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Providing MR Imaging for Cervical 
Cancer Brachytherapy: Lessons for 
Radiologists1

Brachytherapy (BT), the use of a locally placed or implanted radio-
active source for treatment of an adjacent tumor, is an important 
component in the treatment of patients with both early- and ad-
vanced-stage cervical cancer and is increasingly part of the standard 
treatment protocol. When it is feasible, many radiation oncologists 
choose to include a magnetic resonance (MR) imaging examina-
tion for planning BT treatment (ie, an MR imaging examination 
after placement of the applicator but before radiation dosing). MR 
imaging provides excellent soft-tissue contrast and allows radiation 
oncologists to individualize the radiation dose to the target volume 
and minimize the dose to adjacent organs that are at risk for radia-
tion damage. However, traditionally, the radiology department has 
not performed imaging studies for planning, and the requirements 
are different compared with those of standard diagnostic imaging. In 
addition, many applicators are available for use in BT treatment of 
cervical cancer, and each must considered separately to determine 
MR safety and to define the best imaging parameters. Starting and 
supporting a robust gynecologic BT program includes implement-
ing imaging protocols that are helpful to both radiation oncologists 
and diagnostic radiologists. By becoming more familiar with this 
treatment modality and the logistics of imaging patients undergoing 
BT, radiologists can provide imaging support for colleagues in the 
radiation oncology department and better care for patients.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Explain the role of MR imaging in cer-
vical BT.

 ■ Implement imaging protocols helpful 
for both radiation oncologists and diag-
nostic radiologists.

 ■ Assess a properly placed applicator, 
identify hardware, and interpret a BT 
planning MR imaging study.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES
Introduction

Although the incidence of cervical cancer has declined significantly 
in the last 40 years (primarily because of improved screening), nearly 
12 000 new cases are diagnosed every year (1). Cancers of the cervix 
are staged by using the International Federation of Gynecology and 
Obstetrics (FIGO) staging system for prognosis and epidemiologic 
reporting (2) (Table 1).

Cervical cancer treatment plans are tailored to each patient on the 
basis of many factors, including tumor size, local extent, and nodal 
status. Brachytherapy (BT) is an important part of an increasingly 
standardized treatment plan. Typically, this plan also includes an ini-
tial course of platinum-based chemotherapy and external-beam ra-
diation therapy. BT is offered routinely after external-beam radiation 
therapy for all stages of cervical cancer for which definitive nonsurgi-
cal treatment is indicated. This change is attributed to the emergence 
of evidence of prolonged survival when both radiation therapy mo-
dalities (external-beam radiation therapy and high-dose-rate [HDR] 
BT) are combined with cisplatin-based chemotherapy (3).

This copy is for personal use only. To order printed copies, contact reprints@rsna.org
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In some centers, CT is being eliminated from 
treatment protocols, and more clinicians are 
opting for MR imaging–only BT (10–12). Given 
the use of serial imaging in a BT treatment plan, 
even abbreviated planning with a nonenhanced 
MR imaging study offers assessment of response 
for the duration of the dose delivery.

MR imaging technology continues to advance, 
with improved sequences and reduced acquisition 
times. In addition, functional techniques such as 
diffusion-weighted imaging and dynamic contrast 
material–enhanced MR imaging have increased 
the utility of MR imaging for characterization 
of lesions. In light of this progress, we expect a 
continued increase in the use of MR imaging 
planning for BT and therefore encourage diag-
nostic radiologists to become more familiar with 
this treatment modality to provide better imaging 
support for our colleagues in radiation oncology 
and better care for our patients.

Cervical Anatomy
The cervix is a cylindrical muscle measuring 2–3 
cm in length, connecting the endometrial canal 
with the vagina (Fig 1). It is divided into two 
parts, the more cephalad supravaginal cervix and 
the more caudal vaginal cervix. The supravaginal 
cervix is not well differentiated from the vaginal 
cervix or the uterus at imaging. Anatomically, this 
transition between the supravaginal cervix and 
the vaginal cervix is important, because the upper 
cervix is lined by columnar epithelial cells, and the 
lower cervix is lined by squamous cells. In general, 
throughout the body, the squamocolumnar junc-
tion is a common occurrence site of many malig-
nancies, and the cervix is no exception (13).

The supravaginal cervix is surrounded by the 
parametrium, which consists of connective areolar 
tissue that envelopes the visceral vessels coursing to 
the uterus and vagina. On MR images, the parame-
trium appears as the fat signal intensity wrapping 
around the small visceral vessels that surround the 
supravaginal cervix and uterine corpus inferior to 
the uterine artery and that extend to the pelvic side 
walls (14). The vaginal cervix protrudes into the 
vaginal canal, surrounded by the vaginal fornices 
(15). Lymphatic drainage follows the uterine arte-
rial system and flows to the internal iliac, external 
iliac, and presacral lymph nodes, and, eventually, to 
the para-aortic lymph nodes.

The layers of the cervix often can be seen in a 
younger, healthy patient on sagittal T2-weighted 
MR images (Fig 1). From inner to outer, we see 
the highest signal intensity in the endocervical 
canal, intermediate signal intensity in the plicae 
palmatae (not always well seen), low signal 
intensity in the fibrous stroma, and intermediate 
signal intensity in the outer smooth muscle (13).

Historically, plain orthogonal radiographs 
were used for BT planning, with a reliance on 
applicator location and pelvic bony landmarks 
with International Commision on Radiation 
Units and Measures bladder and rectal points to 
represent the corresponding organs at risk (4). 
Planning protocols were commonly transitioned 
to computed tomography (CT) during the era 
of CT planning in the 1990s to 2000s because 
CT demonstrated value for three-dimensional 
(3D) assessment of tumor volume, more accurate 
depiction of adjacent organs at risk, and identifi-
cation of applicators (5).

The use of magnetic resonance (MR) imag-
ing to plan BT treatment of cervical cancer is 
increasing (6) for many reasons. MR imaging is 
well suited for BT because it provides excellent 
soft-tissue contrast with clear definition of tis-
sue planes, allowing clear delineation of clinical 
target volumes and easily identified organs at risk. 
This has proven useful to radiation oncologists 
because it allows superior identification of target 
volumes and customization of dose delivery (7). 
Large centers that use MR imaging–based ther-
apy have reported excellent local control rates in 
early-stage disease approaching 97% at 3 years, 
with reduction in toxicities (8,9) and acceptable 
mortality (10).

TEACHING POINTS
 ■ Large centers that use MR imaging–based therapy have re-

ported excellent local control rates in early-stage disease ap-
proaching 97% at 3 years, with reduction in toxicities and 
acceptable mortality.

 ■ The supravaginal cervix is surrounded by the parametrium, 
which consists of connective areolar tissue that envelopes 
the visceral vessels coursing to the uterus and vagina. On MR 
images, the parametrium appears as the fat signal intensity  
wrapping around the small visceral vessels that surround the 
supravaginal cervix and uterine corpus inferior to the uterine 
artery and that extend to the pelvic side walls. The vaginal 
cervix protrudes into the vaginal canal, surrounded by the 
vaginal fornices.

 ■ There are many applicators available, and the decision among 
devices to place is made on the basis of operator familiarity, 
afterloader compatibility, availability, and the clinical presen-
tation of the patient.

 ■ The standard T2-weighted FSE MR imaging sequence is spe-
cific absorption rate–intensive, which is more problematic at 
3 T, because the same pulse sequence parameters increase 
the specific absorption rate by a factor of approximately four 
compared with that at 1.5 T.

 ■ Recommendations are based on the radiation oncology de-
partment’s requirements for geometric fidelity and adequate 
spatial resolution for both the applicator dwell location and 
its relation to adjacent tissue. A T2-weighted MR imaging 
sequence is performed for tumor identification, because 
the tumor is typically slightly T2 hyperintense relative to the 
healthy cervix.
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Figure 1. Healthy cervix in a 46-year-old woman who underwent imaging for pelvic pain. Sagittal (a) 
and coronal (b) T2-weighted fast spin-echo (FSE) MR images of the normal cervix and uterus at the 
midline show that the bladder is nondistended and that there is a small amount of fluid in the cul-de-sac. 
The plicae palmatae (not shown) is an intermediate-signal-intensity layer between the endocervical canal 
and the fibromuscular stroma that is not always delineated. The outer cervical smooth muscle shows 
T2-weighted intermediate signal intensity (white arrow), the fibromuscular stroma is hypointense (black 
arrow), and the endocervical canal is hyperintense (*).

imaging protocol includes dedicated sequences with 
a small field-of-view in the cervix for local stag-
ing and acquisitions with a large field-of-view in 
the pelvis to assess for regional lymphadenopathy 
(Table 2). The small field-of-view images of the cer-

Initial Staging MR Imaging
After a cervical malignancy is detected clinically, 
a dedicated cervical cancer staging MR imaging 
examination is often performed (in addition to 
positron emission tomography). The staging MR 

Table 1: FIGO Cervical Cancer Staging System with Adapted Implications for MR Imaging

Stage Description

0 Tumor confined to the surface layer of the cervix, also called carcinoma in situ
I Extension deeper into the cervix with no spread beyond (extension to the corpus is disregarded)
IA Invasive carcinoma, may only be diagnosed at microscopy
IAI Stromal invasion of £3 mm, extension of £7 mm
IA2 Stromal invasion of >3 mm but not >5 mm, with an extension of £7 mm
IB Clinically visible lesions limited to the cervix uteri or preclinical cancers higher than IA
IB1 Visible tumor £4 cm in greatest dimension
IB2 Visible tumor >4 cm in greatest dimension
II Cervical carcinoma extends beyond the uterus but not to the pelvic wall or lower one-third of vagina
IIA No parametrial invasion
IIA1 Clinically visible lesion £4 cm in greatest dimension
IIA2 Clinically visible lesion >4 cm in greatest dimension
IIB Lesions with obvious parametrial invasion
III Extension to the pelvic wall, involvement of the lower one-third of the vagina, or hydronephrosis or 

nonfunctioning kidney
IIIA Involvement of the lower one-third of the vagina with no extension to the pelvic wall
IIIB Extension to the pelvic wall, hydronephrosis, or nonfunctioning kidney
IV Extension beyond the true pelvis or involvement of the bladder or rectal mucosa (biopsy proved); bul-

lous edema does not convey stage IV disease
IVA Spread to adjacent organs
IVB Spread to distant organs

Sources.—References 2, 24.



RG • Volume 38 Number 3 Sullivan et al 935

vix are angled along the long axis of the cervix for 
better assessment of parametrial invasion (Fig 2).

When the patient is able to tolerate it, we 
distend the vaginal canal with ultrasonographic 
(US) gel to separate the cervix from the fornix. 
Although there is some debate about the use of 
glucagon to reduce peristalsis, we typically do 
not use it for the diagnostic study; however, as 
we discuss later in this article, it is more impor-
tant for a BT planning sequence. Patients can be 
imaged at 1.5 T or 3 T.

Radiation oncologists also can use this initial 
staging MR imaging examination to determine 

the applicator system and define the target (16). 
We routinely report the tumor measurements 
(because tumor volume is relevant to planned 
dosing) in addition to other pertinent findings 
such as parametrial invasion, extent of vagi-
nal involvement, presence of hydronephrosis, 
lymphadenopathy, free fluid, and bone lesions.

Cervical Cancer Treatment Overview
After initial staging at our institution, candidates for  
HDR BT undergo 5 weeks of external beam radi-  
ation therapy and weekly cisplatin. At week 6, pa - 
tients undergo HDR BT, which varies according  

Figure 2. Cervical cancer in three patients. (a) Axial T2-weighted MR image in a 68-year-old woman with a clinically detected 
cervical malignancy shows a cervical mass (*) with intermediate T2 signal intensity replacing the low-signal-intensity cervical 
stroma. The mass is contained by an intact rim of low-signal-intensity cervical stroma (arrows), a finding that excludes parametrial 
invasion. This lesion was staged as FIGO IIA2. (b) Axial T2-weighted MR image of a cervical mass (*) in a 56-year-old woman shows 
infiltration of the surrounding pelvic fat, which is indicative of parametrial invasion (arrows). This lesion was staged as FIGO IIB. 
(c) Coronal T2-weighted MR image in the plane of the cervical canal in a 64-year-old woman with a clinically detected cervical 
malignancy shows a large cervical mass (*), parametrial invasion (white arrow), and lymphadenopathy (black arrow).

Table 2: Staging MR Imaging Diagnostic Protocol Used at Our Institution

1.5-T MR Imaging Sequence Purpose

Axial T1-weighted spoiled GRE, in and out of 
phase

Shows lesions with microscopic fat, lymphadenopathy

Sagittal T2-weighted, cervix Allows characterization of cervical, endometrial, and myome-
trial lesions and identification of ovaries and adnexal lesions

Axial T2-weighted 3D FSE Same as for sagittal T2-weighted, cervix
Sagittal diffusion-weighted imaging (b = 50, 800) Increased sensitivity for true pathology and lymph nodes
Coronal T2-weighted FSE, perpendicular to 

cervical canal
Allows characterization of cervical, endometrial, and myome-

trial lesions
Axial T2-weighted FSE, perpendicular to cervical 

canal
Allows assessment of cervical lesions for parametrial invasion

Axial T1-weighted fat-saturated 3D spoiled GRE, 
before contrast agent injection 

Allows direct comparison with (or subtraction from) nonen-
hanced images and helps with lesions that are intrinsically 
T1-weighted isointense or slightly hyperintense

Sagittal T1-weighted fat-saturated 3D spoiled GRE, 
after contrast agent injection

Shows enhancing tumor

Axial T1-weighted fat-saturated 3D GRE, after 
contrast agent injection

Shows enhancing tumor

Note.—GRE = gradient echo.
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to patient in dosage and number of fractions. 
Advanced techniques of external radiation therapy, 
such as intensity modulation radiation therapy and 
stereotactic body radiation therapy, have inferior 
survival rates and therefore cannot replace BT(17).

HDR BT is the placement of a highly radio-
active source, which delivers a high dose of ra-
diation in a relatively short period of time (>12 
Gy per hour) in comparison with low-dose-rate 
BT (<2 Gy per hour), which requires longer 
dwell times. Low-dose-rate BT was initially 
used frequently in patients with cervical cancer; 
however, its use is in decline because of patient 
discomfort with prolonged positioning and the 
inability of radiation oncologists and medical 
physicists to shape the radiation dose. It is more 
commonly used with prolonged or permanent 
implantation treatments, such as the use of in-
terstitial prostate seeds (18).

At our institution, after placement of an ap-
plicator in the operating room, patients undergo 
MR imaging with a specialized pre-BT set of 
pulse sequences, because the spatial relationship 
between the applicator and the tumor determines 
treatment planning. After imaging, patients are 
transported to a dedicated shielded suite for HDR 
BT. Although some variation in treatment strate-
gies is reported at other institutions, in our institu-
tion, a patient receives two fractions of HDR BT 
treatment on subsequent days, with a single night 
in the hospital between fractions. The patient then 
returns 1–2 weeks later for repeat applicator place-
ment, MR imaging, and two additional fractions 

of HDR BT. An overview of the process at our 
institution is shown in Figure 3.

Applicator Systems
The first step in HDR BT is implantation of a 
specific applicator in the patient. An applicator 
is an apparatus that serves as a conduit for the 
delivery of a radioactive source. They typically 
have hollow central lumens, similar to catheters, 
and they interface with a remotely controlled 
mechanical device called an afterloader, which 
feeds the highly radioactive source (usually an 
Iridium 192 source with strength up to 10 curies) 
on a guidewire through the applicator into the 
patient. This enables passage of a small (2–4 mm) 
sealed radioactive source safely to the target. 
Many gynecologic applicators have a tandem 
that traverses the cervical os and sits inside the 
endometrial cavity, serving as a stabilizer and as a 
means of passage of the source to the cervix and 
uterus (Figs 4, 5). Ovoids, a ring, or mold com-
ponents typically are attached to the tandem and 
are placed high in the vaginal fornices to abut the 
cervix. They provide the vaginal loading com-
ponent to treat the cervical tumor, if necessary. 
At our institution, the tandem is placed through 
the cervix into the endometrial cavity under US 
guidance in the operating room with the patient 
under general anesthesia.

Traditionally, these applicators were made 
mostly of stainless steel, which caused concern 
about their safe use at MR imaging. Newer tita-
nium and plastic applicators have been tested and 

Figure 3. Flowchart shows cervical cancer treatment workflow—our institutional experience of a patient’s week-by-week treatment 
plan and the role of imaging. CTV = clinical treatment volume, EBRT = external-beam radiation therapy, FDG = fluorodeoxyglucose, 
GTV = gross tumor volume, OR = operating room.
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marketed as MR conditional (a device that has 
demonstrated safety in an MR environment under 
specific, controlled conditions). At our institution, 
a titanium tandem and ovoid applicator system 
(Fletcher-Suit-Delclos-style applicator with flexible 
geometry, AL13030001; Varian Medical Systems, 
Palo Alto, Calif) was the first type of applicator to 
be used in patients for MR imaging planning of 
treatment. This particular applicator is MR condi-
tional at 3 T and 1.5 T. Plastic applicator systems 
were not initially adopted at our institution because 
of incompatibility with the HDR afterloader (Gam-
maMed Plus iX, Varian Medical Systems).

There are many applicators available, and the 
decision among devices to place is made on the 
basis of operator familiarity, afterloader compat-
ibility, availability, and the clinical presentation of 
the patient. Figures 4–6 include images of different 
applicators and their appearance at MR imaging. 
Some of the applicators combine an intracavitary 
applicator with interstitial needles, which are useful 
in patients with bulky disease (typically >4 cm in 
one dimension) because they expand the range of 
source placement.

Establishing Imaging Support for 
Pelvic BT: Institutional Experience

Extensive planning went into establishing im-
aging support for our pelvic BT program. The 
goal was to provide planning MR imaging safely, 
effectively, and efficiently. A key component was 
establishing good communication with coun-
terparts in the radiation oncology department 
(physicians, medical physicists, and nurses) to 
streamline procedural logistics.

Safety Considerations
We developed a safety protocol that is completed 
before imaging each patient and includes spe-
cific parameters. Patients are prescreened before 
hospital admission for contraindicated medi-
cal devices or foreign objects. Before entering 
the MR imaging room, the patient is visually 
inspected by both the MR imaging technolo-
gist and the nursing staff to reverify the type of 
applicator being used and to remove any MR-un-
safe leads, patches, or similar items. Depending 
on the specific applicator and its conditions for 
use, a specific absorption rate may be monitored 

Figure 4. Tandem and ovoid applicator for treatment of cervical cancer in a 55-year-old woman. Sagittal (a), axial (b), and coronal (c) 
T2-weighted FSE MR images show a tandem and ovoid applicator in place, and photograph (d) shows the applicator ex vivo. The 
device and related hardware are labeled as follows: the tandem (black arrow), which is the tube for the radiation source, is appropri-
ately seated in the endometrial cavity; the cervical stop (white arrow in a, c, and d) is the plastic marker that abuts the cervical os; the 
ovoids (* in b, c and d) displace the vaginal walls from the radiation source and serve as an additional pathway for source delivery; 
and packing material (+ in a) helps to stabilize the system and achieve hemostasis.
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manually during the imaging examination and 
may be restricted to meet conditional guidelines 
of the applicator.

Of the available MR imaging machines, a 
1.5-T system was chosen. Although 3 T has an 
intrinsically higher signal-to-noise ratio and many 
applicators are MR conditional at 3 T, lower 
field strengths have several advantages for imag-
ing MR-conditional devices, particularly those 
containing metal. The standard T2-weighted 
FSE MR imaging sequence is specific absorption 
rate–intensive, which is more problematic at 3 
T because the same pulse sequence parameters 
increase the specific absorption rate by a factor of 
approximately four (19,20) compared with that at 
1.5 T. In addition, susceptibility-induced artifacts 
(especially from metal applicators) and geomet-
ric distortions increase at higher field strengths 
(20), which is important given the need to map 
distances and delineate volumes accurately for 
treatment planning. Tanderup et al (21) found that 
dose-volume histograms in the rectum and blad-
der can change by 5%–6% for every millimeter of 
displacement of the applicator in the anterior to 
posterior direction.

Protocol Construction
We elected to model our protocol after the 
Groupe Européen de Curiethérapie (GEC) and 
European Society for Radiotherapy and Oncol-
ogy (ESTRO) recommendations (22) and have 
included our rationale with each selection (Table 
3). These recommendations are based on the 
radiation oncology department’s requirements for 
geometric fidelity and adequate spatial resolu-
tion for both the applicator dwell location and its 
relation to adjacent tissue. A T2-weighted MR 
imaging sequence is performed for tumor identi-
fication, because the tumor is typically slightly T2 
hyperintense relative to the healthy cervix (Fig 
7). We included a 3D T2-weighted MR imag-
ing sequence to decrease voxel size and facilitate 
applicator reconstruction in multiple planes. The 
reduced section thickness in the 3D sequence im-
proves geometric fidelity by reducing partial vol-
ume effects seen in two-dimensional sequences 
and mitigates applicator-induced distortions, 
which will propagate further from the applicator 
with larger voxels. This sequence is also useful 
for registering MR imaging to CT if CT is to be 
used for applicator dwell point definition.

Figure 5. Cervical cancer in a 65-year-old woman who underwent MR imaging to plan for BT. (a–c) Coronal (a), axial (b), and sagittal (c) 
T2-weighted FSE MR images show a plastic Vienna-style tandem (+) and ring (arrow in a and c) applicator with interstitial needles (* in a 
and b) in place (3D Interstitial Ring Applicator Set 60°, GM11010190, Varian Medical Systems). (d) Photograph of the applicator ex vivo 
shows the tandem (+) and ring (arrow) applicator and optional interstitial needles (*); the applicator can be used without the needles.
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Figure 6. Endometrial cancer recurrence at the vaginal cuff in a 58-year-
old woman after hysterectomy. Coronal T2-weighted FSE (a), axial 3D 
T2-weighted FSE (b), and sagittal T2-weighted FSE (c) MR images show 
a recurrent mass (+) and the geometry of a template-based interstitial 
applicator. Photograph (d) shows the applicator ex vivo. The gyneco-
logic template (white arrow) is placed externally at the patient’s vaginal 
opening, and a 15-cm central rod (black arrow in d) is inserted into the 
vagina for stabilization. Interstitial needles (*) are then placed through 
the template (15-gauge disposable template, 15-gauge flexible needles; 
BEST Industries, Springfield, Va). This apparatus is used in the treatment 
of endometrial cancer with recurrence at the vaginal cuff.

able owing to geometric distortions and artifacts 
caused by the presence of the titanium applicator. 
The T2-weighted MR imaging pulse sequences 
used were spin-echo based, which produce fewer 
artifacts and less geometric distortion from field 
inhomogeneities compared with other sequence 
types such as GRE and echo-planar imaging.

Before imaging, we administer glucagon to 
reduce bowel peristalsis to better determine the 
proximity of the bowel to the treatment area and 
improve geometric integrity. A Foley catheter is 
placed in all patients, and the bladder is filled with 
30 mL of saline solution for easier identification 
during segmentation and to minimize the potential 
dose to the more anterior bladder wall  (18). Before 
treatment, 30 mL of saline solution also is infused 
into the empty bladder to ensure shape and volume 
consistency between planning and treatment.

Protocol Optimization
Despite the use of spin-echo sequences, which 
inherently decrease artifacts, the presence of a 
titanium applicator necessitated optimization of 
sequence parameters to further reduce artifacts 
to more precisely depict the applicator location. 
To further reduce susceptibility artifacts, we first 
conducted phantom experiments to examine the 
effects of spatial resolution and readout bandwidth 
on artifacts with two-dimensional T2-weighted 
FSE MR imaging sequences and 3D variable 
flip-angle very FSE MR imaging sequences (also 

One of the constraints on protocol design was 
the desire to minimize imaging time and pro-
cedure cost. Because the GEC-ESTRO recom-
mendations list only T2-weighted MR imaging 
sequences as mandatory (Table 3) (23), contrast-
enhanced MR imaging and diffusion-weighted 
imaging were not part of the imaging protocol. 
At our institution, patients underwent applicator 
implantation and MR imaging at the main hos-
pital, but then received treatment in the radiation 
oncology department, an on-campus outpatient 
facility, which required a short ambulance ride 
for the patients. Moving the patient through MR 
imaging quickly to minimize overall procedure 
time was very important (from applicator insertion 
to actual HDR treatment). In addition, because 
patient recovery times after implantation varied, 
having a lean imaging protocol made it easier to 
include a patient in a busy MR imaging schedule 
that included both inpatients and outpatients. The 
desire to keep procedure costs low stemmed from 
the treatment plan, which included two MR imag-
ing sessions approximately 1–2 weeks apart. A 
nonenhanced protocol was more cost-effective and 
eliminated the need to screen for contraindications 
to gadolinium contrast agents before each MR 
imaging session. Given the variable enhancement 
of cervical malignancies, omission of intravenous 
contrast material was further justified (24).

Beyond imaging time and cost, diffusion-
weighted imaging was determined to be unreli-
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known as “turbo spin echo”). An optimized T2-
weighted MR imaging sequence parameter set, 
which increased readout bandwidth and slightly 
increased spatial resolution, reduced artifacts 
when compared with a standard T2-weighted MR 
imaging parameter set without increasing imaging 
time, while only moderately decreasing signal-to-
noise ratio (25). We added the optimized T2-
weighted MR imaging sequence for a small group 
of patients and showed decreased artifacts around 
the intracavitary tandem without a significant 
decrease in image quality or an increase in acquisi-
tion time (26). This optimized protocol was then 
adopted for all two-dimensional T2-weighted MR 
imaging (Table 4).

MR Imaging Interpretation
The objectives for interpreting a planning MR 
imaging examination are relatively straightfor-
ward. However, many radiologists are not used to 
interpreting images with the presence of applica-
tors. Assessment of proper placement involves 
knowledge of the specific hardware in place and 
its specific use (Figs 4–6).

Because our patients are imaged after external 
beam radiation therapy, the cervix and uterus are 
often friable and subject to perforation (Fig 8). 
According to the American Brachytherapy Soci-
ety, if a perforation is seen or suspected during 

the insertion procedure, the applicator should be 
removed and repositioned (27). If the perfora-
tion is first detected at MR imaging, removal and 
repositioning is far less feasible, and therefore the 
focus is on the relationship of the tandem to the 
adjacent organs. If the applicator position relative 
to the cervix, uterus, and tumor is appropriate, 
treatment routinely can still be delivered. More 
specifically, if the tandem applicator is positioned 
in the uterine canal but extends outside of the 
uterus (superior uterine perforation), the portion 
of the tandem outside of the uterus is not loaded 
with the dose of medication, and treatment can 
progress safely. If the tandem applicator is not po-
sitioned correctly in the uterine canal (ie, posterior 
uterine or cervical perforation), then the applicator 
is routinely removed without dose delivery (28). 
Transabdominal US during applicator placement 
can optimize proper positioning of the device and 
reduce the risk of uterine perforation (29). When 
present, perforations are commonly noted in the 
posterior fornix of the vagina and the uterine fun-
dus (30). MR imaging enables assessment of these 
potential complications. In our practice, we report 
perforation to the radiation oncology service and 
comment on the trajectory and position of the tip 
of the tandem relative to the adjacent viscera.

In assessing perforation or the relationship of 
the tandem to the adjacent viscera, the radiologist 

Table 3: Pulse Sequences Used for MR Imaging Planning for HDR BT—GEC-ESTRO Recommendations 
and Our Protocol Adjustments

MR Imaging 
Sequence

GEC-
ESTRO 

Recommen-
dation Relevant Anatomy Indication

Included or 
omitted Rationale

Axial T2-weighted 
FSE (perpendic-
ular to plane of 
applicator), sag-
ittal and coronal 
T2-weighted 
FSE (in plane 
with applicator)

Mandatory Entire applicator, vagina, 
pelvic sidewall, entire 
uterus, adjacent blad-
der, sigmoid, rectum, 
lower lumbar ver-
tebrae, and limited 
pelvic bones

To visualize 
tumor in three 
planes, includ-
ing tumors with 
endometrial, 
parametrial, or 
vaginal exten-
sion

Included Mandatory

T2-weighted 3D 
FSE

Optional Similar to two-dimen-
sional T2-weighted 
FSE sequences, should 
cover femoral heads to 
aid in CT registration

Optimal for fusion 
with CT, to gen-
erate reformatted 
images and aid 
segmentation

Included Planning MR images 
needed to be fused 
with CT,* smaller 
voxel sizes provide 
more accurate 
segmentations

T1-weighted axial 
(in plane with 
pelvis)

Optional Entire pelvis (GEC-
ESTRO advocates for 
applicator coverage 
only)

To assess nodal 
status and addi-
tional abnor-
mality

Included For detection of 
lymph nodes and 
additional lesion 
characterization

Source.—Reference 23.
*Only for initial BT cases at our institution.
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should be cognizant of the presence of suscepti-
bility artifacts secondary to the signal intensity 
void from metal applicators. The visualized tip 
is likely a few millimeters farther than the actual 
location of the tip, which may simulate perfora-
tion when it is not present.

BT Segmentation
At our institution, pre-BT planning MR imaging 
examinations are interpreted by diagnostic radiolo-

gists and are segmented for treatment by radiation 
oncologists. While a thorough discussion of seg-
mentation and BT planning is beyond the scope 
of this article, the basic workflow includes identi-
fication of the gross tumor volume, clinical target 
volumes, and adjacent organs at risk (Table 5) for 
radiation toxicity (12,22,31). These structures are 
identified and contoured (Fig 9) by the radiation 
oncologist, who, in some cases, reviews the images 
with the radiologist to better define the various 

Table 4: Specific Pulse Sequence Parameters for HDR BT Planning MR imaging Protocol

MR Imaging Sequence
TR 

(msec)
TE 

(msec) ETL
ST  

(mm) Sections Matrix
Field of View 

(mm) BW

Sagittal T2-weighted FSE 3450 91 25 4 36 256 3 256 230 3 230 500
Axial T2-weighted FSE 3000 91 25 4 32 256 3 256 230 3 230 500
Coronal T2-weighted FSE 3000 91 25 4 22 256 3 256 250 3 250 500

Axial T2-weighted 3D very 
FSE, variable flip angle

1700 96 63 1 120 256 3 256 250 3 250 630

Axial T1-weighted FSE 530 12 3 5 42 320 3 320 300 3 300 135

Note.—BW = bandwidth (in hertz per pixel), ETL = echo-train length, FOV = field of view, ST = section thick-
ness, TE = echo time,TR = repetition time.

Figure 7. T2-weighted FSE MR imaging planning 
protocol for HDT BT used at our institution. Cor- 
onal (a), sagittal (b), and axial (c) images in a 
55-year-old woman with cervical cancer show a 
tandem and ovoid applicator in place. 
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volumes, particularly the gross tumor volume. In 
our experience from consultations with radiation 
oncologists, being as descriptive as possible and 
fluent in the radiation oncology lexicon (Table 5) 
assists with initial staging, target identification and 
segmentation, and response assessment.

Additional Objectives for Planning MR 
Imaging Interpretation
Although familiarity with the imaging appearance 
of applicators is important, a radiologist adds 
value by assessing the images for treatment re-
sponse. This assessment should include a review 
of the original tumor and subsequent imag-
ing after initiation of treatment. As previously 
mentioned, a typical patient undergoes multiple 
MR imaging examinations during the treatment 

Figure 8. Cervical cancer in a 68-year-old woman undergoing HDR BT after completion of 
external beam radiation therapy and chemotherapy. Sagittal (a) and coronal (b) T2-weighted 
FSE images depict the tandem (*) of the applicator, which has perforated the uterine fundus 
(+) into the peritoneum. The tip of the tandem appears to abut a small bowel loop (white ar-
row in a). Of note, the signal intensity void arising from the tip has slightly exaggerated the size 
of the tip. The bladder (black arrow in a) is far from the tandem.

Table 5: Specific Volumes to Be Segmented at Planning MR Imaging for HDR BT per GEC-ESTRO

Volume Description

Gross tumor volume at diagnosis Tumor volume determined by multiple factors: direct visualization, palpa-
tion, or volume measured at initial pretreatment staging examination

Gross tumor volume at brachy-
therapy

Based on imaging obtained after external beam radiation therapy/chemo-
therapy; size estimated by means of direct visualization, palpation, and 
tumor identified at planning examination with applicator in place

High-risk clinical target volume Gross tumor volume at BT in addition to normal cervix and “gray zones” 
on T2-weighted MR images (Fig 9)

Intermediate-risk clinical target 
volume 

5–15-mm margin around the high-risk clinical target volume

Organs at risk Bladder, vagina, rectum, sigmoid (Fig 9)

Source.—Reference 22.

process, and findings such as increased mass size 
or new lymphadenopathy can have major impli-
cations for the treatment plan. Mass size in three 
dimensions and location in relation to the tan-
dem should be reported. Additional assessment 
for bone lesions or change in the appearance of 
the bowel and bladder should be noted.

Conclusion
The role of MR imaging in cervical cancer is ex-
panding beyond detection and staging to treat-
ment planning. BT is an important component 
of cervical cancer treatment. MR imaging–based 
BT treatment plans require increasing col-
laboration between the radiation oncology and 
radiology departments. By having a good under-
standing of the treatment paradigm, the radiolo-
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gist can provide imaging support for pelvic BT. 
Providing this support requires knowledge of 
applicator systems, safety, and pulse sequence 
protocol construction and optimization. Once 
the patient has undergone imaging, the radiolo-
gist is a valuable resource to radiation oncology 
colleagues for interpretation of both pre-BT MR 
imaging and MR imaging for planning of BT.
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QUESTIONNAIRE 
RAD4 (20) 

Providing MR imaging for cervical cancer brachytherapy: lessons for radiologists  
INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Question 1: What were the advantages of using computed 
tomography (CT)? 
 

A: More accurate depiction of adjacent organs at risk  
B: Identification of applicators  
C: Two-dimensional assessment of tumor size and 

extent of disease progression 
D: Three-dimensional assessment of tumor volume  

 
Question 2: You are orientating a new member of your team 
regarding the use of imaging modalities in cervical cancer 
brachytherapy. What of the following will you tell her? 
 

A: Planning protocols were commonly transitioned to 
computed tomography (CT) because it, inter alia, 
demonstrated value for three-dimensional (3D) 
assessment of tumor volume  

B: The use of magnetic resonance imaging (MRI) is 
increasing for many reasons  

C: MRI provides excellent soft-tissue contrast with 
clear definition of tissue planes, allowing clear 
delineation of clinical target volumes and easily 
identified organs at risk  

D: Given the use of serial imaging in a BT treatment 
plan, even abbreviated planning with a 
nonenhanced MR imaging study offers assessment 
of response for the duration of the dose delivery  

E: None of the above 
 
Question 3: Is it TRUE that large centers using MR imaging- 
based therapy have reported excellent control rates in early-
stage disease approaching 97% at three years, with an 
unfortunate increase in toxicity, but acceptable mortality? 
 

A: YES 
B: NO  

 
Question 4: What cells line the upper cervix, clearly 
indicating the transition between the supramarginal cervix 
and the vaginal cervix? 
 

A: Squamous cells 
B: Areolar tissue 
C: Columnar epithelial cells  
D: Visceral vessels 

 
Question 5: Is it TRUE that on MR images, the parametrium 
appears as the fat signal intensity wrapping around the small 
visceral vessels that surround the supravaginal cervix and 
uterine corpus inferior to the uterine artery and that extend 
to the pelvic side walls?   
 

A: YES 
B: NO  

 

Question 6: Which 1.5T MR imaging sequence allows 
characterization of cervical, endometrial, and myometrial 
lesions?  
 

A: Axial T1-weighted spoiled GRE, in and out of 
phase 

B: Axial T2-weighted 3D FSE 
C: Coronal T2-weighted FSE, perpendicular to 

cervical canal  
D: None of the above 

 
Question 7: Why is low-dose-rate BT no longer the 
treatment of choice for cervical cancer? 
 

A: The dose delivered is too low 
B: Prolonged positioning is too uncomfortable for 

patients   
C: Radiation oncologists are not able to shape the 

radiation dose  
D: It is no longer cost effective 

 
Question 8: Which of the following statements are correct 
when applied to HDR BT applicator systems? 
 

A: An applicator is an apparatus that serves as a 
conduit for the delivery of a radioactive source 

B: Gynecologic applicators have a tandem that 
traverses the cervical os and sits inside the 
endometrial cavity, serving as a stabilizer and as a 
means of passage of the source to the cervix and 
uterus  

C: Applicators generally have hollow central lumens 
D: Applicators interface with an afterloader, a 

remote-controlled device which allows for the 
radioactive source to be placed into the patient 

E: None of the above 
 
Question 9: Is it TRUE that many gynaecologic applicators 
have a tandem that transverses the cervical os and sits inside 
the endometrial cavity? 
 

A: YES  
B: NO 

 
Question 10: Which of the following statements are 
incorrect when applied to applicators? 
 

A: Newer titanium and plastic applicators are 
marketed as MR conditional 

B: The decision as to which applicator to use depends 
on the cost of the applicator  

C: Other considerations as to which applicator to use 
depends on operator familiarity and afterloader 
compatibility 

D: Bulky disease requires applicators with combined 
intracavitary applicator with interstitial needles 



 
Question 11: Which of the following options form part of the 
safety protocol used in the study? 
 

A: The absorption rate is monitored automatically 
during the imaging examination  

B: Before hospital admission, patients are pre-
screened for contraindicated medical devices or 
foreign objects  

C: Medication patches and pulse Ox sensors need not 
be taken off 

D: The MR imaging technologist and nursing staff 
visually inspect the patient before they enter the 
MR imaging room to re-verify the type of 
applicator being used  

 
Question 12: Which of the following statements are TRUE 
regarding safety considerations and protocol construction? 
 

A: A 3T system was chosen as higher field strengths 
have several advantages for imaging MR-
conditional devices, particularly those containing 
metal 

B: A T2-weighted MR imaging sequence is performed 
for tumor identification  

C: A 3DT2-weighted MR imaging sequence is 
included to decrease voxel size and facilitate 
applicator reconstruction in multiple planes  

D: All the above 
 
Question 13: Regarding perforation of the cervix and uterus, 
which of the following statements are correct? 
 

A: If a perforation is seen during the insertion 
procedure, the applicator should be removed and 
repositioned  

B: If a perforation is only suspected, it will be 
detected at MR imaging, and the applicator can be 
left in place 

C: If the applicator position relative to the cervix, 
uterus and tumor is appropriate as seen on MR 
imaging, treatment can routinely be delivered x 

D: If the tandem applicator is positioned in the 
uterine canal but extends outside of the uterus, as 
seen on MR imaging, the tandem portion outside 
of the uterus is not loaded with the dose of 
medication  

 
Question 14: Which specific volumes needs to b segmented 
at planning MR imaging for HDR BT per GEC-ESTRO? 
 

A: Gross tumor volume at diagnosis  
B: High-risk clinical target volume  
C: Organs at risk  
D: Gross tumor volume at brachytherapy  
E: None of the above  

 
 
 
 
 
 
 
 
 

 
Question 15: What additional findings should be reported 
when interpreting MR images? 
 

A: Increased mass size  
B: New lymphadenopathy  
C: Mass size in three dimensions and location in 

relation to the tandem  
D: Change in appearance of bowel and bladder 
E: None of the above 
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