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Abstract
Three-dimensional image-guided brachytherapy (3D-IGBT) using computed tomography (CT)
is an essential component of definitive radiation therapy for uterine cervical cancer (UCC).
Treatment planning for CT-based 3D-IGBT requires delineating the high-risk clinical target
volume (CTVHR) and the organs at risk (OARs), which is difficult when the small intestine is

adjacent to those delineation targets. Uncertainty in target delineation threatens the validity of
3D-IGBT treatment plans. To address this issue, we introduce the use of diatrizoate meglumine
and diatrizoate sodium (gastrografin), an orally administrable iodine-based radiopaque
contrast agent. We present two cases of UCC treated with CT-based 3D-IGBT and describe how
intraluminal enhancement of the small intestine by oral gastrografin pretreatment facilitated
discrimination between the small intestine and the adjacent CTVHR (case no.1) or the

rectosigmoid colon (case no. 2). Oral gastrografin pretreatment is a simple and cost-effective
method that allows distinguishing the small intestine from the adjacent delineation target (i.e.,
CTVHR and the OARs) in CT-based 3D-IGBT for UCC.
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Introduction
Uterine cervical cancer (UCC) causes more than 300,000 deaths worldwide annually, and its
mortality ranks fourth among all cancers [1]. Concurrent chemoradiotherapy is the standard
definitive treatment for locally advanced UCC [2,3]. The standard protocol for definitive
radiotherapy consists of a combination of external beam radiation therapy (EBRT) to the pelvis
and brachytherapy to the primary tumor [4]. For the latter, the use of three-dimensional image-
guided brachytherapy (3D-IGBT) is becoming widespread. Although magnetic resonance is the
gold standard imaging modality for 3D-IGBT, computed tomography (CT)-based 3D-IGBT is
prevalent in clinical practice [5,6]. In the treatment planning of CT-based 3D-IGBT, dose
prescription is performed based on the 3D-reconstructed volumes of the high-risk clinical
target volume (CTVHR) and those of the organs at risk (OARs), such as the sigmoid colon, the

rectum, and the bladder [7,8]. CT-based 3D-IGBT achieves favorable tumor local control with
minimal adverse effects on OARs [8,9].

During the treatment planning of CT-based 3D-IGBT, delineating the CTV HR or OARs is difficult

in cases in which the small intestine is adjacent to those delineation targets because the soft
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tissues of the intestinal tract and those of the uterus show similar CT values. In such cases,
uncertainty regarding the border between the small intestine and the CTVHR or OARs

contributes to over- or under-estimation of the dose prescribed to the target volumes. This
critically threatens tumor local control or OAR tolerability because brachytherapy shows a
steep dose fall-off. In this case report, we address this issue by introducing the use of
diatrizoate meglumine and diatrizoate sodium (gastrografin), an orally administrable iodine-
based radiopaque contrast agent. Oral gastrografin pretreatment is a simple and cost-effective
method that helps practitioners to distinguish the small intestine from the adjacent delineation
target (i.e., CTVHR and the OARs). We present two representative cases, cases no. 1 and no. 2,

and show enhanced images of the small intestine adjacent to the CTVHR and to the

rectosigmoid colon, respectively.

Case Presentation
Case no. 1
A 46-year-old patient with stage IB1 UCC (according to the 2009 definition by the International
Federation of Gynecology and Obstetrics [FIGO]) received definitive radiation therapy
consisting of EBRT to the pelvis at a dose of 50 Gy in 25 fractions (the latter 30 Gy was delivered
using a central shield technique) and four sessions of 3D-IGBT. The CT images obtained at the
first IGBT session showed that part of the small intestine was located adjacent to the right
anterior portion of the CTVHR, and delineating the borders was difficult (Figure 1A). To aid in

CTVHR delineation, gastrografin was administered orally four hours before the second IGBT

session. In the treatment planning CT, the small intestine was visualized by intraluminal
enhancement, which enabled delineation of the CTVHR (Figure 1B).

FIGURE 1: CT images used for treatment planning of
brachytherapy obtained in the absence (A) or presence (B) of
oral gastrografin pretreatment. The dashed lines show the
border regions of the small intestine and the high-risk clinical
target volume. The arrow shows the tandem applicator inserted
in the endometrial cavity.
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Case no. 2
A 66-year-old patient with FIGO stage IIA1 UCC received definitive radiation therapy
consisting of EBRT to the pelvis at a dose of 50 Gy in 25 fractions (the latter 20 Gy was delivered
using a central shield technique) and four sessions of 3D-IGBT. The treatment planning CT for
IGBT obtained three hours after oral gastrografin administration showed a cluster of multiple
digestive tracts; intraluminal enhancement of the small intestine allowed distinction of this
organ from the sigmoid colon and the rectum (Figure 2). The gastrografin pretreatment also
helped clarify the CTVHR outline (Figure 2).

FIGURE 2: CT images used for treatment planning of
brachytherapy with oral gastrografin pretreatment. The dashed
yellow, green, blue, and red lines show the small intestine, the
sigmoid colon, the rectum, and the high-risk clinical target
volume, respectively. The arrow shows the tandem applicator
inserted in the endometrial cavity.

Discussion
Gastrografin is a water-soluble iodine-based radiopaque contrast agent that is widely used for
diagnostic purposes. For CT imaging, the agent is diluted at 1:30-50 with water, and
approximately 250 ml of diluted solution is administered orally. Based on our clinical
experience, the gastrografin solution reaches the small intestine, but not the rectosigmoid
colon, in approximately two to four hours after administration, enabling discrimination of the
two organs as demonstrated in case no. 2. Of note, there was no specific reason for the
difference in the time between the gastrografin pretreatment and CT examination (i.e., four
and three hours for case no. 1 and case no. 2, respectively). Gastrografin pretreatment was
performed two hours before the initiation of brachytherapy in both cases, followed by the
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application and packing that took two and one hours for the case no. 1 and no. 2, respectively,
contributing to the difference. The use of oral gastrografin in the planning of EBRT for UCC has
been reported previously [10,11]. However, to the best of our knowledge, this is the first study
to report the use of oral gastrografin for target delineation in CT-based 3D-IGBT and to
demonstrate its beneficial effects in representative cases. This method may be particularly
useful in 3D-IGBT for bulky and irregularly shaped tumors, which require interstitial needles in
addition to the conventional tandem and ovoid applicators to achieve a sufficient dose coverage
[12,13]. This is because a single gastrografin pretreatment is effective for multiple CT scans,
which are required for IGBT in these cases.

The common side effects of gastrografin include diarrhea, vomiting, and nausea [14]. Oral
gastrografin is relatively safe compared with intravenous iodine-based contrast agents; i.e., the
contraindication for the former is iodine allergy, whereas that for the latter being severe
thyroid, heart, liver, or renal dysfunction, and asthma. In addition, the pharmaceutical cost of
gastrografin in Japan was 14.1 JPY/ml in 2019. Together, oral gastrografin pretreatment is a
simple and cost-effective option to distinguish the intestine from the adjacent delineation
target (i.e., CTVHR and the OARs) in CT-based 3D-IGBT for UCC.

Further research is warranted to elucidate the following points: (i) the effect of the oral
gastrografin pretreatment on the shortening of the operation time for IGBT; (ii) the
pretreatment timing to obtain intraluminal enhancement of the rectosigmoid colon, and (iii)
the safety and efficacy of the pretreatment in combination with spinal anesthesia.

Conclusions
CT-based 3D-IGBT is an essential component of definitive radiation therapy for UCC. In the
treatment planning, delineation of CTVHR and OARs is difficult when the small intestine is

adjacent to those delineation targets. Oral gastrografin is a simple and cost-effective
pretreatment option that assists in the identification of the border between the small intestine
and the adjacent CTVHR or the rectosigmoid colon.
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