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Abstract

Purpose: To retrospectively assess the incidence and magnitude of air pockets around vaginal cylinders and its
impact on dose distribution in vaginal cuff image-guided high-dose-rate (HDR) brachytherapy.

Material and methods: Fifty endometrial carcinoma patients treated by postoperative HDR vaginal cuff brachyther-
apy were included in the study. The average age of patients was 58.3 + 11.8 years (range: 31-87 years). Brachytherapy
was performed using cylindrical applicators, and the dose prescribed to 0.5 cm from the applicator’s surface, over
a length of 5 cm from the applicator’s tip. Computed tomography (CT) simulation was used for each brachytherapy
fraction. The incidence, vaginal mucosa displacement, volume, and dosimetric effect of air pockets around the vaginal
cylinder were evaluated.

Results: A total of 78 air pockets were found in 29/50 patients (58%) and 45/135 (33%) brachytherapy plans. They
were located at the apex: 16/78 (20%) and lateral to the applicator: 62/78 (80%). The volume of air pockets ranged be-
tween 0.01 and 2.1 cm? (mean: 0.15 cm? + 0.36 cm?), and the maximum displacement of vaginal mucosa from cylinder
surface was between 0.1 and 1.09 cm (mean: 0.34 cm + 0.2 cm). The dose reduction to the vaginal mucosa generated by

the air pockets ranged from 0.5 to 66% (mean: 26.4% +13.9%).

Conclusions: The presence of air pockets around vaginal cylinder applicators is frequently noticed in post-operative
vaginal cuff brachytherapy. The dose to the vaginal mucosa is reduced, as a result of displacement generated by air pock-
ets. The effect on the clinical outcome of this dose reduction is yet to be determined.
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Purpose

Post-operative vaginal cuff brachytherapy is used to
reduce the risk of vault recurrence for patients with endo-
metrial or cervical carcinomas [1,2]. Although the choice
of applicator for high-dose-rate (HDR) brachytherapy of
vagina is both institutional and patient dependent, the
most commonly used applicator is a vaginal cylinder [1].
Recently, the American Brachytherapy Society (ABS) re-
ported the recommendations for adjuvant vaginal HDR
brachytherapy after hysterectomy, establishing dose pre-
scription and optimization guidelines [3]. As the preva-
lent location of the vaginal lymphatic channels is with-
in 1 mm of tissue surrounding the vaginal cylinder, the
ABS report recognizes that it is imperative for the vaginal
mucosa to be in contact with the cylindrical applicator
surface to achieve the optimal dose distribution, and rec-
ommends computed tomography (CT) planning to con-
firm the presence of significant air gaps [3,4]. Air pockets
around vaginal cylinders have been often noticed in our
brachytherapy practice. Their presence may result in the

failure to eradicate all microscopic malignant cells, there-
fore increasing the risk of recurrence.

To date, there is not enough literature addressing this
subject [5,6]. The purpose of this study is to retrospec-
tively assess the incidence and magnitude of air pockets
around vaginal cylinders, and its impact on dose distribu-
tion in CT-image based HDR brachytherapy.

Material and methods

We retrospectively reviewed the data of 50 patients
with endometrial carcinoma, treated between July 2010
and September 2013 by post-operative HDR vaginal cuff
brachytherapy in the Radiotherapy Unit of King Abdu-
laziz University Hospital Jeddah, Saudi Arabia. The pa-
tients had either post-operative external beam radiothera-
py (EBRT; 45 Gy in 25 fractions, one fraction per day, five
times per week) to the whole pelvis, using four-fields CT-
based planning, followed by HDR brachytherapy (12 Gy
in 3 fractions, two fractions per week), or HDR brachyther-
apy alone (21 Gy in 3 fractions, one fraction per week).
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Clinical examination was performed before brachy-
therapy, to assess the patient and estimate the applicator
size to be used. The appropriate cylinder size was selected
according to the clinical examination before brachyther-
apy. Clinical judgement (inserting the cylinder accord-
ing to the vaginal stump length and monitoring patient
discomfort during insertion) was used to insure that the
cylinder reaches the vaginal apex. Gold seeds were not
used to mark the vaginal apex. Application was com-
pleted without anesthesia, and the applicator was fixed
in place by a perineal belt ensuring its immobilization.
Brachytherapy was carried out with cylindrical vaginal
applicators of various diameters (2, 2.6, 3, and 3.5 cm),
and the dose prescribed to 0.5 cm from the applicator’s
surface, over a length of 5 cm from the applicator’s tip.

Computed tomography images were acquired for each
brachytherapy fraction using a Siemens Somatom Emo-
tion CT scanner (Siemens AG, Erlangen, Germany), with
2 mm slice intervals from the iliac crest to the ischial tu-
berosities, without intravenous contrast. Dose distribution
was calculated by Varian Brachyvision planning system,
version 8.10 (Varian Medical Systems, Inc., Palo Alto, CA),
for a brachytherapy remote afterloader Varian HDR Var-
iSource iX (Varian Medical Systems, Inc.). The dose cal-

culation algorithm is based on the TG-43 formalism, as
recommended by the American Association of Physicists
in Medicine (AAPM) [7]. All treatment plans were retro-
spectively analyzed for the presence of air pockets in the
proximal 5 cm of the vaginal vault, that were contoured,
and the volumes calculated by the treatment planning sys-
tem, as shown in Figure 1.

The incidence, vaginal mucosa displacement, volume,
and dosimetric effect of the air pockets around the vagi-
nal cylinder were evaluated.

Results

For 50 patients, a total number of 135 CT-based bra-
chytherapy plans were retrospectively reviewed. The av-
erage age of patients was 58.3 + 11.8 years (range: 31-
87 years). We could not find any correlation between the
incidence of air pockets and patient’s age. A total of 78 air
pockets were found in 29/50 patients (58%) and 45/135
(33%) brachytherapy plans. They were located at the apex:
16/78 (20%) and lateral to the applicator: 62/78 (80%).
The apex air pockets occurred during first brachythera-
py fraction for 4 patients and in subsequent fractions for
6 patients. One patient presented air pockets at applicator
apex through all treatment.
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Fig. 1. Computed tomography images of air pockets present around a vaginal cylinder for a representative patient, in axial

and sagittal views
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Fig. 2. Number of air pockets per patient over the course
of 3 brachytherapy fractions

The incidence of air pockets per patient during the
course of 3 brachytherapy fractions is presented in Figure 2.
Among the 29 patients presenting air pockets, 21 (72%)
had them occurring during first fraction of treatment,
while 8 (28%) patients developed air pockets later in their
brachytherapy course: 6 (21%) of them during second
fraction and 2 (7%) during third fraction. Three patients
presented air pockets during all treatment. The maxi-
mum number of air pockets for a single patient during
the whole brachytherapy course was 8.

The correlation between the incidence of air pockets
and vaginal applicator size was analysed and is shown in
Figure 3. The highest incidence of air pockets occurred for
3 cm cylinder diameter, in 25/48 (52%) fractions, and the
lowest for 2 and 2.6 cm diameter, in 7/9 (21%) and 7/11
(20%) fractions, respectively.

The volume of air pockets ranged between 0.01 and
2.1 cm® (mean: 0.15 cm® + 0.36 cm®) and the maximum dis-
placement of vaginal mucosa from cylinder surface was be-
tween 0.1 and 1.09 cm (mean: 0.34 cm £ 0.2 cm). The dosim-
etric impact of air pockets was the reduction of dose to the
vaginal mucosa from 0.5% to 66% (mean: 26.4% * 13.9%),
as presented in Figure 4. Even for small displacements of
vaginal wall (0.1-0.2 cm), the dose reduction exceeds 10%.
The dose reduction is increasing with the air pockets dis-
placement, this effect being more significant for cylinders
with small diameters due to the inverse square factor.

Discussion

Adapting a HDR vaginal brachytherapy plan to pa-
tient specific anatomy is challenging, as recognized by
the recent ABS guidelines for adjuvant vaginal cuff bra-
chytherapy after hysterectomy [3]. The applicator selec-
tion may be influenced by the post-operative shape of va-
gina, but is mainly physician or institutional depending,
and the most commonly used applicator is a properly
sized vaginal cylinder [8]. Regardless the choice of appli-
cator, and though the total dose required to eradicate the
disease is unknown, it is essential for the vaginal mucosa
to be in contact with the applicator surface to achieve the
optimal dose distribution [3,9].
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Fig. 3. The distribution of air pockets according to vaginal
cylinder diameter

The vaginal cylinder should be fitted to the vagina
in size and introduced to reach the vaginal vault. Rich-
ardson et al. used gold seeds to mark the vaginal vault
apex and CT-imaging to verify that the vaginal cylinder
reached these seeds [5]. In our study, we have used the
clinical sense and patient’s feeling to ensure that the cyl-
inder reached the vaginal vault apex. We reported 58%
incidence of air gaps in our patients and 16/78 (20%) be-
ing at the apex, while Richardson et al. [5] reported 80%
incidence of air gaps for all patients and 21/90 (23%) lo-
cated at the apex. It seems that clinical judgement works
well and gold seeds are not mandatory to verify the cyl-
inder-vaginal vault relationship.

In some patients, the vagina may not be cylindrical af-
ter surgery and have an enlargement in the lateral apices,
due to surgical residues of the vaginal fornices. Parity,
hormonal status, or normal anatomic irregularities (e.g.,
larger vaginal apex in relation to introitus) can make dif-
ficult the adequate placement of a vaginal cylinder. Also,

Vaginal wall displacement (cm)
0 0.5 1

0 1 A| 1 1 1 1 1 1

S
=}
.S
kst
=]
st
=
2 @
o)
(e
(9]
-70
®2cm W26 cm A3 cm @ 3.5cm

Fig. 4. The percentage dose differences between cylinder
lateral surface and vaginal mucosa surface at the point of
maximum displacement created by the air pockets, for
various diameters of vaginal cylinders. The solid trend
lines represent the inverse square factor for each cylinder
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if the chosen cylinder is too small, air gaps or folds may
be present, leading to under-dosage of the vaginal target
tissue. Alternative approaches for a treatment individ-
ualized to the patient’s anatomy are the use of ovoids
for vaginas with “dog-ear’”” configuration, or a vaginal
custom mold [10,11]. The use of anatomically conformal
applicators, such as intra-vaginal balloon applicator or
multi-channel applicator has been also suggested [12,13].

Vaginal relapse rates in post-operative vaginal cuff
brachytherapy for endometrial carcinoma patients are
reported as ranging from less than 5% to 18% [1,14-16].
Since the predominant location of the vaginal lymphatic
channels is within 1 mm of tissue surrounding the vaginal
cylinder [4], a possible cause of relapse is that the target
volume does not receive the prescribed dose, due to the
presence of air pockets. Besides, many institutions do not
perform fractional imaging of brachytherapy treatments;
therefore the size and significance of these air pockets are
widely undetermined.

We found 78 air pockets in 29/50 patients (58%) and
45/135 (33%) brachytherapy plans. Out of 50 patients,
29 (58%) did not reveal air pockets during the first frac-
tion of treatment, but had air pockets present in following
fractions, and 43 (86 %) patients had no air pockets during
last fraction of treatment. This indicates that CT-imaging
only the first fraction of brachytherapy is insufficient for
assessing the conformity of vaginal mucosa to the cylin-
der over the whole course of treatment, as suggested by
other investigators [5,17] as well. Yaparpalvi et al. ana-
lysed the inter-fraction variations of cylindrical applica-
tor insertion, as well as the fluctuations in bladder and
rectal volumes, which have led to variations of bladder
and rectal doses; they concluded that each fraction of
vaginal cuff brachytherapy should be image-based, in
order to achieve an accurate and complete dosimetric as-
sessment of the treatment [17].

Analysing the correlation between the incidence of
air pockets and vaginal applicator size, we found that the
highest incidence of air pockets occurred for 3 cm cylin-
der diameter, and the lowest for 2 and 2.6 cm diameter.
Although selecting the largest tolerated applicator was
suggested to ensure an optimal contact with the vaginal
mucosa, it is not necessary to be associated with fewer
incidences of air pockets. A prospective study is neces-
sary to explore the role of using larger applicator in the
remaining fractions in patients having air pockets in the
first brachytherapy application.

Our data show that, even for small displacements of
vaginal wall (1-2 mm), the dose reduction exceeds 10%.
The dose reduction is increasing with the displacement
generated by air pockets, this effect being more signifi-
cant for cylinders with small diameters due to the inverse
square factor.

Similar data have been reported by Richardson et al.
[5]. In a study analysing brachytherapy plans of 25 pa-
tients with post-operative endometrial carcinoma, they
found an average pocket volume of 0.34 cm?® (range:
0.01-1.32 cm?), and an average mucosa displacement of
0.37 mm (range: 0.13-0.8 mm), the dosimetric impact
being a reduction of the dose to the vaginal mucosa of

about 27% (range: 9-58%). Cameron et al. compared the
dose to 0.5 cm from the surface of the vaginal mucosa
at air gaps location to the dose that mucosa would have
received if there was no air gap, and found it ranging
between 54.7% and 97.3% (average: 86.7%) [6]. Although
barely reported, the presence of air pockets around vag-
inal cylinders seems to be a frequent event in vaginal
cuff brachytherapy. However, brachytherapy appears
to reduce the risk of vaginal relapse despite the vaginal
mucosa potentially being displaced from the applicator
by air pockets [1,14-16,18].

Even if air pockets have a considerable dosimetric ef-
fect, it seems that it may be of minor clinical consequence.
The highest risk of microscopic malignant cells prevails
for vaginal mucosa located at the apex of applicator. Our
data show that only 20% of air pockets were located at the
apex, this finding decreasing the risk of not treating the
microscopic disease. Moreover, except for one patient,
the position of air gaps was different for each brachyther-
apy fraction, additionally attenuating their overall effect,
as also noticed by Cameron et al. [6].

Furthermore, for the most treatment planning sys-
tems currently available, the brachytherapy dose calcu-
lation algorithms do not take in account the tissue inho-
mogeneity, and the dose is calculated as if the sources are
surrounded by water. Yet, if low density air pockets are
present, the delivered doses are fairly increased by scat-
tering effects from adjacent tissues. The literature indi-
cates that post-hysterectomy vaginal HDR brachytherapy
is an efficient treatment, resulting in good clinical out-
come for many different dose and fractionation schedules
[3]. However, the dose required to eradicate microsco-
pic disease is still unknown. Randomizing 290 patients
with low-risk endometrial carcinoma to 15 vs. 30 Gy in
6 fractions, prescribed to 0.5 cm vaginal tissue, Sorbe
et al. reported no difference in local recurrence [9]. It is not
yet established if this is valid for high-intermediate-risk
disease too, but it is possible that a lower dose would be
similarly efficient. Therefore, even if air pockets are pres-
ent, the dose to vaginal mucosa may still be sufficient to
treat microscopic malignant cells [6].

The magnitude of air pockets around vaginal cylinders
and their effect on dose distribution was scarcely reported
in the literature [5,6], and our report will add more evidence
that this issue substantiate attention and more research.
Further clinical trials are needed to estimate the uncertain-
ties in delivering vaginal cuff HDR brachytherapy [18,19].
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