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Vascular malformations
Choroidal hemangioma (CH) is a benign hamartomatous tu-

mor which may be circumscribed or diffuse. CH does not beco-
me malignant and turns symptomatic when complications de-
velop e.g. exudative retinal detachment (1). Therapeutic options 
for choroidal hemangioma are: observation, transpupillary ther-
motherapy (TTT), photodynamic therapy (PDT), photocoagula-
tion, cryotherapy, anti-VEGF injections, radiosurgery (2, 3). Tre-
atment is applied only in cases with retinal detachment (RD) 
and vision deterioration, and the goal of treatment is subretinal 
fluid absorption (4, 5).

The Gamma Knife mechanism of action consists of endothe-
lial cell destruction and micro-obliterations of capillaries, hence 
the idea of GKRS treatment for choroidal malformations. Kim 
et al. (4) presented seven patients (three with circumscribed 
and four with diffuse hemangioma) treated with a Gamma Kni-
fe. In all cases exudative retinal detachment resolved complete-
ly within 1.5 to 6 months, even if radiation „covered” only a part 
of the diffuse hemangioma. Due to macular reattachment vision 
improvement was observed (p = 0.018). The single marginal 
dose was 10 Gy in all patients. It was estimated that during 
treatment the macula absorbed radiation of 3.7–14.7 Gy, while 
the optic nerve 4–9 Gy. No post radiation symptomatic com-
plications were reported during follow-up (on average 44 mon-
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ths). The single dose 10 Gy was also applied by Kong et al. (6) 
for CH treatment in three young patients. Tumor size and subre-
tinal fluid volume decreased during the entire follow-up period 
(of 18–36 months), visual acuity slightly improved and no post 
radiation side effects were noted. Song et al. (5) treated with 
GKRS three hemangiomas with concomitant RD covering more 
than two retinal quadrants, obtaining reattachment of the retina 
in two cases (in two and five months respectively). The third 
patient with total retinal detachment needed pars plana vitrec-
tomy. GKRS was a secondary treatment in this series (after TTT) 
and led to a reduction of the tumor thickness by 40%. Howe-
ver, a much higher dose was applied on the tumor margin than 
in previous reports (26.7 Gy), no complications related to eye 
irradiation were recorded. Unfortunately in two patients there 
was a slight decrease in vision during the one-year follow-up. 
The authors emphasize that the Gamma Knife proved to be more 
effective in comparison with other radiosurgery techniques, due 
to convenience, possibility of large tumors precise irradiation, 
and minimal radiation dose dispersion on adjacent tissues. 
The use of a Lexel Gamma Knife allows treatment of choroidal 
hemangiomas of sizes unmanageable with laser therapy or bra-
chytherapy (7). GKRS can be an effective and safe alternati-
ve for CH treatment, nevertheless further randomized studies 
with larger groups are necessary.
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Age-related macular degeneration
Wet form of AMD with subfoveal choroidal neovasculariza-

tion (CNV) is responsible for most cases of severe vision loss 
in this disease. Methods of CNV treatment are limited. In 2006 
FDA and then, in 2007, EMEA approved ranibizumab (Lucentis, 
Novartis) for the treatment of wet macular degeneration. Despi-
te promising results, intravitreal injections are invasive, frequ-
ent and expensive therapy.

At the end of the 90’s, Finger et al. (8) published moderately 
optimistic reports about treatment of CNV using external beam 
radiation therapy. Other authors followed in his steps, based 
on the theory of destroying pathological vessels by the beams 
of protons or photons (9).

Haas et al. (10) presented a group of 10 patients with clas-
sic subfoveal CNV treated with Gamma Knife. None of them 
experienced radiation-related side effects during the one-year 
follow up. A single margin dose of 10 Gy stabilized visual acuity 
in six patients, but four experienced a decrease of BCVA of three 
or more lines. Hayashi et al. (11) reported therapy of three neo-
vascular membranes with LGK (model C). Two of them were 
demonstrated with traditional contrast-enhanced MRI (10 Gy 
in 80% isodose), but one was estimated with an extremely 
precise time-of-flight MRI (TOF MRI) imaging sequence (15 Gy 
in 60% isodose). In all three cases no complications occurred 
and CNV was stable. Despite the benefits, GKRS is not a popu-
lar treatment option in exudative AMD, probably because of dif-
ficulties in precise imaging of the lesion using traditional MRI.

Orbital tumors
Gamma Knife steroradiosurgery is related to two discipli-

nes: ophthalmology and neurosurgery. Both disciplines meet 
in treatment of orbital tumors. Orbit includes many structures 
(e.g. bone walls, eyeball, vessels, lacrimal gland or fat) and or-
bital tumors may arise from any of them. Visual deterioration 
and diplopia can be caused by compression of the eyeball, 
optic nerve, nutrient vessels or extraocular muscles. Choice 
of the treatment (microsurgery, radiotherapy, radiosurgery) de-
pends on tumor size, location and grade of malignancy (1), but 
in many cases complete surgical tumor removal is not possi-
ble. Xu et al. (12) observed a group of 202 patients with benign 
and malignant orbital tumors (mean target volume of 5.4 cm3). 
LGK was used in a single or two sessions (fifteen patients), 
5-year tumor control rate was achieved in 93.5% of cases. Four 
patients needed additional surgical treatment due to progres-
sion. The administered marginal dose ranging from 10 to 40 Gy 
depended on the type and extension of the lesion. Symp-
toms resolved in 89.6% of patients, but complications related 
to GKRS were also noticed. Optic pathways absorbed doses 
oscillated between 6 and 16 Gy, and 23 patients experienced 
visual impairment. Transient side effects included blepharocon-
junctivitis and eyelid edema. Stafford et al., that the risk of optic 
neuropathy after SRS is higher, when the optic tract receives 
doses greater than 12 Gy. Kim et al. (13) observed a smaller 
group of 15 patients, treated with gamma knife radiosurgery. 
The mean follow-up time was 20.9 months. Seven of them un-
derwent fractionated GKRS (the mean cumulative marginal dose 
was 20 Gy), and eight of them received a median dose of 14 Gy 
in one session. Tumor control was achieved in 80% of patients, 

and the results were comparable between the above-mentioned 
groups. Three patients underwent additional surgical treatment 
due to tumor progression; in two of them visual acuity decre-
ased. One case of optic neuropathy was observed in this study. 
Tumor-associated symptoms like headaches or ocular pain re-
solved in all patients.

Modern techniques of streoradiosurgery result in better 
control of the eye diseases. Before the GKRS era many ocu-
lar and orbit tumors were beyond our reach due to their risky 
location. Currently an extensive literature regarding GKRS con-
firms that Gamma Knife is a reliable, precise and safe tool, 
both for patients and medical staff. Careful patient selection 
and confident doctor–patient relationship play an important role 
in effective treatment. The key issue for accurate dose planning 
is very high resolution imaging. Doses of radiation have to com-
ply with tumor size, its location and the risk of ocular side ef-
fects. Promising results of Gamma Knife use in ophthalmology, 
presented in this review, give us hope for effective treatment 
of many ocular diseases in future.
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Zwyrodnienie plamki związane z wiekiem (ang. age-related macular degeneration – AMD) 
jest przewlekłą, postępującą chorobą polegającą na degeneracji fotoreceptorów w wyniku 
zmian zwyrodnieniowych komórek nabłonka barwnikowego siatkówki (ang. retinal pig-
ment epithelium – RPE), błony Brucha i naczyniówki leżących w okolicy plamkowej. AMD jest 
przyczyną ciężkiego, nieodwracalnego uszkodzenia centralnego widzenia u osób starszych.
AMD jest najczęstszą przyczyną utraty wzroku u ludzi starszych żyjących w krajach 
rozwiniętych. Na chorobę tę cierpi obecnie ponad 11 mln ludzi na świecie, a liczba 

zachorowań szybko wzrasta, co dotyczy zwłaszcza osób po 65. roku życia. Schorzenie to występuje u 30% osób 
powyżej 75. roku życia, według statystyk niemieckich, i u 15% osób w wieku 80 lat, według danych amerykańskich [1]. 
W Polsce nie opublikowano dokładnych danych statystycznych na temat liczby osób dotkniętych tą chorobą. Problem 
zachorowalności na AMD ma związek ze starzeniem się społeczeństwa, albowiem wydłużający się czas życia populacji 
ludzkiej powoduje, że wzrasta jednocześnie liczba osób, które zapadają na AMD – szacuje się, że w czasie najbliższych 
25 lat liczba osób dotkniętych tą chorobą ulegnie podwojeniu [2]. Ocenia się, że do roku 2020 u prawie 3 mln ludzi 
rozwinie się AMD [3]. Dlatego obecnie prowadzone są intensywne badania nad tą chorobą i metodami jej leczenia.
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