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Abstract

Purpose: Intracavitary brachytherapy necessitates the insertion of a tandem applicator through the cervical os into
the uterine cavity. Blind insertion of the tandem may result in suboptimal tandem placement. This decreases the control
of the tumor locally and may result in uterine perforation. Although routine real time ultrasound guided tandem place-
ment has shown better results, it is seldom practised. The aim of this work is to evaluate the role of routine real-time
intraoperative trans-abdominal ultrasound guided tandem placement in intracavitary brachytherapy for the treatment
of cervical cancer.

Material and methods: This is a prospective single institutional study conducted from April 2013 to May 2015.
A total of 96 patients of locally advanced cervical cancer were treated with routine ultrasound guided brachytherapy
amounting to a total of 282 intracavitary applications.

Results: In 78 of the study patients, the cervical os could be easily identified visually, which was then confirmed
with ultrasound guidance. In another 12 patients, though the os could be identified visually, uterine sounding was
only possible under ultrasound guidance. In another 4 patients, the cervical os could not be identified visually as the
cervix was flushed with vagina and ultrasound guidance was necessary for accurate os identification. In 2 of the study
patients, intraoperative ultrasound helped in identifying the patients suitable for interstitial brachytherapy rather than
intracavitary brachytherapy. Out of the 96 study patients, the length of the uterine canal changed in 15 patients during
the subsequent brachytherapy application.

Conclusions: This procedure is strongly advocated for proper placement of the tandem applicator and to avoid
perforations. It is an accurate, fast, easily available, and cost-effective method. Hence, it can be incorporated in in-
tracavitary applications for cervical cancers even in the developing countries where cost, accessibility, and time are
important issues.
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Cervical cancer is the second most common malig-
nancy in India [1]. Locally advanced cervical cancers are
treated with external beam radiation therapy (EBRT)
along with cisplatin based concurrent chemotherapy and
brachytherapy [2, 3]. Brachytherapy forms an integral
part in the treatment of cervical cancers [4]. It boosts the
tumor, while sparing the surrounding organs as much
as possible. Recently, the role of brachytherapy boost
following complete treatment of cervical cancer, based
on the presence of residual malignant cells in biopsy has
also been addressed [5]. The International Commission

treatment planning and uniform reporting of intracavi-
tary brachytherapy (ICBT) [6]. In ICBT, a central tandem
applicator is gently inserted through the cervical os into
the uterine cavity. In most instances, this is done blindly
by carefully passing the tandem until a slight sense of re-
sistance is felt by the brachytherapist. This sense of resis-
tance implies that the tip of the tandem has reached the
uterine fundus [7, 8, 9]. Improper placement of the cen-
tral tandem applicator results in poor local tumor control
and uterine perforations. It may also result in higher ra-
diation doses to the organs at risk [10]. Many risk factors
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have been identified for improper tandem placement:
1) patients aged 60 and above, 2) history of prior cervi-
cal surgery, 3) cervical os stenosis, 4) cervical anatomical
distortion, 5) retroversion of the uterus, and 6) increased
disease extent [7, 11, 12, 13, 14, 15, 16]. The risk of uter-
ine perforation with the blind insertion procedure rang-
es from 2-14%, according to different studies [7, 11, 12,
13, 16]. One technique of verifying real-time tandem in-
sertion is intraoperative ultrasonography [12, 14]. Tans-
abdominal ultrasound is used to determine the size,
shape, thickness, and diameter of uterus, cervix, and cer-
vical cancer along with the parametrial involvement [17].
Intraoperative ultrasound guided tandem placement
decreases the risk of uterine perforation and improves
local control of the tumor [7, 18, 19]. Although this pro-
cedure has its benefits, an American survey shows that it
has been practiced in only 42% of ICBT applications [20].
The procedure is rarely applied in developing countries.

The objective of this study is to evaluate the role of
this procedure in terms of identification of os, determi-
nation of the length of the uterine canal, and decision
to change the application to interstitial brachytherapy
(thereby reducing the risk of perforations).

Material and methods

The current study is a prospective single institution-
al study carried out from April 2013 to May 2015. A total
of 282 intracavitary applications were performed under
ultrasound guidance in 96 patients of locally advanced
cervical cancer. The patients had locally advanced cervical
cancer (FIGO Stages 1B, - I1IB), and underwent real-time
ultrasound guided tandem applicator placement. All the
applications were performed by the same brachytherapist
(the first author in the present study). The study patients
were treated with EBRT up to a dose of 50.4 Gy at 1.8 Gy
per fraction in 28 fractions with 5 fractions per week in
parallel opposed antero-posterior and postero-anterior
fields. Midline shielding with 4 cm central shield was
done after 25 fractions in all patients, as cumulative dose
differs with difference in size of the central shielding [21].
Concurrent chemotherapy was delivered with weekly
Cisplatin at 40 mg/m?. This was followed by a boost of
7 Gy per weekly fraction of high dose-rate (HDR) ICBT
in three applications. The total dose in 2 Gy per fraction
equivalent (EQD2) to Point A was 74 Gy [22], according to
the institutional protocol.

Technique

All patients underwent bimanual pelvic examination
under mild intravenous anesthesia for the evaluation of re-
sidual primary tumor and cervical os identification. The os
was first tried to identify by uterine sounding with naked
eye. This was followed by ultrasound examination to con-
firm the os position. Foley’s catherisation was performed
to drain out as much of urine by gently pressing the abdo-
men. For better visualization of the bladder, 200-300 ml of
normal saline was instilled into the urinary bladder retro-
gradely. The catheter was clamped with the saline filling
the urinary bladder. Real-time intraoperative transabdom-

inal ultrasound scanning was done with Philips HD 7 ma-
chine (Philips Healthcare, Amsterdam, The Netherlands)
with curvilinear 5 MHz probe. The cervical os was then
sounded under ultrasound guidance. After cervical os dil-
atation, the tandem was gently inserted through the os into
the uterine cavity (Figure 1). The angulation and length of
the tandem were determined from the extent of uterine
flexion and the distance of the fundus from the cervical os
on ultrasound scanning respectively.

The bladder was then drained. Vaginal colpostats of
maximum possible ovoid diameter were inserted gently
avoiding vaginal lacerations as much as possible. The ge-
ometry of the tandem relative to the vaginal colpostats
was confirmed visually before fixing the device. Intraop-
erative ultrasound was discontinued after confirming the
final tandem position. This was followed by vaginal pack-
ing with radiopaque gauze in a proximal-to-distal fashion,
displacing the bladder anteriorly and rectum posteriorly
as much as possible, without disturbing the applicator
geometry. Postoperative ultrasound scanning and clini-
cal examination were performed in all patients to rule out
any uterine perforation. In doubtful cases, CT scans were
performed. Although image based brachytherapy is now
quite a norm in the developed countries [23], orthogonal
radiographs were used in our institution for treatment
planning due to cost implications. A western study has
reported larger dosimetric impact of tandem-and-ovoid
displacements in MRI-guided conformal brachytherapy
plans than in the conventional Point A plans [24]. All the
current study patients were treated on HDR MicroSelec-
tron (Nucletron, an Elekta company, Elekta AB, Stock-
holm, Sweden) brachytherapy machine with Oncentra
planning system (Nucletron).

Results

Figure 2 depicts the role of ultrasound guided tandem
insertion in the study patients. Ninety-six patients under-
went routine ultrasound guided tandem placement in the
present study. The cervical os was accurately identified
in 91 patients visually, which was then confirmed with
ultrasound guidance. In 78 of these patients, the uterine
sound was inserted without any ultrasound guidance
into the uterine canal accurately. The position of the uter-
ine sound in the uterine canal was confirmed with ultra-
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Fig. 1. Image of tandem placed in accurate position as visu-
alized on transabdominal ultrasound
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Fig. 2. Tandem insertion and the role of ultrasound guidance in the study patients

sound. In these patients, the benefit of USG guidance
was to know the angulation of the tandem required, the
length of the tandem to be inserted, and the position of
the uterus (acutely anteverted or retroverted). In another
12 patients, though the os could be identified visually, in-
sertion of the uterine sound in the cervical canal was only
possible with ultrasound guidance. This was because of
the cervical canal stenosis due to radiation or disease in-
duced fibrosis and greater extent of the residual disease.
However, proper placement of the tandem applicator
could only be performed with ultrasound guidance in
these patients. In one of these 91 patients, although the cer-
vical os was identifiable correctly with naked eye (which
was again confirmed with USG), the uterine sound could
not be passed even with ultrasound guidance, as the os
was completely stenosed due to fibrosis. This patient was
treated with interstitial brachytherapy. In another 4 pa-
tients, the cervix was completely flushed with vagina and
the os was unidentifiable visually alone. In these patients,
the cervical os was accurately identified and tandem was
placed successfully by intraoperative ultrasound scan-
ning. In another study patient, the cervical anatomy was
completely destroyed by the tumor and the patient was
treated with interstitial brachytherapy. Hence, a tedious
insertion of the tandem with naked eye, a risk of uterine
perforation, and inappropriate placement of the uterine
tandem was avoided in 18 of the study patients (12 pa-
tients with stenosed os, where tandem insertion required
USG guidance; 4 patients with cervix flushed with vagi-
na, where USG guidance was necessary for os identifi-
cation, and 2 patients, where intraoperative ultrasound
was essential to understand the necessity for interstitial
brachytherapy). Ultrasound guidance failed to identify
the os in only one patient where the cervical anatomy was
completely destroyed by the tumor.

In 15 study patients, the length of the uterine canal
changed in the subsequent brachytherapy application. This
was probably due to the shrinkage of the tumor near the
external os. The variation in the tandem length inserted in
these patients ranged from 0.25 cm to 0.75 cm. Fortunately,
none of the patients had uterine perforation in the study.
The average applicator insertion time was approximately
27 minutes with routine real-time ultrasound guidance.

Discussion

Accurate placement of intracavitary applicators has
been shown to be the most important prognostic factor in
improving local tumor control in cervical cancer patients
[8]. The reported risk of uterine perforation without ultra-
sound guidance ranges from 2-14% in various studies [7,
11, 12, 13, 16]. Uterine perforation causes patient discom-
fort and abdominal pain. It may also result in reapplica-
tion of the tandem applicator and cause treatment delay.
Extended overall treatment time increases the chances of
local failure [25]. Superior perforations though, can still
be treated without loading dwell positions at the tip of
the tandem. Alteration of the dwell time has been shown
to significantly influence the dosimetric parameters in
brachytherapy [26]. The benefit of ultrasound guided
tandem placement in difficult cases have been previously
demonstrated in many studies [9, 12, 16, 27, 28]. Never-
theless, very few studies have used routine ultrasound
guidance for tandem placement in ICBT [29, 30]. Without
ultrasound guided tandem placement, Granai et al. [16]
reported 10% patients with uterine perforations. Kim et al.
[13] reported uterine perforations in 2.3% of the 622 study
patients. Even by placing metal clips on the uterine serosa
to assess tandem placement, Matsuyama et al. [31] report-
ed a 9.8% rate of uterine perforation without ultrasound
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guidance. While with the routine use of ultrasound guid-
ed tandem placement, Watkins et al. [29] and Schaner ef al.
[30], both reported only 1.4% rate of uterine perforation.
Davidson et al., alike the current study, did not experience
any uterine perforation at all in 21 patients (35 intracavi-
tary insertions) with the use of ultrasound during tandem
placement [19]. The routine use of real-time ultrasound
guided ICBT was also found to shorten the time to com-
plete the procedure. Quite similar to the current study,
Davidson et al. have reported an average applicator in-
sertion time of 26 minutes. The routine use of ultrasound
guided tandem placement have also shown to reduce the
dependency on gynecological oncologist [19]. Corn et al.
[12] have demonstrated the use of ultrasound guided tan-
dem placement in cases of cervical stenosis, undetermined
orientation of the uterine canal, and in cases of previous
perforation. Mayr et al. [27] demonstrated that ultrasound
guidance facilitated accurate tandem placement in pa-
tients with retroverted uterus. The use of routine ultra-
sonography for tandem applicator placement is an accu-
rate, cost-effective, easily accessible, and faster method
of ICBT application [32] with lesser incidence of uterine
perforations [33]. Thus, its use is even more applicable in
the developing countries. The limitation of the study is
that it does not compare USG guided tandem insertions
directly with blind tandem insertions. Hence, the role of
USG guided tandem insertion in preventing perforations
cannot be commented on with statistical significance.

Conclusions

Accurate tandem insertion and its proper placement is
of utmost importance in cervical ICBT. While blind tandem
insertion on the basis of the feeling of slight resistance by
the radiation oncologist have been used mostly through-
out the world, the routine use of intraoperative real-time
ultrasonography provides a better accuracy of tandem in-
sertion, minimizing the risk of uterine perforation. Ultra-
sound guided tandem placement have also been found to
be a faster method of ICBT application. It is cost-effective
and readily available, even in most centers in the develop-
ing countries.
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