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with the MICE procedure. Patient 1 presented with 
progressive corneal NV and lipid keratopathy sec-
ondary to herpes zoster ophthalmicus (HZO) and a 
best-corrected spectacle visual acuity (BSCVA) of 
20/100 Snellen. At one-year post-MICE, there was 
no recurrence (BSCVA was 20/20 Snellen). Patient 2 
presented with idiopathic lipid keratopathy (BSCVA 
20/50 Snellen). At four months post-MICE, there 
were no signs of recurrence (BSCVA 20/20 Snellen). 
Patient 3 presented with corneal NV and lipid kera-
topathy secondary to HZO (BSCVA 20/30 Snellen). 
At four months following two MICE treatments, res-
olution of the lipid keratopathy was noted (BSCVA 
20/20 Snellen).
Conclusions  Preliminary findings suggest that 
MICE may be an additional modality for treat-
ing progressive corneal NV with lipid keratopathy. 
Larger comparative studies with longer follow-up are 
warranted.
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Introduction

The absence of blood vessels in the cornea is a neces-
sity for optical clarity and optimal vision. Corneal 
neovascularization (NV) is a vision-threatening path-
ologic response to a diverse number of infectious, 

Abstract 
Purpose  To report on the preliminary outcomes of 
mitomycin C (MMC) intravascular chemoemboliza-
tion (MICE) for corneal neovascularization (NV).
Methods  This is a retrospective case series of three 
consecutive eyes that underwent MICE for progres-
sive corneal NV with sight threatening lipid keratopa-
thy. A 1.0 cc syringe was partially filled with MMC 
(0.4 mg/mL) and attached to a 33-gauge needle used 
to cannulate the vessels. The MMC (0.01–0.05  ml) 
was injected with enough retrograde hydrostatic force 
to fill efferent and afferent vessels. Follow-up ranged 
from 4 months to 1 year.
Results  Three eyes of three patients aged 59, 73 
and 33 years were included. There were no intraop-
erative or postoperative complications associated 
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traumatic, ischemic and foreign body associated eti-
ologies [1]. Permanent visual loss is related to lipid 
deposition, scarring, irregular astigmatism and loss 
of corneal clarity [2, 3]. The incidence of corneal NV 
varies based on geographic location and population 
and was previously estimated at 1.4 million patients 
per year in 1998, [4], likely increasing since then [1].

The primary approach to corneal NV is the treat-
ment of the underlying infectious and inflamma-
tory stimulus, depending on the disease process [3]. 
Topical steroids are a commonly used treatment, but 
adverse effects associated with prolonged use limit 
its long-term use. There is little evidence that topical 
steroids reverse established corneal vascularization 
[5, 6]. A wide variety of vasodestructive treatments 
including argon laser photocoagulation, photody-
namic therapy, cautery, fine needle diathermy and 
suture ligation have met with relatively poor long-
term success. More recently use of topical and sub-
conjunctival anti-vascular endothelial growth factor 
(anti-VEGF) has been described [1]. A meta-analysis 
that included twenty-five clinical and experimental 
studies reported a significant reduction of corneal NV 
after treatment with either topical or subconjuncti-
val bevacizumab [7]. The rate of recurrence of cor-
neal NV and lipid keratopathy after subconjunctival 
bevacizumab has been reported to be 35% in one pub-
lished series [8].

The efficacy of intravascular chemoembolization 
with various agents has been reported for hepatocel-
lular carcinoma [9] with mitomycin C (MMC) being 
one of the first [10]. It is likely that MMC inhibits 
vascular endothelial cell proliferation, thereby lim-
iting repair capacity of the endothelial monolayers 
of the blood vessel [11, 12]. This led to the novel 
hypothesis that MMC intravascular chemoemboli-
zation (MICE) may serve as a potentially effective 
treatment for corneal NV. The purpose of the current 
study was to report on the short-term outcomes of 
MMC intravascular chemoembolization for corneal 
NV (MICE) in three patients.

Methods

This study was conducted in compliance with the 
tenets of the Declaration of HELSINKI. All patients 
signed informed consent prior to undergoing the pro-
cedure, and further consent was obtained for inclusion 

in this report. Patients were advised that most experi-
ence with transarterial chemoembolization has come 
from treating hepatocellular carcinoma and although 
a minute amount (0.02 mg) was going to be injected, 
this may lead to side effects and to contact the sur-
geon and their general practitioner immediately if 
needed. Additionally, they were advised that this may 
not succeed and that they may require repeat injec-
tions and that other agents may need to be adminis-
tered in future (e.g., bevacizumab).

Study participants

The MICE treatment was performed on three patients 
from the same facility (Coastal Eye Clinic) by the 
same surgeon (DPO). The study’s specific inclusion 
criteria were the prevention of visual loss in patients 
with progressive lipid keratopathy due to corneal neo-
vascularization. This is a retrospective case series 
conducted utilizing a chart review of consecutive eyes 
that underwent MICE for corneal NV from November 
2019 to September 2020. Inclusion criteria for MICE 
treatment were (a) Lipid keratopathy secondary to 
corneal neovascularization encroaching the visual 
axis, (b) Documented failure of conventional treat-
ment of the etiology of corneal NV, specifically sys-
temic anti-viral therapy (valacyclovir) for a minimum 
of 4 months, (c) A previous trial of topical steroids for 
at least one month with persistent NV, (d) No prior 
corneal vasodestructive or anti-proliferative therapy, 
(e) Follow-up examinations ranged from 3 months to 
one year.

Pre‑treatment assessment

All patients underwent the following assessment 
before MICE treatment: ophthalmic examination, slit 
lamp imaging (× 16 and × 25 magnification), corneal 
topography and anterior segment optical coherence 
tomography (AS-OCT) imaging.

Surgical technique

All patients underwent MICE using a similar protocol 
with the aid of an ophthalmic operating room micro-
scope. Topical anesthesia in the form of proparacaine 
or preservative-free lidocaine was used, and 5% povi-
done iodine solution was then instilled on the ocular 
surface. A 1.0  cc syringe was partially filled with 
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MMC (0.4 mg/mL) and attached to a 33-gauge needle 
(TSK Laboratory International, Canada, Vancouver). 
The largest bore corneal vessel just inside the limbus 
was identified (Fig.  1 white arrow). The needle was 
angled at approximately 15 degrees from the corneal 
surface to cannulate the vessel. A small volume of 
MMC (0.01 to 0.05 ml) was injected with enough ret-
rograde hydrostatic force to fill both the efferent and 
afferent vessels (Fig. 1 black arrow). No more than a 
total volume of 0.05  ml of mitomycin was injected 
intravascularly in any case. Balanced salt solution 
was used for meticulous irrigation of the ocular sur-
face (to remove any remnant ocular surface MMC) 
and one drop of moxifloxacin 0.5% and prednisolone 
acetate 1% was applied at the end of the procedure.

Post‑treatment assessment

All patients were followed up at 1  day, 1  month, 
3 months and 6 months following the procedure. At 
every visit, they underwent the following assessment: 
ophthalmic examination, slit lamp imaging (× 16 
and × 25 magnification), tomography and anterior 
segment optical coherence tomography imaging.

Documentation of corneal NV

Photographs taken at each visit were graded by 2 
masked observers for extent (1 to 12 clock hours), 
centricity (peripheral, paracentral and involving vis-
ual axis) and density (very low, low, moderate and 
high) of corneal NV as previously described [13]. 

The amount of vascularization was measured on the 
photographs as the percentage of the total area of 
the cornea by using an image processing and analy-
sis software program (Image J v1.8.0_112, Java-
based image processing, NIH, Bethesda, Maryland, 
USA).

Statistical analysis

Data were analyzed with the Minitab Software, ver-
sion 17 (Minitab Inc, State College, PA). For the 
analysis of paired continuous data, the Wilcoxon 
Signed rank test was used. In all analyses, a two-
sided p value < 0.05 was considered statistically sig-
nificant. All presented means are accompanied by 
their respective standard deviations.

Results

A total of three eyes of three patients aged 33, 59 and 
73  years all of which were females were included 
in this study. No complications during or post-
MICE treatment were noted. The mean pre-treat-
ment vascularization area was 9.77 ± 2.45% (range 
7.68%–12.46%). Following treatment, the area of 
active vascularization was reduced to 0.39 ± 0.67% 
(range 0–1.16%) (p = 0.03). There was no evidence 
of loss of normal limbal vascularization in any of the 
cases throughout the follow-up period.

Fig. 1   The largest bore 
corneal vessel just inside 
the limbus was identified 
(white arrow). The needle 
was angled at approxi-
mately 15 degrees from the 
corneal surface to cannulate 
the vessel. A small volume 
of MMC (0.01 to 0.05 ml) 
was injected with enough 
retrograde hydrostatic force 
to fill both the efferent 
and afferent vessels (black 
arrow)
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Patient #1

An otherwise healthy 59-year woman developed her-
pes zoster ophthalmicus (HZO) in her right eye four 
years before presentation despite receiving a Zos-
tavax (Merck, Readington Township, New Jersey, 
USA) vaccination seven years prior to presentation. 
She was originally treated with valacyclovir but still 
progressed to early pseudodendritic and stromal kera-
titis. For 3 years, she was stabilized with chronic val-
acyclovir 500 mg twice daily and variable dosing of 
topical prednisolone acetate and fluorometholone but 
still developed progressive corneal NV and lipid kera-
topathy (Fig. 2A and B). Her best-corrected spectacle 
visual acuity (BSCVA) was 20/100 Snellen at pres-
entation. She underwent uneventful MICE treatment 
protocol. At postoperative visit day 1, her BSCVA 
improved to 20/30 and complete obliteration of the 

corneal NV was documented (Fig. 2C). No recurrence 
of the corneal NV occurred at the 3 weeks (Fig. 2D) 
and at the 8-week follow-up absorption of the lipid 
was noted (Fig.  2E), and BSCVA was reduced to 
20/80 Snellen secondary to thinning and flattening in 
the area of the absorption of lipid (Fig.  3 and Sup-
plement 1). At one-year post-treatment, there was no 
recurrence of corneal NV and BSCVA improved to 
20/20 Snellen (Fig. 2F).

Patient #2

An otherwise healthy 73-year-old female who pre-
sented with idiopathic lipid keratopathy (Fig.  4A 
and B), which rapidly progressed over a period of 
two months. There was no known history of HZO 
or herpes simplex, prior contact lens wear, trauma 
or Rosacea. Her BSCVA at presentation was 20/50. 

Fig. 2   Patient # 1. At pres-
entation (A, B) her BSCVA 
was 20/100. At postop-
erative day 1 (C) complete 
obliteration of corneal 
NV noted. No recurrence 
noted at 3 weeks (D) and 
absorption of lipid noted at 
8 weeks (E). At one-year 
no recurrence of corneal 
NV (F)
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She was initially treated empirically on valacy-
clovir 1  g three times a day as well as topical ster-
oids with no improvement. Serum lipid profile was 
tested and found to be normal. Surgical intervention 
was delayed by a positive screening nasopharyngeal 
swab for COVID-19. A week later she was retested 
and was COVID-19 negative with positive serum 
antibodies. She subsequently underwent uneventful 
MICE treatment protocol. At the 10-day postopera-
tive visit, her BSCVA was 20/30, and the peripheral 
cornea revealed areas of lipid and blood trapped 
in the corneal stroma which we coined "pizza pie" 
sign (Fig. 4C and D). At four months post-treatment 
BSCVA improved to 20/20 Snellen, and there were 
no signs of corneal NV. The density of the lipid con-
tinued to absorb leading to a feathery like remnant of 
opacities (Fig.  4E). The reduction in density of the 
lipid from baseline (Fig. 4F) is identified on AS-OCT 
as well (Fig. 3).

Patient #3

An otherwise healthy 33-year-old female who devel-
oped HZO with lipid keratopathy in her left eye two 
years prior to presentation (Fig.  5A and B). She 
noted progressive loss of vision over that period of 
time despite oral valacyclovir and topical steroids. 

Her BSCVA at presentation was 20/30 Snellen. She 
underwent a first uneventful MICE treatment proto-
col which led to partial resolution of the blood ves-
sels and lipid deposits. However, remnant high flow 
blood vessels were identified at the two month post-
operative visit (Fig.  5C and D). She underwent a 
second MICE treatment using the same protocol. At 
four months following, the second MICE treatment 
resolution of the lipid keratopathy was noted, and her 
BSCVA improved to 20/20 (Fig. 5E and F).

Discussion

The current study describes the outcomes of three 
patients with progressive vision loss due to lipid 
keratopathy secondary to persistent corneal NV that 
were treated with MICE protocol. In all three cases, 
the MICE treatment led to resolution of the corneal 
NV and subsequent partial absorption of the lipid 
keratopathy. All three patients achieved a BSCVA of 
20/20 Snellen, and no intraoperative or postoperative 
complications post-MICE were noted. To the best of 
our knowledge, this is the first report of intravascular 
chemoembolization for the treatment of corneal NV.

In the current study, two patients required one 
MICE treatment to ablate all of the high velocity 

Fig. 3   Anterior segment 
optical coherence tomog-
raphy of all three patients 
before and after treatment. 
Thinning of the involved 
areas may be noted with 
more compact and overall 
reduction of hyper-reflec-
tivity following treatment 
when compared to before 
treatment
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blood vessels. One patient (#3) demonstrated residual 
high velocity blood vessels, and therefore, a second 
MICE treatment was performed, and following the 
second MICE treatment resolution of high velocity 
blood vessels was safely achieved as well. We spec-
ulate that in patient #3, deeper high velocity blood 
vessels were not successfully chemoembolized, and 
therefore were still seen at two months following the 
first treatment. Therefore, MICE was repeated a sec-
ond time with no adverse outcomes indicating that 
MICE may be safely repeated when necessary. As this 
procedure is technically challenging, a visual cue that 
surgeons can look for during the procedure to verify 
that the MMC was indeed injected intravascular is 
to look for blanching of the blood vessels during the 
injection. If a vessel does not blanch during the pro-
cedure, it is likely that the MMC has gone intrastro-
mal and not into the blood vessel itself. Therefore, to 
successfully cannulate the vessel particular attention 

should be given toward proper angling of the needle 
(approximately 15 degrees). Furthermore, the entire 
bevel of the needle must be inserted into stroma oth-
erwise the MMC will go to the path of least resist-
ance (ocular surface) and not into the vessel. On the 
other hand, the surgeon must avoid complete penetra-
tion of full thickness cornea as injection of MMC into 
the anterior chamber could have disastrous conse-
quences [14]. Finally, only a small volume of MMC 
(0.01–0.05 ml) is needed to fill both the efferent and 
afferent vessels during the injection when located in 
the correct position and angle.

In all three cases, following successful emboliza-
tion of the corneal NV, a common sequence of events 
was noted. Early postoperative findings include abla-
tion of the corneal NV which can be witnessed the 
following day. Afterward at 1–3  weeks following 
treatment, the "pizza pie" sign can be identified, indi-
cating areas in which lipid and blood are trapped in 

Fig. 4   Patient #2. Preoper-
ative color photographs (A, 
B). Ten days post-treatment 
demonstrating the "pizza 
pie" sign (C, D) represent-
ing trapped lipid and blood. 
Four months post-treatment 
demonstrating absorption 
of lipid and feathery like 
remnants (E)
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the corneal stroma. After 1–2 months, absorption of 
lipid ensues leading to a feathery like appearance of 
the left-over lipid with reduced hyper-reflectivity on 
AS-OCT. This absorption may be accompanied by 
compaction or flattening of the cornea noted in the 
area of the absorbed lipid with induced astigmatism. 
However, the corneal flattening and induced astigma-
tism stabilized or improved in all cases. There was 
no loss of best-corrected vision or recurrence of cor-
neal neovascularization in any case during the study 
period.

Regarding potential safety concerns. A recent 
study assessing two different types of transarterial 
chemoembolization with mitomycin for hepatocel-
lular carcinoma reported on outcomes for concen-
trations of 8  mg/m2 body surface [15]. The average 
body surface of an adult is 1.6–1.9m2 indicating a 
total of 12.8–15.2  mg in their cohort of 99 patients 
[15]. For comparison, with MICE, 0.01–0.05  ml of 
0.4 mg/ml mitomycin is injected, which means that at 

most 0.02 mg is injected. Effectively, at most, ~ 0.16% 
((0.02 mg/12.8 mg)*100) of what is injected for hepa-
tocellular carcinoma is injected during MICE. In the 
aforementioned study on hepatocellular carcinoma, 
the majority of patients tolerated chemoemboliza-
tion well and all patients were discharged from the 
hospital on the day of treatment [15]. At that high 
dosage, given to the hepatic artery, approximately 
15% develop transient symptoms of abdominal pain, 
nausea, and vomiting for several days (“postembo-
lization syndrome”). It is speculated that this is due 
to an inflammatory response due to breakdown of 
the tumor tissue. No major complications or allergic 
reactions were reported. At the microscopic dosages 
given for MICE (0.16%) for corneal neovasculari-
zation, we have not witnessed any systemic adverse 
events. In the current study, there was no evidence of 
loss of normal limbal vascularization in any of the 
cases throughout the follow-up period. We strongly 
recommend avoiding injecting MMC toward the 

Fig. 5   Patient #3. Preop-
erative color photographs 
(A, B). Two months post-
treatment remnant high 
velocity blood vessels are 
still present (C, D), and 
therefore, treatment was 
repeated. Four months post-
second MICE treatment 
absorption of lipid and no 
recurrence of corneal NV 
(E, F)



2414	 Int Ophthalmol (2022) 42:2407–2416

1 3
Vol:. (1234567890)

limbus when performing MICE in order to avoid this 
potential unwanted effect. We also recommend metic-
ulously irrigating the ocular surface with BSS at the 
end of the procedure to reduce ocular surface expo-
sure to MMC.

It is thought that newly formed blood vessels bud 
from pre-existing blood vessels or vascular endothe-
lial progenitor cells. Moreover, lymphatic vessels 
bud from pre-existing lymphatic vessels or blood 
vessels [16]. In its non-pathological state, the cornea 
maintains a state of “corneal angiogenic privilege” 
(avascular status) [17]. A well preserved equilibrium 
between anti-angiogenic and pro-angiogenic mecha-
nisms prevents neovascularization onto the resting 
cornea [17]. Following injury in the form of infection, 
trauma or inflammation, this equilibrium is disturbed 
leading to a pro-angiogenic state [17]. Some of these 
pro-angiogenic factors such as VEGF stimulate vas-
cular endothelial cell proliferation [18]. Subsequently, 
these endothelial cells migrate toward these angio-
genic stimuli forming new lumens, branches and 
eventual loops with afferent and efferent limbs [19]. 
Indeed, topical and subconjunctival anti-VEGF treat-
ment such as bevacizumab [7], ranibizumab [20] and 
aflibercept [21, 22] have been extensively reported. 
However, corneal NV may recur [8] or persist [23] 
following treatment leading to repeated injections. It 
has been proposed that this is due to residual subclini-
cal inflammation and rebound release of VEGF after 
cessation of treatment [8]. Furthermore, other growth 
factors and cytokines have been proposed as poten-
tial target of therapies [24]. An additional treatment 
modality, fine needle diathermy, has been reported as 
a useful and inexpensive technique for the treatment 
of established corneal vessels. In a series of 14 eyes, 
Pillai et al. reported occlusion of all vessels in 57.1% 
(n = 8) with the remainder achieving at least 50% 
occlusion [25]. More recently, Schaub et al. reported 
on regression of pathological corneal neovasculari-
zation prior to high risk keratoplasty using corneal 
crosslinking. In a series of five patients, they reported 
a mean reduction of 70.5% in mean corneal neovas-
cularization with no incidences of revascularization 
observed [26]. The use of chemotherapeutic agents to 
has been shown to provide adequate vessel occlusion 
in other fields such as the treatment of hepatocellular 
carcinoma [9]. With MICE, the vessels endothelial 
cells are obliterated, and existing abnormal corneal 
vessels are occluded and subsequently ablated. We 

speculate that targeting of the vessel and its endothe-
lium by means of chemotherapeutic embolization 
not only halts and destroys existing vessels but also 
prevents further vascularization [24]. Mitomycin is 
a bifunctional alkylating agent that is known to have 
direct cytotoxic effects on cultured pulmonary artery 
endothelial cells and umbilical vein endothelial cells 
[11, 12]. Unlike topical steroid or anti-VEGF agents, 
the endothelial cell cycle arrest from mitomycin is 
irreversible. Other potential corneal NV chemoem-
bolization agents exist, however, the ideal one is 
currently unknown and future studies may compare 
results with MICE.

Performing MICE can be technically challenging, 
especially in cases of smaller vessels. Therefore, we 
recommend identifying the largest vessel (regardless 
of whether it’s an afferent or efferent vessel). The 
hydrostatic pressure from the injection itself with fill 
the entire network with MMC including the smallest 
vessels, if they are connected. Indeed, there are some 
instances where even the largest vessel is smaller 
than the diameter of a 34-gauge needle itself. In 
those cases, placing the needle tip sufficiently intras-
tromal, where the tip is fully buried, at the entrance 
of a vessel will cause the MMC to go to the path of 
least resistance when injecting and therefore into the 
vessel itself rather than into the stroma or onto the 
ocular surface. Finally, indeed in some cases, this 
may require several attempts with some of the MMC 
going intrastromal and not into the vessel itself.

This preliminary case series has several limita-
tions. First of which is its retrospective nature. Sec-
ond, AS-OCT angiography or fluorescein angiog-
raphy could have added valuable information as to 
the effect of the treatment and were not performed. 
Therefore, future studies assessing MICE may con-
sider adding this modality. Third, specular micros-
copy was not performed in this study since the lipid 
was threatening their visual axes, and the media was 
too opaque. Future studies may consider attempting 
central endothelial cell counts and, if not possible, 
peripheral cell counts in areas of clear cornea.

In summary, this study presents the outcomes 
of MICE for lipid keratopathy secondary to corneal 
NV. All three cases achieved complete resolution of 
corneal NV and subsequent partial absorption of the 
lipid keratopathy with no intraoperative or postop-
erative complications noted. Therefore, preliminary 
findings suggest that MICE may be an additional 
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modality for treating this entity for appropriate cases. 
This treatment is technically challenging to perform, 
and larger comparative studies with longer follow-up 
are warranted to assess its safety and efficacy.
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