
tential to shield or displace normal tis-
sues thus minimally exposing them to 
radiation. Clinically, IORT has been used 
as an adjuvant to surgery and/or fraction-
ated external beam radiation therapy for 
locally advanced cancers of the abdomen, 
pelvis, head and neck, brain, thorax, and 
extremities.1-7 Historically, linear accelera-
tors employing electron beams were used 
for IORT.5, 8-10 However, there has been an 
interest in applying high dose rate (HDR) 
brachytherapy for this purpose.11-14 

In intra-operative high dose rate 
(IOHDR) brachytherapy, applicators are 
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Background. This study was performed to quantify the inaccuracy in clinical dose delivery due to the 
incomplete scatter conditions inherent in intra-operative high dose rate (IOHDR) brachytherapy. 
Methods. Treatment plans of 10 patients previously treated in our facility, which had irregular shapes of 
treated areas, were used.  Treatment geometries reflecting each clinical case were simulated using a phantom 
assembly with no added build-up on top of the applicator.  The treatment planning geometry (full scatter 
surrounding the applicator) was subsequently simulated for each case by adding bolus on top of the ap-
plicator. 
Results. For geometries representing the clinical IOHDR incomplete scatter environment, measured doses 
at the 5 mm and 10 mm prescription depths were lower than the corresponding prescribed doses by about 
7.7% and 11.1%, respectively. Also, for the two prescription methods, an analysis of the measured dose 
distributions and their corresponding treatment plans showed average decreases of 1.2 mm and 2.2 mm in 
depth of prescription dose, respectively. 
Conclusions. Dosimetric calculations with the assumption of an infinite scatter environment around the 
applicator and target volume have shown to result in dose delivery errors that significantly decrease the 
prescription depth for IOHDR treatment.
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Introduction

Intra-operative radiation therapy (IORT) 
is the delivery of a relatively high dose of 
radiation to the tumour bed or residual 
disease at the time of surgical resection. 
The benefit of this technique is the po-



secured directly to the residual tumour or 
tumour bed. The region anterior to the ap-
plicators is mostly air with significantly less 
scattering properties than tissue. The dose 
computation algorithm in commercial treat-
ment planning system assumes that the ap-
plicators are surrounded by an infinite scat-
ter medium.15 This assumption, however, is 
strictly valid only in cases of interstitial and 
intracavitary brachytherapy and may lead 
to an over-estimation of the dose in the case 
of IOHDR brachytherapy. 

In a recent publication,16 we have shown 
that this lack of scatter from one side of the 
applicator has the potential of leading to 
significant underdosage during treatments. 
Our measurements showed that underdos-
ages at two planned prescription depths 
(5 mm and 10 mm) were 8.5% and 12.5% 
for each of the conventional treatment ge-
ometries studied (applicators with surface 
areas of 4, 7, and 12 cm2). In a clinical envi-
ronment, IOHDR brachytherapy treatments 
typically involve irregular surface areas and 
there has been concern whether the previ-
ous published results with standard irradia-
tion geometries can be ported to these clini-
cal situations as well. In the present study, 
we have used an experimental approach to 

quantify the magnitude of underdosage in 
clinical cases with irregularly shaped appli-
cators. 

Materials and methods

In this retrospective study, the treatment 
plans of 10 consecutive patients previously 
treated at our facility were analyzed. Eight 
patients had a prescription depth of 10 mm 
where the therapy was delivered out us-
ing applicators (Freiburg Flap Applicator, 
Freiburg, Germany) consisting of a contigu-
ous array of 5 mm radius plastic spherical 
beads, which have a provision to insert 
multiple nylon catheters separated by 10 
mm. The remaining two patients were 
treated without an applicator, resulting 
in a prescription depth of 5 mm. In our 
practice, the prescription depth is defined 
as the distance between the center of the 
source dwell positions and the treatment 
plane. The clinical set up of a representative 
IOHDR brachytherapy treatment is shown 
in Figure 1. In this study, the prescribed 
dose varied from 5 Gy to 15 Gy (Table 1). 
The treated areas were irregular in shape, 
covering surface areas of 8 cm2 to 180 cm2 
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Table 1. Foreshortening of the depth of prescription dose

Patients
Intended 

prescription  
depth (mm)

Prescription  
dose (cGy)

d (Prescription 
distance from  
the plan (mm))

d’ (Actual  
distance (mm))

d-d’ 
(mm)

A 10 1500 9.8 7.8 2.0

B 10 1000 10 7.6 2.4

C 10 500 10 7.7 2.3

D 10 1000 9.9 8.0 1.9

E 10 1250 10 7.9 2.1

F 10 750 10 7.8 2.2

G 10 1250 10 7.8 2.2

H 10 750 10 7.7 2.3

I 5 1250 5 3.8 1.2

J 5 1500 5 3.7 1.3
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and consisted of 3 to 16 catheters, depend-
ing on the size of the target volumes. 

The clinical treatment plans for each pa-
tient were restored to the planning system 
(Plato, v. 14.2, Nucletron, Columbia, MD) 

and were renormalized to deliver a dose of 
200 cGy to the original prescription depth. 
The measurement setup is shown in Figure 
2. For patients with a 10 mm prescription 
depth, the treatment delivery was simulated 

Figure 1. Clinical setup of a representative IOHDR case.
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Figure 2. The measurement setup: (a) Full scatter environment, (b) No scatter environment.
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by inserting 5 mm bolus material posterior 
to the applicator to achieve the prescribed 
distance from the center of the source to a 
piece of radiographic film. EDR2 films used 
to get dose profiles were placed on top of 
a solid water phantom (30 cm x 30 cm x 
15 cm) and full scatter conditions were ob-
tained by putting 15 cm of bolus material 
on the top of the applicator.  

The H & D curve for EDR2 film for Ir-
192 was generated using a reference appli-
cator having a treatment area of 7 x 7 cm2 
and a prescription depth of 10 mm with the 
prescribed dose varying from 0 to 400 cGy 
(Figure 3). Fifteen centimeters bolus on top 
of the applicator was used to simulate the 

full scattering environment.16 H & D curve 
films as well as the measurement films 
were processed in quick succession to re-
duce processor dependent uncertainties. A 
Kodak RP X-OMAT film processor (Model 
M6B) was used for developing all films. 
These films were then scanned using a 
Vidar VXR-16 Dosimetry PROTM film scan-
ner (Vidar Systems Corporation, VA) and 
analyzed using the RIT 113 film Dosimetry 
system (version 3.14). 

Results

Figure 4 shows the optimized dose distribu-
tions in transverse planes for 2 representa-
tive patients having a prescription dose of 
15 & 7.5 Gy delivered to the prescription 
depths of 5 and 10 mm, respectively. In the 
case of incomplete scatter, the prescription 
dose was actually delivered to a point that 
was shorter than the intended prescription 
depth. The magnitude of this shift was 
found to be a function of the prescription 
depth and was about 1.3 mm and 2.2 mm 
for the prescription depths of 5 mm and 
10 mm, respectively, as shown in Table 1. 
Also, Table 1 shows the average distance 
differences between the measured and 
planned prescription dose lines. As can be 
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Figure 3. EDR2 H&D dose calibration curve for dose 
up to 400 cGy.

Figure 4. Optimized dose distribution in an axial plane (outer line: prescribed dose line, inner line: actual depth 
of prescription dose):  (a) For the plan with a 5 mm prescription depth of patient J, (b) for the plan with a 10 mm 
prescription depth of patient F.
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seen from Table 1, the distance between the 
planned and the measured isodose line is a 
function of the prescription depth.  

As expected, the actual doses delivered to 
the prescription points were 10.5% to 12.4% 

(average 11.1%) lower than prescribed doses 
for the cases with the prescription depth of 
10 mm and were about 7.7% lower with the 
prescription depth of 5 mm (Table 2 and 
Figure 5). The magnitude of this under-
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Table 2. Measured doses in clinical (no added scatter) and treatment planning (full scatter) geometries

Patients
Prescription 
depth (mm)

Intended Dose 
(cGy)

Delivered Dose (cGy)
Underdosage (%)

No Scatter Full Scatter

A 10 200 174.15 194.47 10.45

B 10 200 178.21 198.31 10.14

C 10 200 180.99 205.6 11.97

D 10 200 173.79 194.06 10.45

E 10 200 174.48 197.49 11.65

F 10 200 172.92 197.44 12.42

G 10 200 175.13 196.32 10.79

H 10 200 172.91 194.51 11.10

Average dose for 8 patients 175.32 197.28 11.13

I 5 200 184.15 199.32 7.61

J 5 200 181.91 197.07 7.69

Average dose for 2 patients 183.03 198.2 7.65
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Figure 5. Comparison of measured doses for both 10 mm and 5 mm prescription depths; the doses are normalized 
to the corresponding doses with full scattering.
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dosage was dependent on the prescription 
depth and independent of the treatment 
area. In our earlier paper,16 we had reported 
on this underdosage for square applica-
tor geometries (4 x 4, 7 x 7 & 12 x 12 cm2). 
Our present work, using the actual patient 
plans with irregular geometry of applica-
tors/source configurations, has also given 
similar results, thereby, further strengthen-
ing our earlier observation that the under-
dosage is a function of prescription depth 
and does not depend on either the shape or 
the size of the treatment area. This under-
dosage was also uniformly spread through-
out the treatment area as can be seen from 
Figure 6 where delivered dose profiles with 
and without backscatter materials are plot-
ted for a representative patient. For this 
particular patient, the prescription was 10 
mm. 

As shown in Table 2, measured doses 
with the full scattering were very close to 
the intended dose of 200 cGy, with aver-
ages of 197.3 cGy and 198.2 cGy for 10 mm 
and 5 mm prescription depths, respectively. 
Incidentally the measured dose values are 
within the ±3% uncertainty expected from 
film dosimetry17, 18 when carried out in a 
controlled environment.

Discussion

In case of IOHDR treatments which usu-
ally have a single plane and no crossing 
at the end of catheters, this results in 
plans in which the dwell positions at the 
periphery get higher dwell times than at 
the center. Thus, this type of inhomo-
geneous dwell time distribution results 
in optimized treatment plans which give 
more homogeneous dose throughout the 
desired target area. In case of IOHDR 
brachytherapy treatments, this target is 
an area encompassed by the prescription 
point. In arriving at the optimized plan, 
the planning system assumes that the 
applicators are surrounded by infinite 
scatter material. However, this assump-
tion becomes invalid when one side of the 
applicator is exposed only to air, as is fre-
quently the case in IOHDR brachytherapy. 
Therefore, a significant underdosage due 
to the lack of scatter would potentially be 
delivered to the target volume. 

In most IOHDR treatments, typical ge-
ometry does not include full scatter on the 
opposite side of the applicator from the 
treatment area. This results in an over-es-
timation of the delivered dose in the target 
volume by the treatment planning system 
due to the over-simplistic assumption of 
the full scatter during the dose computa-
tion. One can think of correcting for this 
underdosage by augmenting the scatter en-
vironment by placing a scattering medium 
on the top of the applicators during IOHDR 
procedure. However, the addition of bo-
lus material during the IORT is not always 
feasible. A real danger is the weight of the 
added bolus compressing critical structures 
in and around the target area. A simple ap-
proach will be to account for this underdos-
age during the treatment planning stage by 
either prescribing to an appropriate isodose 
level or by shifting the prescription points 
deeper into the target. 
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Figure 6. Delivered dose profiles with and without 
scatter in 10 mm prescription depth for patient B.
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We have demonstrated that without the 
typical scatter environment, actual dose de-
livered can be different from prescription 
dose. But how this “underdosing” would 
potentially change clinical outcome is less 
clear. IOHDR clinical experience has been 
built on long-established techniques that 
do not account for the suboptimal scatter 
environment. While our measurements 
suggest that typical HDR treatment plan-
ning systems underestimate the actual dose 
delivered by 7.7% at 5 mm and 11.1% at 10 
mm, we do not know whether this “under-
dosage” would change clinical outcome. 
Our study has demonstrated that the his-
torical data available using electron IORT 
cannot be compared with IOHDR with-
out factoring this underdosage. Peripheral 
nerve and other normal structure IOHDR 
recommended tolerance doses have been 
established by clinical experience. For 
target prescription dose and for normal 
structure dose tolerance, we hope that our 
proposed more accurate dosimetry would 
be clinically meaningful. But the best test 
of the benefits of improved dosimetric ac-
curacy − an advantage in local control or 
survival − would require years of follow-up 
to observe.

Conclusions

Dosimetry calculations for IOHDR brachy-
therapy are typically carried out with treat-
ment planning systems that assume an 
infinite scatter environment around the 
applicator and the target volume. We have 
shown this assumption results in signifi-
cant shortening of the prescription depth, 
thereby leading to substantial underdosage 
to the tumor volume. The underdosage was 
found to be a function of the prescription 
depth and was found to be independent of 
the shape and area of the treated volume. 
It may be clinically relevant to correct for 

these errors by augmenting the scatter 
environment or, preferably, by appropri-
ately modifying the prescription dose or 
by moving the dose prescription points 
downstream from the catheters during the 
treatment planning itself.
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