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■  T e c h n i q u e  ■

INTRODUCTION

Various surgical techniques have been described 
to increase the accuracy of plaque localization during 
brachytherapy for uveal melanomas. These include 
scleral transillumination, indirect ophthalmoscopy 
with scleral depression, scleral diathermy, and ultra-
sonographic confirmation of plaque localization.1 A 
preoperative method for plaque localization using the 
University of Southern California (USC) Eye Physics 
(EP) plaques and Plaque Simulator (PS) software has 
been described previously.2-7 The EP plaques are de-
signed to provide a conformal dose of radiation to 
the tumor while sparing other critical ocular struc-
tures whenever possible. The long-term results from 
treating medium-sized choroidal melanomas with EP 
plaques are comparable to the Collaborative Ocular 
Melanoma Study (COMS) plaques: the local recur-
rence rate was found to be 2.4% with this method 
during a 20-year period.7 An additional benefit of 
EP plaques is that the PS software allows for preop-
erative treatment planning and plaque localization, 
minimizing intraoperative time required for plaque 
placement. This is done by providing the surgeon 
with two coordinates that correspond to the antici-
pated location on the sclera for suture placement, 
as well as a distance between the two suture points 
called the inter-eyelet distance (Figure 1). In the EP 
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plaque system, two intrascleral sutures are used to se-
cure the plaque to the eye wall. Such coordinates were 
previously given in clock-hours for the meridian and 
a chord distance, in millimeters from the limbus to 
the suture coordinates.7 This technique required the 
surgeon to estimate clock-hours around the limbus of 
the eye (often very specifically, and with minute incre-
ments such as 9:12 and 12:56).

The toric surgical marker was created for intraop-

erative use in cataract extraction in combination with 
intraocular toric lens placement to correct regular 
astigmatism; there are various shapes and sizes on the 
market. With appropriate marking, the margin of error 
in toric intraocular lens placement has been shown to 
be less than 10°, and multiple studies have document-
ed the accuracy of toric surgical markers.8 A new sur-
gical technique using a toric marker for intraoperative 
plaque localization is described in this report.

Figure 1. Plaque localization. The Plaque Simulator planning protocol provides two chord distances to suture points A and B that are 
measured from the limbus to the predetermined point on the sclera for suture placement. The two sutures hold the plaque in place on 
the sclera. A third distance, the inter-eyelet distance, is also given, which serves as an internal control. This distance between the suture 
coordinates should match the distance between the eyelets on the plaque.
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PATIENTS AND METHODS

Between March 1 and December 1, 2014, 10 pa-
tients were treated with Iodine-125 plaque brachy-
therapy for medium-sized choroidal melanomas (as 
per COMS nomenclature) using the EP plaques and 
the PS software for preoperative plaque planning. A 
toric marker was used intraoperatively to aid plaque 
placement for all patients.

The details of the PS software for treatment of 
these patients has been described previously.7 In 
brief, a virtual model of the eye and tumor are used 
to select a plaque, identify the appropriate seed posi-
tions and strengths that conform to the tumor base, 
and calculate the resulting dose distribution. The lo-
cation, orientation, size and shape of the plaque, and 
strength of the seeds are selected so as to envelop the 
tumor apex, longest basal diameter, and a 2-mm reti-
nal margin surrounding the base within a prescribed 
isodose surface (ie, 85 Gy to the tumor apex).

In the previous description of our surgical proce-
dure,7 suture coordinates for plaque eyelets were ex-
pressed as a retinal map meridian (clock-hours and 
minutes) and chord distance from the limbus (Figure 
1). Our new surgical technique and PS planning de-
scribes the suture coordinates for axis in degrees; the 
chord distance from the limbus is calculated in mil-
limeters, as before.

In the preoperative area a reference mark is made 
on the limbus of the operated eye at the 90° meridian 
with the patient sitting upright. Intraoperatively, a 
180° peritomy is performed taking care to not disturb 
the reference mark. Once hemostasis is maintained 
with bipolar cautery, a surgical toric marker (Duck-
worth & Kent Cionni Toric Axis Marker model 9-841; 
Baldock, England) (Figure 2) is used to create two 
linear marks at the limbus for the two suture coordi-

nates; the 90° mark made preoperatively is used as a 
reference guide for the toric marker. The two scleral 
marks are then made at the prescribed chord distance 
from the limbus.

Once the marks are in place on the sclera for su-
ture placement, the inter-eyelet distance is also mea-
sured. The inter-eyelet provides an internal control, 
as this distance measured on the sclera should match 
the distance between the plaque eyelets, as well as 
the distance given on the PS planning protocol. The 
remainder of the surgical technique then proceeds as 
previously described.7 Two sutures are preplaced in 
the sclera, and a “dummy” (unloaded) plaque with 
the same design as the “treatment” plaque is tem-
porarily secured in position on the sclera. Correct 
plaque placement is further confirmed with via indi-
rect ophthalmoscopy and scleral depression around 
the plaque to ensure the tumor base is centered under 
the plaque with equal, 2-mm margins. Once the posi-
tion of the plaque is confirmed, the dummy plaque 
is removed and the treatment plaque that is loaded 
with radioactive Iodine-125 seeds is secured to the 
eye wall using the same preplaced sutures.

RESULTS

The toric surgical marker was used successfully 
to localize suture coordinates for EP plaque eyelets 
in 10 patients with uveal melanomas between March 
1 and December 1, 2014. The PS software was able 
to display the suture coordinates either in degrees as 
described herein or in ‘clock-hours’ as described pre-
viously (Figure 3). Two additional surgical steps con-
firmed the accuracy of plaque placement. First, the 
PS software provides the inter-eyelet distance, which 
should correspond to the distance between the pre-
placed sutures. Funduscopy with indirect ophthal-

Figure 2. Toric marker for intraoperative localization of episcleral plaques. (A) The toric marker is aligned to the axis recommended by 
the plaque planning protocol and surgical marker is placed on the instrument. (B) A 90° mark is placed on the cornea in the preopera-
tive area to be used as a reference; this mark is used to align the toric marker. (C) A marked eye showing the 90° reference point (which 
was marked preoperatively) and two linear marks on the sclera representing the two meridians required for suture placement for plaque 
eyelets.
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moscopy was also performed to ensure the plaque 
was centered over the tumor base with appropriate 
margins on each side.

Although our previously published results using 
clock-hour coordinates demonstrated excellent treat-
ment outcomes, there is potential inaccuracy in a 
surgeon manually marking clock-hours on the globe. 
This is especially the case if the PS calls for very par-
ticular clock-hour coordinates with minutes such as 
8:47 or 11:04. Additionally, these initial clock-hour 
marks are points and then a linear, longitudinal me-
ridian mark must be estimated from this point. The 
toric surgical marker creates a linear mark at the lim-
bus so there is no ambiguity regarding the longitudi-
nal meridian along which to place the sutures for the 
plaque eyelets. Although rare, the inherent inaccu-
racy in ‘clock-hours’ would occasionally require the 
surgeon to remark the eye if the inter-eyelet distance, 
which is an internal control, did not match or to repo-
sition the plaque if it was not well-centered over the 
tumor on indirect ophthalmoscopy.

Since the institution of the toric surgical marker 
to guide EP plaque placement in our protocol, no 
plaques have required intraoperative readjustment 
and the inter-eyelet distance was correct at the first 
measurement in all cases. The placement of the 
plaque on the sclera overlying the tumor was judged 
to be appropriate by the surgeons (JB, JK) in all cases 
when confirmed by indirect ophthalmoscopy. There 
were no intraoperative complications, and the operat-
ing time was not increased. The average time of fol-

low up was 9 months and ranged between 6 and 15 
months for these cases. There have been no cases of 
local recurrences, and in all patients at last follow-
up, the tumors demonstrated regression, indicating 
appropriate plaque placement.

DISCUSSION

Herein we describe a new surgical technique adapt-
ing the toric marker for use in episcleral plaque brachy-
therapy. In our hands, use of the toric marker aided 
surgical placement of EP plaques. The axes for suture 
coordinates were efficiently and accurately marked. 
The linear nature of the marks facilitated caliper mea-
surement (in millimeters) along the marked longitudi-
nal meridian to the point of suture placement.

The PS plaque planning protocol for EP plaques is 
now designed to display the suture coordinates either 
by clock-hour or degrees, and either method can be 
used to localize the plaque (Figure 3). Prior to use of 
the toric marker, the initial scleral marks occasionally 
needed to be adjusted because the inter-eyelet distance 
did not correspond or the plaque required intraopera-
tive readjustment (surgeons’ personal experience). 
However, since implementing use of the toric surgical 
marker in this case series, neither the initial marks nor 
the plaques required readjustment, as all were consid-
ered appropriately localized by the surgeons.

The cohort of patients treated with the toric mark-
er is too small and the follow-up time is too short to 
make any significant comments about surgical effi-
ciency and tumor control. However, given the plaque 

Figure 3. Plaque planning protocol options. Per surgeon preference, the suture coordinates can be presented in ‘clock-hours’ or axis 
and millimeters from the limbus. The chord distances and the inter-eyelet distance (not shown) are the same regardless of preference.
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placement was confirmed to be accurate intraopera-
tively in all cases, we do not expect any long-term 
changes to rates of local tumor control. Additionally, 
at the last follow-up visit all tumors were showing ap-
propriate early tumor regression post brachytherapy.

Many methods exist for appropriate plaque lo-
calization during brachytherapy. The toric surgical 
marker is another tool that may aid the ocular oncol-
ogist in attaining accurate placement of EP plaques 
with PS planning protocols. Future research is nec-
essary to determine whether use of the toric surgical 
marker improves operative time and efficiency.

REFERENCES

	 1.	 Chang MY, Kamrava M, Demanes DJ, et al. Intraoperative ultrasonog-
raphy-guided positioning of iodine 125 plaque brachytherapy in the 
treatment of choroidal melanoma. Ophthalmology. 2012;119:1073-
1077.

	 2.	 Astrahan MD, Luxton G, Pu Q, Petrovich Z. Conformal episcleral 
plaque therapy. Int J Radiat Oncol Biol Phys. 1997;39:505-519.

	 3.	 Astrahan MA, Luxton G, Jozsef G, et al. An interactive treatment 
planning system for ophthalmic plaque radiotherapy. Int J Radiat On-
col Biol Phys. 1990;18:679-687.

	 4.	 Astrahan MA, Luxton G, Jozsef G, Liggett PE, Petrovich Z. Opti-
mization of 125I ophthalmic plaque brachytherapy. Med Physics. 
1990;17:1053-1057.

	 5.	 Evans MD, Astrahan MA, Bate R. Tumor localization using fun-
dus view photography for episcleral plaque therapy. Med Physics. 
1993;20:769-775.

	 6.	 Astrahan MA. Improved treatment planning for COMS eye plaques. 
Int J Radiat Oncol Biol Phys. 2005;61:1227-1242.

	 7.	 Berry JL, Dandapani SV, Stevanovic M, et al. Outcomes of medium-
sized choroidal melanomas treated with USC Eye Physics plaques: 20-
year review. JAMA Ophthalmol. 2013;131:1435-1442.

	 8.	 Visser N, Berendschot TT, Bauer NJ, Jurich J, Kersting O, Nuijts 
RM. Accuracy of toric intraocular lens implantation in cataract and 
refractive surgery. J Cataract Refract Surg. 2011;37:1394-1402.



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


