imaging
characteristics, the lesions were classified into microcystic
(cysts <1 cm in diameter), macrocystic (cysts larger than 1
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cm in diameter), and mixed cyst (combination of microcystic
and macrocystic characteristics). Bleomycin sclerotherapy
was planned for all the above morphologic variants.

The following data were collected for each patient:
number of treatment sessions, cumulative dose of bleomy-
cin, pre- and post-treatment exophthalmometry (in mm),
percentage volume reduction based upon available imaging
studies, adverse treatment events and any recurrence of the
lesion over the post-treatment follow-up period. All the pre
and post-operative imaging was done on the same computed
tomography (CT) or a magnetic resonance imaging (MRI)
machine (CT:GE 128, MRI: 3T GE Pioneer). Tumour
volume was calculated by an experienced orbital radiologist
using a built-in software in the MRI or CT scan device.

Reconstitution of Bleomycin

A commercially available preparation of bleomycin sul-
phate powder was reconstituted with normal saline to
deliver a strength of 1 IU/ml of aqueous bleomycin solution
for intralesional injection. Four cc of reconstituted bleo-
mycin (4IU) and 1 cc of 2% lidocaine with adrenaline were
mixed in a 5-cc syringe for orbital and adnexal injections.

Dose of sclerosant

The amount of bleomycin injected at any one session was
based upon the location of the lesion and our group’s initial
experience with the use of this sclerosant in the treatment of
LM [3, 22]. Conjunctival lesions and localized palpebral
lesions received 2 IU; diffuse palpebral and localized orbital
lesions received 4 IU; diffuse orbital lesions received 6 IU
and orbital-palpebral lesions received 8 IU of bleomycin.
Patients with additional temporal fossa, frontal and cheek
LM had additional 2 IU injected into each component of the
lesion respectively. None of the patients received a cumu-
lative dose of more than 400 IU of bleomycin [23].

Sclerosant injection

All eyes received non-image guided transcutaneous, trans-
conjunctival or combined intralesional sclerosant injections.
Under aseptic precautions, a 24 G needle loaded on a 10-cc
syringe was introduced into the lesion and the contents were
aspirated. While keeping the tip of the aspiration needle
within the cystic lumen, the 10cc syringe was disengaged
and the pre-determined dose of bleomycin aqueous solution
(1 TU/ml) was injected into the macrocyst using the pre-
loaded 5-cc syringe. The technique of injection is as
reported for management of retention cysts [24]. For
microcystic disease, multiple injections were performed
with small aliquots injected into the anatomic region with
the microcysts. For patients with eyelid and conjunctival
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lesions, a 26 G needle was used for the injection of bleo-
mycin. Patients were discharged on the same day on oral
paracetamol for 3 days and topical lubricating eye drops for
a month.

Treatment protocol

All eyes received non-image guided transcutaneous, trans-
conjunctival or combined sclerosant injection. A flow chart
of the treatment protocol is presented in Table 1. Response
to sclerotherapy was graded as excellent (>75% clinical
regression), good (>50-75% clinical regression), fair
(>25-50% clinical regression) and poor (25% or less clin-
ical regression) (Fig. 1). For lesions that were purely orbital,
the clinical regression was judged objectively by reduction
in the proptosis. The desired response was reduction in the
proptosis to within 1 mm of the contralateral normal eye.
For lesions with additional palpebral and/or conjunctival
components, the clinical outcome assessment was based on
a comparison of standard and high-magnification pre- and
post-injection photographs, depicting the extent of eyelid
involvement and the clock hours of conjunctival involve-
ment. The desired end point of treatment for conjunctival
and eyelid components was complete disappearance of the
lesion. If any residual lesion was noted on clinical exam-
ination, the imaging was repeated after three sittings of
intralesional sclerotherapy to look for the areas with resi-
dual lesions. If there was a definite continued clinical
response, sclerotherapy was continued until the complete
disappearance of the lesion or until no further reduction in
lesion size was noted. If after three consecutive injections
no clinical change was observed when compared to the
previous visit or there was excessive resistance while
injecting within the lesion (indicative of fibrosis), then the
patient was considered to be unresponsive to further scler-
otherapy and was scheduled for surgical debulking of the
residual disease. Patients with complete tumour regression
were followed up at 3-month intervals for the first year and
at 6-month intervals thereafter. The radiologic response to
treatment was assessed based on post-operative imaging if
available. The maximum cumulative dose of bleomycin
allowed was 400 IU [23]. The treatment protocol has been
highlighted in Table 1.

Statistical analysis

The data were arranged on an excel spreadsheet. Relevant
statistical analysis was done using MedCalc version
12.2.1.0 (Ostend, Belgium). Continuous parametric data
were reported using the mean (+ standard deviation) and
nonparametric data were reported as median along with the
range. Variables of the comparative groups were compared
using paired t test for parametric distribution and

Mann—Whitney U test for non-parametric distribution.
Multivariate logistic regression analysis and chi-square test
was performed to assess the effect of multiple factors that
might have influenced the outcome. A p value of <0.05 was
assigned as statistically significant.

Results

There were 81 suspected OA-LM during the study period. Of
these, 69 cases were included in this study, and 12 cases were
excluded due to the presence of an associated venous com-
ponent on imaging. The mean age at presentation was 20 +
16 years (median 16 years; range 1 month to 70 years). The
mean age at onset of the disease was 12 + 15 years (median 6
years; range 0-70 years). The mean duration of symptoms
was for 6+ 10 years (median 2 years; range 0-50 years).
Forty-one (59%) patients were female and 28 (41%) were
male. Fourteen (20%) patients presented with an acute onset
of symptoms (within a week of onset of symptoms), 4 (6%)
with subacute (between 1 and 6 weeks) and 51 (74%) with a
chronic (beyond 6 weeks) onset of symptoms. The most
common symptom was presence of a peri-orbital mass in 56
(81%) patients. The most common sign was proptosis in 46
(67%) patients. The patients in this series had eyelid, orbit
and conjunctival involvement of varying degree (Fig. 2). The
most common presentation was that of the orbital-palpebral
variant in 29 (42%) patients. There were 7 (10%) patients
with involvement of the temporal fossa, frontal region or the
cheek in addition to the OA-LM. The demographics and
clinical features of patients with orbital and/or adnexal
lymphatic malformations are presented in Table 2.

On imaging, 34 (49%) patients had microcytic lesions,
22 (32%) had macrocystic lesions and 13 (19%) had mixed
micro and macrocystic lesions (Fig. 3). Mean units of
bleomycin injected per patient per session were 4 +2 IU
(median, 4 TU, range 0.3—12 IU). Mean number of treatment
sessions required were 2 + 1 (median,2; range 1-6). Mean
total units of bleomycin injected per patient were 9 IU +
8 IU (median 5.5 TU, range 1-38 IU). The mean reduction
in proptosis was of 4 mm (median 2.4, range 1-9 mm) at the
last follow-up visit. The mean pre-procedure Hertel’s value
was 29 + 5mm. The mean post-procedure Hertel’s value
was 20 + 2mm (p <0.0001, 95% CI —11.2 to —6.8). The
mean pre-procedure lesion volume was calculated to 7 +
4cm® (7 em®; 4-14 cm®). The mean post-procedure lesion
volume was 0.8 +1.2 cm’ (median 1; range 0.2-2.4 cm3).
This change was statistically and clinically significant (p <
0.0001, 95% CI —7.89 to —4.51). The response to scler-
otherapy was excellent in 43 (62%) patients, good in 12
(17%) patients, fair in 9 (13%) patients and poor in 5 (7%)
patients. The management and treatment outcomes of OA-
LM are presented in Table 3. On subgroup analysis,
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Table 1 Flow chart of the treatment protocol followed for managing orbital and adnexal lymphatic malformations.

Clinical suspicion of low-flow orbital vascular malformation (n=81)

Clinical examination to r/o other Imaging conformation
vascular malformations: CT/MRI orbit

Valsalva test, positional proptosis, Bt far el s

thrill, bruit tested. If present, patient
excluded from this series Micro/Macro/Mixed pattern of cysts

N\

Low flow lymphatic malformation confirmed (n=69)

1st sitting of bleomycin sclerotherapy

v/

Dose

Conjunctival: 21U, Isolated palpebral: 2 1U
Diffuse palpebral: 4 |U, Localised orbital: 4 1U,
Diffuse orbital: 6 1U, additional facial component
(frontal, temporal, cheek): 2 IU per each additional
area involved

\

Technique

Non-image guided trans-cutaneous or trans-
conjunctival sclerotherapy
Macrocysts: 24 G needle loaded on a 10 cc syringe
injected at the epicentre of the lesion, cyst aspirated,
sclerosant injected

Microcysts: Multiple aliquots in microcysts

Response assessed based on clinical features
(reduction in proptosis and periocular fullness for orbital, reduction in clock hours of involvement for
conjunctival and reduction in the maximal lesion diameter for palpebral lesions)

Excellent Geed Ll d | Poor
L q >50% to 75% clinical >25% to 50% clinica .
> 75% clinical regression regression regression 25% or less regression

T ! 2" sitting of Bleo in sclerotherapy

Follow-up Response assessed

Excellent Good Fair Poor
> 75% clinical >50% to 75% > 25% to 50% 25% or less
regression clinical regression clinical regression regression

o !

3rd sitting of Bleomycin sclerotherapy

Follow-up Response assessed

Excellent Good Fair

Poor
>75% >50% to >25% to
o fo g 25% or less
cI|n|C§I 75% C|In‘ICa| 50% clln.lcal regression
regression regression regression

y 3 3 3

Imaging repeated (n=29)

Gross residual Gross residual

Minimal or nil residual Poor response to Excellent, good or fair
sclerotherapy response to sclerotherapy

Surgical Bleomycin sclerotherapy

Follow-up debulking continued at monthly
considered intervals

SPRINGER NATURE
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GOOD
OUTCOME

POOR
OUTCOME

Fig. 1 Clinical grading of outcome of bleomycin sclerotherapy.
Clinical grading of outcome of bleomycin sclerotherapy as (A-D)
excellent, (E-H) good, (I-L) fair and (M—P) poor. A-D Photographs
of patient 1 with excellent regression. A, B Pre-bleomycin standard
and birds view demonstrating left proptosis, C, D Post-bleomycin
standard and bird’s eye view demonstrating >75% regression. E-H
Photographs of patient 2 with good regression. E, F Pre-bleomycin
standard and bird’s eye view demonstrating right proptosis with
hypoglobus and right brow and frontal lesion, G, H Post-bleomycin
standard and bird’s eye view demonstrating regression in the right

excellent or good outcome was seen in 100% of the patients
with macrocystic lesions, 80% of the patients with micro-
cystic lesions and 46% of patients with mixed disease
phenotypes (Fig. 3) (Table 4). Fourteen (20%) patients had
fair to poor outcome (Table 4). These responses were
comparable across the morphological subgroups (p = 0.24,
chi-square test). Nine (56%) of these patients had a prior
history of sclerotherapy with sodium tetradecyl sulphate and
7 (44%) had a history of prior debulking. There were two
patients who had undergone both sclerotherapy and
debulking. Multivariate logistic regression analysis was
done to assess the effect of age, chronicity of presentation,
previous interventions, orbital vs adnexal disease, quadrant
of orbital involvement, cyst architecture, per sitting and
cumulative dose of bleomycin as well as the number of
sittings of bleomycin sclerotherapy with tumour response to

proptosis, hypoglobus and brow lesion by >50-75%. i-1 Photograph of
patient 3 with fair regression. I, J Pre-bleomycin standard and bird’s
eye view demonstrating right proptosis, K, L. Post-bleomycin standard
and bird’s eye view demonstrating regression in the right proptosis by
25-50%. M—-P Photograph of patient 4 with poor regression. M, N
Pre-bleomycin standard and bird’s eye view demonstrating right
proptosis with eyelid, brow and conjunctival involvement, O and
P post-bleomycin standard and bird’s eye view demonstrating dis-
appearance of the conjunctival component with <25% regression in the
eyelid and brow components.

sclerotherapy (see Supplementary material). The only sig-
nificant variable affecting the response to sclerotherapy was
the duration of disease (p =0.04). A better response was
seen in acute presentations.

Adverse reactions included inflammation in 11 (16%)
patients, lasting a mean duration of 1 day (median 2; range
1-5 days), resolving with oral steroids in 4/11 (33%) and
without any medications in 7/11 (67%). Peri-ocular pig-
mentation was seen in 15 (22%) patients. It gradually
resolved over 3 months (median 3; range 1-9 months). In
this series, bleomycin injection was not associated with any
long-term side-effects, globe perforations, injection-related
intraocular injuries or damage to orbital structures. Tumour
regression persisted without evidence of recurrence over an
average follow-up period of 3.5 years (median 3 years;
range 1.5-5 years).

SPRINGER NATURE
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Isolated
eyelid LM

Eyelid and
conjunctival
LM

Isolated
orbital LM

Eyelid,
conjunctival
and orbital

LM

Discussion

This study discusses the efficacy and the long-term out-
comes of non-image guided bleomycin sclerotherapy in
OA-LM. The results demonstrate that the protocol of
monthly transcutaneous or transconjunctival non-image
guided injections continued till clinical regression leads
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to excellent or good outcome in 79% of all LM and in
100% of the macrocyst, 80% of the microcyst and 46% of
mixed cyst LM. In this series, half of the patients with the
mixed disease type and those with a history of prior
debulking, responded poorly to bleomycin injection. The
adverse event profile for all treated patients was limited to
a short duration of peri-ocular inflammation and
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Fig. 2 Clinical presentation OA-LM and their response to bleo-
mycin sclerotherapy. A Fisolated eyelid involvement, G-L eyelid
and conjunctiva involvement, MR isolated orbital involvement, S-X
combined conjunctiva, eyelid and orbital involvement. Patient 1: (A)
pre-operative photograph demonstrating a right eyelid cyst, (B) on
eversion of upper eyelid, (C) in downgaze, (D) post 2 IU bleomycin
sclerotherapy with regression of cyst, (E) on eversion of upper eyelid
and F on downgaze. Patient 2: (G) pre-operative photograph demon-
strating a right lower eyelid and conjunctival lesion, (H) on upgaze
with lower eyelid eversion demonstrating caruncular and conjunctival
involvement, (I) in downgaze demonstrating conjunctival involve-
ment, (J) post 8 IU cumulative bleomycin sclerotherapy with regres-
sion eyelid lesion, (K) on eversion of lower eyelid regression of the
caruncular component and (F) regression of the superior conjunctival
component. Patient 3: (M and N) pre-operative photograph demon-
strating left lower eyelid fullness and proptosis, (O) CT orbit sug-
gestive of a microcystic lesion in the left intraconal space with left
proptosis. P, Q Post 8 IU cumulative bleomycin sclerotherapy with
regression eyelid fullness and proptosis and (R) decrease in proptosis
on CT scan with reduction in tumour size. Patient 4: (S) Pre-operative
photograph demonstrating left eyelid fullness and proptosis, (T) left
eye with conjunctival involvement, (U) Ct orbit suggestive of eyelid
and intra as well as extraconal orbital involvement. (V) post 24 units
of cumulative bleomycin sclerotherapy with regression in the
eyelid component and the proptosis, (W) regression of the conjunctival
component and (X) CT orbit suggestive of regression of the intraconal
component with reduction in the extraconal and eyelid components.

hyperpigmentation. Tumours responding to bleomycin
sclerotherapy maintained this response over a mean
duration of 3.5 years.

In the medical literature, good outcomes are reported
describing the use of sclerosants for the management of
macrocystic LM [14-17]. Barnacle et al. [18] used sodium
tetradecyl sulphate sclerotherapy under imaging control in
macrocystic disease and reported that all of the 29 patients
achieved > 50% reduction in maximal lesion diameter, with
complete radiological regression in 51.7% (n = 15). Cheng
et al. reported>80% success rate of doxycycline scler-
otherapy in macrocystic and mixed disease. In contrast,
sclerotherapy has been found to be less effective in
microcystic disease [20]. Chaudry et al. [25] reported the
efficacy of bleomycin sclerotherapy for microcystic lym-
phatic malformations in the head and neck region. There
was complete response in 38% patients (n = 12), partial
response in 58% (n = 18), and no response in 3% (n=1). In
our study, good to excellent response was seen in 80% (27
of 34) of microcystic disease, in 100% (22 of 22) of mac-
rocystic disease and 46% (6 of 13) of mixed lesions over a
mean follow up of 3.5 years.

Following sclerotherapy, significant regression of lym-
phatic malformations has been reported in the 82-92%
range [26-30]. The rate of poor response with sclerotherapy
has been found to be 12-18% [26-30]. In our study, 93% of
lymphatic malformations demonstrated a significant reduc-
tion in volume (fair to excellent response) following bleo-
mycin sclerotherapy and 7% responded poorly. While

Table 2 Demographics and clinical features of patients with orbital
and adnexal lymphatic malformations.

Feature n (%) N=69

Age at presentation (years)
Mean + SD (median, range) 20+ 16 (16, 0.08-70)
Age at onset of disease (years)

Mean + SD (median, range) 12+ 15 (6, 0-70)

Gender
Male 28 (41)
Female 41 (59)

Duration of symptoms (years)

Mean + SD (median, range) 6+10 (2, 0-50)

Onset

Acute 14 (20)
Subacute 4 (6)
Chronic 51 (74)
Symptoms

Presence of a mass 56 (81)
Unequal appearance of the eye 49 (71)
Drooping of the upper eyelid 26 (38)
Peri-orbital pain 16 (23)
Diminished vision 13 (19)
Double vision 5(7)
Signs

Proptosis 46 (67)
Squint 32 (47)
Ptosis 26 (38)
Pain 16 (23)
Decreased vision 13 (19)
Exposure keratopathy 7 (10)
Location of the lesion

Orbital 20 (29)
Palpebral 8 (12)
Orbital-palpebral 29 (42)
Orbital-palpebral-conjunctival 8 (12)
Orbital-conjunctival 23)
Conjunctival 2 (3)
Orbital involvement

Intraconal + extraconal 42 (71)
Extraconal 13 (23)
Intraconal 4 (7
Disease pattern

Microcystic 34 (49)
Macrocystic 22 (32)
Mixed 13 (19)

SD Standard deviation.

100% (22) patients with macrocystic morphology showed a
good to excellent response to sclerotherapy, patients with
microcystic and mixed lesions showed a lower response
rate. On multivariate analysis, the acuteness of presentation
(patient reporting within a week of onset of symptoms) was
the only factor correlating with a better response to scler-
otherapy (p =0.04). The relatively unfavourable response
to sclerotherapy (though not statistically significant) in
patients with microcystic lesions could be due to the fact

SPRINGER NATURE
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Macrocystic
LM

Microcystic

LM

Mixed LM

#

Fig. 3 Clinical and radiological features of different LM
morphologies. Clinical and radiological features of macrocyst (A-F),
microcyst (G-L) and mixed (M-R) architecture with response to
bleomycin sclerotherapy. Patient 1 (A-F): A and B pre-operative
clinical photographs demonstrating a left eyelid fullness with inferior
globe dystopia, C Preoperative CT orbit s/o macrocysts in left upper
eyelid, D and E post 4 IU bleomycin sclerotherapy clinical photo-
graphs with regression of cyst, E post-operative CT orbit with
regression of the cyst. Patient 2 (G-L): G and H pre-operative clinical
photographs demonstrating a right eyelid fullness with superior globe

that microcysts are densely compacted smaller cystic
structures and collapse of the cyst wall of microcystic
lesions might not account for a significant decrease in the
volume of the lesion. However, the most important role in
sclerotherapy for microcystic lesions is played by lidocaine.
Local anaesthetics such as lidocaine interact with cell
membrane phospholipids and increase the permeability as
well as sensitize these membranes to cytotoxic agents such
as bleomycin [31]. This property is due to lidocaine-related
increase in influx of calcium ions, thereby favouring more

SPRINGER NATURE

dystopia, I Preoperative CT orbit s/o inferior eyelid and orbital
microcysts, J and K post 36 cumulative IU bleomycin sclerotherapy
clinical photographs with regression of the globe dystopia and the
eyelid fullness, L post-operative CT orbit demonstrating decrease in
the of the volume of the cyst. Patient 3 (M—R): M and N pre-operative
clinical photographs demonstrating a right proptosis, O Preoperative
MRI orbit demonstrating orbital intra and extraconal macro and
microcysts, P and O post 30 cumulative IU bleomycin sclerotherapy
clinical photographs with regression of the proptosis, P post-operative
MRI orbit demonstrating regression of the cysts.

transport of bleomycin into the cells [31]. We believe that
the addition of lidocaine (in a 4:1 dilution with bleomycin, 4
parts bleomycin and 1 part lidocaine) is crucial in the
management of lymphatic malformations.

We attempted to assess the technique of bleomycin
injection and the role of image guidance on the outcomes.
Da Ros et al. [32] reported “lymphographic-like technique”
of sclerotherapy where the position of the 22 G needle
inserted into the lymphatic malformation was checked by
fluoroscopic and sonographic guidance and an electronic
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syringe pump administered the sclerosant at a flow rate of
0.7 mL/h. They observed improvement in clinical symp-
toms in 93% patients. In the current study of non-image
guided sclerotherapy, 93% of our patients showed fair to
excellent clinical regression and in 79% the regression was
graded as good or excellent. Harmoush et al. [33] used
multimodal imaging in the form of intraoperative fluoro-
scopy combined with intra-operative cone beam CT for the
management of orbital LM. The average number of scler-
otherapy sessions per patient were 1.4 (range, 1-3). In
comparison, the mean number of injections in our subset
were 1.9 (range, 1-6). While the lesion types in their series
were not documented, the published figures indicate that all
of their lesions were macrocysts. In contrast, in our series,
two-thirds of our patients had microcystic or mixed pre-

Table 3 Management and treatment outcomes of orbital and adnexal
lymphatic malformations.

Feature n (%) N=69
Number of sclerotherapy sessions 2+1 (2, 1-6)
Mean + SD (median, range)

Total units of bleomycin injected (IU) 9+8 (6, 1-38)

Mean + SD (median, range)
Units injected per session of
sclerotherapy (IU)

Mean + SD (median, range)

42 (4, <1-12)

Pre-operative Hertel’s value (mm) 29 (5)
Mean = SD

Post-operative Hertel’s value (mm) 20 (2)
Mean + SD

Reduction in proptosis (mm) 4 (3, 2-12)

Mean (median, range)
Pre-procedure lesion volume (cm®) 7+4 cm® (7 em?; 4-14 em®)
Mean + SD (median, range)

Post-procedure lesion volume (cm®) 0.8+ 1.2 cm® (median 1; range

Mean + SD (median, range) 0.2-2.4 cm3)
Outcomes

Excellent 43 (62%)
Good 12 (17%)
Fair 9 (13%)
Poor 5 (7%)

IU International units, SD Standard deviation.

sentation. The prominent differences between the two stu-
dies, however, were that sclerotherapy was performed by
interventional radiologists in the Harmoush et al. [33] study
while in our series, it was performed by oculoplastic sur-
geons. We propose that good pre-operative imaging gives
an idea of the 3D configuration of the tumour and may pre-
empt the need for image guidance, especially for an oph-
thalmologist who is trained in routine retrobulbar and
peribulbar injections.

Hill et al. [34] reported the average number of sessions
needed for complete ablation of the LM were 1.7 in 20
patients with orbital lymphatic malformations. Para-
masivam et al. [35] reported that 65% of patients required
less than three procedures, whereas 35% required 3-5
procedures for bleomycin sclerotherapy. Raichura [36] et al.
reported that though the number of bleomycin injections
required were 1-6, satisfactory outcome was seen with 2 or
less. In the present study, the average number of treatment
sessions required were 2+ 1 (median 2, range 1-6).
Hill et al. [34] reported the mean reduction in proptosis of
2.4 mm, whereas Barnacle et al. [18] reported subjective
improvement of proptosis in all patients. In the present
study, the mean reduction in proptosis was noted to
be 4 mm.

The adverse effects reported with bleomycin scler-
otherapy have been transient mydriasis which resolves
eventually in a few months [32, 35], intralesional haemor-
rhage which may require immediate lateral canthotomy with
cantholysis of the inferior or superior limb of the lateral
canthal tendon, lid oedema, ecchymosis, erythema, transient
increase in proptosis, mild pain and transient hyperpig-
mentation of skin which are short term [34]. No long-term
side-effects have been noted [34—37]. There has been one
report of fatal lung toxicity in a 15-month-old girl, 1 week
after injection of 7 units of bleomycin into a cheek mac-
rocystic lymphatic malformation [38]. In the present study,
short term side-effects of inflammation in 16% and transient
hyperpigmentation in 22% were noted. No long-term side
effects occurred in any of the patients. Hill et al. [34] and

Table 4 Comparison of clinical

. . Clinical outcome
outcome of the microcystic,

Number (n =69) Microcyst 34 (49%) Macrocyst 22 (32%) Mixed cyst 13 (19%)

macrocystic and mixed lesion
groups.

Excellent (>75%)
Good (>50-75%)
Fair (25-50%)
Poor (<25%)

43 (62%)*
12 (17%)*
9 (13%)*
5 (T%)*

22 (65%)° 16 (73%)° 5 (38%)°
5 (15%)° 6 (27%)° 1 (8%)¢
3 (9%)° 0 6 (46%)"
4 (12%)° 0 1 (8%)¢

Percentages have been reported from 69 cases.

®Percentages have been reported for microcyst (n = 34).

“Percentages have been reported for macrocyst (n = 22).

dpercentages have been reported for mixed cyst (n = 11).
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Raichura et al. [36] reported no recurrences in patients who
completed the course of sclerotherapy. In our experience as
well, no recurrences were seen over a mean follow-up
period of 3.5 years.

One of the limitations of our study was the retrospective
nature of the study design. Another limitation was the
clinical grading of the regression being associated with
subjective errors. A prospective study with radiologic
regression following each session of sclerotherapy and at
treatment conclusion would have helped to accurately
quantify the percentage of radiological regression. Our
study has demonstrated that using a well-conceived proto-
col, non-image guided bleomycin sclerotherapy can be a
safe and effective management option for lymphatic mal-
formations. Sclerotherapy being performed by different
physicians across the eye institute network proved advan-
tageous in compiling this series of patients. Macrocystic
malformations tend to have a better response to scler-
otherapy than microcystic malformations. Lesions that have
undergone previous debulking tend to have a poorer out-
come. Tumour regression is long lasting without evidence
of recurrence. We recommend bleomycin sclerotherapy as
the first line management of lymphatic malformations with
surgery being reserved for those malformations unrespon-
sive to sclerotherapy.

Summary
What was known before

1. Bleomycin is an effective sclerosant for macrocystic
orbital and adnexal malformations.

2. Bleomycin has a good safety profile.

3. Orbital infections of bleomycin are image guided.

What this study adds

1. Bleomycin sclerotherapy is effective in 77% of orbital
and adnexal lymphatic malformations.

2. Excellent to good response is seen in 80% OA-LMs
with microcystic architecture.

3. Image guidance is not essential for superficial as well
as deep orbital LM.
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