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Abstract 

This thesis is comprised of studies that investigate incorporating ultrasound into brachytherapy 

programs for patients undergoing treatment for locally advanced cervix cancer. Radiotherapy 

and brachytherapy are the definitive treatments for this cancer and the use of soft tissue 

imaging, particularly magnetic resonance imaging (MRI), has enhanced their effectiveness and 

improved clinical outcomes. However, use of MRI is largely restricted to well- resourced 

centres in both the first and developing world and remains elusive to many less advantaged 

centres, particularly those in areas with a high burden of cervix cancer. Treatment for the 

majority of these patients continues to be planned with planar x-ray imaging and as such there 

is a crucial unmet need for an accessible economical soft tissue imaging modality in 

gynaecological brachytherapy. Ultrasound has the potential to meet this need.  

 

This thesis opens with a paper comparing measurements of the cervix made with ultrasound 

and MRI. MRI is considered the gold standard imaging modality for planning gynaecological 

brachytherapy and so was used as the standard against which to compare ultrasound 

measurements. This study confirms the primary hypothesis of this thesis that use of ultrasound 

provides an accurate assessment of the cervix and uterine dimensions to facilitate target 

delineation for brachytherapy treatment. 

 

A second study then used ultrasound in the planning and treatment process and investigated 

changes to the brachytherapy target dimensions measured with ultrasound over the course of 

brachytherapy. The impact of this is reduced reliance on external departments for imaging, and 

reduced patient waiting and discomfort. 

 



Chapter 1 Introduction                                                                                                          ix 

 

Clinical outcomes achieved using serial ultrasound and a single MRI to plan and verify 

brachytherapy are reported in chapter 6. The outcomes achieved using the techniques and 

methods described in this thesis compare favourably to more resource intensive and costly 

protocols. 

 

As use of ultrasound is not in the usual purview of brachytherapy staff, a reproducibility and 

reliability study was undertaken to confirm quality, accuracy and consistency of ultrasound 

imaging used for planning treatment. Ultrasound images and measurements were obtained by 

radiation therapists (RTs) rostered to brachytherapy and compared to a reference standard MRI. 

Inter-operator reliability agreement scores for measuring the cervix and uterine dimensions 

were excellent between MRI and RTs, and between RTs. 

 

The work described in this thesis indicates that ultrasound can be used to accurately measure 

the brachytherapy target dimensions with the treatment applicator in situ. It can be used to 

complement existing imaging modalities or as a stand-alone imaging modality. Ultrasound can 

also be used to assess inter-fraction changes to the brachytherapy target volume. Real time 

application with immediate feedback makes it possible to reduce imaging time and overall 

procedure time. As described in this thesis, a concise training program aimed at brachytherapy 

personnel ensures consistent and accurate use of ultrasound for verifying treatment.  

 

Incorporating an accessible, cost effective imaging modality such as ultrasound into 

brachytherapy protocols can result in treatment outcomes comparable to centres using more 

technically complex protocols. It is hoped the results in this thesis will confirm the usefulness 

of this protocol and encourage others to be innovative with the resources available to them and 

advance the cause of image guided brachytherapy for women with cervix cancer the world 

over. 
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Introduction 

  

 

 

1.1 Incidence and mortality  

ervix cancer is the fourth most common cancer in women in the world, but it is a 

disease of disparities 1,2. Cervix cancer is a largely preventable and curable disease 

if women have access to screening and treatment3. Screening detects precancerous 

and early stage cancers that can be safely treated with surgery alone. However, 85% of cervix 

cancers occur in women living in less developed regions of the world where access to screening 

is limited or non-existent2. Women in these regions tend to present with later stages of disease 

that require more resource intense treatments such as radiotherapy, chemotherapy and 

brachytherapy, resources that are also often limited, unaffordable or non-existent4,5. Eighty 

seven percent of deaths from cervix cancer occur in these parts of the world6. In contrast to 

this, the incidence of cervix cancer in developed countries has decreased dramatically due to 

the wide availability of screening tests such as the Papanicolaou test, and robust screening 

policies.  

 

C 
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However, despite the wide availability of screening tests and programs, cervix cancer has not 

been eradicated in these regions as some women do not participate in screening programs, and 

there remain areas of disadvantage where women are unscreened or under screened7-9. These 

women too, present with later stage disease. It is the treatment and management of locally 

advanced cervix cancer with brachytherapy that is the focus of this thesis. 

 

The societal impact of cervix cancer is keenly felt as women often present with this disease 

during child rearing years. Families and communities suffer enormously when the women who 

bear the burden of child care and home care are incapacitated due to illness or morbidity from 

treatment10. The cost of cancer care in developing regions can also put enormous strain on 

families, pushing them into poverty4. 

 

1.2 Development of cervical cancer 

Cervical cancer affects the cells of the uterine cervix. The cervix is the lower part of the uterus, 

Figure 1.1. The cervix is roughly cylindrical in shape and connects the vagina and uterus. The 

cervix is mainly comprised of fibromuscular tissue and consists of two main parts, the 

ectocervix and the endocervix. The ectocervix protrudes into the vagina and contains a central 

opening called the external os which allows passage between the uterus and vagina. The 

ectocervix is covered by stratified squamous epithelium. The endocervix is the passage running 

through the cervix from the external os into the uterus and is covered by columnar epithelium. 

The border between the endocervix and ectocervix is called the transformation zone11. The 

cervical transformation zone is a ring of active squamous metaplasia where the stratified 

squamous epithelium of the ectocervix progressively undermines and replaces the columnar 

epithelium of the endocervix12. 
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It is now known that persistent infections of human papillomavirus (HPV) causes cervical 

cancer, mainly at the transformation zone13. HPV infects epithelial cells and infections are 

transmitted by skin to skin or mucosa to mucosa contact, with sexual intercourse highly 

implicated14. The two most common strains of HPV implicated in cervix cancer are HPV 16, 

implicated in up to 70% of squamous cell carcinomas, and HPV 18, implicated in the 

development of adenocarcinoma and adenosquamous carcinoma13,15. Worldwide prevalence of 

HPV is 11.7% in women, causing 4.5% of new cancers each year16. 

 

Cervical cancer arises via a series of four steps – HPV transmission, viral persistence, 

progression of a clone of persistently infected cells to precancer, and invasion12. Cervical 

cancer tends to occur earlier than other adult cancers. This is due to infections arising from 

sexual activity in late adolescence and early adulthood17. It is estimated that precancers result 

in a 20 - 30% risk of invasion over a 5-10 year time period12. Other factors such as smoking, 

multiparity, and long term use of oral contraceptives can double or triple the risk of precancer 

and cancer among women infected with carcinogenic types of HPV18.  

 

1.3 Human papillomavirus vaccine 

The first prophylactic vaccine against HPV was licensed in mid-200615. There are three types 

of vaccine, the quadrivalent vaccine (which protects against high risk HPV types 16 and 18, 

and low risk types 6 and 11, which cause 90% of genital warts), a 9-valent vaccine (which 

prevents infection with the same four HPV types plus five additional high-risk types, 

31,33,45,52, and 58), and a bivalent vaccine (which protects against HPV types 16 and 18).  
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The purpose of the vaccine is to prevent and reduce infection with the HPV and so reduce the 

incidence of precancerous and cancerous cervical, vulvar, vaginal and anal diseases; and 

genital warts19. The vaccine is aimed mainly at girls between the ages of 9 and 12 years because 

it is most effective when given before the onset of sexual activity. 

 

In a study quantifying worldwide coverage of HPV programs implemented up to December 

2014 it was found that vaccination programs have been implemented in more than 80 countries 

although worldwide coverage of women was estimated to be only 1.4% (95% CI) (1.1 -1.6)16. 

Most vaccinated females reside in high income countries (68%), or upper middle-income 

countries (28%). Only 1.4 million women from low-income and lower-middle-income 

countries were vaccinated. Australia has amongst the highest age-specific rates of vaccination 

along with Northern Europe and New Zealand (69%). 

 

While the effect of vaccination on the incidence of cervix cancer is not expected to be known 

for some decades, modelling predicts declines in cervix cancer of between 70 – 90%19-21. 

Similar to screening programs, women in regions with a high burden of cervix cancer have less 

access to vaccinations and so the scourge of cervix cancer will remain for many years. 

 

1.4 Presentation of cervix cancer 

Precancerous and early stages of cervix cancer can be detected by both visual inspection of the 

cervix (with acetic acid to stain abnormalities) and the Papanicolou test in which a sample of 

cervical cells is examined under a microscope to detect cellular abnormalities. Patients with 

symptomatic cancers may present with intermenstrual bleeding, post coital or postmenopausal 

bleeding. Vaginal discharge is also often present. Other symptoms include abdominal pain, 
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dyspareunia, vesicovaginal or rectovaginal fistulas, renal failure secondary to ureteric 

obstruction, urinary retention and lymphedema22. 

 

 

 

1.5 Staging of cervical cancer 

The International Federation of Gynecology and Obstetrics (FIGO) has developed a staging 

system for cancer of the cervix. The FIGO staging system is based on clinical examination and 

was most recently updated in 20096. Clinical examination includes a pelvic and digital rectal 

examination to assess whether the tumour has spread to the parametria, vagina and/or 

uterosacral ligaments. All tumours must be microscopically verified and histologic types 

included in the report. The clinical exam is supplemented by chest x-rays, intravenous 

pyelograms or renal ultrasound to assess ureteric dilatation, renal and liver function tests and a 

 

Figure 1.1 Female reproductive anatomy 

Source: For the National Cancer Institute ©Terese Winslow, U.S. Govt has 

certain rights – see appendix D for copyright permission  
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cystoscopy to rule out occult bladder invasion. Information gained from exploratory surgery 

and investigations performed using computed tomography (CT), MRI and positron emission 

tomography (PET) scans cannot be used to alter the clinical stage of disease but can be used to 

select appropriate treatments23. FIGO staging for cancer of the cervix is detailed in Table 1.1.  

 

1.6 Treatment of cervical cancer 

Early stage cervix cancers including stages 1A1, 1A2, 1B1 and 11A1 are effectively treated 

with various surgical techniques which include conisation, trachelectomy, and hysterectomy. 

FIGO recommends adjuvant radiotherapy combined with chemotherapy for patients who have 

positive nodes, positive parametria, or positive surgical margins to reduce the risk of recurrence 

after surgery. However, if it is possible to predict the need for post-operative radiotherapy and 

chemotherapy due to identification of these adverse prognostic features, patients should be 

treated with combined radiotherapy and chemotherapy alone23-26. This approach reduces the 

increased morbidity caused by surgery in combination with radiotherapy and chemotherapy27. 

 

Patients with grossly invasive cervix cancer staged as 1B2, 11A2, 11B, 111B and 1VA are said 

to have locally advanced cervix cancer and the standard of care is to treat with radiotherapy 

which includes external beam radiotherapy and concomitant platinum based chemotherapy 

followed by brachytherapy.  

 

External beam radiotherapy consists of directing beams of radiation at the tumour. The beams 

traverse the patient from front to back and side to side. External beam radiation is used to shrink 

the bulky endocervical tumour and bring it within range of the high dose region of 

brachytherapy; shrink the ectocervical tumour that may distort anatomy and prevent optimal 
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brachytherapy; and sterilise paracentral and nodal disease that lies beyond the reach of the 

brachytherapy radiation dose region. 

 

 

Table 1.1 FIGO staging of cancer of the cervix uteri6 

Stage   Description 

I   The carcinoma is strictly confined to the cervix (extension to the uterine 

corpus should be disregarded). 

 IA  Invasive cancer identified only microscopically. (All gross lesions even with 

superficial invasion are Stage IB cancers.) Invasion is limited to measured 

stromal invasion with a maximum depth of 5 mm and no wider than 7 mm 

  IA1 Measured invasion of stroma ≤ 3 mm in depth and ≤ 7 mm   width. 

  IA2 Measured invasion of stroma N 3 mm and b 5 mm in depth and ≤ 7 mm width. 

 IB  Clinical lesions confined to the cervix, or preclinical lesions greater than stage 

IA. 

  IB1 Clinical lesions no greater than 4 cm in size. 

  IB2 Clinical lesions N 4 cm in size. 

II   The carcinoma extends beyond the uterus, but has not extended onto the 

pelvic wall or to the lower third of vagina. 

 IIA  Involvement of up to the upper 2/3 of the vagina. No obvious parametrial 

involvement. 

  IIA1 Clinically  visible  lesion  ≤ 4 cm 

  IIA2 Clinically visible lesion > 4 cm 

 IIB  Obvious parametrial involvement but not onto the pelvic sidewall. 

III   The carcinoma has extended onto the pelvic sidewall. On rectal examination, 

there is no cancer free space between the tumor and pelvic sidewall. 

   The tumor involves the lower third of the vagina. All cases of hydronephrosis 

or non-functioning kidney should be included unless they are known to be due 

to other causes     

 IIIA  Involvement of the lower vagina but no extension onto pelvic sidewall. 

 IIIB  Extension onto the pelvic sidewall, or hydronephrosis/non-functioning kidney. 

IV   The carcinoma has extended beyond the true pelvis or has clinically involved 

the mucosa of the bladder and/or rectum. 

 IVA  Spread to adjacent pelvic organs. 

 IVB  Spread to distant organs. 

FIGO = Federation of Gynecology and Obstetrics  
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Brachytherapy delivers radiation via applicators placed on or in the target volume. When 

treating patients with cervix cancer an applicator facilitating passage of a radioactive isotope 

is placed inside the patients’ uterus. The applicator is known as a tandem or intrauterine 

applicator. The ectocervix and upper vagina are treated by applicators called ovoids, cylinder 

or ring, Figure 1.2. Placement of these applicators within body cavities is known as 

intracavitary brachytherapy. The applicators are effectively placed within the target volume. 

This means radiation does not have to traverse through normal healthy tissue to reach and treat 

the target volume. The purpose of brachytherapy is to control the primary disease with 

extremely high doses of radiation that are in close proximity to the target tissues.   

 

Isotopes used for brachytherapy typically include Iridium-192 and Cobalt-60 and exposure is 

governed by the inverse square law which sees a rapid fall-off of dose with increasing distance 

from the radioactive source. This limits the dose received by surrounding healthy tissues, 

Figure 1.3.  

 

Brachytherapy for cervix cancer was first reported in 190328 and as such, has a long history. 

Due to the relative simplicity of placing applicators in a natural body cavity there has been little 

change in the administration of brachytherapy for cervix cancer for nearly 100 years. The last 

ten to fifteen years, however, have seen the emergence of new approaches in gynaecological 

brachytherapy. Practices based on 20th century empiricism are evolving and adopting 21st 

century imaging technologies. These imaging technologies include CT, PET and MRI, with 

MRI being considered the gold standard in soft tissue imaging of the cervix and uterus.  
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Figure 1.2 Brachytherapy intracavitary applicators 

Tandem and ovoids; tandem and ring; tandem and cylinder 

Source: Elekta Brachytherapy applicators and Accessories Guide 2015 
 

 

1.7 Dosimetry systems 

Dosimetry systems emerged for gynaecological brachytherapy as early as 1910. They were 

known as the Paris, Stockholm and Manchester systems. The original form of the Paris and 

Stockholm systems didn’t allow dosage to be standardised and were not widely adopted. The 

Manchester system was developed in 1938 and reported absorbed dose in tissue rather than 

milligram hours of radium treatment and also standardised dose to a definable point29. 

Tenements of this system are the mainstay of much gynaecological brachytherapy today. The 

system described specific amounts of radium for all tandem and ovoid combinations so that a 

pre-calculable dose to a purposely defined point could be administered. This point is known as 

‘Point A’ and was defined as a point in the paracervical triangle occurring 2.0 cm lateral to the 

central canal of the uterus and 2.0 cm from the mucous membrane of the lateral fornix of the 

vagina, in the axis of the uterus. Point A was said to represent the average dose throughout the 

paracervical triangle30. The definition of Point A was later modified to improve consistency of 

calculation and location on radiographs. Rather than measuring from the mucous membrane of 
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the lateral fornix, Point A was measured from the cervical stopper of the intrauterine applicator 

located at the external os 31. Point A was originally intended to describe normal tissue tolerance 

and it was recommended to deposit not less than 7,000r and seldom more than 8,000r (r = 

roentgen, dosage unit) to this point, those doses being equivalent to 60.87 – 69.75 Gy in today’s 

nomenclature respectively. 

 

It is emphasised that Point A is a geometrical point linked to applicator geometry as visualised 

on x-ray imaging. Point A has no bearing on the size or location of the tumour within the cervix. 

Gilbert Fletcher from MD Anderson combined elements of the Paris and Manchester system 

to develop a more anatomical and volumetric approach to assessing the dose distribution in the 

pelvis. Through extensive work with in vivo measurements taken during brachytherapy he 

devised and published tables listing maximum amounts of radiation and time for intracavitary 

implants32. While intended to guide practitioners in conjunction with anatomical considerations 

made for each patient, the tables became formulaic for many. 

 

These standardised systems were seen as advantageous as they enabled delivery of pre-

calculated doses of radium that were considered accurate within the limits imposed by clinical 

variations. The Manchester system became the most widely used system as doses could be 

recorded at a simple point. While Point A was originally a tolerance point, over time it 

transformed into a prescription point. As clinicians tried to correlate treatment dose with 

outcome, they examined the dose at Point A. In an effort to improve clinical outcomes, ever 

more dose was prescribed to Point A with initial guidelines for high dose rate brachytherapy 

issued by the American Brachytherapy Society recommending 80 - 85 Gy for early stage and 

85 - 90 Gy for advanced stages of disease33. 
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Due to the simplicity of prescribing treatment to this paracentral reference point, use of Point 

A has persisted since its inception in 1938. Until recently, the simplicity of applying this system 

has meant that intracavitary brachytherapy has not evolved to the same extent as external beam 

radiotherapy. The standards of efficacy, reproducibility and verification used in external beam 

treatment and other forms of brachytherapy, such as prostate brachytherapy, have not been 

applied to gynaecological brachytherapy. 

 

1.8 Reporting 

The International Commission on Radiation Units released report no. 38 (ICRU 38) in 1985 

entitled “Dose and volume specification for reporting intracavitary therapy in gynaecology”34. 

The report recommended reporting requirements to enable comparisons of dosimetry between 

brachytherapy practitioners. It introduced a method to define reference points to describe dose 

received at organs at risk, namely, the ICRU 38 bladder and rectal reference points. The report 

stated that reporting dose to Point A was not appropriate due to the location of Point A in a 

high dose gradient region. The report recommended reporting a description of: 

 the intracavitary technique used; 

 total reference air kerma (TRAK cGy at 1 metre);  

 a description of the reference volume (given by height, width, thickness described by 

a nominated dose level, usually 60 Gy); 

 absorbed dose at reference points including bladder, rectal, lymphatic trapezoid, and 

pelvic wall;  

 time dose patterns.  
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Adherence to these reporting recommendations has been sporadic with the majority of 

practitioners reporting Point A doses, bladder and rectal reference point doses and very few 

reporting TRAK or the 60 Gy reference volume35-37.  

 

 

Figure 1.3 EBRT and brachytherapy fields and dose distributions 

A. EBRT fields 

B. Brachytherapy applicator in situ 

C. EBRT colour wash on sagittal view of pelvis 

D. Brachytherapy colour wash on longitudinal view of uterus 

EBRT = external beam radiotherapy  

Source: Peter MacCallum Cancer Centre 

 

 



Chapter 1 Introduction                                                                                                          13 

 

In June 2016 the ICRU and Groupe Européen de Curiethérapie (GEC) and the European 

Society for Radiotherapy and Oncology (ESTRO) released a joint report, ICRU report no. 89, 

called ‘Prescribing, recording and reporting cervix cancer brachytherapy’. The report 

highlights the advances made in imaging, planning and treatment technology and introduces 

and adopts concepts of image guided volumetric adaptive planning38. 

 

1.9 Use of imaging in brachytherapy 

The mainstay of brachytherapy treatment has been the Manchester system with reliance on 

planar orthogonal x-ray images for calculation and prescription of treatment doses39. The 

limitations of x-ray based planning are the inability to identify any soft tissue organs such as 

the cervix, which constitutes the target volume, and the surrounding healthy tissues such as 

bladder, rectum, sigmoid and bowel. Despite these limitations, use of x-rays to plan 

brachytherapy remains the most common imaging modality in use in the world today40. This is 

driven by the simplicity of the dosimetry system, widespread availability of x-ray units, and 

large numbers of patients presenting for treatment in disadvantaged regions of the world where 

resources are limited. The use of 3D soft tissue imaging for planning brachytherapy is 

increasing in the developed world and select centres in the developing world. GEC-ESTRO 

have been instrumental in promoting the use of 3D imaging in brachytherapy and published 

recommendations for use via four working group papers41-44. The purpose of using soft tissue 

imaging is to define the target volume, better direct radiation to these volumes while sparing 

normal surrounding tissues and thus improve the therapeutic ratio. 
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1.10 Concept of brachytherapy target volume 

The purpose of visualising the anatomy on 3D soft tissue imaging is to define and delineate the 

target volume that will be treated with brachytherapy. The concept of a brachytherapy target 

volume is a recent development in gynaecological brachytherapy45. Prior to the introduction of 

soft tissue imaging the majority of treatments were prescribed to Point A and evaluated on 2D 

x-rays. When assessing 2D x-ray based plans on 3D soft tissue imaging data sets it quickly 

became apparent that small tumours and surrounding anatomy were likely over treated with 

Point A based dosimetry, while larger tumours were potentially under treated. Establishing 

exactly how much dose the tumour receives is not possible using 2D x-rays. It was also 

apparent that prescribing and reporting based on 3D imaging would encompass many new 

concepts, not the least being how to decide what to include in the treatment volume and how 

to describe what was being treated by the brachytherapy volume. In the first two GEC-ESTRO 

working group papers, terminology to describe target volumes and planning concepts were 

recommended. These papers were intended as a guide to allow consistent reporting of treatment 

volumes for comparison and analysis of techniques and clinical results41,42. The descriptions 

for reporting target volumes have now entered the lexicon of image guided brachytherapy, and 

were recently adopted by ICRU report no. 8938 46,47. GEC-ESTRO particularly encourages the 

use of MRI at each brachytherapy insertion to assess and report on changes to the target volume 

over the course of treatment. While the goal of using MRI at each brachytherapy insertion is 

desirable, it is unlikely to occur in many regions of the world, which means alternate forms of 

soft tissue imaging and target definition are needed.  
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1.11 Purpose of this thesis 

The purpose of this thesis is to investigate the use of transabdominal ultrasound for guidance 

of applicator placement, target definition, conformal planning, verification, and treatment in 

brachytherapy for cervix cancer. The central theme of this research is the use of transabdominal 

ultrasound to enable image guided brachytherapy. The manuscripts included in this thesis are 

linked in a stepwise nature in terms of validating ultrasound against MRI, using ultrasound to 

assess temporal changes, and reporting clinical results achieved using ultrasound. The 

hypothesis is that use of transabdominal ultrasound provides an accurate assessment of the 

cervix and uterine dimensions that facilitates target definition and delineation for 

brachytherapy treatment. Use of transabdominal ultrasound to guide applicator insertion into 

the uterine canal is increasing but use of ultrasound to plan brachytherapy for cervix cancer 

does not occur and research into this modality is needed40,48. The results of this thesis will 

enable radiotherapy centres with limited access to sophisticated and expensive imaging 

devices, such as MRI and CT, to practice image-guided brachytherapy using ultrasound. Use 

of soft tissue imaging has been shown to lead to improved technical quality of brachytherapy 

treatments, resulting in better local control of disease and reduced toxicity. This has the 

potential to positively affect the quality of life of patients undergoing curative brachytherapy 

for cervix cancer. 

 

The aims of this thesis are: 

Aim 1. Validation of ultrasound: In order to introduce an alternative imaging modality into 

practice it must be validated against an accepted standard to prove its efficacy. The first aim of 

this thesis was to determine if ultrasound based cervix and uterine measurements show good 

agreement with MRI based cervix and uterine measurements. This aim is addressed in chapter 
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four and was published in the International Journal of Radiation Oncology Biology and Physics 

(van Dyk et al., 2014). 

 

Aim 2. Assessment of target volume: Having validated ultrasound as a viable imaging modality 

to delineate and assess the brachytherapy target volume the second aim was to incorporate 

ultrasound into the brachytherapy procedure and use it to evaluate the magnitude of target 

volume changes over the course of treatment by comparing ultrasound based fraction one 

cervix dimensions with fraction two, three and four cervix dimensions. This aim is addressed 

in chapter five and was published in Brachytherapy (van Dyk et al. 2015). 

 

 AIM 3. Impact of changes to the target volume: Image guided fractionated brachytherapy is a 

resource intense treatment regime. We wanted to investigate the impact of changes to the target 

volume over time to see if they warrant replanning each fraction. The third aim was to 

investigate the frequency of adjustments made to the ultrasound plan, and the impact on 

resources within the Peter MacCallum Cancer Centre. This aim is addressed in chapter five and 

was published in Brachytherapy (van Dyk et al. 2015). 

 

AIM 4. Dose response: Having based conformal treatment on the information obtained from 

ultrasound imaging it was important to assess the clinical outcomes of patients to ensure the 

therapeutic ratio of tumour control and morbidity were not compromised. The fourth aim of 

this thesis was to correlate the dose delivered to the ultrasound defined target volume with local 

control and toxicity. This aim is addressed in chapter six and was published in Brachytherapy 

(van Dyk et al. 2016). 
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AIM 5. Reliability: Basing important clinical decisions on the images obtained with ultrasound 

makes it imperative that consistent and reliable images are obtained. Even though education 

and training is provided for all radiation therapists undertaking ultrasound it is still recognised 

that the quality of the ultrasound images are somewhat user dependent. The fifth aim of this 

thesis was to validate the inter-operator reliability of obtaining measurements of the cervix and 

uterus with treatment applicators in-situ using transabdominal ultrasound in our clinical setting. 

This aim is addressed in chapter seven and published in Brachytherapy (van Dyk et al., 2016).



 



 

                            

Literature Review 

 

 

 

This chapter represents a comprehensive review of the use of ultrasound in gynaecological 

brachytherapy based on the available literature until 2014. A condensed version of this review 

is attached in Appendix C and was published as:  

 

Ultrasound use in gynaecological brachytherapy: 
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Sylvia van Dyk1; Michal Schneider2; Srinivas Kondalsamy-Chennakesavan3; David 
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Brachytherapy, 2015 14 (3) pp. 390- 400  
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An update to the review based on literature published between 2014 and April 2017 has been 

included in section 2.11 

 

 

 

Abstract 

 

There is wide disparity in the practice of brachytherapy for cervix cancer around the world. 

While select well-resourced centres advocate use of MRI for all insertions, planar x-ray 

imaging remains the most commonly used imaging modality to assess intracavitary implants, 

particularly where the burden of cervix cancer is high. Incorporating soft tissue imaging into 

brachytherapy programs has been shown to improve the technical accuracy of implants, which 

in turn has led to improved local control and decreased toxicity. These improvements have a 

positive effect on the quality of life of patients undergoing brachytherapy for cervix cancer.  

Finding an accessible soft tissue imaging modality is essential to enable these improvements 

to be available to all patients. A modality that has good soft tissue imaging capabilities, is 

widely available, portable and economical, is needed. Ultrasound fulfils these requirements and 

offers the potential of soft tissue image guidance to a much wider brachytherapy community. 

While use of ultrasound is the standard of care in brachytherapy for prostate cancer it has only 

seem limited uptake in gynaecological brachytherapy. This chapter reviews the role of 

ultrasound in gynaecological brachytherapy and highlights the potential applications for use in 

brachytherapy for cervix cancer.  
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2.1 Introduction 

rachytherapy is an integral part of radiotherapy treatment for locally advanced 

cervix cancer. It has been used for well over one hundred years49. While other 

forms of radiotherapy evolved through innovation and advances in technology 

during the 20th century, brachytherapy techniques for cervix cancer remained largely static. 

The story of brachytherapy for cervix cancer is eloquently told by Erickson in which she 

outlines the reasons for this lack of progress50. Early dosimetry systems brought structure and 

standardisation to gynaecological brachytherapy but while other areas of radiotherapy 

progressed, gynaecological brachytherapy stalled within the confines of these dosimetric 

systems. Over time though, there has been growing awareness of the limitations of these 

standardized systems, the main being lack of use of modern imaging to appreciate and assess 

the individual nature of each women’s anatomy and disease51-60. The release of the GEC-

ESTRO recommendations for incorporating imaging, particularly MRI, into brachytherapy 

programs, is changing the way brachytherapy is being practiced41-44. Traditional dosimetry 

systems consisting of specific insertion techniques, applicators, prescribing and reporting, and 

planning and treatment methods, are all being challenged as soft tissue imaging is incorporated 

into practice. Sadozye and Reed provide the next chapter to Erickson’s unfinished tale in which 

they describe the use of modern imaging such as CT and MRI and the beneficial effects this 

use has on clinical therapy outcomes39. These benefits include improvements in local control, 

overall survival and very significant reductions in normal tissue toxicity61-67. The chapter closes 

with the authors expressing hope that the uptake of image based brachytherapy will be much 

better in the next ten years than it has been in the previous decade. The most favoured imaging 

modality for image guided brachytherapy is MRI for its superior soft tissue definition but 

uptake is largely hampered by cost and lack of access. CT is more accessible and so has seen 

B 
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greater uptake37,48,68-73. Incorporating these imaging modalities into brachytherapy programs is 

largely restricted to well-resourced centres in both the first and developing world and remains 

elusive to many less well-resourced centres, particularly those in areas with a high burden of 

cervix cancer74. The challenges of moving to 21st century image-guided brachytherapy 

treatment are faced by both the first and developing worlds in regards to resource procurement, 

resource allocation and healthcare costs68,74. Challenges are also encountered in terms of the 

implementation of image guidance and the implications imaging has on the traditional practices 

of gynaecological brachytherapy59,68,75,76, Table 2.1. 

 

Ultrasound in gynaecological brachytherapy has featured from time to time over the years but 

has not found routine use and has tended to be overlooked in favour of more technically 

advanced imaging modalities.  
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Table 2.1 Properties of imaging modalities used in brachytherapy 

 

This chapter reviews the role of ultrasound in gynaecological brachytherapy and highlights the 

potential applications for use in brachytherapy for cervix cancer. A search of the literature was 

performed in the bibliographic databases PubMed, Ovid Medline, and EMBASE using the 

.  
 

MRI CT Ultrasound 

Image propagation Magnetic field and 

radiofrequency (RF) transmit and 

receive pulses77. 

High energy electromagnetic 

radiation absorption and 

detection78. 

High frequency sound wave 

emission and reflected echoes 

Based on pulse echo principle79. 
 

Soft tissue resolution  Excellent soft tissue contrast Good bone contrast, good soft 

tissue resolution that can be 
enhanced through use of a 

contrast agent 

Good soft tissue contrast 

Imaging mechanism Contrast resolution relies on 
behaviour of hydrogen nuclei in 

different tissues reacting under 

the influence of a magnetic field 
while an RF pulse is applied. As 

the RF pulse is applied the nuclei 

absorb energy and resonate. After 
a period of time the nuclei relax 

and flip back to their normal 

energy state. When they relax 
they emit a radio photon. The 

emitted photons form the signal 

received by the RF coil. 
Different relaxation and decay 

states of the hydrogen nuclei send 
back different RF pulses that 

relate to the different types of 

tissue, these form the basis of 
MRI images. 

A narrow beam of x-rays are 
rotated around the patient. Digital 

x-ray detectors positioned 

opposite the x-ray source send 
information from the exposure to 

a computer that constructs a 2D 

slice of the patient. Slices can be 
viewed individually or stacked to 

form a 3D image of the patient.  

X-rays are differentially absorbed 
by different tissues depending on 

the radiological density of the 

tissues. Radiological density is 
determined by the density and 

atomic number of the tissues. 
Tissues with high atomic number 

such as bone absorb x-rays and 

produce high contrast on images. 
Less dense tissues with lower 

atomic numbers do not absorb the 

x-rays and are displayed as 
shades of grey in the image.  

 

High frequency sound pulses are 
transmitted into the body. As the 

sound waves hit a boundary 

between different tissues with 
different acoustic impedance 

some sound is reflected back as 

an echo. Each reflected echo is 
displayed at a point in the image 

which corresponds to the relative 

position of its origin within the 
body cross section, resulting in a 

scaled map of anatomical 

features. The brightness of the 
image at each point is related to 

the strength of the echo. Brighter 
echoes result from great acoustic 

impedance mismatches e.g soft 

tissue bone interface. Clear fluid 
such as a full bladder is depicted 

as black as no echoes are 

reflected back to the transducer.  

Slice orientation and  
image planes 

Multi-planar 
Volumetric scan 

Trans-axial 
Post processing can be used to 

obtain other orientations 

Multi-planar 
Free hand acquisition 

Volumetric scan possible 

FOV Skin to skin Skin to skin Keyhole 
ROI Needs to be within the receiving 

coil 

 Needs to be perpendicular to the 

beam 

Time to obtain image Minutes per sequence, multiple 
sequences usually acquired 

Seconds Minutes  

Geometric accuracy Inaccuracy increases away from 

the magnet isocentre. 
Careful choice of pulse sequence 

parameters is required for 

applications which rely on 
geometric integrity.  

Good Good but relies on accurate 

scanning planes and focal 
optimisation in region of interest. 

Artifacts Multiple  types and causes80 Multiple types and causes81 Multiple types and causes82 

Dose calculations for 
radiotherapy 

Work underway to produce 
electron density estimates for RT 

applications 

Based on electron density of 
tissue 

Work underway to produce 
electron density estimates for RT 

applications 

Possibility for 
intraoperative use 

Extremely limited due to cost and 
safety considerations 

Limited due to cost Possible 

Portability MRI on rails available 

Safety considerations paramount 

CT on rails available Extensive range of sizes, all 

ultrasound units are portable 

Image quality Protocol and sequence dependent Protocol and sequence dependent Operator and protocol dependent 

Cost of equipment High High Low 

Cost of scan High High Low 
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keywords ‘ultrasound,’ ‘gynaecology,’ ‘brachytherapy,’ ‘endometrial cancer,’ and ‘cervix 

cancer’ in various combinations, up to June 2014 

 

2.2 Ultrasound use in brachytherapy to guide applicator 

placement 

By far the greatest use of ultrasound in gynaecological brachytherapy has been to guide 

applicator placement to avoid perforation and optimise the position within the uterine canal. 

Carson et al. recognised the usefulness of ultrasound to reposition a malplaced tandem in 

197583. Rossmann et al. reported using ultrasound to diagnose a suspected perforation during 

a difficult insertion84. Ultrasound confirmed the applicator had perforated the posterior wall of 

the bladder and led this group to suggest that ultrasound may be useful in the diagnosis of 

unsuspected cases of uterine puncture during brachytherapy. Wong and Bhimji described four 

case studies illustrating the use of post-operative ultrasound while using a metal applicator85. 

The applicator was easily identified on both longitudinal and transverse scans. Perforations 

were detected in three cases and resulted in cessation of treatment and removal of applicators. 

Although patients in the study were scanned post–operatively the authors concluded that 

ultrasound could easily be performed intra-operatively which would render the procedure even 

safer. Granai et al. described applicator insertion ‘as blindly pushing a metal probe through an 

often distorted cervix to an unverifiable point’. They dispelled the prevailing thinking that ideal 

positioning of the intracavitary applicator is achieved using standard techniques of clinical 

palpation and x-ray confirmation86. In a two part study looking at ultrasound used post-

insertion and during insertion, Granai et al. found 34% of insertions were inadequate when 

assessed post-insertion. This included frank perforations in 10% of insertions. In the second 

part of the study, 72 of 73 insertions assessed with intra-operative ultrasound were optimally 
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placed. The single case in which ultrasound did not facilitate placement involved cancer of the 

cervical stump, for which adequate imaging was not possible. Granai et al. found that 

ultrasound clearly visualized the procedure, allowing applicators to be positioned with 

confidence even in the most difficult cases. The immediate feedback from intraoperative 

ultrasound eliminated malplacements and thus the need for a second anaesthesia to reposition 

the applicator. McGinn et al. used ultrasound for 11 out of 237 procedures and detected 

perforation in seven instances (3%)87. They strongly recommended the use of portable 

intraoperative ultrasound during the placement of intrauterine applicators for difficult cases or 

any case in which perforation was suspected. Rotmensch et al. investigated use of 

intraoperative ultrasound for applicator placement in 20 implants88. Unsatisfactory placement 

was detected in nine implants (45%) including six (30%) perforations. These complications 

were unknown to the clinician inserting the applicators. The authors concluded that use of intra-

operative ultrasound was helpful when difficulty was encountered in the placement of the 

applicator. Potential complications could be identified early without resorting to more invasive 

corrective procedures. Erickson et al. described their institutional technique of using 

transabdominal ultrasound to guide intra-uterine applicator placement along with interstitial 

needle placement during transperineal implants89. They found ultrasound readily established 

the relationships of the endocervical canal, cervico-uterine junction, intra-uterine applicator 

and first interstitial needles. Assessing needle depth with ultrasound ensured optimum tumour 

coverage while avoiding perforation of the bladder. Corn et al. investigated whether the 

inclusion of intraoperative ultrasound converted a more dangerous insertion into a procedure 

with relative safety, akin to that of a procedure not requiring ultrasound90. One hundred and 

forty-three implants were performed on 100 women. Ultrasound was used for 20 implants in 

patients with stenosis of the cervical os, radiation fibrosis, indeterminate orientation of the axis 

of the endometrial cavity, and previous perforation. There were five (3.5%) instances of 
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perforation (with two occurring in the ultrasound subset). It was noted that these two cases 

were among the first cases planned with ultrasound, implying the presence of a learning curve. 

Corn et al. found that use of ultrasound may compensate for the inherent risks of perforation 

harboured by patients with difficult anatomy. Mayr et al. evaluated the outcome of ultrasound 

guided applicator placement in retroverted uteri91. Thirty three insertions were performed to 

dilate the cervical canal and reposition the uterus to anteversion. Ultrasound guided anteversion 

of the applicator and uterus was achieved in all procedures with no evidence of perforation. 

Mayr et al. concluded that use of ultrasound was feasible and resulted in acceptable outcomes 

and complication rates in a population at high risk for uterine perforation. In a pictorial essay, 

Reuter reported the most frequent indication for intra-operative ultrasound was the difficult 

dilatation and curettage, but also described using ultrasound to aid in the placement of 

intracavitary applicators for patients with endometrial and cervix cancer92. Reuter concluded 

that use of ultrasound prevented the need for invasive procedures and resulted in timely 

completion of previously unsuccessful procedures, while minimising tissue damage. Watkins 

et al. conducted a retrospective review of 71 patients who underwent 110 ultrasound guided 

placements of applicators for low dose rate (LDR) brachytherapy93. The objective of the study 

was to determine if using ultrasound minimized the risk of perforation. Only one patient 

experienced infection that may have been attributable to perforation. Perforation was not 

verified clinically and symptoms resolved with antibiotics. Watkins et al. found that ultrasound 

guided applicator placement was associated with minimal risk of uterine perforation and 

offered an effective technique for minimizing morbidity. Phelps and Peteriet  wrote a 

descriptive report of their technique using transabdominal ultrasound to facilitate applicator 

positioning and treatment planning94. They concluded that use of transabdominal ultrasound 

plays a critical role in accurate applicator positioning, radiation delivery and patient outcomes, 

by facilitating proper placement and decreasing perforation rates. The studies discussed range 
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from the 1990s to 2005; and although they all showed that use of ultrasound improved the 

technical quality of implants and contributed to a decrease in perforation, increased uptake in 

both the Australian environment and around the world has only been seen in the last few 

years37,48,70,95. 

 

2.3 Rates of perforation detected with 3D imaging 

While use of CT was being investigated for assessing dosimetry in intracavitary brachytherapy 

some practitioners observed unexpected perforations of the uterus51,54,64,96-102. Makin and 

Hunter described detecting 18 (3%) unexpected perforations in a cohort of 631 scans103. 

Milman and Goodman reported a case study of uterine perforation detected on CT104. These 

authors recognised that ultrasound was the most useful technique for demonstrating perforation 

and could be employed intra-operatively and so avoid a second procedure to remove or 

reposition an incorrectly located applicator. However, they were making the case for use of CT 

which they felt better determined the distance of the applicator from bowel and other normal 

pelvic structures. Barnes et al. conducted a prospective study comparing clinical assessment of 

perforation with actual placement determined on CT105. The incidence of CT detected 

perforation was 13.7% (17/124 insertions). CT detected perforation in 8.2% (8/98 insertions) 

where the clinician was clinically confident of correct applicator placement. After 

implementing 3D CT imaging for intracavitary brachytherapy Davidson et al. observed 

perforations in 10% of insertions, similar to the findings of Barnes et al. above106. In an effort 

to improve workflow, implant quality, and reduce re-implantation, they introduced routine use 

of intra-operative transabdominal ultrasound to guide applicator placement. In an initial 

analysis of 35 insertions all but one were successfully guided by ultrasound. One patient with 

an atrophic bladder could not be scanned as she could not retain sufficient water to provide an 
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adequate acoustic window into the pelvis. Davidson et al. demonstrated that use of intra-

operative ultrasound could be practically integrated into the cervix brachytherapy program. 

Insertion time was reduced from 34 to 26 minutes, use of gynaecological services was reduced 

from 38% to 5.7%, and radiology was not required for any insertions.  

 

Two retrospective studies using 3D imaging to plan brachytherapy for cervix cancer have been 

conducted to review the rate of perforation. Segedin et al. reviewed 496 insertions in 253 

patients and identified perforation in 13 (3%) insertions in 10 (4.6%) patients107. Re-perforation 

occurred in three patients (without the use of ultrasound guidance). Ultrasound was used to 

successfully guide applicator placement for subsequent insertions in four patients. While 

recognising the benefits of intra-operative ultrasound to detect and correct applicator 

malplacements this group only uses ultrasound in challenging cases. Onal et al. reviewed 200 

patients (626 insertions) who underwent 3D CT image guided brachytherapy108. They 

identified 30 (4.8%) perforations. The aim of their study was to assess an alternative modality 

to ultrasound to prevent or reduce perforations during applicator insertion. The authors 

investigated use of pre-brachytherapy MRI to assess uterine position. This information was 

then used to guide applicator insertion. One third of patients had pre brachytherapy MRI scans. 

There were three (4%) perforations in this subgroup as opposed to 14 (11%) perforations in the 

patients with no MRI evaluation before brachytherapy. The authors acknowledged evidence in 

the literature that use of intra-operative ultrasound decreases the perforation rate but countered 

with a survey result that indicated only 56% of brachytherapists have used ultrasound at some 

point in their practice69. They felt a further limitation of ultrasound was the need for experience. 

There was no comparative investigation into the use, availability or learning curve associated 

with MRI. They concluded that pre-operative MRI is a feasible and safe method and could be 

used preoperatively at centres where intra-operative ultrasound is not used in routine practice. 
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While a number of investigators recommend the use of ultrasound for complicated cases and 

when perforation is clinically suspected, Small et al. recommend using ultrasound for all 

applicator insertions after they detected an unexpected perforation at routine post implant 

CT109. They felt that uterine perforation was possible in any patient. Schaner et al. in a report 

on 10 years of experience using intra-operative ultrasound for both LDR and high dose rate 

(HDR) brachytherapy observed a perforation rate of 1.4%, also recommend routine use110.  

 

2.4 Early ultrasound use in external beam radiotherapy  

In the 1970’s, an era before widespread use of CT, use of ultrasound was reported for acquiring 

anatomical information such as patient contours, and location and depth of tumours and normal 

structures111-113 114,115 83,116-118 119-121. Brascho described ultrasound as a major break-through in 

radiation treatment planning and predicted ultrasound would become a standard method of 

obtaining anatomical information in all modern radiotherapy departments114. While this 

prediction did not eventuate, largely due to the introduction of CT for radiotherapy planning122-

125, ultrasound did see a small resurgence in the early 2000’s with the development of 

ultrasound alignment systems. Examples of these systems are BAT® (B-mode Acquisition and 

Targeting, NOMOS, Sewickley, PA), Sonarray (Varian, Palo Alto CA), ExacTrac© (Brainlab 

AG, Feldkirken, Germany), and more recently, Clarity ™ (Resonant Medical Inc, Montreal, 

Canada)126. A desiderate feature of these systems is the use of non-ionising technology for 

localising targets and verifying treatments. The later systems have become highly sophisticated 

as they combine 3-D ultrasound imaging and optical technology for real-time tumour tracking, 

but once again ultrasound is competing with CT in the guise of on-board imaging systems such 

as cone-beam CT, and so has not enjoyed widespread uptake.  
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2.5 Ultrasound use in gynaecological brachytherapy planning 

Uterine cancer 

Use of ultrasound to aid in planning brachytherapy for uterine cancer was first reported in 1975. 

Wenzel described use of ultrasound as a non-invasive method of obtaining uterine 

measurements to aid in dose determination in intracavitary treatment for endometrial cancer127. 

Wenzel recognised that while complex computer programs had been developed to calculate 

intracavitary dosimetry, there was no accurate method of measuring the uterus on which to 

evaluate dosimetry. Carson et al. described how longitudinal and transverse images of the 

uterus with an applicator in place could be combined with computerized treatment planning to 

yield meaningful estimates of the dose during intracavitary implants83. Brascho et al. also 

described use of ultrasound for planning intracavitary treatment for endometrial cancer128. The 

authors recognised that individualised treatment planning was possible with ultrasound 

imaging. Scanning before treatment facilitated applicator selection, while scanning after 

applicator insertion allowed for calculation of dose at critical points within and around the 

uterus. They also recognised the value of verifying the applicator position in relation to the 

uterus. This gave opportunity to adjust the plan in response to the anatomy reached by the 

radiation. Verification also detected poor applications that could be repositioned or abandoned. 

Englemeir et al. described use of an intrauterine ultrasound probe to obtain cross sections of 

the uterus129. The sections were combined to form pseudo three dimensional projections upon 

which dose coverage could be evaluated. Reuter described using ultrasound to obtain 

measurements of the uterus for planning brachytherapy treatment for endometrial cancer in 

obese patients92. Chun et al. reported using intra-operative ultrasound in patients undergoing 

brachytherapy for endometrial cancer130. Chun et al. recognised that myometrial invasion could 

not be evaluated by conventional CT scan or clinical examination and that each patient has a 
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different uterine thickness due to variations in normal anatomy and extent of disease. The 

authors used ultrasound to measure the thickness of the uterine wall in different directions to 

calculate the radiation dose delivered to the mid myometrium and serosal surface of the uterus. 

Gunter and Degenhardt described using simple ultrasound methods to localise the tumour, 

select suitable isodose curves, and estimate dose to surrounding loops of bowel131. They 

concluded that ultrasound could also be used to verify the position of the applicators making 

injury to the uterus and other organs less likely. 

Nguyen et al. described introducing ultrasound into their endometrial brachytherapy program 

after analysing toxicity encountered over a six year period132. They recognised that use of 

ultrasound enabled them to confirm tandem placement and individually tailor radiation to each 

patient. Since implementing use of ultrasound and individualised planning they observed no 

late complications. 

 

Similar to this time period in EBRT, ultrasound emerged as an aid to planning brachytherapy 

and then disappeared. Unlike in the EBRT world, however, use of CT for gynaecological 

brachytherapy while investigated96,98, did not replace ultrasound for planning. Plain film 

radiographs to assess applicator placement and dosimetry remained the standard133. 

 

Cervix cancer 

Ultrasound has been widely used to guide applicator placement in brachytherapy for cervix 

cancer but unlike in brachytherapy for endometrial cancer, it has not been used to guide 

planning. While several authors have described and illustrated how measurements can be taken 

of the uterus to guide planning in endometrial cancer these methods have not been widely 

adopted in to cervix brachytherapy, Figure 2.1. 
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There have been two early studies looking at use of ultrasound to assist in calculating dose to 

the bladder during brachytherapy for cervix cancer. Rahim et al. found ultrasound to be the 

most appropriate method to evaluate the distance between the applicator and the bladder 

mucosa in brachytherapy implants for cervix cancer134. Using similar methodology, Barillot et 

al. also used ultrasound to measure the distance to the balloon of the Foley catheter which 

indicates the ICRU 38 bladder reference point34,135. Sixty nine measurements were performed 

on 58 patients. Barillot et al. also measured the minimum distances to the bladder in the axial 

and sagittal projections. These points were then transferred to orthogonal films and used to 

calculate the average dose to the bladder base. Barilott et al. found excellent correlation 

between the ultrasound and orthogonal film calculations for the ICRU 38 bladder point but 

found this point did not represent the mean and maximum bladder doses in over 75% of cases. 

Barillot et al. introduced routine ultrasound for all gynaecology applications to monitor bladder 

doses and while not stating specifically, inferred that adjustments to plans could be made to 

reduce bladder toxicity.  

 

In 2008 we reported the first use of transabdominal ultrasound to guide applicator placement 

and plan conformal treatment for HDR brachytherapy treatment for both cervix and 

endometrial cancer136. Using two case studies, we showed how intra-operative ultrasound can 

be used to optimise the applicator position and shape the isodose distribution to individual 

anatomy. Our group further investigated use of ultrasound based planning in a number of 

studies. In 2009 we published a retrospective planning study comparing isodose distributions 

resulting from standard plans, ultrasound derived plans, 2D MRI derived plans, and final 

dosimetry based on the combination of planning methods actually used in treating patients137. 

There was no difference in target volume coverage between ultrasound and MRI derived plans 

(p=0.2) nor between ultrasound and final dosimetry (p=0.075). We concluded that ultrasound 
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can be seen to offer comparable anatomical detail to MRI, allowing sufficient dose to be 

delivered to the target area while sparing normal surrounding tissues. In a further study in 2009, 

we compared an historical series of patients treated with LDR brachytherapy to patients treated 

with ultrasound guided conformal HDR brachytherapy62. Patients who received ultrasound 

guided conformal brachytherapy received significantly less dose to Point A, but we found no 

significant difference in five year overall survival or five year relapse free survival between the 

groups. We also found significant differences in the dose received at ICRU 38 reference points 
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Figure 2.1 Examples of ultrasound measurements of uterus used to guide brachytherapy planning 

A. A-P Radiograph of the pelvis with tandem and sources in place. Serosal surface of 

uterus measured from ultrasound indicated by A in the image, isodose curves, 

labelled in rads per hour overlaid on radiograph 127. 

B. Uterine outline superimposed over isodose curves for and tandem and ovoid 

applicator. The uterine size was determined from the ultrasound scan 128 

C. Longitudinal transabdominal intraoperative sonograms of uterus show radiation 

applicators for caesium intracavitary treatment of endometrial carcinoma. Distance 

from applicators to uterine walls indicated by arrows 92. 

D. Methodology of recording measurements obtained with ultrasound showing distance 

from radioactive source to bladder mucosa 135.  

E. Definition of measurement points from intrauterine applicator to uterine wall 

obtained with ultrasound. Measurements taken to assess suitability of ultrasound to 

guide planning 138.  

F. Nomenclature of measurement points on longitudinal ultrasound and MRI views of 

cervix and uterus.  Measurements used to guide planning 139.  

 

for bladder and rectum. Patients who underwent ultrasound guided conformal HDR 

brachytherapy received significantly less dose at these points. The effect of these differences 
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was notable in that 68% of patients in the HDR group remained completely asymptomatic after 

treatment compared to 42% in the LDR group. 

 

Validation studies 

There is a perception that ultrasound is difficult to interpret and produces less accurate 

depictions of anatomy than MRI. This is despite the widespread use of ultrasound in diagnostic 

medicine to visualize and measure many organs within the body not the least of which is the 

human foetus in utero. Ultrasound is considered the gold standard in obtaining milestone 

images and measurements of the foetus and yet has failed to find widespread use in identifying 

the uterus for planning brachytherapy. As there is increasing familiarity and acceptance of MRI 

in gynaecological brachytherapy, MRI has been used as the standard against which to validate 

ultrasound. Two validation studies looking at correlation and agreement between MRI and 

ultrasound have been reported. 

 

Mahantshetty et al. compared ultrasound and MRI measurements of the uterus and cervix to 

assess the potential value of ultrasound for image-guided cervical cancer brachytherapy138. In 

a study of 20 patients and 32 applications utilizing repeated measurements, this group looked 

for correlation between the imaging modalities. While good correlation was found overall, the 

strongest correlation was found between measurements of the anterior surface of the cervix and 

uterus, R=0.92 and R=0.94 (p<0.01). Measurements to the posterior surface had a moderate 

correlation, R=0.63 and R=0.82 (p<0.01). They concluded that newer ultrasound systems could 

improve posterior wall identification and that ultrasound could be utilised in conformal 

brachytherapy but needed further evaluation. We conducted a similar study using data from 

192 patients139. All measurements were recorded prospectively and only one pair of 
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measurements were analysed per patient (MRI vs ultrasound at fraction 1). We used Bland 

Altman methodology and looked for agreement between the imaging modalities rather than 

correlation140,141. We found good agreement between the imaging modalities. In particular, we 

found little difference between modalities when measuring the posterior surface of the cervix 

and uterus with mean differences of less than 1 mm. This was important as the organs at risk 

outside the posterior surface include the rectum and bowel. It was possible to obtain clear and 

detailed images of the uterus and cervix with the intra-uterine applicator in treatment position. 

We concluded that such detailed images make it possible to practice image-guided, conformal, 

and adaptive brachytherapy using transabdominal ultrasound. 

 

These planning and validation studies have been limited to intracavitary implants. Although 

these form the bulk of brachytherapy treatments for cervical cancer, there has been a steady 

increase in the use of intracavitary applicators combined with interstitial needles. These hybrid 

applicators are used in centres with advanced imaging capabilities such as MRI and CT. 

Ultrasound has not been investigated for use with these applicators other than in a study 

investigating transrectal ultrasound (TRUS) discussed in the following sections. 

 

2.6  Using transrectal ultrasound (TRUS) 

Use of ultrasound in gynaecological brachytherapy has predominantly been performed with 

transabdominal ultrasound. Holm et al. developed TRUS in 1983 to perform transperineal seed 

implantation for prostate cancer142,143. The technique was adopted and refined by Radge and 

Blasko from Seattle and has become the definitive method for implanting catheters and 

radioactive seeds in both HDR and LDR brachytherapy for prostate cancer144-147. TRUS has 

been used in gynaecology to guide complicated procedures such as abscess draining, uterine 
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evacuation, and cerclage placement148-152. There has also been extensive work looking at TRUS 

to assess resectability of early stage cervical cancer153-159. Fischerova et al. evaluated the 

accuracy of TRUS in comparison to MRI in patients who underwent a surgical treatment 

(simple hysterectomy, radical hysterectomy, or radical trachelectomy). The group found TRUS 

to be comparable to, or superior to MRI in the identification of residual tumour following 

conisation, evaluation of small tumour volume, and initial parametrial infiltration158. Epstein 

et al. reported similar findings based on a European multicentre study159. These studies were 

conducted on patients with early stage disease (FIGO IA1 – IIA1) who were referred for 

surgery. The pathological specimen served as the gold standard against which comparisons 

could be made. Though TRUS was found to have a low false negative rate in predicting 

parametrial invasion in both these studies, it is important to note the small number of patients 

with actual parametrial involvement in these studies. The high sensitivity and specificity 

demonstrated by TRUS in these studies has not led to widespread adoption of TRUS to evaluate 

the extent of cervix cancer, nor has TRUS been widely used in treatment planning for cervix 

cancer. 

 

TRUS in gynaecological brachytherapy  

In contrast to the investigative procedures above, TRUS is being used in more advanced disease 

during brachytherapy, primarily to guide insertion of both intra-uterine applicators and 

interstitial needles160-163. Stock et al. describe using interstitial implants to treat patients with 

significant parametrial or paracervical extension that could not be adequately treated with 

intracavitary brachytherapy161. They concluded that TRUS provided real time visualization of 

the target volume and normal tissues, and allowed for accurate needle placement. Sharma et al. 

reported on a series of 40 TRUS guided interstitial brachytherapy procedures for patients with 
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FIGO IIB and IIIB tumours, and found that TRUS assisted in avoiding needle injury of pelvic 

structures and reduced the risk of perioperative complications162.  

 

Schmid et al. studied the feasibility of TRUS for the assessment of local target extension in 

patients undergoing brachytherapy for cervix cancer. They compared TRUS measurements of 

the cervix to MRI based measurements163. Two measurements were made, the width and 

thickness of the cervix on transverse planes. Height of the target was not examined. This was 

a small heterogeneous study of 17 patients, with measurements made at different time points 

in the patient’s clinical journey. Pre-treatment imaging was used for five patients, imaging 

taken prior to brachytherapy was used for nine patients, and imaging taken with brachytherapy 

applicators in-situ was used for three patients. Cervical width measurements were able to be 

taken in all patients with corresponding good correlation between TRUS and MRI (R2=0.842). 

Measurements of cervical thickness also showed good correlation (R2=0.934), but with a 

systematic difference indicating an underestimation of thickness by TRUS. Cervical thickness 

could not be measured in the three patients with brachytherapy applicators in-situ. Artifacts 

from the interstitial needles obscured the anterior wall of the cervix. Although the study found 

that TRUS can potentially be used to identify the brachytherapy target volume in image guided 

brachytherapy, it did not confirm that TRUS can be used to guide planning using hybrid 

applicators. A further limitation of TRUS is the smaller focal length and field of view 

associated with endorectal probes. This will limit visibility of larger uteri requiring longer 

applicators.  
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2.7 Pros et Contra of transabdominal ultrasound  

The advantages and disadvantages of using ultrasound in gynaecological brachytherapy are 

listed in Table 2.3. The most advantageous aspect of ultrasound is the ability to view structures 

in real time, while the most serious limitation seems to be the dependence on operators for a 

good image.  

 

Ultrasound training does not form part of the core syllabus for radiation oncologists or radiation 

therapists so it is not surprising that there is a level of discomfort and unease in using 

ultrasound. However, these professions are exposed to constantly advancing technology in both 

hardware and software and recognise that training is needed to utilise these changes safely. So 

while ultrasound is often perceived as easy to use, these craft groups understand the need for 

specific training and education164. There is a role for limited scope training to educate and 

inform potential users about ultrasound. Similar training has been designed for specific use of 

ultrasound in a number of areas for other medical, paramedical and non-medical people165-173 

174,175. These training programs are designed to impart very specific skills and examination 

techniques that are particularly relevant to the different groups. While most ultrasound use is 

concerned with diagnosis, another use is to enhance the practitioner’s ability to perform their 

job more efficiently or safely176 177-179. These are two of the motivations for use of ultrasound 

in gynaecological brachytherapy.  

 

Table 2.4 lists the personnel performing ultrasound for brachytherapy identified in the 

literature. While some mentioned a learning curve, none described the training required to 

perform the procedure. Davidson et al. certainly recognised the utility and efficiency of having 

a member of the brachytherapy team perform the ultrasound106. This reduced the reliance on 
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other expert resources such as radiologists or diagnostic sonographers. Mayadev et al. 

originally used a certified technician but transitioned to the radiation oncologist performing the 

ultrasound to save time and optimise the workflow76. Van Dyk et al. use a radiation therapist 

trained in ultrasound to assist with applicator insertion and treatment planning139. 

 

The use of ultrasound to examine the obese patient can be challenging. Particular difficulties 

have been reported when using ultrasound to detect foetal abnormalities in obese pregnant 

women180. However, none of the literature describing use of ultrasound in brachytherapy 

reported difficulties in obtaining images of the uterus and cervix in obese patients. This may 

be attributable to ultrasound being used to insert the applicator while the patient is 

anaesthetised. This affords the sonographer ample opportunity to fill the bladder to ensure an 

optimal acoustic window into the pelvis and use of firm applicator contact without causing 

undue patient discomfort. 

 

Although the uterus is easily visualised on ultrasound, there have been no reports describing 

the ability to see residual disease or gross target volume (GTV) at the time of brachytherapy. 

This ability may well be addressed in the future as advances are made in ultrasound capabilities. 

Identification of the GTV is not crucial at the time of brachytherapy as the brachytherapy target 

incorporates the whole cervix, which is readily identifiable41. 

 

The literature describing use of ultrasound for planning brachytherapy for cervical cancer is 

very limited. There are still questions and areas of practice that need to be addressed, with 

training and education in ultrasound use being foremost. Once appropriate training has been 

obtained, guidelines for use need to be established that explain planning technique and 

reporting mechanisms.  
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There have been many advances in ultrasound technology progressing it from the gray fuzzy 

and indiscernible images from early machines to images that rival the detail of MRI, Figure 

2.2. These advances include improved transducer sensitivity, faster image processing speed, 

higher resolutions, panoramic imaging, 3D/4D imaging, elastography, contrast imaging, and 

smaller portable units. The gains achieved from using these technologic advances in diagnostic 

examinations will also influence how ultrasound is used in brachytherapy. 

 

2.8 Use of ultrasound around the world 

The use of ultrasound in gynaecological brachytherapy was identified from patterns of care 

surveys, Table 2.5. There is reasonable availability of ultrasound in the USA, Europe and 

Canada, although not all surveys asked specific questions in relation to ultrasound use. Only 

one department in Australia reported using ultrasound for planning brachytherapy. This 

department and a further department from New Zealand reported using ultrasound for 

verification of the applicator position during the course of brachytherapy. While ultrasound is 

commonly available in hospitals and increasingly available in radiotherapy departments these 

surveys indicate limited uptake for brachytherapy. Planar x-ray images remain the most 

common imaging modality used to plan brachytherapy treatments, particularly in the 

developing world. 
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Figure 2.2 Example of improvements in quality of ultrasound images 

A. Longitudinal view of applicator in uterus taken in 2008 with Falcon ultrasound unit 

(BK-Medical, Herlev, Denmark) 

B. Longitudinal view of applicator in uterus taken in 2010 with Flex focus 400 

ultrasound unit (BK-Medical, Herlev, Denmark).  

C. Longitudinal view of applicator in uterus taken in 2012 with Flex focus 400 

ultrasound unit (BK-Medical, Herlev, Denmark) 

D. Longitudinal view of applicator in uterus on MRI taken in 2012, same patient as 

image C 

Source: Peter MacCallum Cancer Centre 
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Table 2.3 Pros et contra of ultrasound use 

Pros Contra 

Cost: 86-88,105-109,135-138,181,182 

 Low cost installation 

 Economical (cheap to use) 

Needs physical contact: 183 138,139,163 

 Potential tissue deformation 

Portable: 87,182 184 105 137 

 Bring imaging to patient  

 Able to integrate into OR easily 

Learning curve: 90 136 137 138 139 

 Image acquisition 

 Image orientation 

 Image interpretation 

Non-ionising:128 135 

 Safer for patient and staff 

No 3D co-ordinate system: 139 

 Can’t spatially allocate image 

 No fixed frame of reference 

Real time intra-operative assessment :  
85,86,104,127,128 87,88,90,91,93,94,105-107,109,110,136,137,139   

 Anatomy topography  

 Guide applicator choice 

 Diagnose perforation 

 Correct applicator malplacements 

 Optimise applicator placement 

No volumetric analysis of target coverage or dose 

to OAR136,137 

Speed : 182 86 106 108 

 Reduce time required for insertion 

  

Use for verification of applicator position at time 

of treatment 128 132 106 136 109 110 139 

 

Use for verification of target volume 127 128 129 130 
132 136 94 139 

 

Can use full bladder as bowel displacement 

device135 

 

View adjacent organs (e.g. loops of bowel) 131  

Reduced reliance on other expert resources:106 110 
139 

 Gynae Oncologist 

 Radiologist 

 Sonographer 

 

Applicator acts as fiducial marker & calibration 

device: 

 Assists in understanding image  

             orientation139 

 

Serial imaging gives 4D changes to perform 

adaptive brachytherapy 136,137 139 

 

OAR = organs at risk 
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2.9 Future directions 

At present ultrasound is largely limited to guiding applicator placement in brachytherapy for 

cervix cancer. Extrapolating use to plan brachytherapy has only been conceived by a few 

practitioners138,139. Incorporating soft tissue information obtained from 2D ultrasound can 

improve the technical quality of brachytherapy implants and has the potential to allow 3D 

conformal planning to be performed136,138. Two dimensional ultrasound images can be used to 

create 3D treatment plans as it is now possible to upload 2D images to some treatment planning 

systems139. It is also possible to upload 3D data sets. Three dimensional ultrasound acquires 

volume data of the pelvis that can be processed for display in multi-planar reconstructions 

similar to CT and MRI185. These volumes are very similar in orientation and quality to those 

of MRI and CT185. Use of 3D ultrasound can overcome some of the disadvantages of 2D 

ultrasound. Volumetric scanning may reduce the reliance on operator skill as a 3D volume can 

be acquired by a mechanical sweep of the transducer. Users would no longer need to mentally 

integrate 2D images to form an impression of the anatomy and pathology in three  

 

Table 2.4 Personnel involved in performing ultrasound identified in the literature 

Article (ref) Personnel performing ultrasound for insertion of brachytherapy 

applicators 

Wong and Bhimji 85 Patient taken to radiology department 

Rotmensch et al. 88 Initially personnel trained in ultrasound (implies skill was later passed 

onto brachytherapy team) 

Erickson et al. 89 Radiologist 

Davidson et al. 106 Radiation Therapist/Physicist 

Watkins et al. 93 Ultrasound technician 

Phelps and Petereit 94 Sonographer 

Schaner et al. 110 Qualified technician 

Mayadev et al. 76 Sonographer  with transition of skills to Radiation Oncologist 

van Dyk et al. 139 Radiation Therapist with ultrasound qualifications 
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Table 2.5 Patterns of Care studies 

Indicating imaging modalities used during brachytherapy  

Article (Ref) 

Ultrasound 

used for insertion 

Imaging modality used 

for planning 

Imaging used for 

verification 

fx 2 3 4 5 

van Dyk et al. 

2010 186 

Australia  New Zealand 

(ref period 2009) 

15% 

x-ray 30% 

CT 65% 

MRI 15% 

Ultrasound 5% 

CT 55% 

X-ray 5% 

Ultrasound 10% 

Viswanathan et al. 

2010 69 

ABS  USA 

(ref period 2007) 

56% 

42% routinely 
CT 56%  (US A only) CT 60% (USA + Int) 

Guedea et al. 

2010 73 

Europe 

(ref period 2007) 

48% available 

x-ray 71% 

CT 54% 

MRI 15% 

PET-CT 5% 

 

Pavamani et al.  

2011 71 

Canada 

(ref period 2008) 

59% 

24% routinely 

x-ray 50% 

CT 45% 
CT/MRI 44% 

Tan et al. 

2011 72 

United Kingdom 

(ref period 2010) 

 
CT 51% 

MRI 20% 
 

Guedea et al. 

2011 74 

Latin America 

(ref period 2007) 

 

24% available 

x-ray   97% 

CT   22% 

MRI  0.2% 

 

Viswanathan et al. 

2012 70 

GCIC International 

(ref period 2008/9) 

62% available 

18% routinely 

CT 57% 

MRI 25% 

CT 37% 

MRI 11% 

ABS = American Brachytherapy Society; USA = United States of America;  

GCIG = Gynecologic Cancer Intergroup 

 

dimensions187. Although use of 3D ultrasound volumes to plan gynaecological brachytherapy 

has not been clinically tested, there is huge potential for this modality in limited resource 

settings. Use of 3D ultrasound would allow radiation coverage of the uterus and cervix to be 
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volumetrically assessed generating potentially similar analytical metrics to those obtained with 

CT and MRI. 

 

Training and education of brachytherapy personnel in use of ultrasound also has to be 

addressed to obtain the maximum benefit from the many features of these machines and to 

ensure safe and efficacious use.  

 

2.10 Conclusions 

There is a large range in the resources used to plan brachytherapy for patients with cervix 

cancer. Progress is slowly being made as sophisticated imaging modalities are introduced into 

well-resourced centres, but the majority of patients with cervix cancer around the world 

continue to be planned with planar x-ray imaging. There is a crucial unmet need for soft tissue 

imaging capabilities in gynaecological brachytherapy. Ultrasound has the potential to meet this 

need by offering soft tissue imaging capabilities to all brachytherapy departments. Ultrasound 

is an accessible and economical imaging modality that can readily be incorporated into 

brachytherapy programs. Transabdominal ultrasound and TRUS can be used to guide 

placement of intracavitary and interstitial applicators, respectively. Transabdominal ultrasound 

can be used to guide intracavitary planning. Appropriate training for brachytherapy personnel 

is necessary to ensure safe and optimal use. Guidelines for planning and reporting treatment 

are also necessary. Ultrasound can be used to improve the technical quality of implants. These 

improvements have the potential to improve local control and reduce toxicity in these patients. 
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2.11 Recent progress of ultrasound usage in brachytherapy 

(2014 – 2017)   

This section summarises recent progress in the literature that occurred in parallel with the 

studies presented in this thesis and after publications of the above review up until April 2017. 

 

Ultrasound use in gynaecological brachytherapy 

A recent survey of brachytherapy practices in Australia and New Zealand has highlighted the 

increased use of ultrasound to guide applicator insertion48. Ultrasound use for applicator 

insertion was 86% which was an increase of 71% compared to a survey conducted four years 

previously. There is no doubt use of ultrasound makes insertion of the brachytherapy applicator 

a safer procedure. In a study of 96 patients undergoing intracavitary brachytherapy, 

Bramhananda et al. used ultrasound to confirm applicator placement in 78 patients, guide the 

applicator through a visible os but occluded canal in 12 patients, and identify the os and canal 

in a further four patients188. Use of ultrasound helped in identifying bulky disease only suitable 

for interstitial treatment in two patients. The authors found use of ultrasound decreased the 

overall time required for an intracavitary insertion and noted the benefit of this in their resource 

limited environment.  

 

Further investigations of ultrasound in gynaecological brachytherapy 

Difficulty in obtaining MRI for every fraction of brachytherapy is well recognised and this has 

sparked an interest in exploring alternative imaging modalities for gynaecological 

brachytherapy. Similarly, recognition of the limitations of CT soft tissue contrast also make it 

necessary to investigate alternative modes of high resolution soft tissue imaging.  
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Schmid et al. had conducted a study evaluating the local extension of cervix cancer with TRUS 

with a view to determining the potential for using TRUS in image guided brachytherapy163. 

The authors found TRUS feasible for the assessment of local target extension. There was a 

systematic bias in underreporting of target thickness by TRUS attributed to probe pressure, but 

overall TRUS showed a high correlation with MRI in determining width and thickness of the 

target volume. TRUS could not depict the height of the target volume. The study used 

transverse slices of 5 mm thickness and was unblinded. In a recent updated study the authors 

investigated the use of 3D TRUS and compared it to MRI and CT189. This study included data 

from 19 patients who underwent TRUS prior to brachytherapy (14), TRUS with applicators in 

situ (16), MRI prior to brachytherapy (13), MRI with applicators in situ (19), and CT with 

applicators in situ (19). Images were analysed both quantitatively (cervix width and thickness), 

and qualitatively (grading system based on discrimination of HRCTV, parametria, uterine 

corpus, uterine fundus, rectum, bladder, sigmoid and bowel) in a blinded fashion. MRI with 

applicator in situ was used as the reference standard against which all imaging was compared. 

There were no statistically significant differences between MRI and TRUS with and without 

applicator in situ for target width. Target width on CT was statistically significantly wider with 

a mean (SD) difference of 13.8 mm (6.7) (p<0.001). Similar to the previous study, there were 

also statistically significant differences in target thickness between the imaging modalities. The 

qualitative analysis indicated that TRUS without applicators performed more accurately than 

TRUS with applicators in situ. Again, TRUS with applicators in situ performed less well than 

MRI particularly in determining the anterior border of the cervix and the posterior bladder wall. 

There was difficulty seeing through and beyond the artifacts caused by the applicator. There 

were three instances where TRUS could not be performed due to anatomical considerations, 

the probe could not pass beyond the recto-sigmoid curvature and so could not image the whole 

uterus. In fact, the height of the cervix was not imaged or measured at all due to limited 
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visibility on TRUS and CT. Overall the authors found TRUS to be within inter-observer 

variability of MRI and superior to CT in determining target volume width and thickness. They 

also recognised that they have not fully reconciled a full planning approach using TRUS, as 

the upper third of the uterus and some organs at risk were not visualised. They did suggest a 

combined approach of transabdominal ultrasound, as described by van Dyk et al., and TRUS 

might be used to overcome these limitations. 

 

In an adjunct to the above work, Nescavil et al. recently published a proof of concept looking 

at incorporating 3D TRUS into a brachytherapy workflow for centres using CT to plan 

brachytherapy treatment190. Data from a single patient was used to illustrate the workflow and 

highlight both advantages and limitations of the process. The patient underwent TRUS prior to 

brachytherapy and TRUS, CT and MRI with applicators in situ. The main advantage of the 

concept is improved delineation of the cervix compared to CT. The main limitations are 

decreased ability to see beyond the applicators with TRUS and inability to determine the height 

of the target volume. Physical features of TRUS also contribute to limitations such as the 

relatively small field of view, the rigid fixed length probe that cannot negotiate beyond some 

applicators positioned above it in the vagina or beyond the recto-sigmoid junction. Variations 

in patient anatomy, such as a large uterus, will exacerbate these limitations. The study also 

highlighted some technical issues associated with obtaining a 3D acquisition. The 3D volume 

can be acquired by a pull back of the probe thereby obtaining a transverse volume akin to CT 

or by a rotation of the probe obtaining a longitudinal volume. The transverse method resulted 

in image distortions due to movement of the applicator and so was not used for planning. 

Applicator reconstruction was difficult on TRUS, as only parts of the applicator could be 

identified. This is in contrast to the views obtained with transabdominal ultrasound that can 

depict the whole applicator in the longitudinal plane and thus make applicator reconstruction 
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relatively quick while ensuring accuracy. CT overestimated the HRCTV volume and 

dimensions, while TRUS largely agreed with MRI, although the height of the HRCTV could 

not be delineated on TRUS. The group were able to achieve planning aims for TRUS/CT that 

would have fulfilled clinical acceptance criteria but they do concede there are a number of 

aspects to consider before full implementation of TRUS is possible. These aspects include 

customised software and hardware for volumetric image acquisition, DICOM export to the 

planning system, and applicator based image registration. It was also recognised that 

operational procedures such as ultrasound machine settings and training of users need to be 

considered to improve image quality, precision of target delineation and applicator 

reconstruction. 

 

In another proof of concept study, Petric and Kirisits reported on the use of transcervical 

endosonography giving it the acronym TRACE (TRAnsCervical Endosonography)191. This 

was a single patient study exploring the possibility of using TRACE to guide brachytherapy 

planning. The patient underwent uterine canal dilatation and a 6.9 mm diameter ultrasound 

probe with a mechanically rotating array was inserted into the canal. The refreshment rate of 

the image allowed for clinically useful real time assessment of pathology and anatomy. The 

resultant image was a 360° transverse view of the cervix and uterus. The probe utilises a 

frequency of 10 MHz and so produces a high resolution image. The main limitation was gradual 

deterioration of image quality as the probe was progressed further into the uterine canal and 

this was thought to be due to removal of the coupling gel. This finding needs to be further 

explored. The uterine canal is quite small, it was dilated to permit probe insertion, there should 

have been good contact between the probe and the walls of the canal and resultant good images. 

The images permitted a good view of the uterus and cervix free from applicator artifacts. 

Correlation between MRI and TRACE was good for target volume dimensions and parametrial 
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involvement. The absence of applicator artifacts was seen as a positive feature although it can 

also be seen as detrimental, as the ultrasound image cannot be taken with the applicator in situ. 

While not considered in the study there is scope to use the probe per rectum once the applicator 

is in place and to investigate this modality for verification of applicator placement. Another 

limitation noted was the free hand nature of the image acquisition that made spatially allocating 

the axial views difficult. This is a similar limitation encountered when using transabdominal 

ultrasound and might be addressed by the addition of echo bright calibrations on applicators or 

use of a fixed co-ordinate system something akin to the original static B-mode scanners that 

could spatially allocate the transducer192. Overall, the authors demonstrated the potential of 

TRACE in pre-planning for brachytherapy. Several areas were recommended for further 

investigation and they included effective transducer tissue coupling, applicator reconstruction, 

imaging range, ultrasound contouring concepts and validation, OAR dose assessment, 

registration with other imaging methods, and real time dosimetry. The authors also indicated 

potential for TRACE to be used in conjunction with existing technologies such as MRI, CT, 

transabdominal, transrectal, and transvaginal ultrasound.  

 

The potential of 3D ultrasound in image guided brachytherapy  

The potential of 3D ultrasound for use in brachytherapy is keenly anticipated especially by 

those who are familiar with good quality 2D ultrasound data sets. 3D ultrasound of the cervix 

and uterus is increasingly being used to assess anatomical abnormalities and diagnose and stage 

disease193,194. There have been some promising studies looking at the use of 3D ultrasound in 

gynaecological brachytherapy. Tamaki et al. conducted a phantom study comparing 

intrauterine ultrasound (IUS) to MRI and CT195. The phantom was specially constructed from 

chicken and agar. A polyethylene tube was inserted to mimic the uterine canal. The IUS probe 
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was inserted into the tube. Axial slices were obtained with CT, MRI and IUS in 1 mm slices 

and exported as DICOM files to an image processing software program to reconstruct the 3D 

images. The MRI and IUS images were visually registered to the CT data set using manual 

registration. Contouring was performed independently on each data set and a sample 

brachytherapy plan was calculated on the CT images. The dice similarity coefficients for 

contours were similar across the imaging modalities and dose volume histogram (DVH) 

metrics within 4%. Similar to Petric and Kirisits above, the authors proposed that IUS could be 

used to better identify soft tissue structures and assist in evaluating the brachytherapy treatment 

plan. 

 

In a study involving eight patients Foster et al. examined the use of 3D ultrasound to determine 

if it can be used as an imaging modality for volumetric treatment planning196. Patients received 

an MRI scan prior to starting brachytherapy. The group used a 3D ultrasound unit (Clarity 

AutoScan, Elekta, Montreal) that consists of a transducer that performs a mechanical sweep to 

obtain a volume scan of the pelvis. The ultrasound was used to assist applicator insertion and 

treatment planning. The patients were then CT scanned and all data sets co-registered. Images 

were qualitatively assessed based on visualisation of the cervix, uterus, bladder, rectum and 

sigmoid and quantitatively assessed on HRCTV contouring. All organs could be clearly seen 

on all imaging modalities except the sigmoid and rectum on 3D ultrasound. The intrauterine 

applicator could be seen all on imaging modalities, but the ovoids were not clearly seen on 3D 

ultrasound. The HRCTV could be identified on 3D ultrasound, but with a wider standard 

deviation than the other imaging modalities. The 3D ultrasound data set improved the CT 

HRCTV contours and more closely approximated the MRI contours than CT alone. Overall, 

the authors did not find they could recommend 3D ultrasound as a sole modality for volumetric 

planning because of poorer reproducibility and sub-optimal visualisation of critical structures. 
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However, they did find that CT contouring was improved with CT-3D ultrasound fusion and 

could enable faster and more efficient treatment planning in the future. The authors also believe 

the results could improve over time as they recognised there was a learning curve associated 

with the use of 3D ultrasound. The same group further examined 3D ultrasound, CT and CT-

3D ultrasound fusion and found similar results197. The 3D ultrasound provided additional 

information about the target volume that could improve treatment planning. The authors also 

believed that 3D ultrasound needs to be combined with CT for volume based 3D planning at 

the moment. 

 

These are encouraging studies and open the door for further investigation of ultrasound use in 

gynaecological brachytherapy. One such investigation would be looking at the inclusion of 2D 

and 3D ultrasound in departments that currently only have access to x-ray to plan 

brachytherapy. There is a huge potential to confirm in-utero applicator placement and assess 

iso-coverage using these modalities.   



 



 

 

                  

Methods and Materials 

 

 

 

 

 

 

 

Methods and materials for chapters 4, 5, 6 and 7 were concisely reported within each 

manuscript, previous works were cited to avoid repetition and adhere to word counts when 

published. This chapter describes the methods and materials in detail, removing the need to 

refer to older published works. 

 

All studies were approved by the Divisional Review Panel for Retrospective Studies at the 

Peter MacCallum Cancer Centre and by the Monash University Human Research Ethics 

Committee. 
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3.1 Study design 

ll patient data, ultrasound measurements, MR measurements, dosimetric date, 

and clinical outcomes were prospectively collected and recorded in a dedicated 

secure Gynaecological Unit data base. 

 

3.2 Patient selection Criteria 

Patients who presented to Peter MacCallum Cancer Centre between January 2007 and March 

2012 with previously untreated cervical cancer were included in studies presented in chapters 

four, five and six. Patients who presented between May 2013 and October 2013 were included 

in the study presented in chapter seven. Patients had to have been staged according to the 

clinical FIGO staging system as Stage 1, 11,111 or 1V, have had both a pre-treatment MRI and 

an MRI at the time of brachytherapy, and treated with curative intent. 

 

3.3 External Beam Radiotherapy and concomitant 

chemotherapy 

Patients with disease confined to the pelvis were prescribed 40 Gy EBRT in 2.0 Gy fractions 

using 3D conformal radiotherapy. The majority of patients were treated in the prone position 

on a belly board to displace small bowel from the treatment field. Patients with nodal 

involvement above the common iliac nodes were treated supine with 3D conformal extended 

field radiotherapy, and received 45 Gy in 25 fractions. Involved nodes were assessed with pre-

treatment FDG-PET scans and were boosted with antero-posterior fields and were prescribed 

between 6 and 10 Gy depending on size and location.  

A 



Chapter 3 Methods and materials                                                                                             57 

 

Four to five cycles of concomitant cisplatinum chemotherapy, 40 mg/m2, were routinely 

administered unless contraindicated.  

 

3.4 Brachytherapy 

The brachytherapy protocol consisted of three to four fractions of HDR brachytherapy 

following the completion of EBRT and chemotherapy. This was to achieve maximum tumour 

shrinkage to bring the target volume within reach of the brachytherapy field, and enable 

consistent and reproducible insertion of the applicator. Brachytherapy took place in an 

integrated theatre suite. This suite houses operating and anaesthetic facilities, ultrasound 

facilities and an HDR treatment unit. A ‘control room’ co-located with the operating room 

houses the brachytherapy planning and treatment control systems. There is audio and visual 

contact with the operating room and facilities to monitor the anaesthetic machine. The patients 

were anaesthetised during applicator insertion, imaging, planning, treatment and applicator 

removal. Patients only received one MR scan at the first insertion. At subsequent insertions 

ultrasound alone was used to guide applicator insertion, and verify the target dimensions and 

applicator position.  

 

3.5 Applicator insertion 

It was the preference that patients were anaesthetized using spinal anaesthesia during the first 

brachytherapy insertion. This ensured anaesthetic coverage during transfer to and from the MR 

suite and during applicator removal. At subsequent insertions patients routinely underwent 

general anaesthesia but this was subject to patient and anaesthetist preference. 
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The patient’s legs were supported in semi-lithotomy position for applicator insertion. Two 

examinations were carried out, a clinical exam and an ultrasound exam using transvaginal 

ultrasound (Endovaginal 8819 transducer, 9 - 5 MHz, Falcon ultrasound unit, BK Medical, 

Denmark). These were performed to assess tumour response to EBRT and to evaluate the 

cervix, uterus, parametria and vagina. The upper vagina was measured to determine the choice 

and size of ovoid or cylinder. The transvaginal ultrasound examination was also used to 

evaluate the topography of the pelvis. It was used to determine the position of the uterus and 

cervix and identify any anatomical variations such as ante-version and retroversion; and 

pathologies such as fibroids, cysts, clots, polyps, hydrometras and stenosis that may impede or 

affect applicator placement. The patient was prepped with iodine, and sterile surgical drapes 

were placed over their legs. An 18 – 20 French three-way urinary catheter was inserted into the 

bladder and connected to a double spike disposable urology set and a 500-ml bag of isotonic 

saline (0.9% sodium chloride intravenous infusion BP Viaflex). The balloon was filled with 20 

ml saline and positioned against the bladder neck and the bladder was filled with sterile saline. 

A sterile fenestrated drape was placed over the perineum and pelvis. Transabdominal 

ultrasound (curved array 8820e, 6 – 2.5 MHz, BK Medical, Denmark) was used to confirm 

bladder filling. The bladder filling was continued until the fundus of the uterus was visible on 

the longitudinal view of the uterus. The saline bag was clamped once the bladder covered the 

uterus. Bladder filling is patient dependent and recorded for each patient but typically consists 

of 300 – 400 ml. The bladder filling moves bowel away from the uterus and acts as an acoustic 

window into the pelvis, through which to view applicator insertion into the uterine canal. 

Bladder filling also increases the angle between the cervix and vagina and facilitates applicator 

insertion. Once the uterine canal was identified on the longitudinal view the uterus was sounded 

to ascertain the required length of the intra-uterine applicator. The cervical canal was then 

further dilated under ultrasound guidance. The selected intra-uterine applicator was inserted 
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under ultrasound guidance and the ovoids and vaginal spatula were inserted under direct vision. 

A vaginal spatula was always used with tandem and ovoids to displace the posterior vaginal 

wall and rectum from the applicator system. Vaginal packing using radiopaque gauze 

moistened with 1% chlorhexidine obstetric examination cream was inserted to displace the 

bladder and stabilise the implant. The applicator was loosely sutured to the perineum and the 

position of the intra-uterine tandem was verified in the axial and longitudinal planes using 

ultrasound. Sterile drapes were removed and the patient’s legs positioned flat on the bed in the 

treatment position. Figures 3.1 – 3.5 give a pictorial overview of the imaging and planning 

protocol. 

 

3.6 Imaging, ultrasound and MRI 

The patient was rescanned with transabdominal ultrasound after being placed in treatment 

position. The position of the applicator was assessed in the transverse and longitudinal planes 

of the uterus. The applicator may be gently manipulated to optimise its position in the uterine 

canal. Once the position of the applicator was optimised the sutures were secured. A 

longitudinal view of the intrauterine applicator and uterus was obtained. The position of the 

transducer was manipulated such that the whole applicator appeared across the ultrasound 

screen. This meant that the applicator was perpendicular to sound propagation and returning 

the best quality echoes possible. It also meant that measurements were taken in the direction 

of sound propagation which is the most accurate way to obtain them. The dimensions and 

geometry of the applicator are known so the applicator acts as both a fiducial marker and 

calibration device within the image. The visualised applicator was measured with digital 

calipers on the ultrasound unit screen. Measurement of the applicator in the ultrasound image 

which concurs with its actual length confirms the correct view has been obtained. 
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Measurements defining the uterus and cervix outline were obtained. The measurements were 

taken at the anterior and posterior surface of the cervix and uterus at 2.0 cm intervals along the 

applicator, from the external os to the tip of the applicator, and recorded at the time of 

ultrasound image acquisition to facilitate visual acuity. The uterus and cervix were also imaged 

in the transverse orientation. The width of the cervix and uterus were noted. The longitudinal 

ultrasound image was uploaded to the treatment planning system and a brachytherapy plan 

devised. The patient was readied for treatment within the operating room while planning took 

place. Although only planning on a single longitudinal view, the plan also takes into account 

the width of the cervix and uterus obtained from measurements taken in the transverse 

direction. The RT sonographer also conceptualises and builds a 3D view of the uterus and 

cervix in their mind by taking multiple sweeps of the transducer across the patient. This 

information also guides planning. Uploading the ultrasound image to the planning system, 

inserting the applicator model, planning and evaluation takes approximately 15 minutes. The 

brachytherapy target is the residual disease, whole cervix, and any clinically detected disease 

in the vagina and parametria. The target volume extends into the uterine corpus as dwell 

positions in the intra-uterine applicator were activated from cervical stopper to tip. The dwell 

times were modulated so that the 100% isodose line covered the cervix, while the serosa of the 

uterus received between 50-70%. Doses at the vaginal mucosa were monitored via points 

positioned on the surface of the ovoids in contact with the lateral vaginal wall. Doses to the 

target and OAR were extrapolated for the prescribed 3-4 fractions of brachytherapy using an 

EQD2 calculator that takes into account EBRT doses. The planning aim was to cover the target 

volume with 80 -84 Gy10, while restricting the ICRU 38 bladder point dose to less than 75 Gy3, 

the ICRU 38 rectum point dose to less than 70 Gy3 and the vaginal mucosa points to 120 -130 

Gy3. Once the plan was approved and cross checked it was sent to the treatment control station 

and the patient was treated. 
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After treatment the patient’s bladder was emptied to a catheter bag and the amount of saline 

solution drained was noted. The patient was transferred to the MR suite with applicators fixed 

in treatment position. A brachytherapy radiation therapist accompanied the patient to the MR 

suite to monitor the applicator position. At the MR suite the bladder was refilled by attaching 

a new bag of saline to the double spike. MR (1.5T GE Signa, 2007-June 2008; 3T Siemens 

Magnetom Trio, June 2008 to January 2012) images were taken with the patient positioned 

supine and head first in the scanner. A body coil was placed over the pelvic area, and scout and 

T2 Half-Fourier Acquisition Single-shot Turbo spin Echo (HASTE) localiser images obtained. 

Bladder filling and the position of the applicator were checked on the localiser images by the 

radiation therapist. Though rarely required, any adjustments to reproduce treatment conditions 

in regard to applicator position and bladder filling were made at this point. Further images 

using Turbo Spin Echo T2 axial (to bed) and parasagittal and paracoronal (to the intrauterine 

applicator) were then taken with 3-4 mm slice thickness and 0-1mm slice gap. The typical field 

of view covered from 3.0 cm above the uterus to the perineum, and total scan time was 

approximately 20 minutes. After MR imaging the patient was returned to the theatre recovery 

suite where the sutures and applicators were removed. The patient was discharged from the 

recovery suite. MR images were transferred to the picture archiving and communications 

system (PACS) (Syngo version 35, Siemens, Erlangen, Germany) and then imported into the 

planning computer (Oncentra version 3.0, Nucletron, Veenendal, the Netherlands). The cervix 

and uterine dimensions were measured on the MR images on the PACs workstation. All 

measurements were recorded in the Gynaecological Unit database.  
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3.7 Planning 

Later in the day the target volume and organs at risk were contoured on the MR data set and 

the ultrasound based plan was back projected onto the MR data set.  The fraction one ultrasound 

based plan was evaluated on the MR data set using DVH metrics. Standard metrics were: 

 target volume D90;  

 maximum dose to D2 cm3 of bladder, rectum, sigmoid, and bowel; 

  vaginal mucosa doses;  

 Point A doses; and ICRU report 38 reference points at bladder and rectum.  

 

The plan was reviewed by the radiation oncologist at a designated chart round prior to the 

second fraction. Any suggested changes to the plan were calculated as a new plan in readiness 

for fraction two should they be needed.  

 

3.8 Subsequent insertions 

At subsequent insertions the patient was usually under general anaesthesia. A workflow as 

described in sections 3.5 – 3.7 occurred. At subsequent insertions the applicators were not 

sutured to the perineum as the patient was not moved from the operating room, as they did not 

undergo MR imaging. Ultrasound imaging took place as described in sections 3.5 and 3.6. The 

dimensions of the cervix and uterus were measured and compared to both fraction one 

ultrasound and MR measurements. If the measurements were within designated criteria, 

treatment using the original based ultrasound based plan went ahead. Replanning may occur 

based on the coverage assessed on the MR images at fraction one, or it may occur in response 

to changes detected with ultrasound at subsequent insertions, or to clinically detected changes. 

If the measurements were outside the designated criteria a new adapted plan may be calculated. 
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Clinically detected changes typically include narrowing of the vagina necessitating smaller 

ovoids. All ultrasound measurements were uploaded to the data base. If changes were made to 

the plan, a new total dose chart was calculated.   

 

3.9 Clinical agreement criteria 

A clinically relevant range of differences between MRI and ultrasound measurements was 

established in consultation with a gynaecological radiation oncologist. These differences were 

set at 3 mm for the cervix and 5 mm for the uterus. These cut-offs were validated from previous 

work using identical imaging and treatment methodology as described here62,137. In a study 

comparing dosimetry derived from MRI and ultrasound, there was no significant difference in 

dosimetric coverage of the brachytherapy target volume between plans137. The cut-offs were 

further validated by comparing clinical outcomes of an historical series of patients treated with 

low-dose-rate brachytherapy to patients who underwent ultrasound-guided conformal 

brachytherapy. Patterns of failure and survival were similar in both groups, but ultrasound 

guided conformal brachytherapy led to a large decrease in late radiation effects62. These clinical 

cut-offs were used to evaluate ultrasound measurements for studies in chapters 4, 5, 6, and 7. 

 

3.10 Reporting  

At the completion of brachytherapy treatment, data from all plans was assessed. Total 

radiobiological doses from EBRT and brachytherapy were recorded in regard to target 

coverage, Point A doses, OAR doses based on ICRU 38 reference points and the vaginal 

mucosa points, using the EQD2 spreadsheet. These doses were entered into the Gynaecological 

Unit database. 
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Figure 3.1 Pictorial overview of imaging and planning protocol 

Patient anaesthetised, positioned in semi-lithotomy position, EUA to determine clinical response 

to EBRT, IDC inserted to fill bladder which acts as acoustic window into pelvis. Bladder filled 

until it covers fundus. Pelvis surveyed with transabdominal ultrasound, check uterus, cervix, 

parametria, adnexa. 

Uterine canal sounded and dilated under ultrasound guidance. Applicator inserted under 

ultrasound guidance. Uterus and applicator identified on axial and longitudinal views. Applicator 

position optimised in axial and sagittal views. Ovoid separation confirmed. Uterine and cervix 

dimensions obtained in axial and longitudinal views. 

 

Source: Peter MacCallum Cancer Centre 

 

 

Figure 3.2 Ultrasound imaging and planning 

Ultrasound images uploaded to planning computer. Applicator modelling (Nucletron, Elekta) used 

to translate applicator into ultrasound image. Dwell positions populated from library template. 

Prescription dose entered. Isolines conformed to cervix. Doses at vaginal mucosa, bladder and 

rectum monitored via nominated dose points and image on screen. Plan reviewed and approved by 

RO and brachytherapist. Plan transferred to treatment control system. Plan checked by physicist 

and brachytherapist. Treatment delivered. 

A: ultrasound views with applicator superimposed into data set. 

B: ultrasound views with applicator and isolines  

 
Source: Peter MacCallum Cancer Centre 
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Figure 3.3 MRI and planning 

After treatment, bladder drained and patient recovered in Post Anaesthetic Care Unit. Patient 

transferred to MRI suite for imaging with applicators in-situ. Bladder refilled to reproduce 

treatment conditions. Applicators removed after MRI. Ultrasound plan back projected onto MRI 

data set for review and evaluation. 

C: ultrasound views, transverse at tip of tandem, transverse at cervical stopper, longitudinal  

     uterus, longitudinal uterus with isolines 

D: corresponding MRI views, transverse at tip of tandem, transverse at cervical stopper,  

     longitudinal uterus, longitudinal uterus with isolines 

 

Source Peter MacCallum Cancer Centre 
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Figure 3.4 Interfraction ultrasound verification 

Position of applicator and cervix and uterine dimensions verified at each insertion. First fraction 

conformal plan used for subsequent treatments in the majority of patients. Plan may be adapted 

for clinical reasons or if there is a clinically significant change to cervix dimensions. 

E: Transverse views through cervical stopper at external os and tip of applicator in uterine  

     canal 

F: Longitudinal views of applicator in uterine canal 

 

Source: Peter MacCallum Cancer Centre 

 

 

 

 

Figure 3.5 Ultrasound verification and MRI evaluation 

G: Longitudinal ultrasound views of uterus co-registered to MRI data set.  

H: Longitudinal ultrasound views of uterus with iso-lines of conformal plan used throughout 

treatment co-registered to MRI data set 

 

Source: Peter MacCallum Cancer Centre 
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3.11 Statistical analyses 

The purpose of the studies was to compare the measurements of the cervix and uterus made 

with ultrasound and MRI, and determine if MRI can be substituted by ultrasound. The aim was 

to determine the level of agreement between the two imaging modalities in measuring the 

dimensions of the cervix and uterus. Agreement is best tested by a method described by Bland 

and Altman known as Bland Altman plots140. 

 

Chapter 4 includes data from 192 patients, examining measurements from nine points around 

the cervix and uterus made on MRI and ultrasound. Chapter 5 examines the same patients and 

measurements but also included ultrasound measurements repeated over time. The normality 

of the samples were tested with the D’Agostino and Pearson omnibus normality test. 

Continuous data were expressed as mean ± SD. Agreement was assessed using Bland-Altman 

plots, which are a graphic representation of the data that illustrate the degree of agreement 

between the different imaging modalities used to measure the cervix and uterine dimensions. 

The graphs show the difference between the two methods plotted against their mean. Bias is 

the average difference between the methods and represents systematic error. The smaller the 

bias, the less the systematic error. The closer the mean of differences is to zero and the smaller 

the value of the SD of the differences, the better the agreement between measurements. The 

plots also included 95% limits of agreement that indicate random differences in measurements. 

These limits represent two values within which approximately 95% of the differences between 

paired measurements will lie. Agreement was confirmed if the mean measurements between 

MRI and ultrasound at each location were within the clinically relevant range. Repeated 

ultrasound measures were analysed with repeated-measures one-way analysis of variance. For 

analyses returning significant results with analysis of variance, post hoc analyses were 
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conducted. Multiple comparisons were analysed with Dunnett’s multiple comparison test, 

comparing mean ultrasound measurements to mean MRI (control) measurements; and the 

Tukey test, comparing every ultrasound mean with every other mean (ultrasound). 

 

Chapter 6 examines clinical outcomes of patients who underwent ultrasound guided 

brachytherapy. Kaplan-Meier estimates were used to calculate overall survival, cancer specific 

survival, failure free survival and local control. Descriptive statistics were used to present 

toxicities associated with treatment. 

 

Chapter 7 examines data from 12 patients and measurements obtained by 3 operators, looking 

for reliability in obtaining measurements by ultrasound. Bland-Altman plots were calculated 

to compare MRI and ultrasound measurements. Multiple comparisons were calculated using 

repeated-measures two-way analysis of variance. For significant results, post hoc analyses 

using Dunnet’s and Tukey’s tests were carried out. Intraclass correlation coefficient (ICC) was 

used to compare reliability between measurements obtained from MRI and ultrasound 

(obtained by RT sonographers). 
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This chapter is an exact copy of the journal paper referenced on the previous page except the 

figure, table and reference numbers have been modified for the purpose of this thesis. 

 

 

 

The main theme of this thesis is exploring the use of transabdominal ultrasound to facilitate 

image guided brachytherapy treatment for locally advanced cervix cancer. MRI is recognised 

as an accurate soft tissue imaging modality that can be used to identify the cervix, distinguish 

residual disease and delineate normal structures such as the bladder, rectum, sigmoid colon and 

bowel. For this reason MRI was the imaging modality chosen to validate ultrasound. This 

chapter describes work that confirms ultrasound is a viable alternative soft tissue imaging 

modality that can be used to identify and delineate the brachytherapy target volume. 
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Abstract 

Purpose: To compare measurements of the uterus and cervix obtained with magnetic resonance 

imaging (MRI) and transabdominal ultrasound to determine whether ultrasound can identify 

the brachytherapy target and be used to guide conformal brachytherapy planning and treatment 

for cervix cancer. 

 

Methods and Materials: Consecutive patients undergoing curative treatment with radiation 

therapy between January 2007 and March 2012 were included in the study. Intrauterine 

applicators were inserted into the uterine canal while patients were anaesthetized. Images were 

obtained by MRI and transabdominal ultrasound in the longitudinal axis of the uterus with the 

applicator in treatment position. Measurements were taken at the anterior and posterior surface 

of the uterus at 2.0 cm intervals along the applicator, from the external os to the tip of the 

applicator. Data were analysed using Bland Altman plots examining bias and 95% limits of 

agreement. 

 

Results: A total of 192 patients contributed 1668 measurements of the cervix and uterus. Mean 

(±SD) differences of measurements between imaging modalities at the anterior and posterior 

uterine surface ranged from 1.5 (±3.353) mm to 3.7 (±3.856) mm, and -1.46 (±3.308) mm to 

0.47 (±3.502) mm, respectively. The mean differences were less than 3 mm in the cervix. The 

mean differences were less than 1.5 mm at all measurement points on the posterior surface. 

 

Conclusion: Differences in the measurements of the cervix and uterus obtained by MRI and 

ultrasound were within clinically acceptable limits. Transabdominal ultrasound can be 

substituted for MRI in defining the target volume for conformal brachytherapy treatment of 

cervix cancer.  
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4.1 Introduction 

 

rachytherapy for cervix cancer is essential for controlling local disease by 

allowing high doses of radiation to be delivered to the residual disease from 

within the cervix and tumour198,199. The success of brachytherapy rests on 

accurate identification of the uterus, cervix, and residual disease; accurate placement of the 

intrauterine applicator within the uterine canal; and sparing of surrounding normal tissue133. 

Historically, brachytherapy applicators were placed under direct vision, and implant quality 

was assessed with x-rays. These traditional methods, however, do not enable evaluation of the 

uterine and cervical anatomy, the residual tumour, or the correct placement of the applicators 

within the cervical canal133. Although considered outdated in some parts of the world, 

traditional methods continue in many countries, particularly in those with a high incidence of 

cervix cancer. The use of soft tissue imaging for cervix brachytherapy is increasing in some 

advanced economies and well-resourced departments70. The Groupe Européen de 

Curiethérapie and European Society for Radiotherapy and Oncology (GEC-ESTRO) have been 

instrumental in advancing the use of soft tissue imaging with a particular emphasis on the use 

of MRI41. MRI has superior anatomy and tumour recognition when used in brachytherapy44. 

Unfortunately, MRI is expensive and difficult to access for many clinical centers. It is also not 

suitable for patients with implanted devices, those with claustrophobia, and those with large 

body habitus. These drawbacks make it necessary to find alternative imaging modalities that 

provide information of similar quality to MRI but are more readily accessible and 

affordable136,137. Ultrasound is an inexpensive imaging modality that offers good soft tissue 

information and is widely available. The aims of this study were to compare measurements of 

the uterus and cervix obtained with transabdominal ultrasound to those obtained using MRI to 

determine the level of agreement between the imaging modalities. The purpose was to 

B 
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determine whether transabdominal ultrasound can be substituted for MRI in the application of 

conformal brachytherapy in cervix cancer. 

 

4.2 Methods and materials 

This study was approved by the Divisional Review Panel for Retrospective studies at the Peter 

MacCallum Cancer Centre and by the Monash University Human Research Ethics Committee 

(MUHREC). 

 

Patient selection criteria 

Patients who presented to Peter MacCallum Cancer Centre between January 2007 and March 

2012 with previously untreated cervical cancer, histologically diagnosed as either squamous 

cell carcinoma or adenocarcinoma (or 1 of their variants) were included in this study. Patients 

had to have been staged according to the clinical (International Federation of Gynecology and 

Obstetrics [FIGO]) staging system as stage IB, II, III, or IVA; have had an MRI at the time of 

brachytherapy; and have been treated with curative intent. 

 

Patients received 40 - 45 Gy external beam radiation therapy (EBRT) in 1.8 - 2.0 Gy fractions 

and 3 - 4 fractions of high-dose-rate (HDR) intracavitary brachytherapy to achieve a total 

combined dose to the target volume in the order of 80 - 84 Gy10 equivalent to doses in 2 Gy 

fractions (EQD2). The radiation therapy and brachytherapy technique have previously been 

described137. In brief, patients commence brachytherapy at the completion of EBRT. 

Brachytherapy was performed using an HDR microselectron after- loader (Nucletron, 

Veenendaal, the Netherlands), which is housed in a dedicated operating theatre. This study was 

limited to patients undergoing treatment with intracavitary applicators alone. Nucletron 
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Standard CT/MR and Vaginal CT/MR applicator sets were used for all treatments. The 

majority of patients underwent spinal anaesthesia for the first insertion. Patients were 

positioned in semi-lithotomy position, and an examination under anaesthesia was performed to 

determine clinical response to EBRT. An 18 - 20-Fr 3-way Foley catheter was inserted into the 

bladder. The catheter was connected to a double bag spike urology set, and the bladder was 

filled with isotonic saline solution (0.9% sodium chloride intravenous infusion BP Viaflex). 

Bladder filling provides the acoustic window into the pelvis. The bladder was filled until the 

entire uterus was visible. Average volumes used in this study were between 300 and 400 ml. 

 

Ultrasound and MR imaging protocol 

The intrauterine applicator was positioned under transabdominal ultrasound guidance using a 

transabdominal transducer (curved array 8830, BK Medical, Denmark). After the intrauterine 

applicator, ovoids, vaginal spatula, and gauze packing were inserted; the applicator was loosely 

sutured to the perineum. The sutures were used to prevent movement of the applicator during 

transfer to the MR suite. The patient’s legs were lowered during planning and treatment. The 

intrauterine applicator position was optimized within the uterus on the transverse and 

longitudinal ultrasound views and the sutures secured Figure 4.1. All ultrasound imaging was 

performed and/or supervised by a radiation therapist with ultrasound qualifications (S.v.D.). A 

treatment plan was devised using the ultrasound measurements. The brachytherapy target was 

the residual disease, whole cervix, vaginal fornices, and uterus62. Bladder filling was 

maintained during planning and treatment. The patient was treated while under anaesthesia. 

After completion of treatment, the patient’s bladder was emptied and the amount of saline 

solution drained was noted. The patient was then transferred to the MRI suite with applicators 

fixed in treatment position. At the MRI suite the bladder was refilled via a new bag of saline 

connected to the double spike. MR (1.5T GE Signa, 2007-June 2008; 3T Siemens Magnetrom 
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Trio, June 2008 to present) images were taken with the patient positioned supine and head first 

in the scanner. A body coil was placed over the pelvic area, and localizer and T2 haste images 

were obtained. Images using Turbo Spin Echo T2 axial (to bed) and parasagittal and 

paracoronal to the intrauterine applicator were then taken with 3 – 4 mm slice thickness and 0 

- 1 mm slice gap. The MR images were transferred to the picture archiving and communication 

system (PACS) (Syngo version35, Siemens, Erlangen, Germany) and then imported into the 

planning computer (Oncentra version3.0, Nucletron, Veenendal, the Netherlands). 

 

 

 

Figure 4.1 Longitudinal and transverse ultrasound image of uterus and cervix 

 
A. Longitudinal view of cervix and uterus with applicator in treatment position 

B. Transverse view at level of external os/vaginal fornices  

C. Transverse view at tip of applicator. Solid yellow arrow indicates applicator.  

 
Source: Peter MacCallum Cancer Centre 

 

Study design 

All data were prospectively recorded in the gynaecology service database and retrieved for this 

retrospective analysis. 
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A longitudinal view along the intrauterine applicator was obtained with both imaging 

modalities. Measurements defining the uterus and cervix outline were taken at the anterior and 

posterior surface of the uterus at 2.0 cm intervals along the applicator, from the external os, to 

the tip of the applicator. Measurements of the cervix and uterus obtained with ultrasound were 

made at the time of image acquisition to facilitate visual acuity. MRI measurements of the 

cervix and uterus were made on PACS. Measurements and their designated nomenclature are 

shown in Figure 4.2. 

 

Establishing clinical agreement between MRI and ultrasound 

A clinically relevant range of differences between MRI and ultrasound measurements was 

established in consultation with a Gynaecological Radiation Oncologist (K.N.). These 

differences were set at 3 mm for the cervix and 5 mm for the uterus. These cut-offs were 

validated from previous work using identical imaging and treatment methodology as described 

here. In a study comparing dosimetry derived from MRI and ultrasound, there was no 

significant difference in dosimetric coverage of the brachytherapy target volume between 

plans137. The cut-offs were further validated by comparing clinical outcomes of an historical 

series of patients treated with low-dose-rate brachytherapy to patients who underwent 

ultrasound-guided conformal brachytherapy. Patterns of failure and survival were similar in 

both groups, but ultrasound guided conformal brachytherapy led to a large decrease in late 

radiation effects62. 

 

Only 1 pair of measurements (MRI vs ultrasound at fraction 1) was analysed per patient. 
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Power and sample size 

With a sample size of 192, this study achieves 97% power to detect a mean of paired differences 

of 1 mm with a known standard deviation of differences of 3.5 mm and with a significance 

level (a) of 0.05 using a 2-sided paired z test. With a sample size of 172 (minimum for 

measurement points tip A, tip P, and tip S), this study achieves at least 99% power to detect a 

mean of paired differences of 2 mm with a known standard deviation of differences of 4.5 mm 

and with a significance level (a) of 0.05 using a 2 - sided paired z test. 

 

 

 

Figure 4.2 Nomenclature for measurement points 

A. Longitudinal ultrasound view 

B. Longitudinal magnetic resonance imaging view 

 

 The cervical stopper is 0,0 and abuts the external os in the vaginal fornices. Measurements 

were taken at the anterior and posterior surface of the cervix and uterus perpendicular to the 

applicator at the cervical stopper, 0A and 0P; 2.0 cm along the applicator, 2A and 2P; 

4.0 cm along the applicator, 4A and 4P; and at the tip of the applicator, Tip A and Tip P. The 

distance from the tip of the applicator to the fundus was also recorded as Tip S.  

 

Source: Peter MacCallum Cancer Centre. 
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Statistical analyses 

Data analysis was performed using Graphpad Prism, version 6.02 for Windows (Graphpad 

Software, La Jolla, CA). The normality of the samples was tested with D’Agostino and Pearson 

omnibus normality test. Continuous data were expressed as mean ± SD. Agreement between 

MRI and ultrasound measurements was assessed using Bland-Altman analysis140,141. Bland-

Altman plots are a graphic representation of the data, with the difference between the two 

methods plotted against their mean. Bias is the average difference between the methods and 

represents systematic error. The smaller the bias, the less the systematic error. The plots also 

included a 95% confidence interval (CI) that was expected to include 95% of the differences 

between measurements when set at ~2 SD of the mean200. Agreement was confirmed if the 

mean measurements between MRI and ultrasound at each location were within the clinically 

relevant range. 

 

4.3 Results 

Data from 198 patients was included in this study. Six patients were excluded because of 

insufficient data; four of these had missing information for one or more measurements and two 

were excluded because of data fluctuations caused by large fibroids that were unable to be 

visualized in the ultrasound field of view. Measurements from the external os to 4 cm along 

the applicator were available for 192 patients. Measurements around the tip of the applicator 

were available for 172 of these patients. Patient demographic and tumour characteristics are 

shown in Table 4.1. 

 

There were 1668 measurements available for analysis. Mean measurements at each point are 

outlined in Table 4.2 . 
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Bland-Altman analysis indicating the 95% limits of agreement between the 2 methods and the 

average of differences between the 2 methods (bias) is shown in Table 4.3. 

 

Figure 4.3 is a summary of the Bland-Altman plots for each measurement point. The mean 

difference between MRI and ultra- sound with 95% confidence intervals are plotted against the 

clinically determined cut-off points. The mean difference at all measurement points was less 

than 4 mm. Of particular note, the mean differences between imaging modalities at the 

posterior surface of the uterus and cervix, 0P, 2P and 4P were less than 1 mm. 

 

 

 

Figure 4.3 Summary of Bland-Altman plots, 

Means of differences between magnetic resonance imaging (MRI) and ultrasound at each 

measurement point and 95% confidence interval limits of mean differences shown in relation to 

clinically relevant cut-off values at ±3 mm (cervix cut-off; dotted vertical lines) and ±5 mm 

(uterus cut-off; solid vertical lines).Refer to Figures 4.2 and 5.1 for nomenclature of measurement 

points and rationale for establishing clinical agreement between MRI and ultrasound.
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Table 4.1 Patient and tumour characteristics (Total N=192) 

Characteristic  

Age (years)   

    Median 51 

    Range 21-91 

FIGO stage,  N (%)  

1 65 (33) 

2 82  (43) 

3 36  (19) 

4 9    (5) 

Histology,  N (%)  

     Squamous Cell Carcinoma 148 (77) 

     Adenosquamous 8  (4) 

     Endometriod/mucinous 22  (12) 

     MMMT 1  (0.5) 

     Small cell 8  (4) 

     Serous 1  (0.5) 

    Clear cell 4  (2) 

Original Tumour volume (cm3) 

     Median 33.3  

     Range 0.13 – 381.7  

FIGO = Federation of Gynaecology and Obstetrics; MMMT = Malignant mixed Müllerian tumour 

 

 

4.4 Discussion 

Improving brachytherapy practices for patients with cervix cancer requires new avenues to 

make it possible for all treating clinicians to identify the brachytherapy target. This study has 

shown that ultrasound can be used to delineate the cervix and uterus to determine the target for 

use in planning conformal brachytherapy treatments for cervix cancer. The greatest potential 

of incorporating ultrasound into the brachytherapy program is the ability to improve accuracy 

of applicator placement and radiation delivery. Improved accuracy can potentially lead to better 

local control and reduced toxicity to surrounding normal tissues62,201,202.  
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Table 4.2 Mean measurements at each measurement point 

 in the cervix and uterus for MRI and ultrasound 

Measurement point N 

MRI                  

Mean (±SD)        

mm 

Ultrasound                        

Mean (±SD)                                  

mm 

Mean of 

differences      

MRI-US (±SD)             

mm                

95% CI of 

mean 

differences           

MRI-US             

mm                  

0A 192 17.5 (±4.848) 15.25 (±4.411) 2.25 (±3.190) 1.8  to  2.7 

0P 192 18.45 (±4.150) 18.57 (±4.335) -0.12 (±3.773) -0.65  to  0.42 

2A 192 13.95 (±3.912) 10.85 (±3.035) 3.09 (±3.102) 2.65  to  3.54  

2P 192 16.24 (±4.238) 16.7 (±4.448) -0.46(±3.308) -0.93 to  0.01  

4A 192 17.79 (±4.653) 14.08 (±4.063) 3.71 (±3.856) 3.16  to  4.26  

4P 192 18.43 (±4.837) 17.96 (±4.089) 0.47 (±3.502) -0.24  to  0.97  

Tip A 172 16.59 (±5.291) 15.08 (±4.254) 1.51 (±3.353) 1.00  to 2.01 

Tip P 172 16.29 (±5.339) 17.75 (±4.148) -1.46 (±3.903) -2.05 to  -0.87  

Tip S 172 12.62 (±5.982) 15.52 (±6.614) -2.90 (±4.491) -3.58  to -2.23 

 

 

 

Table 4.3 Bland Altman analysis of MRI versus ultrasound measurements 

 according to measurement locations in the cervix and uterus 

Measurement 

Point 
N 

Bland-Altman Bias           

(average of 

difference) mm 

(±SD)   

Bland-Altman  

95% Limits of Agreement                                     

mm 

0A  192 2.25 (±3.190) -4.00  to 8.50 

0P  192 -0.12 (±3.773) 7.51  to  7.28 

2A  192 3.09 (±3.102) -2.99  to 9.17 

2P  192 -0.46 (±3.308) -6.94  to  6.03 

4A  192 3.71 (±3.856) -3.85  to  11.27 

4P  192 0.47 (±3.502) -6.39  to  7.34 

Tip A 172 1.51 (±3.353) -5.07  to 8.08 

Tip P  172 -1.46 (±3.903) -9.11  to 6.19 

Tip S  172 -2.90 (±4.491) -11.70  to  5.90 
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The use of ultrasound during applicator insertion has been shown to decrease the rate of uterine 

perforations106. Ultrasound is increasingly being used to select appropriate applicators and to 

guide placement in brachytherapy109,110. Such use relies on accurate identification of the uterus 

and cervix. This study illustrates that such identification is possible, and demonstrates good 

agreement with MRI. 

 

Ultrasound is considered the ideal imaging modality for prostate brachytherapy because it is 

possible to image, insert applicators, plan, and verify placement in one location 203,204. These 

benefits have not been used in gynaecological brachytherapy to the same extent as in prostate 

brachytherapy. The greatest deterrents have been the lack of a 3D coordinate system associated 

with free-hand transabdominal ultrasound, and reliance on the operator to obtain “good” 

images. We have found that training and education of operators results in good-quality images 

that allow us to use ultrasound for applicator insertion, target identification, conformal 

planning, and verification at each insertion. Although the images obtained are not referenced 

to a coordinate system, the applicator itself acts as a fiducial marker and calibration device, 

helping to define the spatial location of the anatomy being viewed. 

 

Wenzel et al. and Brascho et al. described a method using ultrasound to plan brachytherapy for 

uterine cancer in the 1970s127,128. The methodology and rationale described are similar to our 

use of ultrasound, although the practice is not commonly adopted. In cervix brachytherapy, 

ultrasound is primarily used to ensure safe applicator placement136. There has been one prior 

study by Mahantshetty et al. comparing the use of MRI and trans- abdominal ultrasound for 

planning cervix brachytherapy138. These investigators compared measurements of 32 

applications from 20 patients using methodology similar to that in this study138. Their study 

used MRI and repeated measurements of the cervix with ultrasound and looked for correlation 

between the imaging modalities. We used single measurements analysed with Bland-Altman 
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plots looking for agreement between the imaging modalities. Mahantshetty et al. found 

reasonably good correlations between MRI and ultrasound. Measurements to the anterior 

cervix had a strong correlation, with R=0.92 and R=0.94 (p<.01), whereas measurements to 

the posterior surface of the cervix had a moderate correlation, with R2=0.63 and R2=0.82 

(p<.01). In contrast to our study, Mahantshetty et al. found that the anterior uterine cervix 

measurements showed better correlation between MRI and ultrasound than the posterior 

measurements. They attributed this to attenuation of echoes through the posterior uterine wall. 

Even though the anterior wall of the uterus is easier to visualize on ultrasound, we found larger 

mean differences between the imaging modalities on the anterior surface of the uterus and 

cervix. Mean ultrasound measurements were less than MRI measurements at 0A, 2A, and 4A, 

with mean differences of 2.2, 3.1, and 3.7 mm, respectively. Every effort was made to 

reproduce the patient position, the applicator position, and bladder filling at MRI. The main 

difference between image acquisitions was the use of a transabdominal transducer during 

ultrasound. The smaller anterior wall ultrasound measurements in our study were attributed to 

transducer pressure causing slight compression of the anterior uterine wall. Measurements to 

the posterior wall in our study, showed no differences between modalities with 0P, 2P and 4P 

having mean differences of less than 1 mm. Accurate identification of the applicator and the 

posterior surface of the uterus is crucial, as the organs at risk outside this surface include the 

rectum and bowel. 

 

Mahantshetty et al. comment that the presence of uterine pathologies such as pyometra, 

haematometra, fibroids, retroversion, and uterus off axis may influence image acquisition. The 

presence of these anatomical variations and pathologic conditions makes accurate visualization 

of the uterus extremely important. This is crucial to ensure correct placement of the applicator, 

and to achieve adequate identification and coverage of the target volume and dose sparing of 

surrounding normal tissues. It is the very presence of these variations that necessitates the use 
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of an imaging modality that can be used at the time of applicator insertion. Applicator insertion 

then becomes a dynamic process that responds to the anatomical information made available 

from imaging. We encountered pathologic conditions and anatomical variations similar to 

those described by Mahantshetty et al. and did not find them to be a hindrance to image 

acquisition in the majority of our patients. Only two patients were unable to be included in this 

study because of the presence of extremely large fibroids. The fibroids were 9.7 cm and 8.5 cm 

in diameter, and the plane containing the applicator and fibroids could not be fully imaged 

within the ultrasound field of view. Although these two patients were excluded from the study, 

the applicator was correctly inserted, and the patients underwent successful planning using 

transabdominal ultrasound. 

 

Schmid et al. discussed using transrectal ultrasound (TRUS) to assess cervix cancer during 

radiation therapy163. The cervix was examined in 17 patients using TRUS and the findings 

compared with those of MRI. Examinations were conducted at diagnosis and at the time of 

brachytherapy with and without applicators in situ in 5, 3, and 9 patients, respectively. The 

study found good agreement with mean (±SD) absolute differences in cervix width between 

TRUS and MRI of 0.0 (±0.3) cm and means (±SD) absolute differences in anterio-posterior 

cervical thickness of -0.2 (±0.3) cm. It was deemed that the anterior border of the cervix could 

not be detected in the three patients who underwent imaging with applicators in situ, because 

of applicator artifacts. This is a finding similar to that outlined by Mahantshetty et al. and, 

again, is in contrast to our findings. We attribute our ability to clearly see both the applicator 

and posterior uterine surface to appropriate training in scanning technique and optimization 

methods. 

 

A possible limitation of TRUS imaging is the smaller field of view that may not accommodate 

the whole uterus, particularly once the applicators have been inserted. Our study focused on 



Chapter 4 Comparison of measurements of uterus and cervix                                                 85 

 

measurements in the longitudinal view. This view gives information about the applicator, its 

fit and position; the uterus, size, and shape, and the surrounding anatomy. At the time of 

brachytherapy, images para-axial to the uterus were also examined along the applicator. Two 

cardinal views, para-axial at the tip of the applicator and at the external os, were also recorded 

for each patient, Fig. 4.1. Brachytherapy target delineation and isodose coverage were planned 

using information from these views, as well as live scanning information. The present 

limitations of 2-dimensional ultrasound scanning are well recognized; however, through 

collation of scan information from multiple orientations, we are able to successfully plan 

isodose coverage. 

 

This study has shown that it is possible to obtain clear and detailed images of the uterus and 

cervix with the intrauterine applicator in treatment position using transabdominal ultrasound. 

The information obtained from ultrasound shows good agreement with that obtained from MRI. 

It is important that the imaging modality can be used with the applicator in treatment position. 

This makes it possible to practice image-guided, conformal, and adaptive brachytherapy for all 

insertions across all resource settings. In well-resourced settings, ultrasound can be used as a 

verification aid in conjunction with MRI or computed tomography to verify applicator position 

after patient transfers and before commencing treatment. In limited-resource settings, 

ultrasound can be used as the primary imaging modality, providing sufficiently accurate soft 

tissue information to insert the applicator, identify the brachytherapy target, plan conformal 

treatment, and verify target volumes and applicator position at each insertion 
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This chapter is an exact copy of the journal paper referenced on the previous page except the 

figure, table and reference numbers have been modified for the purpose of this thesis. 

Supplementary figures and tables have been included as part of the main text. 

 

  

 

The work in chapter 4 validated ultrasound measurements of the cervix and uterus against MRI 

measurements. This indicates that ultrasound is a viable alternative to MRI to measure the 

cervix and uterus and can be used to both plan treatment and verify the target volume. The 

following chapter illustrates how ultrasound can be used as the sole imaging modality to 

monitor changes to the brachytherapy target over time. This chapter describes how ultrasound 

can be used not only as a tool to verify applicator placement but also to monitor and verify 

interfraction changes to treatment volumes. The findings of this chapter have important 

ramifications for resource management, rates of replanning and patient wellbeing. 
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Abstract 

Purpose: To assess changes to the brachytherapy target over the course of treatment and the 

impact of these changes on planning and resources. 

 

Methods and materials: Patients undergoing curative treatment with radiotherapy between 

January 2007 and March 2012 were included in the study. Intrauterine applicators were 

positioned in the uterine canal while patients were under anaesthesia. Images were obtained by 

MRI and ultrasound at Fraction 1 and ultrasound alone at Fractions 2, 3, and 4. Cervix and 

uterine dimensions were measured on MRI and ultrasound and compared using Bland-Altman 

plots and repeated measures one-way analysis of variance. 

 

Results: Of 192 patients who underwent three fractions of brachytherapy, 141 of them received 

four fractions. Mean differences and standard error of differences between MRI at Fraction 1 

and ultrasound at Fraction 4 for anterior cervix measurements were 2.9 (0.31), 3.5 (0.25), and 

4.2 (0.27) mm and for posterior cervix 0.8 (0.3), 0.3 (0.3), and 0.9 (0.3) mm. All differences 

were within clinically acceptable limits. The mean differences in the cervix over the course of 

brachytherapy were less than 1 mm at all measurement points on the posterior surface. 

Replanning occurred in 11 of 192 (5.7%) patients, although changes to the cervix dimensions 

were not outside clinical limits. 

 

Conclusions: There were small changes to the cervix and uterus over the course of 

brachytherapy that were not clinically significant. Use of intraoperative ultrasound as a 

verification aid accurately assesses the target at each insertion, reduces uncertainties in 

treatment delivery, and improves efficiency of the procedure benefiting both the patient and 

staff.  
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5.1 Introduction 

here is increasing awareness of the need to incorporate soft tissue imaging into 

brachytherapy protocols for cervical cancer. Use of serial imaging evaluates each 

implant on its own merits, and early studies recommended that imaging be 

performed at each applicator insertion to account for variations in applicator geometry and 

positioning within the patient205,206. Similarly, imaging is now also recommended to assess the 

dosimetric coverage of the target and organs at risk (OAR)207. The Groupe Européen de 

Curiethérapie and European Society for Radiotherapy and Oncology recommended using MRI 

at each brachytherapy insertion41,42. Significant gains in tumour control and reduced toxicity 

have been reported by centres using such advanced imaging64,65,67. Select centres around the 

world have investigated the use of MRI to assess and confirm the brachytherapy target volumes 

but have also recognized the difficulties of obtaining an MRI for every fraction of 

brachytherapy, even in well-resourced departments208-210. Alternative imaging modalities have 

to be investigated so that gains made by centres using advanced imaging can be replicated in 

lower resource settings. We previously investigated the use of ultrasound to identify the 

brachytherapy target and guide conformal planning139. In that investigation, we validated 

ultrasound as a viable alternative to MRI in identifying the cervix and uterus with intracavitary 

applicators in situ. In the present study, we describe the use of a single MRI taken at Fraction 

1 and use of ultrasound for verification of applicator position and target dimensions in 

subsequent insertions. The purpose of the study was to investigate the change in target 

dimensions detected with ultrasound over the course of brachytherapy and the impact on 

planning and departmental resources. 

 

T 
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5.2 Methods and materials 

This study was approved by the Divisional Review Panel for Retrospective studies at the Peter 

MacCallum Cancer Centre and the Monash University Human Research Ethics Committee. 

 

Patient selection criteria 

Patients who presented to Peter MacCallum Cancer Centre between January 2007 and March 

2012 with previously untreated cervical cancer. Patients had to have been staged according to 

the clinical (International Federation of Gynaecology and Obstetrics [FIGO]) staging system 

as Stage IB, II, III, or IVA; had an MRI at the time of brachytherapy, and been treated with 

curative intent. 

 

Radiotherapy 

Patients received 40 (2 Gy/fx) to 45 Gy (1.8 Gy/fx) external beam radiation therapy (EBRT) 

and three to four fractions of high-dose-rate brachytherapy to achieve a total combined dose to 

the target in the order of 80 - 84 Gy10 equivalent to doses in 2 Gy fractions. The radiation 

therapy, brachytherapy technique, and imaging protocols have previously been described137,139. 

 

Brachytherapy 

Brachytherapy was always given after the completion of EBRT. All patients in this study were 

treated with intracavitary applicators (Standard CT/MR and Vaginal CT/MR applicators; 

Nucletron, Veenendaal, The Netherlands). Applicator insertion, ultrasound imaging, planning, 

and treatment took place in a single session in a dedicated operating theatre. All patients were 

anesthetized for the whole procedure. Most patients were under spinal anaesthesia for Fraction 

1 and general anaesthesia for Fractions 2 - 4. The brachytherapy target was the residual disease, 
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whole cervix, vaginal fornices, corpus uterui, and any clinical detected disease at the time of 

brachytherapy. Parametrial involvement was assessed clinically (visualization with 

transvaginal ultrasound and palpation at the first insertion before applicator insertion and 

visualization with transabdominal ultrasound after applicator insertion). Parametrial coverage 

was then assessed on MRI after the first treatment had been delivered. Clinical assessment of 

parametria was performed at each subsequent insertion using palpation and visualization with 

transabdominal ultrasound. Figure 3.1 – 3.5 outline the steps in the procedure. 

 

Study design 

All data were prospectively recorded in the gynaecology service database and retrieved for this 

analysis. 

 

Longitudinal and axial views along the intrauterine applicator were obtained with MRI and 

ultrasound at Fraction 1, and ultrasound alone at subsequent fractions. Measurements and their 

designated nomenclature are shown in Figure 5.1 and Figure 5.2. 

 

Clinical agreement criteria between MRI and ultrasound were set at 3 mm for the cervix and 5 

mm for the uterus. These criteria were established in a previous study139; see Table 5.1. 

 

Cervix and uterine dimensions obtained at each measurement point with MRI and ultrasound 

were analysed for each patient (MRI vs. ultrasound at Fractions 1 2, 3, and 4). 

 

The analysis looked at agreement between MRI and the ultrasound measurements and 

compared ultrasound measurements obtained at each fraction. 

 



Chapter 5 Assessment of changes to the brachytherapy target                                            93 

 

Table 5.1 Establishing clinical agreement between MRI and ultrasound 

Excerpt from van Dyk et al. Comparison of measurements of the uterus and cervix obtained by magnetic 

resonance and transabdominal ultrasound imaging to identify the brachytherapy target in patients with cervix 

cancer 139 

A clinically relevant range of differences between MRI and ultrasound measurements was established in 

consultation with a Gynaecological Radiation Oncologist (KN). These differences were set at 3 mm for the 

cervix and 5 mm for the uterus. These cut-offs were validated from previous work using identical imaging and 

treatment methodology as described here. In a study comparing dosimetry derived from MRI and ultrasound 

there was no significant difference in dosimetric coverage of the brachytherapy target volume between plans 137 

. The cut-offs were further validated by comparing clinical outcomes of an historical series of patients treated 

with low dose rate brachytherapy to patients who underwent ultrasound guided conformal brachytherapy. 

Patterns of failure and survival were similar in both groups but ultrasound guided conformal brachytherapy led 

to a large decrease in late radiation effects 62. 

 

 

Power and sample size 

With a sample size of 141 (number of patients who received four fractions of treatment), this 

study achieves at least 92% power to detect a mean of paired differences of 1 mm with a known 

standard deviation (SD) of differences of 3.5 mm with a significance level (a) of 0.05 using a 

two-sided paired z test. 

 

Statistical analyses 

Data analysis was performed using Graphpad Prism, version 6.02 for Windows (Graphpad 

Software Inc, La Jolla, CA). The normality of the samples was tested with the D’Agostino-

Pearson omnibus normality test. Continuous data were expressed as mean ± SD. Agreement 

between MRI and ultrasound measurements was assessed using Bland-Altman analysis140,141. 

Bland-Altman plots are a graphic representation of the data with the difference between the 

two methods plotted against their mean. Bias is the average difference between the methods  



Chapter 5 Assessment of changes to the brachytherapy target                                            94 

 

and represents systematic error. The closer the mean of differences is to zero and the smaller 

the value of the SD of the differences, the better the agreement between measurements. The 

plots also included a 95% confidence interval range that was expected to include 95% of the 

differences between measurements when set at ~2 SD of the mean 200. Agreement was 

confirmed if the mean measurements between MRI and ultrasound at each location were within 

the clinically relevant range139. 

 

Repeated ultrasound measures were analysed with repeated-measures one-way analysis of 

variance. For analyses returning significant results with analysis of variance, post hoc analyses 

were conducted. Multiple comparisons were analysed with Dunnett’s multiple comparison test, 

comparing mean ultrasound measurements to mean MRI (control) measurements; and the 

Tukey test, comparing every ultrasound mean with every other mean (ultrasound)211 

 

5.3 Results 

Data from 192 patients were included in this study. Brachytherapy consisted of three or four 

fractions, and measurements were obtained from all patients, 192 for three fractions of 

treatment, and 141 patients for four fractions of treatment. Patient demographic and tumour 

characteristics are shown in Table 5.2 

 

Good clinical agreement between MRI and ultrasound measurements at Fraction 1 was 

established in a previous study conducted at our centre139. The mean cervix and uterine 

dimensions measured with ultrasound showed a slight decrease in magnitude over the course 

of three and four fractions, but the differences were within the clinically acceptable limits for 

both the third and fourth fractions. Figure 5.3 depicts the mean measurements of the cervix and 

uterus at each measurement point over four fractions. 
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Figure 5.1 Measurements and designated nomenclature 

A. longitudinal MRI view  

B. corresponding coronal MRI view 

 

The cervical stopper is 0, 0 and abuts the external os. Measurements were taken at the 

anterior and posterior surfaces of the cervix and uterus perpendicular to the applicator at the 

cervical stopper, 0A and 0P; 2.0 cm along the applicator, 2A and 2P; 4.0 cm along the 

applicator, 4A and 4P; and at the tip of the applicator, Tip A and Tip P. The distance from the 

tip of the applicator to the fundus was also recorded as Tip S. 

C, D, E, F. Longitudinal ultrasound images from Fractions 1, 2, 3, and 4 co-registered to 

MRI. Note correlation of MRI measurements on the ultrasound images 

 

Source: Peter MacCallum Cancer Centre 

 

The mean differences between MRI and ultrasound measurements on the anterior surface 

indicated that ultrasound underestimated the anterior cervix dimensions and uterine dimensions 

by between 2 and 4 mm. The largest difference was found at measurement point 4A, which is 

the lower part of the corpus uteri. 

 

Figure 5.4 is a summary of the Bland-Altman plots for each measurement point at Fractions 1 

and 4. The mean difference at all measurement points was ≤4 mm. Of particular note, the mean 

differences between imaging modalities at the posterior surface of the uterus and cervix, 0P, 

2P, and 4P, were less than 1 mm over the course of brachytherapy. 
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Figure 5.2 MRI and ultrasound verification images 

 

Depicting applicator position and dimensions of cervix and uterus in the axial orientation. 

A, A1, A2, A3, A4: axial views of applicator at level of cervical stopper at external os on 

MRI and ultrasound for fractions 1, 2, 3, 4 respectively 

 

B, B1, B2, B3, B4: axial views of tip of applicator on MRI and ultrasound for fractions 1, 2, 

3, 4 respectively 

 

Source: Peter MacCallum Cancer Centre 

 

 

Results from multiple comparisons, MRI vs. ultrasound at Fractions 1, 2, 3, and 4 (Dunnett’s 

test), are shown in Figure 5.5. Each ultrasound measurement at each fraction was compared 

with a control (MRI taken at Fraction 1). Mean differences between MRI and ultrasound were 

within 1 mm across all fractions at measurement points on the posterior surface of the cervix 

and uterus indicating clinically insignificant changes in the cervix dimensions over the course 

of treatment. Mean differences at the anterior measurement points were within the 3-5 mm 

clinical cutoff, and therefore, although statistically significant, were not clinically significant. 
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The mean differences between ultrasound measurements over the course of treatment were all 

submillimeter, indicating little change in the size and shape of the cervix and uterus over the 

course of brachytherapy, Table 5.3 

 

 

Table 5.2 Patient and tumour characteristics (total N=192) 

Characteristic  

Age (years)   

    Median 51 

    Range 21-91 

FIGO stage,  N (%)  

1 65 (33) 

2 82  (43) 

3 36  (19) 

4 9    (5) 

Histology,  N (%)  

     Squamous Cell Carcinoma 148 (77) 

     Adenosquamous 8  (4) 

     Endometriod/mucinous 22  (12) 

     MMMT 1  (0.5) 

     Small cell 8  (4) 

     Serous 1  (0.5) 

    Clear cell 4  (2) 

Original Tumour volume (cm3) 

     Median 33.3  

     Range 

0.13 – 

381.7  

FIGO: Federation of Gynecology and Obstetrics; MMMT: Malignant Mixed Müllerian Tumour 

 

 

Eleven patients, 4 of 51 treated with three fractions, and 7 of 141 treated with four fractions, 

underwent replanning during their course of brachytherapy. 
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Figure 5.3 Mean measurements (± standard deviation) of cervix and uterus 

At measurement points 0A, 0P, 2A, 2P, 4A, and 4P, taken with MRI at Fraction 1 and 

ultrasound at Fractions 1, 2, 3, and 4 (141 patients) Refer to Figure 4.2 for nomenclature of 

measurement points  

 

 

There were no statistically or clinically significant differences in cervix dimensions in these 

patients over the course of treatment, apart from measurement point 0A. This measurement 

point is at the external os and is influenced by packing in the vagina. 

 

Analysis for a subgroup of 30 patients with FIGO IIIB tumours also indicated no clinically 

significant change in cervix and uterus dimensions over the course of brachytherapy. Three 

patients in this group had replans. 
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Figure 5.4 Summary of Bland-Altman plots 

Means of differences between MRI and ultrasound at each measurement point, and 95% 

confidence interval of mean differences for Fractions 1 and 4 measurements (141 patients) 

shown in relation to clinically relevant cutoff values at ±3 mm (cervix cut- off; dotted vertical 

lines) and ±5 mm (uterus cutoff; solid vertical lines). Refer to Figures 4.2 and 5.1 for 

nomenclature of measurement points and rationale for establishing clinical agreement 

between MRI and ultrasound  
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Figure 5.5 Mean differences between MRI and ultrasound at each measurement point 

and 95% confidence interval of mean differences over four fractions (141 patients) shown in 

relation to clinically relevant cutoff values at ±3 mm (cervix cutoff: dotted vertical lines) and 

±5 mm (uterus cutoff: solid vertical lines). Refer to Figure 4.2 for nomenclature of 

measurement points  

 

5.4 Discussion 

Inclusion of soft tissue imaging facilitates applicator insertion, identification of the treatment 

volume, and assessment of the relationship between the applicator, the target volume, and 

normal surrounding anatomy. Imaging is also increasingly being used to assess both 

intrafraction and interfraction changes over the course of brachytherapy212-216. The first 

objective of this study was to investigate changes to the dimensions of the cervix and uterus 

over the course of brachytherapy. There was no clinically significant change to the dimensions 

of the cervix (target) in 192 patients receiving three fractions of brachytherapy. Similarly, there 

was no clinically significant change in cervix dimensions over the course of brachytherapy for 

141 of these patients who underwent four fractions of treatment. These findings have important 

implications for planning resources. Treatment plans were individualized for each patient at 

the first fraction, and 181 patients received this plan for the whole course of brachytherapy. 
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Use of a single plan for a course of brachytherapy has been investigated by a number of centres 

using three-dimensional imaging, with earlier studies recommending imaging and replanning 

for each insertion208,217. Mohamed et al.214 investigated the feasibility of applying a single plan 

for two fractions of pulsed-dose-rate brachytherapy, and found comparable mean dose- volume 

histogram parameters for both target volume and OAR. This group concluded that use of a 

single plan was feasible when intracavitary brachytherapy was used for small-volume tumours 

(FIGO IB-IIB). In contrast, our study included 30 patients with FIGO Stage IIIB disease and 

in a sub analysis of these patients; there were no statistical or clinically significant differences 

in the dimensions of the cervix over the course of brachytherapy. Three patients in this 

subgroup had replans, although replanning was not made based on changes to the target 

dimensions. 

 

A number of aspects of the protocol used at our institution influences our ability to apply the 

same treatment plan at each insertion see Table 5.4. Brachytherapy always commences at the 

completion of EBRT. This takes advantage of maximum tumour regression that occurs during 

EBRT. Dimopoulos et al.218 examined serial MRI examinations over a course of EBRT and 

brachytherapy and found that tumours regressed during EBRT in the order of 75% with only 

minor regression occurring during brachytherapy. In that study, the first brachytherapy 

insertion occurred before the completion of EBRT, after patients had received a mean dose of 

37 Gy. The results of the study demonstrated only a minor decrease in the absolute tumour 

volume during brachytherapy, with the target volume reducing from 16 cm3 at the first insertion 

to 10, 9, and 8 cm3 at the second, third, and fourth fractions, respectively. The greatest reduction 

was seen between first and second insertions (6 cm3) while the patients were still undergoing 

EBRT, with subsequent changes during brachytherapy of the order of 1 cm3 per fraction. Our 

study did not quantify changes in target volume, but rather dimensions of the cervix and the 
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associated residual tumour (which constitutes the brachytherapy target) and did not see the 

magnitude of change detected by Dimopoulos et al. 

 

Our patient cohort contained both good and poor responders, and all had serial measurements 

performed. The 95% confidence interval of differences in cervix dimensions give an indication 

that regression was not significant over the course of brachytherapy, Figure 5.4. We suggest 

that this is because of completion of all EBRT before starting brachytherapy. Dimopoulos et 

al. felt that minor modifications to subsequent brachytherapy plans may be expected because 

of the small regression in tumour volume over the course of brachytherapy. We concur with 

this, as we found only small changes in the target over time that required few modifications to 

the brachytherapy plans in our patient cohort. 

 

In our protocol, patients were anesthetized for all fractions of treatment and remained under 

anaesthesia throughout the whole procedure. This included applicator insertion, ultrasound 

imaging, planning, and treatment.  

 

Although a perceived advantage of high-dose-rate brachytherapy is the ability to perform the 

procedure in an outpatient setting, this may come at a technical cost. Hoskin et al.205 

commented that the ability to manipulate the applicator and packing may be limited compared 

with the results obtained under anaesthesia. Optimal applicator placement and technical 

accuracy are highly achievable throughout the procedure while the patient is under anaesthesia. 

Patients are not moved at all during the procedure, which reduces intrafraction uncertainties. 

Tanderup et al.219 modelled the effect of applicator shifts in patients undergoing intracavitary 

treatment and showed that antero-posterior displacement of the applicator can result in mean 

changes to the bladder and rectum of 5% and 6% per mm for D2cc and D0.1cc, respectively. 

However, Lang et al.220 found that with standardized bladder filling, geometric differences of 
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the applicator position relative to the target and OAR had minor overall dosimetric effect within 

a 16-20 h time interval of a single insertion treatment. On an anecdotal level, we have noted 

changes in applicator position between ultrasound imaging and MRI (which takes place within 

an hour of completing ultrasound imaging) and believe that restricted movement for subsequent 

insertions contributes to the accuracy of treatment delivery. Only intracavitary applicators were 

used in this study. Tandem and ovoids, and tandem and cylinder, were used in 85% and 15% 

of patients, respectively. The tandem and ovoid applicators are part of a locked system and so 

are less subject to variation during insertion. 
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Table 5.3 Comparison of ultrasound measurements 

at Fractions 1,2,3 and 4 (141 patients) 

CI = confidence interval; US = ultrasound;       aMultiplicity-adjusted p-values211 

Measurement point Tukey  multiple comparisons test Mean differences (mm) 95% CI of differences (mm) Adjusted P Value a 

0A US fx1 vs. US fx2 0.6383 -0.1738 to 1.450 0.1964 

 
US fx1 vs. US fx3 0.6667 -0.1026 to 1.436 0.1227 

 
US fx1 vs. US fx4 0.695 -0.07635 to 1.466 0.0987 

 
US fx2 vs. US fx3 0.02837 -0.6868 to 0.7435 > 0.9999 

 
US fx2 vs. US fx4 0.05674 -0.5937 to 0.7072 0.9992 

  US fx3 vs. US fx4 0.02837 -0.4972 to 0.5539 0.9999 

0P US fx1 vs. US fx2 0.6522 -0.06525 to 1.370 0.0937 

 
US fx1 vs. US fx3 0.8116 0.01875 to 1.604 0.042 

 
US fx1 vs. US fx4 0.7101 -0.09917 to 1.519 0.1147 

 
US fx2 vs. US fx3 0.1594 -0.5302 to 0.8490 0.9684 

 
US fx2 vs. US fx4 0.05797 -0.5497 to 0.6656 0.9989 

  US fx3 vs. US fx4 -0.1014 -0.7330 to 0.5301 0.9919 

2A US fx1 vs. US fx2 -0.03546 -0.5005 to 0.4295 0.9996 

 
US fx1 vs. US fx3 0.2553 -0.2624 to 0.7731 0.6523 

 
US fx1 vs. US fx4 0.2979 -0.2334 to 0.8291 0.5323 

 
US fx2 vs. US fx3 0.2908 -0.1530 to 0.7346 0.3716 

 
US fx2 vs. US fx4 0.3333 -0.09552 to 0.7622 0.2059 

  US fx3 vs. US fx4 0.04255 -0.4042 to 0.4893 0.9989 

2P US fx1 vs. US fx2 0.1151 -0.6029 to 0.8331 0.9919 

 
US fx1 vs. US fx3 0.2302 -0.5623 to 1.023 0.9293 

 
US fx1 vs. US fx4 0.4748 -0.3921 to 1.342 0.5552 

 
US fx2 vs. US fx3 0.1151 -0.6306 to 0.8608 0.993 

 
US fx2 vs. US fx4 0.3597 -0.3698 to 1.089 0.6523 

  US fx3 vs. US fx4 0.2446 -0.4088 to 0.8980 0.8388 

4A US fx1 vs. US fx2 -0.07092 -0.7999 to 0.6580 0.9988 

 
US fx1 vs. US fx3 0.1277 -0.5677 to 0.8230 0.9865 

 
US fx1 vs. US fx4 0.539 -0.1595 to 1.238 0.2122 

 
US fx2 vs. US fx3 0.1986 -0.3168 to 0.7139 0.8241 

 
US fx2 vs. US fx4 0.6099 0.06568 to 1.154 0.0197 

  US fx3 vs. US fx4 0.4113 -0.1054 to 0.9281 0.1858 

4P US fx1 vs. US fx2 -0.1367 -0.7513 to 0.4779 0.9725 

 
US fx1 vs. US fx3 -0.2374 -0.9308 to 0.4560 0.8782 

 
US fx1 vs. US fx4 0.3885 -0.4086 to 1.186 0.6622 

 
US fx2 vs. US fx3 -0.1007 -0.6842 to 0.4827 0.9893 

 
US fx2 vs. US fx4 0.5252 -0.08368 to 1.134 0.1258 

  US fx3 vs. US fx4 0.6259 -0.02222 to 1.274 0.0638 

Tip A US fx1 vs. US fx2 -0.392 -0.9852 to 0.2012 0.3616 

 
US fx1 vs. US fx3 -0.088 -0.8453 to 0.6693 0.9977 

 
US fx1 vs. US fx4 0.256 -0.5052 to 1.017 0.8843 

 
US fx2 vs. US fx3 0.304 -0.3922 to 1.000 0.7463 

 
US fx2 vs. US fx4 0.648 -0.08562 to 1.382 0.1103 

  US fx3 vs. US fx4 0.344 -0.4295 to 1.118 0.7333 

Tip P US fx1 vs. US fx2 0.328 -0.5062 to 1.162 0.8122 

 
US fx1 vs. US fx3 0.328 -0.4252 to 1.081 0.7482 

 
US fx1 vs. US fx4 0.744 -0.03704 to 1.525 0.0699 

 
US fx2 vs. US fx3 0 -0.8140 to 0.8140 > 0.9999 

 
US fx2 vs. US fx4 0.416 -0.4349 to 1.267 0.6584 

  US fx3 vs. US fx4 0.416 -0.2901 to 1.122 0.4806 

Tip S  US fx1 vs. US fx2 0.1228 -1.009 to 1.254 0.9982 

 
US fx1 vs. US fx3 0.4825 -0.6906 to 1.656 0.7848 

 
US fx1 vs. US fx4 0.6842 -0.5036 to 1.872 0.5024 

 
US fx2 vs. US fx3 0.3596 -0.7990 to 1.518 0.9106 

 
US fx2 vs. US fx4 0.5614 -0.4726 to 1.595 0.5613 

  US fx3 vs. US fx4 0.2018 -0.7169 to 1.120 0.9734 
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Datta et al.221 investigated applicator geometry of flexible tandems and unfixed ovoids and 

found significant variations over a course of brachytherapy. A rectal retractor is used in 

conjunction with vaginal packing for every patient undergoing treatment with tandem and 

ovoids. Although the rectal retractor is primarily used to displace the rectum, its use also 

contributes to stability and reproducibility of the implant. Use of the rectal retractor has been 

found to reduce the variability of packing, particularly with regard to rectal proximity to the 

applicator222. 

 

Bladder filling was kept consistent throughout the procedure and the course of treatment. A 

full bladder is required to provide an acoustic window into the pelvis. The protocol stipulates 

that the bladder must cover the fundus during ultrasound scanning, which means that the 

amount of bladder filling is patient dependent. Consistent bladder filling is primarily used to 

reduce dose to the bowel and contribute to reproducibility of the implant across fractions, 

Figure 5.6. In a study looking at the effect of bladder distension on dose distribution, Cengiz 

et al.223 found that the small bowel received significantly greater doses when the bladder was 

empty. 

 

These stringent quality control measures contribute to the accuracy of applying a single 

individualized plan at most insertions. Numerous studies attest to the need for reimaging and 

planning at each insertion, but most still experience a time lag between imaging, planning, and 

treatment. Our protocol verifies applicator position and target dimensions just minutes before 

administering treatment. Anderson et al.212 reimaged patients during a single insertion to 

ascertain intrafraction changes to the position of OAR. The average time between planning 

MRI and pretreatment MRI was 4.75 hours (range, 3.2 - 9.9 hours). During this time, the 

position of the OAR changed and dose constraint compliance reduced by 13.9%. The time 
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between pretreatment MRI and treatment was not recorded but was in the region of 20 min. 

Although stating that it is advisable to plan the patient as quickly as possible, they also 

recommended re-evaluation of anatomy at the time of treatment. In a similar study, Simha et 

al.216 took a planning MRI followed by CT to evaluate intrafraction motion of OAR. There was 

an average of 2 hours (range, 1.5 - 3.5 hours) between MRI and CT and 7 h (5 - 8 hours) 

between applicator placement and treatment delivery. Although variations between D2cc, 

D1cc, and D0.1cc for bladder and rectum were not statistically significant, there was 

significantvariation in dose-volume histogram parameters for the sigmoid colon, with an 

average change of nearly 10% for D2cc and much higher changes in D0.1cc. 

There is still considerable patient movement and time required if using MRI or CT to evaluate 

the applicator position and the anatomy before treatment. We used ultrasound to do this at the 

point of care reducing both patient movement and overall procedure time. Overall procedure 

time, including applicator insertion, ultrasound imaging, planning, treatment, and applicator 

removal, is 1.5 hours for a new patient and between 1 and 1.5 hours for patients undergoing a 

repeat insertion. The conformal ultrasound-based plan is back projected onto the MRI data set 

later in the day by the dosimetrists. The target volume and OAR are contoured on the MRI data 

set at this time. This takes less than an hour. The contours and plan are reviewed by the radiation 

oncologists in a designated chart round before the next insertion. Ultrasound verification 

images from subsequent insertions are registered to the MRI data set by the dosimetrists. 

Isodose coverage is assessed at each insertion Figure 5.7. This protocol reduces the planning 

burden on the dosimetrists, the need to recall radiation oncologists throughout the day, and 

greatly reduces the time patients spend in the hospital
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Table 5.4 Aspects of brachytherapy protocol and explanatory notes 

Protocol Explanatory notes 

Brachytherapy always commences after EBRT has been 

completed 

Ensures maximum tumour regression has occurred. 

Brachytherapy occurs in an integrated operating suite Anaesthetic services, ultrasound imaging, HDR unit, 

patient monitoring (CCTV, audio, remote anaesthetic 

monitoring), planning facilities in treatment control room 

co-located with theatre 

Patients are anesthetized for the whole procedure at  

each insertion 

Fx1 spinal anaesthesia, fx 2-4 general anaesthesia 

(depending on patient condition) 

Patient preparation Bowel preparation – fasting from midnight before 

procedure, Oral Microlax® night before and morning of 

procedure 

Consistent bladder filling Bladder acts as acoustic window into pelvis. Bladder is 

filled until fundus of uterus is covered. 

Amount of filling is patient dependent. 

Use of locked system tandem and ovoids Reduces uncertainties and contributes to reproducibility 

of insertion across fractions 

Use of rectal retractor Reduces uncertainties and contributes to reproducibility 

of packing across fractions 

Use of intra-operative ultrasound to guide applicator 

placement 

Real time feedback of applicator placement avoids 

perforation, allows for optimal placement of applicator 

Intra-operative verification of brachytherapy target Real time assessment of applicator – uterus cervix 

relationship. Uterine and cervix dimensions are verified 

and suitability of fraction 1 plan is assessed. 

Presents opportunity for adaptive planning if cervix 

dimensions have changed. 

No patient movement after planning images have 

been taken 

Patients are imaged in treatment position and are not 

moved until planning and treatment have been completed 

Expedited planning Planning takes place in co-located room while patient is 

under anaesthetic. Planning on ultrasound image takes 15 

minutes. 

Short overall procedure time Total time for fraction 1 procedure is 1 ½ hours 

Total time for subsequent  fractions is 1 – 1 ½ hours 

Brachytherapy personnel trained in ultrasound All Radiation Therapists rostered to brachytherapy 

undergo a limited scope ultrasound training course. All 

therapists perform ultrasound under clinical supervision 

for a number of months. 

EBRT = external beam radiotherapy 
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In contrast to most studies looking at intrafraction and interfraction differences in the positions 

of OAR, the anatomical assessment made with ultrasound is focused on the applicator-target 

relationship. The cervix and uterine dimensions are verified at each insertion to check if the 

original conformal plan still fits. We cannot quantify the differences to OAR doses using 

ultrasound verification, but we can verify the coverage of the target and ensure that the isodose 

coverage beyond the target is safe for surrounding tissues, whatever they are, Figure 5.7. 

Although we cannot quantify dose volumes to OAR, we can see OAR near the cervix and 

uterus on axial and sagittal two- dimensional projections and consider these relationships when 

we apply isodose coverage, Figure 5.1, Figure 5.2, and Figure 5.7. We do not conclude that the 

bladder, sigmoid, and rectal dosimetry are comparable from fraction to fraction. By verifying 

the applicator position, the cervix and uterine dimensions, and iso-coverage at each insertion, 

we are ensuring that OAR beyond these structures do not receive toxic doses. In a previous 

study, we validated the use of ultrasound to identify the cervix, which is the brachytherapy 

target139. Cervix dimensions measured with ultrasound were not significantly different to 

measurements made on MRI, particularly at the posterior border of the cervix, which showed 

mean agreement within 1 mm of MRI. In a study comparing CT-and MRI-based contouring, 

Viswanathan et al.209 found significant differences in the width of the cervix identified on CT 

and MRI. Cervix width on CT was wider than on MRI and resulted in statistically significant 

differences in the volume treated to the prescription dose. Beriwal et al.210 found similar 

significant differences between the cervix contoured on MRI and CT. These centres 

recommend using MRI for the first insertion to contour the high-risk clinical target volume and 

CT for subsequent insertions to monitor the OAR. Given our data, ultrasound may well be a 

feasible alternative to CT to monitor the high-risk clinical target volume and by inference, 

protect the OAR.  
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Another feature of our protocol is the use of brachytherapy staff trained in ultrasound. All 

radiation therapists rostered to brachytherapy undergo a limited scope training course that 

teaches ultrasound skills for brachytherapy. They also perform ultrasound under clinical 

supervision for a number of months under a radiation therapist with postgraduate ultrasound 

qualifications. This ensures consistency and reliability of the results obtained with ultrasound. 

If the target dimensions are within clinically acceptable limits of the first day dimensions, then 

the first day plan is delivered to subsequent insertions. If the target dimensions are not within 

clinically acceptable limits, then a new adaptive plan is calculated.  

 

The second objective of this study was to ascertain the amount of replanning required. Of 192 

patients, 11 (5.7%) received replans. The changes in cervix dimensions over the course of 

treatment were not statistically or clinically significant for these patients. Although changes 

were made to the plans, other clinical factors contributed to the decision to modify the plans. 

The reasons for plan changes and the magnitude of changes were not recorded. 

 

The findings of this study are limited to intracavitary brachytherapy. At this time, use of 

ultrasound as a verification tool does not allow us to assess dosimetric variations to the OAR. 
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Figure 5.6 Bladder filling 

provides an acoustic window into the pelvis and moves the bowel away from the uterus 

A. Transabdominal ultrasound – longitudinal view of uterus. Note small amount of bladder 

filling. The top of the uterus is obstructed by bowel. 

B. Transabdominal ultrasound – longitudinal view of uterus. Bladder filling increasing, 

fundus of uterus is now visible, there is far less bowel visible. 

C. Transabdominal ultrasound – longitudinal view of uterus. Bladder filling is sufficient to 

clearly view whole uterus. 

D. Transabdominal ultrasound-longitudinal view of uterus. Optimal bladder filling giving 

clear line of site to uterus with applicator in-situ. Bowel superior to uterus has moved out 

of field of view. 

Note line of acoustic enhancement indicated by dashed yellow lines 

 
Source: Peter MacCallum Cancer Centre 
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Figure 5.7 Treatment plan evaluated on ultrasound and MRI 

Ultrasound images taken at each insertion and co-registered with fraction 1 MRI data set to 

evaluate iso-coverage of cervix and uterus 

A. T2 para-sagittal MRI – longitudinal view of uterus with applicator (taken at fx1) Isodose 

coverage was devised on sagittal ultrasound views and back projected onto MRI after 

treatment had been delivered 

B. T2 para-coronal MRI – coronal view of uterus with applicator (taken at fx1) Isodose 

coverage was devised on axial ultrasound views and back projected onto MRI after 

treatment had been delivered 

C. Transabdominal ultrasound – longitudinal view of uterus with applicator in-situ at fx1 

showing ultrasound based isodose coverage 

D. Transabdominal ultrasound – longitudinal view of uterus with applicator in-situ at fx2 

showing same isodose distribution as fx1, there was no change to treatment volume or 

isodose coverage 

E. Transabdominal ultrasound – longitudinal view of uterus with applicator in-situ at fx3 

showing same isodose distribution as fx1, there was no change to treatment volume or 

isodose coverage 

F. Transabdominal ultrasound – longitudinal view of uterus with applicator in-situ at fx4 

showing same isodose distribution as fx1, there was no change to treatment volume or 

isodose coverage 

 

Source: Peter MacCallum Cancer Centre 
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5.5 Conclusion 

We have found little change in the dimensions of the brachytherapy target over the course of 

treatment. These findings are based on adherence to a strict protocol with a number of important 

quality control measures. They include commencement of brachytherapy after EBRT is 

completed; use of intraoperative ultrasound imaging for applicator guidance and pretreatment 

applicator and anatomy verification; bladder- and rectal-filling protocols; minimal patient 

movement; and treatment in an integrated brachytherapy suite. The impact of these findings 

are that we are able to reduce reliance on external departments for imaging, reduce patient 

waiting and discomfort, and reduce the amount of time brachytherapy personnel are needed for 

replanning. We have described a novel protocol of using a single MRI in combination with 

serial ultrasound that enables image guidance for applicator insertion, individualized 

dosimetric optimization, and verification before treatment for all patients. We strongly 

recommend the use of imaging at each insertion to verify treatment and allow for adaptive 

planning should it be required. 
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This chapter is an exact copy of the journal paper referenced on the previous page except the 

figure, table and reference numbers have been modified for the purpose of this thesis. 

Supplementary figures and tables have been included as part of the main text. 

 

 

 

The work presented in Chapters 4 and 5 described the technical aspects of incorporating 

ultrasound into a brachytherapy program. Technical innovation and applicability can only truly 

be proven by examining the clinical results achieved when using a technique. This chapter 

describes the excellent clinical outcomes of patients who were treated for locally advanced 

cervix cancer with ultrasound guided brachytherapy at the Peter MacCallum Cancer centre.  
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Abstract 

 

Purpose: The aim of this study was to report clinical outcomes in a series of patients who 

underwent serial ultrasound and a single MRI to plan and verify intracavitary brachytherapy. 

 

Methods and materials: Data for patients who were referred for curative intent radio therapy 

with International Federation of Gynecology and Obstetrics (FIGO) Stage 1-1V cervix cancer 

between January 2007 and March 2012 were analysed. All patients received external beam 

radiotherapy with concurrent chemotherapy and sequential high-dose rate brachytherapy. 

Brachytherapy was planned and verified using serial ultrasound imaging and a single MRI. 

 

Results: Data from 191 patients were available for analyses. The median (range) follow-up 

time was 5.08 (0.25-8.25) years. Five-year local control, failure-free survival, cancer-specific 

survival, and overall survival were 86%, 57.3%, 70% and 63%, respectively. Mean (standard 

deviation) combined external beam radiotherapy and brachytherapy target doses, equivalent to 

doses in 2 Gy fractions were 80.4 Gy10 (3.89), median (range) 80 (49 - 96) Gy10. Grade 3 or 

greater gastrointestinal, genitourinary, or vaginal late toxicity occurred in 3%, 1.6%, and 2% 

of patients, respectively. Survival, patterns of failure, and late complication rates were similar 

to published series of MRI/CT based brachytherapy practices. 

 

Conclusions: This large study demonstrates that favourable treatment outcomes can be 

obtained using a pragmatic and innovative combination of ultrasound and MR imaging. 
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6.1 Introduction 

t is now well established that use of image-guided brachytherapy improves local control 

(LC) and reduces toxicity for patients undergoing treatment for locally advanced cervix 

cancer65-67,224-233. The majority of these studies use advanced imaging technologies such 

as CT and MRI, Table 6.1. Access to these technologies on a per fraction basis is difficult for 

many centres and may not be possible at all for some228,234-236. In our institution, we do not 

have access to MRI for every fraction of brachytherapy and so have developed a protocol that 

uses serial ultrasound imaging and a single MRI scan to guide, plan, and verify treatment. From 

January 2007, all measurements taken with ultrasound were recorded systematically to serve 

as both a record of treated volumes and verification of treatment delivery. Over the past few 

years, ultrasound has been validated against MRI, and that validation has been used as a basis 

on which to continue employing ultrasound in daily practice139,237. The aim of this study is to 

present clinical outcomes achieved with an innovative protocol of using ultrasound imaging 

and a single MRI to guide brachytherapy for cervix cancer. 

 

6.2 Methods and materials 

This study was approved by the Divisional Review Panel for Retrospective Studies at the Peter 

MacCallum Cancer Centre and by the Monash University Human Research Ethics Committee 

 

Study design 

All patient data, ultrasound measurements, MR measurements, dosimetric data, and clinical 

outcomes were prospectively collected and recorded in a dedicated Gynaecological Unit data 

base 

I 
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Table 6.1 Literature review of image based brachytherapy 

 with at least 2-year follow-up 

        

Local 

Control  

% 

Cancer 

Specific 

Survival 

 %   

Overall 

survival 

 %   

Reference 

No. of 

patient

s 

Patient

s with 

positive 

nodes 

% 

FIGO 

3B 

% 

Median 

Follow 

up 

months 

Technique 

IC intracavitary 

IC/IS 

intracavitary/interstitial 

Imaging 

 

Mean 

target 

dose                                 

Gy10 

3 

years 

5 

years 

3 

years 

5 

years 

3 

years 

5 

years 

Potter et al 67         

2011 
156 48 21 42 

IC 56%      IC/IS 

44% 
MRI 93 95  74  68  

Petit et al 230            

2013 
226 40 12 82 IC 100% 

X-ray  

CT 

45 

EBRT

+ 16 

PDR 

 80    67 

Sturdza et al 238       

2012 Retro-

EMBRACE 

454 53 18 36.5 IC 86%    IC/IS  14% CT/MRI 84 91.4      

Nomden et al 

225     2013 
54 44 15 41 IC 75%     IC/IS 25% MRI 84 93  74  65  

Lindegaard et 

al 226 

 2013 

140 50 20 36 IC 57%     IC/IS 43% MRI 92 91  87  79  

Rijkmans et al 

227    2014 
93 35 20 42 IC 77%     IC/IS 13% CT/MRI 80.8 93    86  

Narayan et al 66       

2014 
309 45 16 48 IC 100% US/MRI 80.1  87.5   77 66 

Gill et al 232               

2015 
128 46 16 24 IC 95%      IC/IS  5% CT/MRI 82.7 91.6  85.4  77  

Castelnau-

Marchand et al 

229 2015 

225 51 11 39 IC 98%        IS 2% CT/MRI 82.5 86.4 85.5   76  

Choong et al 233     

2015 
76 54 1.3 47 IC 65%     IC/IS 35% CT/MRI 96.5 91.4    74  

van Dyk et al         

2016 
191 43 16 60 IC 100% US/MRI 79.7 86 86 79 70 75 63 

FIGO = Federation of Gynecology and Obstetrics; EBRT = external beam radiotherapy; 

IC = intracavitary; IS = interstitial; PDR = pulse dose rate; US = ultrasound 

 

 

Patient selection criteria 

Patients who presented to Peter MacCallum Cancer Centre between January 2007 and March 

2012 with previously untreated cervical cancer were included in this study. Patients had to have 

been staged according to the clinical FIGO staging system as Stage I, II, III, or IV, have had 

both a pretreatment MRI and an MRI at the time of brachytherapy, and been treated with 

curative intent. 
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Treatment 

Patients were prescribed 40-45 Gy external beam radiotherapy (EBRT) in 1.8 - 2.0 Gy fractions 

using three- dimensional (3D) conformal radiotherapy. Nodal involvement was assessed on 

pretreatment fluorodeoxyglucose positron emission tomography (FDG-PET) scans. Involved 

nodes were treated with anterio-posterior fields of 6 - 10 Gy depending on size and location. 

Four to five cycles of concomitant cisplatinum chemotherapy, 40 mg/m2, were routinely 

administered unless contraindicated. Image guided brachytherapy was delivered using 

intracavitary applicators, tandem and ovoids, or tandem and cylinder. The high-dose rate 

brachytherapy schedule consisted of three to four applications (7 - 8.9 Gy per fraction) to 

achieve a total combined dose to the target volume of 80 - 84 Gy10 equivalent to doses in 2 Gy. 

 

Brachytherapy was performed in a dedicated theatre suite. Patients had two fractions per week 

for 1½ to 2 weeks after completion of EBRT. Patients were anesthetized for the whole 

brachytherapy procedure which included applicator insertion, imaging, planning, treatment, 

and applicator removal. The brachytherapy target consisted of the whole cervix, residual 

disease, and upper vagina and extended into the corpus uteri62. This target was identified on 

ultrasound, and iso-coverage was later confirmed on MRI after the first fraction was treated. 

The ultrasound treatment plan was back projected onto the MR data set and evaluated with 

respect to target coverage and normal tissue doses. Subsequent insertions relied on 

intraoperative ultrasound alone for applicator guidance and volume and iso-coverage 

verification. The target volume was measured at each insertion with ultrasound using the 

dimensions of width, height, and length and compared to the similarly derived MRI target 

volume. If the target volume was within stated clinical limits, treatment proceeded as 

planned139,237. See Figure 3.1 to Figure 3.5 for overview of ultrasound use and planning 

protocol. Doses to organs at risk (OAR) were assessed on the initial 3D MRI and subsequent 
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ultrasound imaging and were recorded using International Commission of Radiation Units 

(ICRU) and Measurements report 38 reference points34. It was not possible to report dose 

volume histogram parameters for OAR as the volume of these structures cannot be measured 

on two-dimensional (2D) ultrasound projections. The planning techniques for EBRT and BT 

have previously been described139,237. It is important to note that using 2D ultrasound 

projections is somewhat akin to using x-rays, but with soft tissue information. Evaluation of 

iso-coverage is limited to organs that can be imaged in the longitudinal and transverse planes 

within the ultrasound field of view. This is possible for the uterus and cervix but less so for the 

bladder, rectum, and sigmoid colon. This is why ICRU report 38 reference points were used to 

describe doses to OAR. 

 

Imaging 

EBRT planning was guided by pretreatment MRI and FDG-PET, on planning CT scans. All 

patients underwent MRI and transabdominal ultrasound imaging with applicators in situ at the 

first brachytherapy fraction and ultrasound imaging alone at subsequent fractions. 

 

Clinical outcomes 

LC, overall survival (OS), cancer-specific survival (CSS), and failure-free survival (FFS) were 

calculated. 

 

The follow-up schedule for these patients was clinical review six weeks after completing 

treatment, followed by an FDG-PET scan at six months. If there was a complete metabolic 

response, patients were reviewed six monthly for four years, then yearly up to seven years. 
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After seven years, patients had the option of 12 monthly telephone follow-up or clinic 

attendance. 

 

Toxicity 

Doses to normal tissues were assessed on the first fraction MR images and all ultrasound 

images. Cumulative volume doses to normal tissues were not able to be recorded as the 3D MR 

images were only obtained at Fraction 1. Doses were reported using ICRU report 38 

methodology for bladder and rectum. The dose to vaginal mucosa was measured at a 

standardized point on the ovoid or cylinder surface. All reference dose points were able to be 

assessed on ultrasound images237. 

 

Statistics 

Statistical analysis was performed using Graphpad Prism version 6.05 for windows, GraphPad 

Software, La Jolla, California, USA. 

 

Closeout date of the study was the earliest of the last appointment dates for patients who are 

alive and not lost to follow-up. This was March 15, 2014. All events after this date were 

censored to minimize potential bias. 

 

OS and CSS were defined as the period from date of diagnosis to date of any death and death 

by cervical cancer, respectively. 

 

FFS was defined as the period from date of diagnosis to date of local, regional, para-aortic, 

distant failure, or any failure. 
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LC was defined as absence of disease at the primary site and uterus. 

 

All failures were determined by combining clinical investigations (FDG-PET, MRI) and/or by 

pathological findings and were classified as recurrence or persistent disease. Kaplan-Meier 

estimates were used to calculate OS, CSS, FFS, and LC. 

 

Median follow-up was calculated using the Kaplan- Meier estimate of potential follow-up 

(KM-PF) method as described in Schemper and Smith239. 

 

Late morbidity occurring at least 91 days after radiotherapy was scored using World Health 

Organization/ Radiation Therapy Oncology Group criteria. The relationship between late 

morbidity ≥3 (crude rates) and the ICRU report 38 reference point doses was evaluated. 

Descriptive statistics were used to present toxicities associated with treatment. 

 

6.3 Results 

Two hundred thirty-one patients were treated with radical intent during the study period. Thirty 

patients were excluded as they did not receive an MRI scan at the fraction of brachytherapy. 

This was due to a variety of reasons: lack of scanner availability, patient condition, patient 

refusal, and machine breakdowns. Eight patients were excluded because of insufficient data, 

which included poor-quality MR images due to patient movement. Data from two further 

patients were excluded because of incomplete ultrasound views due to large fibroids. Data from 

191 patients were available for analyses. Patient and tumour characteristics are presented in 

Table 6.2. The median (range) follow-up time was 5.08 (0.26 - 8.6) years. Data of patients were 

analysed with and without those with histologies other than squamous cell, adeno and 
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adenosquamous carcinoma. There was no significant difference in LC, CSS, FFS, and OS when 

these groups were analysed separately, Figure 6.1. 

 

 

 

Figure 6.1 Kaplan-Meier estimates of Overall Survival (OS) and Cancer Specific Survival (CSS) 

On Left:  all patients (191) vs excluding patients with histologies other than squamous cell 

carcinoma or adenocarcinoma (191 – 14 = 177) 

On Right: patients with histology other than SCC or adenocarcinoma (14) 

 

 

Seven patients were lost to follow-up at 0.26, 1.7, 4.3, 6.6, 7.4, and 8.6 years, respectively. 

Median (range) tumour volume at presentation was 33.6 (0.5-381) cm3. Eighty-three (43%) 

patients presented with involved nodes, with 45 (23%) patients receiving a pelvic nodal boost 

and 38 (20%) patients receiving extended field radiotherapy and nodal boosts. 

 

Treatment 

The median (range) overall treatment time was 45 (30 - 100) days. All patients completed 

EBRT with median (range) physical dose of 40 (38 - 46.4) Gy and mean (standard deviation) 
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dose of 41.3 (2.22) Gy. All but 2 patients received concurrent chemotherapy with EBRT (four 

cycles, 149 [78%] patients; five cycles, 38 [20%] patients). 

 

All patients received ultrasound-guided high-dose rate conformal brachytherapy. All patients 

underwent intracavitary brachytherapy, with 85% treated with tandem and ovoids and 15% 

treated with tandem and cylinder. Tandem and cylinder were used in patients with a narrow 

vaginal vault due to atrophy and old age. 

 

Dose parameters 

Dose parameters for all patients and per FIGO stage are presented in Table 6.3. Target coverage 

was initially assessed on the MRI obtained at Fraction 1. At subsequent insertions, target 

dimensions were obtained with ultrasound and compared to the MRI target dimension to assess 

coverage 

 

Clinical outcomes 

Kaplan-Meier estimates for OS, CSS, FFS, and LC are shown in  

Figure 6.2. The 3 and 5 year rates for OS and CSS were 75%, 63%, 79%, and 70%, respectively. 

Three and 5 year LC was 86%. 

 

Sixty-eight (36%) patients have died, 52 from disease, 12 from other causes, and 4 from 

unknown causes. 
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Sites of failure 

Failures occurred in 70 (37%) patients. Six of these patients had histology other than SCC or 

adenocarcinoma. Twenty-six (13.6%) patients had local failures. Thirty-two patients had pelvic 

failures, 42 had para-aortic nodal failures, 16 had supraclavicular nodal failures, 3 had inguinal 

failures, and 42 had distant failures.  

Figure 6.3 illustrates the local and pelvic patterns of failure. There were 19 isolated failures; 

one local, two pelvic, three para-aortic nodes, and 13 distant locations. The 3 and 5 year FFS 

rates were 63% and 58%, respectively. 

 

Late toxicity 

No patients progressed within 91 days after treatment, so late toxicity was analyzed for 191 

patients. Overall late Grade ≥3 morbidity was seen in 12 (6%) patients, Table 6.4 and Table 

6.5. 

 

One patient experienced Grade 4 bladder toxicity. This patient presented with FIGO IVA 

disease. This patient developed a vesicovaginal fistula four months after completing 

radiotherapy. The fistula developed in response to tumour resolution after treatment. The 

patient refused corrective surgery and manages with continence pads. Similarly, this patient 

also experienced Grade 4 vaginal toxicity.
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Table 6.2 Patient and tumour characteristics N= 191 

Characteristic   

Age (y)   

   Mean (SD) 52 (15.9) 

   Median 50.8 

   Range 21 - 89 

FIGO stage, N (%)   

1 64 (33) 

2A 19 (10) 

2B 62 (32) 

3A 5 (3) 

3B 31 (16) 

4A 5 (3) 

4B 5 (3)  

Histology, N (%)   

Squamous cell carcinoma 147 (77) 

Adenosquamous 8 (4) 

Endometriod/mucinous 22 (12) 

Malignant mixed Müllerian tumour 1 (0.5)  

Small cell 8 (4) 

Serous 1 (0.5) 

Clear cell 4 (2) 

Original tumour volume (cm3)   

Mean  (SD) 48.9 (56.21) 

Median 33.56 

Range  0.5 - 381 

Radiotherapy field, N (%) 
 

pelvic radiotherapy 153 (80) 

extended field radiotherapy 38 (20) 

SD = Standard deviation; FIGO = Federation of Gynecology and Obstetrics 
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Two patients experienced Grade 3 bladder toxicity. One of these patients also experienced 

Grade 3 bowel toxicity. This patient underwent multiple hyperbaric treatments for cystitis, 

proctitis, and rectal bleeding. The proctitis and bleeding have resolved, and the cystitis is 

decreasing with Mirabegron (b3-Adrenergic Receptor Agonist).  

 

The remaining patient presented with urinary incontinence and is managing this with exercises. 

 

One patient experienced Grade 4 bowel toxicity. She developed metastases to the rectum and 

anus and underwent surgery. 

 

Five patients experienced Grade 3 bowel toxicity. One underwent hyperbaric treatment 

(described above); one presented with small bowel obstruction but was lost to follow- up in 

2011; one presented with acute bowel syndrome in 2009, but was alive with no disease in 2011 

but has since been lost to follow-up; one presented with bowel obstruction after recurrence and 

is alive with disease; one presented with small bowel obstruction, diarrhoea, and bowel 

metastases but was lost to follow-up in 2012. 

 

One patient experienced Grade 4 vaginal toxicity, described above. This patient developed a 

vesicovaginal fistula due to tumour resolution during treatment. She is unable to tolerate 

vaginal examination. Four patients experienced Grade 3 vaginal toxicity. All but one of these 

patients presented with stenosed vagina after radiotherapy. None of the patients used the 

vaginal cylinder. 
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Table 6.3 Dosimetric outcomes for all patients and FIGO stages 

 

SD = standard deviation; FIGO = Federation of Gynecology and Obstetrics; BT = 

brachytherapy; EBRT = external beam radiotherapy; EQD2 = equivalent to doses in 2 Gy; 

ICRU = International Commission of Radiation Units. 

 

 

 

6.4 Discussion 

This large modern series of patients imaged with serial ultrasound and a single MRI has 

reported excellent clinical outcomes that compare favourably to groups using more technically 

complex imaging and treatment protocols. There is no doubt serial soft tissue imaging improves 

the accuracy of implant positioning and iso-coverage, which leads to improved local control  

   Total doses: EBRT + BT expressed in EQD2 

  

N 

  

Point A            

Gy10 

Target dose 

Gy10 

ICRU 38 

Bladder point               

Gy3 

ICRU 38 

Rectum point                

Gy3 

Vaginal 

mucosa point                      

Gy3 

All patients 191 Mean (SD) 66.8 (9.29) 80.4 (3.89) 53.8 (10.17) 56.2 (8.28) 120.9 (17.12) 

 

 

Median 65 80 50.8 54.4 122.4 

 

 

Range 40.5 - 114 49 - 96 41.7 - 120 42.4 - 120 62 - 162 

FIGO stage N 

Mean                 

Pre-tx vol    

cm3 (SD) Mean dose Gy (SD) 

1 64 26.7 (52.21) 66.1 (10.15) 80.31 (2.94) 49.6 (8.08) 53 (4.43) 119.7 (17.56) 

2A 19 29.3 (26.9) 64.6 (8.33) 79.9 (1.87) 53.6 (7.89) 54.6 (4.29) 125.3 (13.43) 

2B 62 58.6 (57.10) 67.5 (8.53) 81.49  (2.72) 54.6 (8.65) 56.8 (5.71) 124.5 (14.16) 

3A 5 46.13 (36.26) 61.1 (7.76) 80.8 (1.79) 61.5 (10.23) 63.3 (10.34) 119.3 (17.01) 

3B 31 65.2 (41.82) 68.2 (9.88) 80.1 (3.65) 57.71 (14.38) 56.9 (8.42) 115.7 (22.58) 

4A 5 163 (93.63) 72.8 (8.94) 72.0 (15.41) 65.3 (7.46) 78.48 (28.43) 119.9 (18.98) 

4B 5 57.74 (26.17) 64.5 (4.72) 80.3 (2.17) 58.7 (9.45) 58.9 (7.11) na 
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Figure 6.2 Kaplan-Meier estimates for overall survival, cancer-specific survival, failure-free survival, 

and local control for 191 patients. 

 
 

 

 

Figure 6.3 Patterns of failure and nodal status at presentation 

The small spheres indicate the number of patients who were node positive and node negative at 

presentation. Left panel, local failure; right panel, pelvic failure. 
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Table 6.4 Incidence of late toxicity at bladder rectum and vaginal mucosa 

Total doses from EBRT and brachytherapy expressed in EQD2 at corresponding ICRU 38 bladder and rectal 

reference points and vaginal mucosal reference point 

 N = 191 

Reference point 

# of Grade 0 

(%)            

mean (SD) Gy3 

# of Grade 1 

(%)            

mean (SD) Gy3 

# of Grade 2 

(%)            

mean (SD) Gy3 

# of Grade 3 

(%)            

mean (SD) Gy3 

# of Grade 4 

(%)            

mean (SD) Gy3 

Bladder 
142 (74)                    

53.9 (9.26) 

39 (20)                        

52.86 (13.21) 

7 (4)                         

58 (10.08) 

2 (1)                       

48.80 (2.54) 

1 (0.5) 

84 

Rectum 
133 (70)                       

56.2 (8.96) 

43 (23)                            

56.1 (6.46)  

9 (5)                           

57.5 (7.95)  

5 (3)                        

53.90 (5.13)  

1 (0.5)                            

50.9 

Vaginal mucosa  
68 (36)                        

121.3 (16.99) 

37 (19)                     

119.7 (16.31)  

20 (10)                  

121.5 (19.27)  

2 (1)                       

139.5 (6.36) 

2 (1)                        

130 (9.89) 

SD = standard deviation; BT = brachytherapy; EBRT = external beam radiotherapy;  

EQD2 = equivalent to doses in 2 Gy; ICRU = International Commission of Radiation Units. 

 

 

Table 6.5 Toxicity per individual patient 

Doses at Point A, target volume and corresponding ICRU 38 bladder and rectal reference points and vaginal 

mucosal reference point 

Date of diagnosis FIGO stage 

Point A 

Gy10 

Minimum     

iso-

coverage 

of  target 

Gy10  

Bladder 

toxicity 

ICRU38 

Bladder 

dose 

 Gy3  

Bowel 

toxicity  

ICRU38 

Rectal 

dose      

Gy3  

Vaginal 

mucosa  

toxicity 

Gy3 

Vaginal 

mucosa  

dose                      

Gy3  

May-07 2B 71.3 79.3 0 49 3 54 0 na 

Jul-07 3B 64 80 0 68 0 69 3 na 

Sep-07 1B 65.3 80 3 47 1 51 1 na 

Oct-07 1B 52.7 69.8 0 47.3 3 49.2 0 na 

Jun-09 1B 72.8 80 1 53.6 4 57.4 0 128 

Nov-09 1B 58.1 79.7 0 72.7 3 50.1 0 125 

Feb-10 3B 85 80 0 48 3 54 0 153 

Feb-10 2B 71.3 80 0 59 1 61 3 135 

Apr-11 4A 63.7 49 4 84 0 65 4 120 

Jun-11 1B 114 68.6 3 50.6 3 62.2 2 134.7 

Jul-11 2B 60.1 78 0 59 0 54.4 3 144 

Oct-11 2B  71.4 83.9 0 54.4 0 56.8 4 137 

FIGO = Federation of Gynecology and Obstetrics ICRU = International Commission of Radiation 

Units 
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and sparing of normal tissues and structures. This protocol was conceived in response to 

existing infrastructure limitations and logistics. The lack of access to daily MRI and limited 

access to the brachytherapy suite have led to an innovative and accessible protocol that is now 

seen as desirable and advantageous. Similar developments have evolved elsewhere with 

Simpson et al.236 finding CT-based planning with guidance from a single MRI offering a good 

alternative for practices with limited access to MRI in the developed world. We hypothesize 

that ultrasound-based planning with guidance from a single MRI may find wider applicability 

in both developing and advanced parts of the world. 

 

The greatest differences in clinical outcomes between this study and the series listed in Table 

6.1 were seen in the local control rates. Local control in our patients was 86% at 3 and 5 years 

for a mean target dose of 79.7 Gy10. These results are similar to a study reporting on clinical 

results from an earlier period when ultrasound use was evolving66. The definitive dose to 

achieve optimal local control has not been determined, although work from the Vienna group 

has suggested that high-risk clinical target volume D90 doses in excess of 87 Gy are required 

to reach local control rates in excess of 95%63. Potter et al.67 reported the highest 3-year local 

control at 95% with a mean target dose of 93 Gy10. Similarly, Lindegaard et al. 226 and Choong 

et al. 233 also reported 3-year local control rates and mean target doses of 91% and 91.4% and 

92 and 96.5 Gy, respectively. However, equally good local control was demonstrated by 

Nomden et al. 225, Rijkmans et al. 227, Gill et al. 232, and Sturdza et al. 231 while delivering lower 

mean target doses of 81-84 Gy10. 

 

Many of the groups discussed above achieved the higher target doses by using intracavitary 

applicators modified to accommodate interstitial needles. These hybrid applicators helped 

cover bulky and/or asymmetric disease not adequately covered with intracavitary applicators 
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alone. The use of these applicators ranged from 5% to 44% of patients. Although we see a need 

for improved applicator geometry, the rate of use seems high in some series. Twenty-six 

(13.6%) patients failed locally in our series. The mean target volume dose in these patients was 

80.1 Gy10 and ranged from 49 to 84 Gy10. Although not all of these patients had bulky or 

asymmetric disease, we do recognize that it can be difficult to cover such disease satisfactorily 

with intracavitary applicators alone and have purchased hybrid applicators for future use. 

Greater flexibility in applicator geometry may enable us to better conform dose in these patients 

in the future. 

 

Grade 3 and 4 toxicity was limited to 12 patients in this series (crude rate of 6%), and this 

compares well to the other image-guided series listed in Table 6.1. A feature of this study was 

the use of ultrasound verification at each insertion. The applicator position was optimized 

within the uterus and confirmed minutes before treatment. This verification in combination 

with conformal brachytherapy minimizes uncertainties encountered when patients undergo 

multiple transfers from theatre to imaging to treatment. 

 

This protocol combines 2D and 3D imaging modalities. At present, it is not possible to produce 

3D metrics for OAR using ultrasound. It is possible to report ICRU report 38 reference points 

using ultrasound and this was done. It is noted that the Grade 3 and 4 toxicities reported are not 

related to particularly high doses at the ICRU 38 reference points. The protocol calls for 

treatment with a full bladder, and we can see on both ultrasound and MRI that the ICRU 38 

bladder point underestimates the dose to bladder. Although the ICRU 38 rectal point is 

generally more closely correlated with maximum rectal doses, it too is limited. Similarly, it is 

possible to accurately calculate a point dose on the vaginal mucosa with ultrasound, but such 

an assessment does not take into account the effect of volume of irradiated tissue. These are 
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recognized limitations of using 2D imaging. However, by incorporating 2D ultrasound at the 

time of each insertion and using it to check and optimize the tandem position within the uterus 

and check and confirm the target dimensions around the tandem, doses to surrounding OAR 

are minimized. The low toxicity rates in this study bear this out. Ultrasound use at each 

insertion does allow for adaptive planning when changes to the target dimension are noted. A 

previous study highlighted the rate of replanning based on changes to the target dimensions 

measured with ultrasound for this series of patients as being 5.7%237. 

 

There are limitations in this study. The study only contains data from a single institution. 

Although the study is retrospective in nature, all data were prospectively collected in the 

Gynaecological Unit data base, ensuring high-quality data not subject to the usual biases 

inherent in such studies. Rates of toxicity and recurrence were meticulously recorded 

prospectively. It is recognized that this study is not a 3D study and as such does not report 3D 

metrics. The message is that safe and effective treatment can be achieved using accessible 

imaging modalities and an innovative approach. 

 

6.5 Conclusion 

The use of soft tissue imaging helps to verify both the applicator position and the target volume 

when conforming isolines to a target volume. We have found using ultrasound to guide, plan, 

and verify each intracavitary brachytherapy treatment has produced safe and effective 

treatment for patients with locally advanced cervix cancer. Ultrasound provides good organ 

definition and is an economical and accessible imaging modality especially for those with 

limited access to more complex technologies such as CT and MR imaging. 
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This chapter is an exact copy of the journal paper referenced on the previous page except the 

figure, table and reference numbers have been modified for the purpose of this thesis. 

Supplementary figures and tables have been included as part of the main text.  

 

 

 

As described in chapters 4, 5, and 6, ultrasound is used extensively in our practice. We are 

cognisant that it is a user dependent imaging modality. We have sought to provide training and 

education to the RT sonographers to standardise use of ultrasound. The study described in this 

chapter was undertaken to validate the use of ultrasound in our department, and illustrate that 

good reproducibility and reliability can be obtained with robust protocols, training and 

education. We have followed the guidelines for reporting reliability and agreement studies 

(GRRAS) as described by Kottner et al.240 and analysed our data with relevant statistical tests. 

This chapter is an important addition to the brachytherapy world as it emphasises training, 

education and protocol requirements when introducing new imaging modalities. It is hoped this 

work may help dissipate some of the doubts associated with using ultrasound and encourage 

wider use in limited resource settings. 
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Abstract 

Purpose: To validate interoperator reliability of brachytherapy radiation therapists (RTs) in obtaining 

an ultrasound image and measuring the cervix and uterine dimensions using transabdominal ultrasound. 

 

Methods and materials: Patients who underwent MRI with applicators in situ after the first insertion 

were included in the study. Imaging was performed by three RTs (RT1, RT2, and RT3) with varying 

degrees of ultrasound experience. All RTs were required to obtain a longitudinal planning image 

depicting the applicator in the uterine canal and measure the cervix and uterus. The MRI scan, taken 

one hour after the ultrasound, was used as the reference standard against which all measurements were 

compared. Measurements were analysed with intraclass correlation coefficient and Bland-Altman plots. 

 

Results: All RTs were able to obtain a suitable longitudinal image for each patient in the study. Mean 

differences (SD) between MRI and ultrasound measurements obtained by RTs ranged from 3.5 (3.6) to 

4.4 (4.23) mm and 0 (3.0) to 0.9 (2.5) mm on the anterior and posterior surface of the cervix, 

respectively. Intraclass correlation coefficient for absolute agreement between MRI and RTs was >0.9 

for all posterior measurement points in the cervix and ranged from 0.41 to 0.92 on the anterior surface. 

Measurements were not statistically different between RTs at any measurement point. 

 

Conclusions: RTs with variable training attained high levels of interoperator reliability when using 

transabdominal ultrasound to obtain images and measurements of the uterus and cervix with 

brachytherapy applicators in situ. Access to training and use of a well-defined protocol assist in 

achieving these high levels of reliability.
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7.1 Introduction 

he use of ultrasound to guide applicator insertion in the treatment of cervix cancer 

with brachytherapy is increasing around the world. Patterns of care studies indicate 

that ultrasound is available in more than 50% of radiotherapy departments in the 

United States, Canada and parts of Europe, and to a lesser extent Latin America69,71,73,74. In a 

recent survey of Australia and New Zealand, ultrasound was identified as being used to guide 

applicator insertion in 74% of brachytherapy departments241. Although ultrasound is heralded 

for its ready access and relative low cost, a number of factors that enhance its appeal also 

confound use. Ultrasound is perceived as being easy to use. It is possible to obtain an image 

immediately if a transducer is placed against the skin. However, understanding that image can 

be difficult and lack of understanding can quickly dissuade use. Because of easy availability 

and portability, ultrasound use in radiotherapy is often delegated to radiation oncologists (ROs) 

and radiation therapists (RTs) who have no formal education or training in its use 242. 

Ultrasound is an operator-dependent imaging modality so it is important to ensure adequate 

education, training, and scanning protocols are provided to optimize use and limit interoperator 

variability40,243,244. In our department, ultrasound is used to guide insertion of brachytherapy 

applicators into the uterine canal, verify applicator placement, verify cervix and uterine 

dimensions, and plan treatment. RTs primarily perform the ultrasound imaging and, together 

with ROs, view and interpret the images for applicator insertion and planning decisions. To 

adequately perform and interpret ultrasound in brachytherapy, users are required to be familiar 

with anatomy, ultrasound theory and practice, and applicator construction, Figure 7.1. 

 

These requirements are built into a detailed protocol that is followed at our institution, Table 

7.1. As part of our quality assurance program, we validated the reproducibility and 

T 
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interoperator reliability of brachytherapy RTs in obtaining the ultrasound image and measuring 

the cervix and uterine dimensions using transabdominal ultrasound. 

 

 

 

Figure 7.1 Knowledge requirements for using transabdominal ultrasound in brachytherapy. 

Source: Peter MacCallum Cancer Centre 

 

7.2 Methods and materials 

  

Study population 

The study consisted of patients who presented for curative intent brachytherapy for cervix 

cancer between May 2013 and October 2013 and who underwent MRI with applicators in situ 

after the first insertion. Data obtained from patients were part of a hospital-based quality 

assurance program and audit. 
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Table 7.1 Protocol for use of transabdominal ultrasound 

 During gynaecological brachytherapy 

Protocol elements 

Patient preparation: fasting, empty bowel, bladder filling 

Sufficient coupling medium (gel) used 

Bladder covers fundus of uterus 

Bladder does not compress anterior uterine wall 

Volume scan undertaken in longitudinal and transverse directions to confirm location of cervix 

uterus and vagina 

Assess cervix, uterus, parametria, adnexa 

Uterus, cervix and vagina identified on longitudinal and transverse view 

Uterine canal identified on longitudinal view 

Applicator inserted under ultrasound guidance, watched on screen 

Applicator identified on longitudinal and transverse views 

Patient placed in treatment position 

Applicator position optimized in uterus and cervix on longitudinal and transverse views 

Ovoid separation confirmed on transverse view 

Applicator imaged perpendicular to ultrasound beam 

Whole applicator viewed in longitudinal view 

Applicator length confirmed with digital callipers 

Anterior and posterior cervix and uterine walls visible 

Anterior and posterior wall of cervix and uterus measured in direction of ultrasound propagation 

Image acquisition and measurements repeated to confirm orientation and dimensions 

Image optimized throughout procedure with respect to frequency, depth, focus, gain, TGC, probe 

position, probe pressure 

Gel refreshed throughout procedure 

Images periodically saved and appropriately annotated throughout procedure 

All measurements saved on image, recorded on hard copy and compared to any previous MRI & 

ultrasound measurements 

All MRI and ultrasound measurements entered into gynae unit database for assessment, 

verification, audit  

Ongoing credentialing of RT sonographers, peer to peer review 

TGC = time gain compensation; RT = radiation therapist 
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Interoperator reliability and reproducibility analysis 

Three RT sonographers were recruited to participate in the study. All three had to be present at 

the first brachytherapy insertion to obtain images and measurements on the same patients in 

the same clinical setting. RTs were designated as RT1, RT2, or RT3. RT1 had postgraduate 

qualifications in ultrasound and more than 10 years clinical experience in brachytherapy; RT2 

received on the job training in ultrasound and had more than 7 years clinical experience in 

brachytherapy; RT3 attended a weekend workshop on ultrasound use in brachytherapy and had 

10 months clinical experience in brachytherapy at the time of the study. 

 

All scans were performed using the Flex Focus 400 ultrasound unit and a transabdominal 

curved array transducer 8820e, 2.5-6 MHz (BK Medical, Denmark). Only intracavitary 

applicators were used in this study, standard CT/MR tandem and ovoids and Vaginal CT/MR 

tandem and cylinder (Elekta, Nucletron, Veenendaal, The Netherlands). 

 

Imaging protocol 

Patients underwent spinal anaesthesia and were placed in the semi-lithotomy position. An 18-

20 French three-way urinary catheter was inserted into the bladder and connected to a double 

bag spike disposable urology set and a 500-ml bag of saline (0.9% sodium chloride intravenous 

infusion BP Viaflex). The RT sonographer commenced ultrasound scanning and watched the 

screen as the bladder filled. The full bladder acts as an acoustic window into the pelvis. Once 

the bladder covered the superior border of the uterus, the saline bag was clamped. The RT 

sonographer volume scanned the pelvis in the longitudinal and transverse orientations to 

identify the uterus and cervix. Once identified, the RT then focused on identifying the uterine 

canal in the longitudinal plane of the uterus to assist the RO to insert the intrauterine applicator. 
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The applicator geometry and dimensions are known and so act as a fiducial marker and 

calibration device within the image. Vaginal applicators were inserted under direct vision. 

After the applicators were inserted, the RT confirmed optimal placement in the uterus and 

vagina with ultrasound. The patient’s legs were lowered to lie flat on the bed, which is the 

treatment position, and the ultrasound scans were repeated. The position of the brachytherapy 

applicator was optimized and confirmed in the longitudinal and transverse planes. The 

applicator was secured in position using perineal sutures. A longitudinal planning image was 

then taken which had to identify the whole applicator and the anterior and posterior borders of 

the cervix and uterus. The position of the transducer was manipulated such that the whole 

applicator appeared across the ultrasound screen. The length of the intrauterine applicator was 

measured with digital calipers available on the ultrasound machine to confirm that the true 

longitudinal plane of the applicator and uterus was being viewed. Orientating the applicator 

and uterus across the screen ensures that measurements to the anterior and posterior surface of 

the uterus and cervix are made in the direction of sound propagation79. Uterine and cervix 

dimensions were measured and recorded on the ultrasound image along with the initials of the 

RT, Figure 7.2. The remaining RTs then repeated image acquisition and measurements as 

described previously. All RTs were blinded to each other’s images and measurements. 

 

Reference standard for ultrasound images 

Ultrasound images and measurements were compared with MRI images taken an hour after the 

ultrasound images were obtained. The MRI images were also taken with brachytherapy 

applicators in situ. MR images were taken with the patient-positioned supine and head first in 

the scanner (3T Magnetom Trio, Siemans, Munich, Germany). A body coil was placed over 

the pelvic area, and localizer and T2 haste images were obtained. Images using Turbo Spin 
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Echo T2 axial (to bed) and parasagittal and paracoronal to the intrauterine applicator were taken 

with 3 to 4 mm slice thickness and 0 to 1 mm slice gap. The typical field of view covered from 

3.0 cm above the uterus to the perineum, and scan time was approximately 20 minutes. 

Measurements from the applicator to the anterior and posterior surface of the cervix and uterus 

were made on a picture archiving and communication system (Syngo version 35, Siemens, 

Munich, Germany) 139 

 

Statistical analyses 

Graphpad Prism, version 6.02 for windows (Graphpad Software, La Jolla, CA), was used to 

test for normality and mean, SD, and standard error of mean and to calculate Bland-Altman 

plots with 95% confidence interval. Multiple comparisons (MRI as control vs. RT1, RT2, and 

RT3 measurements) using repeated-measures two-way analysis of variance with a Dunnet’s 

post hoc test were performed. Multiple comparisons (RT1 vs. RT2 vs. RT3) using repeated-

measures two-way analysis of variance and Tukey’s post hoc test were also calculated. 

Intraclass correlation coefficient (ICC) was used to compare reliability between MRI and RT 

sonographers. Stata (version 12.1 for Mac, StataCorp LP, College Station, TX) was used to 

calculate ICC. 

 

The ICC is a descriptive statistic used to assess agreement of quantitative measurements in the 

sense of consistency and conformity. Consistency refers to interoperator reproducibility of 

measurement scales, and conformity refers to agreement of a first measurement with a 

reference that is well established245. In this study, MRI was used as the reference. Reliability 

was determined using ICC (3,1) using a two-way mixed-effects model as described by Shrout 

and Fleiss246. This formula was used as we were interested in assessing the reliability of 



Chapter 7 Reproducibility and interoperator reliability                                                         142 

 

incumbent RTs who will continue performing ultrasound in our institution. ICCs are reported 

in terms of consistent and absolute agreement per McGraw and Wong247, and on a scale of 0-

1, with zero meaning all the variability in measurements is due to measurement error and one  

 

 

 

Figure 7.2 Nomenclature for measurement points on longitudinal ultrasound views 

A. Image taken by RT1  

B. Image taken by RT2 

C. Image taken by RT3 

D. Longitudinal MRI view 

The cervical stopper is 0, 0 and abuts the external os in the vaginal fornices. Measurements were taken at the 

anterior and posterior surface of the cervix and uterus perpendicular to the applicator at the cervical stopper, 0A 

and 0P; 2.0 cm along the applicator, 2A and 2P; 4.0 cm along the applicator, 4A and 4P; and at the tip of the 

applicator, Tip A and Tip P. 

RT  = radiation therapist 

Source: Peter MacCallum Cancer Centre 
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corresponding to no measurement error248. In this study, an ICC < 0.4 represents poor 

reliability, values above 0.75 represent excellent reliability, and values between 0.4 and 0.75 

represent fair to good reliability246. 

 

Bland-Altman plots are graphical representations of data that illustrate the degree of agreement 

between the different imaging modalities (MRI and ultrasound) used to measure the cervix and 

uterine dimensions. The plots also indicate any systematic biases between the modalities141,249. 

 

7.3 Results 

Thirteen patients commenced treatment in this period, one patient was excluded because she 

was unable to tolerate the MRI scan. Data from 12 patients were therefore included in this 

study. Patient demographic characteristics are shown in Table 7.2. 

 

Ultrasound images were obtained, optimized, and presented according to the protocol. All 

images displayed the whole applicator with length confirmed by digital calipers. The posterior 

surface of the uterus and cervix was also visible. The average time taken to perform each 

ultrasound imaging study was 6.5 minutes (range, 3 - 9 minutes). Each MRI scan takes 15 - 20 

minutes. RTs obtained suitable images for all patients regardless of patient body mass index 

(BMI). 

 

The means (±SD) of measurements taken with MRI and ultrasound are shown in Figure 7.3. 

Overall, there was a 3 - 5 mm discrepancy between MRI and ultrasound measurements on the 

anterior surface of the cervix and uterus (p = 0.0007). 
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Table 7.2 Patient demographic characteristics 

Characteristic   

Age (years)   

    Median 48 

    Range 25 - 77 

FIGO stage,  N (%)  

1 4 (33) 

2 7 (58) 

3                       1 (8) 

4  

Histology,  N (%)  

     Squamous Cell Carcinoma 10 (83) 

     Adenosquamous 2 (17) 

Original Tumour volume (cm3) 

     Median 51 

     Range 0.1 - 179 

Body Mass Index                                 

    Median 27 

    Range 23 - 41 

FIGO = International Federation of Gynecology and Obstetrics 

 

 

Measurements of the anterior cervix and uterus made on ultrasound images were less than 

measurements made on MRI. The mean differences between the ultrasound measurements 

made by RTs on the anterior surface were ≤1 mm (p = 0.35). There was much less discrepancy 

between measurements made with MRI and ultrasound on the posterior surface of the uterus 

and cervix. Mean differences between MRI and ultrasound were ≤1 mm (p = 0.37). Mean 

differences between ultrasound measurements made by RTs were also ≤1 mm (p = 0.33). 

 

Interobserver reliability scores for measuring the cervix and uterine dimensions were excellent 

between MRI and RTs using ultrasound with scores ranging from 0.595 to 0.936 for 
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consistency of agreement. Absolute agreement scored between 0.418 and 0.928. Scores 

between RTs alone were also excellent and ranged from 0.916 to 0.944 for consistency of 

agreement and 0.89 to 0.947 for absolute agreement, Table 7.3. 

 

 

 

Figure 7.3 Mean measurements (±SD) of anterior and posterior cervix and uterus dimensions 

made with MRI and ultrasound at each measurement point 
 

 

A summary of the Bland-Altman plots for interobserver agreement is shown in Figure 7.4. 

These summary plots show the mean differences and 95% confidence interval between 

measurements obtained with MRI and ultrasound. A clinically relevant range of differences 

between MRI and ultrasound measurements was established in an earlier study139. These 

differences were set at 3 mm for the cervix and 5 mm for the uterus. The anterior cervix 

measurements were just outside the cut-off of 3 mm. This is probably due to the small sample, 

as we did not see such results in a larger study of 192 patients performed earlier139 
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Table 7.3 Intraclass correlation coefficients for interoperator reliability 

 in measuring the dimensions of the cervix and uterus 

  Consistency of agreement Absolute agreement 

Measurement 

Point 

 

Correlation 

between 

Individual 

measurements 

Correlations 

between 

average 

measurements 

Absolute 

agreement 

between 

individual 

measurements 

Absolute 

agreement 

between 

average 

measurements 

0A  MRI + 3 RT's 0.7845 0.9357 0.694 0.9007 

  3 RT's 0.8499 0.9444 0.8499 0.9444 

0P  MRI + 3 RT's 0.7471 0.9219 0.7623 0.9276 

  3 RT's 0.7968 0.9216 0.809 0.9271 

2A  MRI + 3 RT's 0.7287 0.9148 0.4219 0.7448 

  3 RT's 0.8384 0.9396 0.8495 0.9442 

2P  MRI + 3 RT's 0.7853 0.936 0.7637 0.9282 

  3 RT's 0.8349 0.9381 0.8007 0.9233 

4A  MRI + 3 RT's 0.2694 0.5959 0.1527 0.4189 

  3 RT's 0.7849 0.9163 0.7382 0.8943 

4P  MRI + 3 RT's 0.729 0.9149 0.7427 0.9203 

  3 RT's 0.8497 0.9443 0.8563 0.947 

Tip A  MRI + 3 RT's 0.5633 0.8376 0.5315 0.8194 

  3 RT's 0.7315 0.891 0.7149 0.8826 

Tip P  MRI + 3 RT's 0.7439 0.9207 0.7442 0.9208 

  3 RT's 0.9353 0.9806 0.9353 0.9774 

Tip S  MRI + 3 RT's 0.92 0.9787 0.9007 0.9731 

  3 RT's 0.9764 0.992 0.9773 0.9923 

RT = radiation therapist; CI = confidence interval; ICC = intraclass correlation coefficient. 

Note. ICC< 0.4 = poor reliability, ICC> 0.4 and< 0.75 = fair-to-good reliability, ICC> 0.75 excellent 

reliability248 

 

7.4 Discussion 

This study has shown that RTs with variable training and experience were able to obtain 

consistent and reliable images and measurements of the cervix and uterus with brachytherapy 

applicators in situ using transabdominal ultrasound. As ultrasound is increasingly relied on to 

guide and optimize brachytherapy applicator placement, it is imperative that there is 

consistency and accuracy in its use. In our gynecologic brachytherapy program, ultrasound was 
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initially performed by diagnostic sonographers but as reliance on ultrasound grew the time 

commitment became too onerous for the sonographers. RTs started to undertake the scans with 

some preliminary training by the diagnostic sonographers. In an effort to formalize and 

 

 

 

Figure 7.4 Summary of Bland-Altman plots 

Means of differences between MRI and RT measurements made with ultrasound at each 

measurement point and 95% CI limits of mean differences shown in relation to clinically relevant 

cutoff values at ±3 mm (cervix cutoff; dotted vertical lines) and ±5 mm (uterus cutoff; solid 

vertical lines). 

RT = radiation therapist; CI = confidence interval. 

 

 

credential RT use of ultrasound, RT1 undertook a university-based post- graduate certificate in 

medical sonography. This course was specifically tailored to RT use of ultrasound for male and 

female pelvic brachytherapy. RT1 then trained other RTs during clinical sessions. RT2 

undertook this training while ‘‘on the job.’’ To improve efficiency and fast track competency, 

a short training course was developed by RT1 with an Australian-based ultrasound school to 

give RTs the opportunity to learn in a nonclinical setting. This course covers basic ultrasound 

physics, ‘‘knobology,’’ scan techniques, and extensive scanning of live models over a 2-day 

period. The course has proven invaluable in enabling an undiluted transfer of knowledge, with 
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its most attractive feature being the opportunity to learn and practice scanning in a nonclinical 

setting. RT3 undertook this training course. 

Competent use of ultrasound in brachytherapy relies on four main factors: understanding of 

ultrasound physics; good knowledge of anatomy and pathology; good knowledge of applicator 

geometry, dimensions, and composition; and transducer skills. RTs involved in this study had 

good anatomical and applicator knowledge, as these are prerequisites for working in 

brachytherapy. Transducer skills have to be developed through applying ultrasound physics, 

practicing scanning under guidance of a trained sonographer and through scanning a wide range 

of patient types79. A strength of this study was that it was conducted under clinical conditions 

with all the attendant pressures usually present during routine work. RTs had to scan all 

patients, the patients were prepared according to protocol, and scans had to be completed in a 

defined period. 

 

RTs routinely work with 3D image data sets that combine the applicator and anatomy and so 

have an opportunity to spatially conceptualize the applicator and anatomy. We think this 

greatly assists in their understanding of ultrasound anatomy and the ability to perform 

ultrasound scans. Vollman et al. undertook a study using fusion of MRI with ultrasound images 

to assess medical students’ ability to understand ultrasound images250. This group found that 

knowledge of ultrasound anatomy was facilitated by pre-acquired knowledge of CT and MRI 

anatomy. In our department, MRI is used to assess the tumour volume before treatment and at 

the time of brachytherapy. RTs are very familiar with identifying anatomy on MRI data sets as 

most patients undergoing brachytherapy for cervix cancer undergo an MRI scan with 

applicators in situ after the first brachytherapy session. We have used MRI to validate the use 

of ultrasound in this study, as the multi-planar reconstructions available on MRI make it 

possible to view the cervix, uterus, and applicators in orthogonal planes relative to the 



Chapter 7 Reproducibility and interoperator reliability                                                         149 

 

applicator and organs. Taking measurements in these planes ensured we were not 

underestimating or overestimating the true dimensions of the organs. In an exploratory study 

of spatial ability and student achievement in sonography, Clem et al. found a significant 

relationship between medical students’ spatial ability scores and scanning performance 

scores251. We believe visualizing the applicator and anatomy on MRI assists RTs spatial 

awareness and helps them acquire the correct orientations using freehand ultrasound. 

 

Another important component of our practice is the implementation of a well-defined protocol. 

This specifies the image quality and orientations that need to be obtained. In a reliability study 

of quantitative measurements of the patellar tendon obtained with ultrasound, Gellhorn and 

Carlson252 recommend the establishment of a protocol before imaging and found high levels of 

interoperator reliability when measuring the patellar tendon using strict scanning protocols. A 

well-defined protocol ensures consistency of both image quality and scan planes presented for 

documentation and verification. All RTs in this study obtained the required image planes and 

measurements. Outside this study, the images are used to guide treatment planning and serve 

as a verification record of the applicator position during treatment. Hence, consistent 

presentation is important. 

 

Although there were no significant differences between measurements made by RTs in this 

study, there was a systematic bias in the measurement of the anterior cervix and uterus between 

MRI and ultrasound measurements which ranged between 3 and 4 mm, particularly noticeable 

at measurement point 4A. We found a similar bias in two larger studies looking at the 

differences between MRI and ultrasound measurements although the magnitude of bias was 

smaller (less than 3 mm in the cervix)139,237. Every attempt is made to reproduce the scanning 

conditions between ultrasound and MRI for patients undergoing brachytherapy. Bladder filling 
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is recorded at the time of ultrasound and reproduced as closely as possible at the time of the 

MRI scan. The MRI scan is timed to occur while the patients are still covered by the spinal 

anaesthetic. If the spinal anaesthetic is wearing off, the patients can experience discomfort 

when the bladder is filled. In these circumstances, we try to balance patient comfort and 

scanning conditions to achieve the best outcome for both. A factor we cannot reproduce is the 

probe pressure used to obtain the ultrasound images. We surmise that bladder filling may 

contribute to the differences between MRI and ultrasound at measurement point 4A, but we 

attribute the differences at measurement points 0A and 2A to probe pressure. Exerting pressure 

on the probe can help dissipate bowel gas, compress abdominal fat, and improve the clarity of 

the image. The need for probe pressure varies from patient to patient and between 

sonographers. Use of probe pressure is a recognized strategy to improve image quality and is 

recommended during training79. Although recognizing the need for some probe pressure, our 

protocol incorporates a number of strategies to minimize it. All patients are scanned with a full 

bladder to displace the bowel from the uterus, affording the best possible acoustic window into 

the pelvis. Gel is periodically refreshed throughout the scan to minimize artifacts. RTs are 

trained to obtain the best possible images and then periodically reassess probe pressure during 

each scan to see if it can be reduced without loss of image quality. 

 

The quality of the ultrasound images obtained was not compromised by patient body habitus. 

Median BMI of patients in this study was 27 (range, 23-41) which included normal; Grade 1 

(BMI, 25-29.9 kg/m2) and Grade 2 (BMI, 30-39.9 kg/m2) obese patients; and morbidly obese 

patients (BMI ≥ 40 kg/m2)253. Obese patients are challenging to scan with ultrasound, but a 

number of strategies exist that can help optimize the image. These strategies have been 

developed through training and experience and include use of low frequency probes, tissue 

harmonics, and speckle reduction filters. Further strategies involve elevation of the pannus, use 
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of full bladder, adjustment of transducer position, and optimization of gain and focal zones. 

These are strategies similarly recommended and used in diagnostic scanning of obese 

patients254,255. 

 

The high correlation between RT scans is testament to a well-defined training program that 

includes regular peer review. At present, the peer review is not formally documented, but this 

will form part of ongoing credentialing in the future. In a study to identify whether peer audit 

is a suitable method of assessing the diagnostic quality of gynecologic ultrasound images, 

Cantin et al. reviewed a number of parameters such as scope of imaging, equipment usage, 

image quality, and study difficulty using Likert scales and heuristics for image quality 

assessment. The study found that peer audit is a promising tool in maintaining and improving 

the quality of an ultrasound service256. Although this study found good interoperator reliability 

among RT sonographers with different levels of experience and training, it cannot answer an 

oft-asked question of ‘‘how long does it take to become an independent RT sonographer?’’ 

This is a vexed question throughout ultrasound training, as there are large differences in the 

learning curves for different people and different types of examinations. What has to be 

recognized is that the RT sonographers undertook very limited scope ultrasound training for a 

specific purpose. This puts their training in the realm of competency-based learning for which 

reliable and valid assessments have been developed. We have not used formal assessments to 

date, but are considering them as part of our credentialing processes. Tolsgaard et al.243 

developed an instrument for assessment of ultrasound operator competence, the Objective 

Structured Assessment of Ultrasound Skills. This group found that ultrasound competence can 

be assessed in a reliable and valid way using the Objective Structured Assessment of 

Ultrasound Skill scale and may help to determine when trainees are qualified for independent 

practice. 
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We have undertaken a number of measures to ensure continual improvements to RT 

sonography skills. All RTs rostered to brachytherapy now undergo the weekend training 

course. Practice scanning sessions on phantoms and each other are conducted out of the clinical 

setting when time permits, and novice RT sonographers scan all new patients under guidance 

of more experienced RTs. There are other strategies available that show promise in helping to 

facilitate scanning skills, such as use of simulators, live models, and cadavers257-259. 

 

This study has some limitations. The number of RT sonographers is limited as ultrasound 

training is only provided to RTs rostered to brachytherapy. A rotation to brachytherapy 

typically lasts for 12-18 months, so throughput is relatively slow. Measurements were confined 

to patients undergoing brachytherapy with intracavitary applicators. We were unable to 

measure intra-observer reliability due to the time constraints of scanning patients while under 

anaesthetic. 

 

7.5 Conclusion 

Ultrasound is used in brachytherapy to guide applicator insertion, which improves the technical 

quality of implants and ensures accuracy of treatment. Improved technical quality and accuracy 

have been shown to improve local control of disease. Because of operator input, it is imperative 

that there is consistency and reliability in obtaining and interpreting the ultrasound image. RTs 

with variable training attained high levels of interoperator reliability when using 

transabdominal ultrasound to obtain images and measurements of the uterus and cervix with 

brachytherapy applicators in situ. Access to training and use of a well-defined protocol appears 

to assist in achieving these high levels of reliability. All RTs rostered to brachytherapy now 

undertake the specially designed training course. Training is limited in scope to meet a specific 
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purpose, that of identifying the cervix, uterus, and brachytherapy applicator. By focusing on 

these aspects, a very particular set of skills can be learnt in a short period of time. The high 

interoperator reliability was also based on good existing anatomical and applicator knowledge. 

The high interrater reliability contributes to the ongoing quality of our brachytherapy service. 

The findings of this study may encourage further use of ultrasound in settings where access to 

advanced imaging modalities is limited. 

 

 

 

 

 

 

 

 

 

 

 

 



  

 



 

 

               

Discussion 

 

 

 

rachytherapy has been and remains an integral component of treatment for locally 

advanced cervix cancer260. Development of early dosimetry systems brought 

structure and some measure of reproducibility for reporting treatments, but they 

ultimately relied on empiricism and standardised points and tables to guide dose prescription. 

These dosimetry systems did not relate the dose distribution from the applicators to the 

surrounding anatomy. In many respects gynaecological brachytherapy is undergoing a 

renaissance as it moves from standardised 2D x-ray based planning to individualised 3D soft 

tissue image based planning. Incorporating soft tissue imaging into gynaecological 

brachytherapy, particularly MRI, is proving to be difficult in both the developing world and 

parts of the developed world because of lack of resources and limited access to infrastructure. 

There is a crucial need for an accessible, economical and safe imaging modality that can be 

widely employed across many resource settings. This thesis is concerned with the introduction 

of such an imaging modality, ultrasound, and how it can be employed in gynaecological 

brachytherapy. It presents a logical development of validating ultrasound against an accepted 

standard imaging modality, MRI, to illustrating how ultrasound can be used to monitor, verify 

and adapt brachytherapy treatment for cervix cancer. This thesis concludes with clinical 

B 
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outcomes achieved using this imaging modality that compare favourably to treatment protocols 

using more complex imaging technologies. This discussion follows the flow of the thesis and 

chapters are discussed in turn. In this context, the main research findings are integrated into the 

current scientific knowledge and implication for clinical practice is discussed (where 

appropriate), as well as recommendations and suggestions for future work in this field. 

 

8.1 Comparison of measurements of the uterus and cervix 

obtained by MRI and transabdominal ultrasound 

In seeking a soft tissue imaging modality that can be readily incorporated into a gynaecological 

brachytherapy program a number of criteria have previously been developed137, Table 8.1. 

These criteria were developed in reference to the infrastructure and resources used at our 

treatment facility.  

 

Ideally, an imaging modality should be available for each brachytherapy insertion; it should be 

performed intra-procedurally, offer good organ and applicator definition, and be able to 

delineate residual tumour. Ultrasound fulfilled the first two points and most of the remaining 

criteria. Fortunately, both traditional metal and newer CT/MR compatible (plastic) applicators 

are able to be visualised on ultrasound as both are echogenic. The metal applicators can create 

large reverberation artifacts that can obscure information, while the plastic applicators are 

sufficiently echogenic to be identifiable in the ultrasound image whilst producing fewer 

artefacts. The CT/MR compatible (plastic) applicators are the most desirable to use with 

ultrasound. Having met most of our established criteria for use, ultrasound then needed to be 

validated against a recognised reference standard. There are three methods available to 

compare anatomical volumes such as those of the cervix and uterus. These are clinical 
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examination, reference imaging studies and surgical specimens. Clinical examination plays a 

defining role in the staging of cervix cancer but its accuracy has been frequently questioned261-

263. When compared to surgical staging, clinical examination has been shown to have an error 

rate of 26 – 66%261,262,264. The ultimate or gold standard for determining anatomical and tumour 

volumes is through examination of surgical specimens. However, it is not possible to obtain 

histopathologic proof of tumour response during radiotherapy, so evaluation of tumour 

response using imaging must be relied upon during and after treatment.  

 

 

Table 8.1 Imaging modality criteria in order of importance to brachytherapy protocol 

 for imaging modalities available at our institution 

 
X-ray Ultrasound CT PET† MRI 

Accessible for each insertion * *    

Ability to image intra-

procedurally * *    

Visualise cervix uterine 

outline  * * * * 

Visualise applicator  

CT/MRI applicators  available * * * * * 

Visualise surrounding organs *§ * * * * 

Visualise residual tumour    *ǂ * 

†  in conjunction with CT  (PET/CT available at our institution) 

§ limited – can visualise vagina with addition of radio-opaque gauze packing 

                  can visualise part of rectum with radio-opaque contrast or applicator 

                  can visualise bladder with radio-opaque contrast  

ǂ depends on threshold image intensity percentage of peak tumour intensity 
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Ultrasound versus surgical specimens 

There are many studies comparing ultrasound to surgical specimens to determine the accuracy 

of ultrasound in evaluating the size and weight of the uterus, primarily to guide the surgical 

approach for hysterectomy265-274.  The majority of these studies used measurements of length, 

width and thickness of the uterus obtained from 2D ultrasound images and then applied 

formulas to calculate the volume and weight of the uterus. The volume and weight of the uteri 

were then compared to the weight of pathology specimens. All showed good correlation for 

uterine dimensions but there were some disagreements between uterine volumes. These 

disagreements were largely attributed to coarse methods of volume calculation. Correlation of 

ultrasound and histo-pathology was further refined by Rovio et al. who calculated uterine 

volume using a combination of the prolate ellipsoid and cylinder formulas271. The authors 

found this combination of formulae to be the most accurate means of estimating the uterine 

volume, finding no significant differences between actual weight and calculated weight when 

using these formulae. The study concluded that 2D transvaginal ultrasound gave an accurate 

estimate of uterine volume. Another study compared 2D and 3D ultrasound measurements of 

the uterus to pathology specimens in 31 patients and found two 2D calculation methods to be 

acceptable for clinical use272. The authors also demonstrated that these two 2D calculation 

methods measured the uterus with similar precision to 3D ultrasound. 3D ultrasound was found 

to offer better results in cases of unclear and complicated structures. A further study compared 

in vivo imaging using transvaginal ultrasound and MRI to surgico-pathologic findings of 

tumour dimension, tumour volume, parametrial invasion and vaginal extension in 46 

patients274. Thirty three patients had early stage disease and 13 had advanced stage disease. 

There was strong correlation between the performance of MRI and transvaginal ultrasound in 

the assessment of tumour volume, (p<0.0001). There was no significant difference between the 

performance of MRI and transvaginal ultrasound in the assessment of stromal or parametrial 
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invasion. In other studies employing transvaginal ultrasound alone, accuracy rates of 90-92% 

agreement between imaging and pathology have been reported193,275,276. While these studies 

were primarily conducted to assess ultrasound use for guiding surgical decisions the results 

illustrate good agreement between ultrasound and anatomo-pathology. The results indicate that 

ultrasound accurately identifies the cervix and uterus in both early and advanced cancer patients 

and so by extension can also be used to identify the cervix and uterus to guide brachytherapy 

treatment. In our institution, transvaginal ultrasound is used at the first brachytherapy insertion 

to assess the response of tumour to EBRT. It cannot be used during applicator insertion to 

verify applicator placement or plan brachytherapy treatment by virtue of the probe being in the 

space the applicator must transgress. Transabdominal ultrasound is used to verify applicator 

placement and plan treatment. 

 

 MRI versus surgical specimens 

There are a number of studies comparing MRI to surgical specimens263,264,277-283. These studies 

were conducted on hysterectomies from patients who were suitable for surgery and hence had 

early stage cancer of the cervix. The studies looked at the size of the actual anatomical organ 

(the cervix), or the extent and location of tumour (histopathology). All of the studies confirmed 

high correlations of tumour volumes between in vivo MRI, MRI of surgical specimens and 

morphometry in the order of 80 – 88%. Most discrepancies between surgical staging and MRI 

were not statistically significant and were attributed to oedema around the cervix in situ and/or 

shrinkage of the specimen after fixation. These studies have paved the way for MRI to be 

accepted as the gold standard against which to measure the cervix in the absence of surgical 

specimens. 
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Ultrasound and MRI versus surgical specimens 

A current review of the literature illustrates that ultrasound is as accurate as MRI in assessing 

the uterine dimensions and on occasion has been shown to be more accurate than MRI, 

particularly in assessment of tumour size. In a study comparing diagnostic accuracy of 

ultrasound and MRI in the pre-operative assessment of early-stage cervical cancer, transvaginal 

and transrectal ultrasound were significantly better in assessing residual tumour (p<0.001) and 

parametrial invasion (p<0.001) than MRI159. Similarly, transrectal ultrasound correlated better 

with pathological tumour volumetry than MRI when assessing tumour response after 

neoadjuvant chemotherapy in patients with cervix cancer284. While ultrasound has been shown 

to accurately measure dimensions of the uterus, volume calculations have relied on formulas 

that approximate ellipsoids rather than true volume. This disadvantage may well be overcome 

by the use of more robust calculation methods as described by Rovio et al. or through use of 

3D ultrasound in the future. In gynaecological brachytherapy it is important to identify the 

uterus and cervix, which constitutes the target volume. This enables accurate assessment of 

iso-coverage. Ultrasound has been proven to accurately assess uterine and cervix dimensions 

and is thus suitable to use in place of MRI. 

 

In chapter 4 measurements of the uterus and cervix obtained with transabdominal ultrasound 

were compared to those obtained with MRI. Measurements reported in the study were confined 

to the longitudinal view of the uterus and cervix with the treatment applicator in situ139. This 

projection gives a view of the whole uterus and cervix and surrounding anatomy allowing 

changes in consistency, size and organ outline to be easily seen285. Identifying the anterior 

surface of the uterus and cervix was not difficult due to the close apposition of the full bladder. 

There was, however, an inherent bias found in the measurements of the anterior cervix and 

uterus. Ultrasound systematically underestimated the thickness of the anterior wall by 2 – 3 
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mm in the cervix and 2 – 4 mm in the uterine corpus. This was attributed largely to transducer 

pressure which compressed the full bladder and anterior uterine wall. While every effort was 

made to reproduce bladder filling during the MR scan, transducer pressure could not be 

simulated. So while the planning conditions were slightly different, the MRI scan more 

accurately represented actual treatment conditions as the patients were treated with a full 

bladder and without transducer pressure. (Provided there is no applicator movement during 

transfer to the MRI unit.) The bias in anterior measurements has to be taken into consideration 

in our environment, as the longitudinal ultrasound view is used to plan the first fraction of 

brachytherapy prior to seeing the MR scan. To ensure coverage of the posterior cervix 

overtreatment of the anterior cervix is accepted. This involves conscientiously accepting 

ingress of isodose lines into the bladder on ultrasound. While not a blanket rule, the magnitude 

of allowable ingression is to permit the 110 – 120% isoline to cover the bladder mucosa. This 

ensures the whole cervix is covered by 100% during treatment. Later examination on MRI has 

confirmed these decisions, as do the clinical outcomes detailed in chapter 7 which reported 

only 1.6% of patients in our study experienced grade 3 or greater genitourinary toxicity286. It 

is acknowledged that the ability to perform this procedure with high accuracy is due to 

experience gained over a number of years. 

 

The measurements of the posterior wall thickness of the cervix and uterus obtained with 

transabdominal ultrasound showed much greater agreement with MRI measurements than the 

anterior wall thicknesses. Mean differences between ultrasound and MRI were less than 1 mm. 

These measurements were taken with the applicator in situ. It is vitally important to achieve 

this level of accuracy. The applicator acts as a fiducial marker, its length is known. Having 

verified the applicator position in the transverse views, identification of the whole applicator 

on the longitudinal view confirms correct visualisation of the longitudinal plane of the uterus 
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and cervix. This in turn leads to correct measurement of the posterior thickness of the cervix.  

In a study comparing measurements of the cervix made with transrectal ultrasound and MRI, 

the anterior border of the cervix could not be identified in the three patients studied with the 

applicator in situ163. In a further study comparing TRUS, MRI and CT for delineating the 

brachytherapy target volume the same authors again found difficulty in identifying the anterior 

border of the target volume with the applicator in situ on TRUS imaging189. The authors 

similarly found it difficult to identify the posterior bladder wall and the uterine corpus. Inability 

to accurately identify any border of the cervix severely compromises the ability to perform 

conformal brachytherapy planning. Transrectal ultrasound appears to perform well in assessing 

tumour response to EBRT but may not be as useful as transabdominal ultrasound for planning 

treatment. 

 

Defining and delineating the brachytherapy target volume 

The purpose of identifying the cervix and uterus is to define and delineate the target volume 

that will be treated with brachytherapy. The definition of the target volume used for planning 

with ultrasound was developed independently from GEC-ESTRO136. While there are some 

notable differences in approach, there are also some significant similarities Table 8.2.  

 

A notable difference is the concept of the intermediate risk clinical target volume (IRCTV). 

This is predominantly used by French schools of radiotherapy for treatment planning and 

evaluation65. Other centres that record IRCTV doses do so retrospectively for reporting 

purposes only287,288.  
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The main difference between the definitions of the brachytherapy target volume is our routine 

inclusion of part of the uterine corpus. Historically, the longest intra-uterine applicator was 

used to ensure consistent depth dose at Point A and contribution to pelvic nodal stations30. This 

also meant that a good portion of the corpus was irradiated though not necessarily the entire 

corpus289. The rationale to continue including part of the corpus which is now visualised on 

imaging is based on previous work by Narayan et al. that has highlighted the prognostic 

significance of corpus invasion290. This work indicated that both the volume of the tumour and 

uterine involvement were strongly related to overall survival and failure free survival. Having 

previously verified MRI against surgical specimens in 13 cases of squamous cell carcinoma 

and 19 cases of adenocarcinoma, it was acknowledged that determination of corpus invasion 

in small tumours and adenocarcinomas can be difficult281. These advanced infiltrative tumours 

often present with a non-distinct tumour border making delineation difficult on MRI. The 

border between cervix and corpus becomes even more difficult to discern on MRI after EBRT. 

While the borders of the cervix and uterus can be clearly delineated in toto using 

transabdominal ultrasound, it is not always possible to definitively discern the cervical uterine 

border. For this reason the ultrasound based target volume includes activating dwell positions 

up to the tip of the intrauterine applicator to cover any vestiges of corpus invasion. This practice 

is also used in corpus negative patients as it is safe to do so using ultrasound verification of the 

brachytherapy target volume and applicator placement. 

 

The isodose lines are conformed to the ultrasound derived uterine shape and tumouricidal doses 

contained well within the serosa, effectively leaving a safety rind of myometrium to spare 

surrounding tissues. A pragmatic approach is needed when considering use of ultrasound to 

define the brachytherapy target volume until advances in ultrasound technology facilitate the 

ability to distinguish corpus invasion on ultrasound. This is borne out by the inability to 
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measure the height of the HRCTV with transrectal ultrasound189. This issue was also 

recognised in an exploratory study of trans-cervical endosonography (TRACE)191. While 

demonstrating the potential role of TRACE the authors conceded that ultrasound based 

contouring concepts need to be developed. 

 

 Difficulty in delineating the extent of disease in the uterus is not confined to ultrasound. The 

majority of departments treating cervix cancer with brachytherapy in the developed world use 

CT40,48. Numerous studies have attested to the inability of CT to accurately distinguish the 

cervix, parametrial involvement and corpus invasion209,291,292. In a study comparing CT and 

MRI, contours of the cervix were shown to be wider on CT (p = 0.05)209. In fact all CT contours 

were typically larger, except for height as it was not always possible to see the cervical apex 

on CT. In patients with cervix confined tumours, the authors recommended using the sagittal 

reconstruction to ensure the superior extent of the cervix encompasses the average cervical 

height of 3 cm. This is a somewhat generic recommendation that could potentially over or 

under estimate both the extent of the actual cervix and the upper border of the infiltrating 

residual tumour. The authors also assert that, if MRI is not available, the entire uterine canal 

should be contoured to ensure the HRCTV covers the extent of potential areas at risk. While 

these two recommendations are somewhat contradictory, the second recommendation does 

make sense. This approach is also advocated by the American Brachytherapy Society who 

recommend that the entire length of the intrauterine applicator should be treated in patients 

planned with CT293. Another group discussed improvements to CT contouring by incorporating 

detailed information from clinical gynaecological examinations and use of a standard height 

for the HRCTV of at least two thirds of the uterine cavity292. Unfortunately, this type of 

standardisation is another form of generic brachytherapy that may well blur results of GEC-

ESTRO reporting volumes and still does not ensure that all corpus invasion has been included.  
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A proof of concept study investigated  the feasibility of incorporating TRUS ultrasound into 

the brachytherapy workflow in conjunction with CT to better delineate the cervix and 

HRCTV190. The authors still found it difficult to identify the height of the HRCTV with TRUS 

and used the height of the tumour from a pretreatment MRI to avoid a geographical miss at the 

time of brachytherapy. The inability to ‘see’ the top of the cervix was largely due to limitations 

of the transrectal probe, and anatomical considerations such as rectal capacity and natural tilt 

of the cervix and uterus away from the probe. Target volume height was pragmatically 

delineated based on pretreatment extent in order to ensure adequate coverage. 

 

Although we can clearly see the cervix and uterine corpus up to the fundus using 

transabdominal ultrasound, these are similar rationales for inclusion of part of the uterine 

corpus into the ultrasound defined target volume in our practice. We concur with inclusion of 

the uterine corpus for the length of the uterine canal. 

 

Impact of imaging and guidelines on uterine dwell position activation 

The GEC-ESTRO guidelines were originally developed to create a common language for 

reporting 3D volumes, however, they are now recognised as prescription volumes and dose 

distributions are being modified based on them38,46,294. 

 

Despite some practitioners recognising the need to include at least part of the corpus when 

using indeterminate imaging, others are being influenced by the height of the HRCTV and 

reducing coverage of the corpus. A group investigated the safety of dwell length adjustment to 

the uterine corpus based on an MRI specified GTV at the time of brachytherapy in 95 

patients295. There were 22 pelvic recurrences but no evidence of recurrence at the corpus. The  
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Table 8.2 Target volume definitions 

Based on Peter MacCallum Cancer Centre, GEC-ESTRO and American Brachytherapy Society 

Guidelines 

Peter MacCallum 

Cancer Centre 

GEC-ESTRO 

working group 141 

ICRU 8938 

Consensus guidelines for CT 

contoured CTV volumes  

Viswanathan et al. 209 

American Brachytherapy 

Society guidelines 2012 293 

Microscopic disease 

 

EBRT 40 -45 Gy 

LRCTV 

Potential tumour spread 

EBRT 40 -45 Gy 

 

 IRCTV 

Significant microscopic disease 

Encompass HRCTV with a 

safety margin of 5-15 mm 

(limited by natural anatomic 

borders) depending on response 

to EBRT 

EBRT + BT 60 Gy 

Disease extension on clinical 

exam and MRI at the time of 

diagnosis should be contoured 

as IRCTV 

PMCCTV 

Whole cervix 

Residual disease 

Infiltrative disease 

Dwell positions in applicator 

are activated to treat into the 

corpus uteri 

Clinically detected disease 

EBRT + BT  80 – 84 Gy

  

HRCTV 

Whole cervix 

Residual macroscopic tumour 

load 

Presumed extracervical 

extension of tumour at time of 

brachytherapy (the grey zones) 

EBRT + BT 80 – 90 Gy 

Contour from level of ring or 

ovoids 

Add vaginal tissue adjacent to 

ring or ovoids if involved at 

time of brachytherapy  

Superiorly, contour to the level 

where the uterus indents 

(internal os), draw the next 1 

cm as a pointed shape (cone). 

The approximate dimension 

(height) of the cervix should be 

3 cm. 

Laterally, parametrial extension 

should be included if it appears 

‘grey/white’ on CT (i.e. similar 

density to cervix). Include 

tumour present on clinical 

examination. 

Include pathologic residual 

tissues identified in the uterus, 

vagina, rectum, and/or bladder.  

For CT only plans – activate 

whole length of intrauterine 

applicator as precise 

determination of the superior 

extent of disease is not feasible. 

LRCTV = low risk clinical target volume; IRCTV = intermediate risk clinical target volume HRCTV = high risk 

clinical target volume; PMCCTV = Peter MacCallum Cancer Centre clinical target volume; EBRT = external 

beam radiotherapy; BT = brachytherapy 
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decision to deactivate dwell positions was made to reduce dose to surrounding OAR, as dwell 

weightings were part of a standard plan. 

 

An alternative method that could be considered for use in image guided brachytherapy is the 

modulation of dwell weights to ensure dose is contained within the uterine corpus, similar to 

our practice. In another study, cranial dwell positions in uterine applicators were reduced in 45 

patients based on clinical examinations and some use of MRI or PET/CT296. This infers that 

response of the tumour was largely based on clinical examination. It is not clear from this study 

how the upper extent of tumour extension into the corpus was estimated by clinical 

examination. Dwell positions were retracted if patients exhibited a rapid rate of response or 

imaging showed absence of a large superior extent of disease. The authors found no local 

failures in these patients. The original plans were based on standard dosimetry and while the 

results gave the authors confidence to perform more aggressive adaptive brachytherapy, greater 

inclusion of imaging might lead to dwell weight modulation rather than elimination. 

 

Dose to the non-involved uterus was evaluated in a study of 84 patients demonstrating a 

reduction in dose to the corpus in optimised plans based on contouring of the HRCTV294. Of 

the 84 patients investigated there were seven local failures within the HRCTV. In one patient 

with mid uterine involvement at diagnosis and no uterine involvement detected on MRI at 

brachytherapy, there was uterine corpus failure along with cervical and parametrial failure. The 

authors point out that uterine infiltration can only be assessed on MRI and that care should be 

taken when evaluating the impact of reduced tandem loading. Given the difficulties in 

determining corpus invasion even when MRI is used at each brachytherapy fraction it may be 

prudent to maintain dose in the uterine corpus through dwell point modulation. 
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Accepting that corpus invasion is difficult to assess at the time of brachytherapy be it clinically, 

by CT, ultrasound or MRI, we believe it is important to maintain some coverage of the corpus, 

and imaging should be used to direct modulation of coverage rather than elimination of dwell 

positions. Late toxicity is not increased by irradiating the corpus provided tumouricidal doses 

are contained within the serosa of the uterus. The longitudinal ultrasound image clearly depicts 

the uterus, cervix and applicator and facilitates dose shaping to treat into the corpus while 

protecting surrounding organs at risk. The width of the uterus and cervix are well appreciated 

on transverse images and can also be used to guide iso-shaping. 

 

Target volume delineation – parametrial involvement 

An important component of target volume delineation for brachytherapy is the ability to 

distinguish residual parametrial involvement after EBRT to ensure adequate iso-coverage. In 

section 8.1.3 it was noted that accurate detection of parametrial involvement by MRI was 88% 

compared to histopathology283. That study included 19/57 (33%) patients with advanced 

disease, (FIGO stage IIB-IIIB). In another study comparing preoperative MRI and TRUS with 

histopathology in 68 patients, 51% of whom had locally advanced cancer, there was low 

sensitivity in both modalities in regard to five patients with histopathologically confirmed 

parametrial infiltration, although agreement between TRUS and MRI was 87%297. This 

indicates that while MRI and ultrasound imaging are not as sensitive as histopathology in 

detecting parametrial invasion, the two imaging modalities are at least comparable to each other 

in measuring tumour diameter and volume in locally advanced cervix cancer. In a study 

comparing diagnostic accuracy of transvaginal ultrasound or transrectal ultrasound and MRI in 

patients undergoing preoperative assessment of early cervix cancer, ultrasound was shown to 

be more accurate than MRI159. Ultrasound showed 97% agreement with histopatholgy in 
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detecting parametrial invasion, compared to 90% for MRI (p=0.001). Detection of early 

parametrial invasion is crucial for determining surgical margins. Detection of gross parametrial 

invasion influences treatment modality. Patients with gross parametrial invasion are normally 

recommended to have radiotherapy and brachytherapy. MRI and ultrasound appear to have 

similar accuracy when assessing parametrial invasion and this justifies the approach in use. In 

our practice a thorough clinical gynaecological examination is conducted along with 

transvaginal ultrasound examination and transabdominal ultrasound examination to determine 

the extent of parametrial involvement237. These findings are considered when the 

brachytherapy target volume is determined. Similar to the authors of the aforementioned 

studies, Testa et al. and Epstein et al., the need for specially trained ultrasound operators is 

recognised159,297,298.  

 

Target volume delineation using CT 

Computed tomography is not used in our brachytherapy protocol but it is used extensively 

throughout Australia and the radiotherapy world, and is increasingly being used in developed 

countries40,48. It is so widely used that consensus guidelines for contouring the brachytherapy 

target volumes on CT have been developed207. The consensus guidelines were based on a study 

of contours drawn on three sample cases by 23 physicians. All physicians received pretreatment 

MR imaging, brachytherapy MR and CT imaging with applicator in situ, and clinical diagrams 

indicating extent of disease at diagnosis and at the time of brachytherapy. Brachytherapy target 

volumes were contoured by each physician for each case according to instructions listed in 

Table 8.2. The mean tumour volumes were smaller on MR than on CT for all three cases 

(p<0.001). Agreement between contours was higher for CT compared to MR (p=0.048). 

Contours drawn on CT tended to overestimate the target volume, particularly if the patients 
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presented with large tumours and parametrial involvement and then showed a good response 

to EBRT. A study examining the utility of pre-brachytherapy MRI without applicators in situ 

also demonstrated the difficulty in identifying parametrial involvement and response on CT299. 

Patients underwent pre-EBRT MRI, pre-BT MRI without applicators, MRI with applicators 

and CT with applicators in situ. CT over-estimated the HRCTV volume in instances of involved 

parametria that had a good response to EBRT. In instances of partial response both CT and pre-

BT MRI without applicators indicated a trend to underestimate parametrial involvement and 

potentially cause a geographic miss. Similarly, a study of 37 patients found the HRCTV to be 

larger on CT (44.1 cm3) than MRI (35.1 cm3; p<0.0001) This group found that a higher body 

mass index and tumour size ≥5 cm with parametrial invasion on the MRI scan at diagnosis 

were associated with an increased discrepancy in volumes at the time of brachytherapy300. Few 

studies have compared ultrasound and CT, but a prospective study looking at measurements of 

the uterus and cervix obtained by CT, transabdominal ultrasound and surgical specimens for 

planning intracavitary brachytherapy found ultrasound to be significantly more accurate than 

CT in measuring the dimensions of the cervix301.  

 

The advice given in the consensus guidelines by Viswanathan et al. is that in centres where 

only a CT is available, the CT suffices to cover adequate parametrial extension in all scenarios 

if the contours extend to the most lateral aspect of the parametrial tissue207. Again, this seems 

to be quite generic advice and may result in over treatment of paracervical space for no clinical 

reason. Other authors recommended that in instances where parametrial involvement is 

underestimated by CT, further imaging such as TRUS, be included in the workflow299. This 

implies that TRUS should be included in all workflows, as practitioners will not know if 

parametrial involvement is underestimated. Given the high correlation of ultrasound and MRI 

in detecting parametrial extension and the lack of MR in some centres, inclusion of any form 
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of ultrasound may prove to be a useful imaging modality to improve contouring of the 

brachytherapy target volume on CT. 

 

Contouring 

In 2005, GEC-ESTRO released contouring recommendations for MRI guided brachytherapy41. 

These guidelines were based on consensus statements from a number of practitioners from 

different schools of radiotherapy, hence the inclusion of different clinical target volumes. A 

new body of knowledge had to be acquired, as the brachytherapy practitioners learnt how to 

interpret MR images302. Similarly, studies looking at interpretation of MR imaging and the 

contouring recommendations needed to be conducted to validate the recommendations. The 

bulk of these interobserver studies illustrated learning phases and variations in contouring 

within the studies303-307. Although all ultimately reported fair to good agreement in contouring, 

the clinical significance of dosimetric variations resulting from contouring variations needs to 

be considered303,304,306-308. 

 

The recommendations and their nomenclature have percolated into brachytherapy practices 

even where MRI is not used for treatment planning. This has raised a number of questions, 

particularly when image guidance is performed using CT which has poorer soft tissue contrast 

resolution than MRI209,234,291,309,310. As discussed previously, the main difficulty with CT based 

planning is the inability to distinguish the superior border of the HRCTV and parametrial 

involvement after EBRT. As the potential of ultrasound is slowly being realised based on its 

superior soft tissue contrast, compared to CT, its use will also raise questions about how to 

implement the GEC-ESTRO reporting recommendations for users of ultrasound189,191,286,311. 
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Given the difficulties in identifying the superior extent of the involved cervix on all forms of 

imaging it is not surprising that variations in the contouring of the HRCTV are seen. These 

variations can potentially blur dose responses estimated from GEC-ESTRO reporting 

recommendations, as the delineation of the height of the HRCTV is being modified based on 

the imaging modality used. It might be prudent to make the definition consistent across all 

modes of imaging to ensure robustness of both contouring and reporting. 

 

Reporting intracavitary brachytherapy 

Dose reporting for intracavitary brachytherapy has until recently been based on 

recommendations from the ICRU report 38 published in 198534. Dose reporting was based on 

2D x-ray film based planning and specified methodology to determine uniform reference points 

for calculating dose in the bladder and rectum. These reference points described dose at a single 

point due to the 2D nature of planning, as no volumetric dosimetry could be calculated from x-

ray films. The ICRU report 38 recommended against reporting the Point A dose. With the 

advent of 3D image based brachytherapy a new report has been released describing prescribing, 

recording and reporting of brachytherapy for cancer of the cervix, namely, ICRU report 8938. 

This comprehensive report recognises the variations in resources and infrastructure across the 

world, and has devised a three tier reporting system that recognises basic, advanced and 

investigative practices. Level 1 reporting describes the minimum requirements, which should 

be followed in all centres for all patients and represents the minimum standard of treatment; 

level 2, indicates advanced volumetric planning and treatment; and level 3 describes new forms 

of planning related to research and development. Reporting recommendations are made within 

each level based on clinical practice, be it 3D image based or 2D x-ray based planning, see 

excerpt from ICRU report 89 in appendix D.  
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Quite separately, PMCC guidelines have been developed based on use of 2D and 3D imaging 

which closely mirror the recommendations of ICRU report 89, Figure 8.1. Target reporting is 

volumetric and based on measuring the dimensions of the target on ultrasound using width, 

thickness and height. These dimensions are compared to the dimensions of the target on the 

MRI. The target is volumetrically contoured on MRI and as long as the dimensions of the target 

measured each fraction with ultrasound are within clinically acceptable limits the D90 of the 

target volume is extrapolated from MRI for reporting purposes.  

 

There have been a number of studies investigating the relationship between ICRU report 38 

reference points and volumetric indices135,312-315. These studies aimed to determine how closely 

the reference points correlated with volumes, to establish if the reference points can indeed be 

used as surrogates for volumes. As ICRU report 89 points out, there is a relationship between 

the ICRU report 38 rectal reference point and the maximum dose to 2 cm3 of the rectum 

(D2cm3). In a recent report from the prospective EMBRACE study, the rectal D2cm3 was 

reasonably close to the ICRU 38 rectal point with a mean difference of -3.4 ± 7.1 Gy287. 

However, there is considerable variation among individual patients, which means the ICRU 38 

rectal point may not be a good predictor of D2cm3 in the individual patient. 

 

The ICRU 38 bladder reference point measured at the bladder base has been shown to have 

poorer correlation to the maximum D2cm3 of bladder irradiated135. The bladder point typically 

underestimates the maximum dose to the bladder and this has been noted in the work carried 

out at PMCC. The discrepancy between the ICRU 38 bladder reference point and the bladder 

D2cm3 is greater than that of the rectal reference point, and is well appreciated on both 

ultrasound and MR imaging, Figure 8.2. 
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The dose to the vagina was not considered in ICRU report 38, but has been included in ICRU 

report 89. Numerous ways to report vaginal doses have been proposed in ICRU report 89, 

including points based on the surface of the applicator, points 5 mm from the surface of the 

applicator, and by using the ICRU 38 rectal point38. The vagina can be both a target tissue and 

an OAR depending on the likelihood of disease infiltration. The upper and middle vagina are 

often included in the target volume and treated to a therapeutic dose whereas the lower vagina 

is excluded from both EBRT fields and brachytherapy. 

 

 

Figure 8.1 Brachytherapy treatment parameters  

                 Reported by Peter MacCallum Cancer Centre 

TRAK = treatment reference air kerma; D90 = dose to 90%; D98 = dose to 98%;  

PMCCTV = Peter MacCallum Cancer Centre target volume; D2cm3 = dose to 2cm3 

 

Source: Peter MacCallum Cancer Centre 
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More dose points have been described to monitor dose to the uninvolved vagina. These points 

are based on work by Westerfeld et al. who proposed a way of segmenting the vagina based on 

the relationship of the vagina to the pubic symphysis316. At PMCC an applicator based point 

located on the surface of the ovoid or cylinder is always used to monitor dose to the upper 

vagina. It is possible to do this using x-ray, ultrasound, MRI and CT286,317. In ICRU report 89, 

the dose to the upper vagina is monitored via the ICRU 38 rectal point, which is renamed the 

ICRU 89 recto-vaginal point. 

 

 

 

Figure 8.2 ICRU 38 bladder and rectal points on MRI and ultrasound images 

A. Axial MRI through Point A 

B. Longitudinal MRI view. The ICRU 38 bladder point is osme distance from the 

radiation field and does not represent the dose to the bladder wall 

C. Coronal MRI view 

D. Longitudinal ultrasound verification image taken at fraction 1 

E. Longitudinal ultrasound verification image taken at fraction 2 

F. Longitudinal ultrasound verification image taken at fraction 3 

Source: Peter MacCallum Cancer Centre 
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This reassignment of nomenclature is based on work by Kircheiner et al. analysing data from 

the prospective EMBRACE study, which correlated vaginal stenosis and shortening with doses 

received at the ICRU 38 rectal reference point318.  

 

Other organs at risk include bowel, particularly the sigmoid colon. ICRU report 38 did not 

define a point for reporting the dose to the sigmoid colon as this organ is not visible on x-ray. 

In our practice the bowel and sigmoid colon can be seen on individual ultrasound views is taken 

into consideration when planning isodose coverage of the cervix and uterus, Figure 8.3. The 

sigmoid is contoured and dose received is assessed on the MRI scan. There is often reasonable 

correlation between the bowel position on MRI and ultrasound, in the region surrounding the 

uterus, but differences are also noted, Figure 8.4 . The differences in intrafraction and 

interfraction bowel position have also been observed with sequential MR imaging38,216. This 

highlights the uncertainties of calculating and recording a dose on a mobile structure. At the 

moment it is only possible to report point doses to the sigmoid if the sigmoid is captured on the 

2D ultrasound image used for planning, see Figure 8.3 and Figure 8.4. 
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Figure 8.3 Bowel surrounding cervix and uterus 

A. Transverse MRI view of bowel surrounding cervix  

B. Transverse MRI view of bowel surrounding uterus 

C. Transverse ultrasound view of bowel surrounding cervix taken 1 ½ hours prior to MRI 

D. Transverse ultrasound view of bowel surrounding uterus taken 1 ½ hours prior to MRI 

 

Source: Peter MacCallum Cancer Centre 
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Figure 8.4 MRI and ultrasound views of uterus and bowel 

Left: Longitudinal MRI view of  uterus and bowel taken 1 ½ hours after ultrasound        

         image 

Right: Longitudinal ultrasound view of uterus and bowel taken just prior to  

           applicator insertion and treatment 

 
Source: Peter MacCallum Cancer Centre 

 

 

8.2 Assessing changes to the brachytherapy target for 

cervical cancer using a single MRI and serial ultrasound 

In EBRT, field coverage is verified through use of periodic imaging over the course of 

treatment. This serves to ensure that the target volume is within the radiation field and a 

geographic miss is not occurring. It also ensures that doses to surrounding normal tissues are 

kept to a minimum. In many centres this verification is becoming a daily occurrence prior to 

treating the patient. Such verification is also necessary in brachytherapy. In brachytherapy it is 

imperative to check both the applicator placement, which is akin to field placement in EBRT; 

and the volume of the target around the applicator, as this confirms adequate dose coverage to 

the target volume and avoidance of surrounding critical structures. This type of verification can 
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only be done with soft tissue imaging such as CT, MRI or ultrasound. As the range of isodose 

coverage from brachytherapy is typically short, the assessment of target volume topography 

before treatment is important. For patients with small tumours brachytherapy can commence 

during EBRT, as the tumour volume is small and can be encompassed easily with typical 

brachytherapy applicators and source loadings. For patients with large tumours, brachytherapy 

should not commence until the tumours have regressed significantly during the course of EBRT 

such that they are adequately covered by radiation provided by the brachytherapy system. This 

of course has to be balanced with overall treatment time. Serial assessment of applicator 

placement and target volume over the course of brachytherapy is necessary to avoid geographic 

miss of the tumour and overdosing of surrounding organs at risk.  

 

A number of studies have been conducted evaluating tumour shrinkage during EBRT. 

Evaluation was by clinical examination or serial soft tissue imaging319-322. There was good 

concordance between the studies showing around a 50% reduction in tumour size over 20 days. 

Lee et al. conducted clinical exams on 17 patients who underwent EBRT and chemotherapy 

and found a 50% reduction in tumour volume at 30.8 Gy319. Likewise, Beadle et al. used CT to 

monitor tumour regression in 16 patients who had chemo-RT and found the median time to 

50% reduction of tumour was 20 days with mean volume reduction at 45 Gy to be 62.3%321. 

Studies using MR imaging found greater rates of regression. In an evaluation of 14 patients, 

mean tumour volume reduced 46% after 30 Gy or 23 days323. In an assessment of 43 RT 

patients and 38 chemo-RT patients, somewhat higher mid RT regression rates of 69 and 79% 

were observed320. In a larger study of 175 patients using MRI, tumour regression of 78.5% was 

observed over the course of EBRT324. These findings were similar to other studies that 

evaluated regression with MRI and found regression rates of 74%; 71%; and 89%325-327. These 

studies suggest that maximum tumour regression occurs between 30 and 45 Gy. From this we 
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can infer that brachytherapy is best started very late in a course of EBRT or after EBRT has 

been completed, as greater tumour regression leads to better geometry of the brachytherapy 

application.  

 

At PMCC brachytherapy always commences at the end of EBRT and as discussed in chapter 

5, significant changes to the brachytherapy target volume during brachytherapy have not been 

observed. When analysing reports of changes to the target volume during brachytherapy it is 

therefore necessary to distinguish when brachytherapy commenced in relation to EBRT. 

Patients in a study conducted by Dimopolous et al. commenced brachytherapy after receiving 

a mean dose of 37 Gy with EBRT218. The mean tumour volume at diagnosis was 61 cm3 (range: 

1 - 381 cm3) and at first brachytherapy treatment was 16 cm3. Target volume changes between 

fraction one and fraction two were 8 cm3 but only 1 cm3 for the remaining fractions. It can be 

inferred that there would have been less target volume change between fraction one and 

fraction two had brachytherapy commenced at the completion of EBRT. Similarly, Cooper et 

al. found the mean reduction of HRCTV was less than 1 cm3 per fraction in five patients who 

underwent sequential MR planning when patients commenced brachytherapy late during 

EBRT328. Sun et al. obtained other results, with an average tumour (GTV) regression of 39% 

after EBRT and reductions of the brachytherapy target volume of 27% between fraction one 

and fraction two and 9% between fraction three and fraction four309. Although tumour 

regression was evaluated by MRI, evaluation was not volumetric but rather based on point H 

based planning, which infers regression was evaluated only in one dimension. Brachytherapy 

did commence after EBRT had finished, but the response to EBRT observed in this study was 

certainly less than in the earlier studies mentioned. The findings of Carvalho et al. were more 

in line with Dimopolous et al. Carvalho et al. found a 75% reduction in tumour volume after 

EBRT in 13 patients assessed with MRI at the first brachytherapy insertion329. The authors 
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found a modest reduction of the GTV between the first and third brachytherapy insertions. Half 

the patients commenced treatment during EBRT and half after EBRT. Interestingly, there were 

no statistically significant differences observed in tumour volumes when patients were 

evaluated according to the dose of EBRT received at the third brachytherapy insertion. While 

replans might be necessary for fractions one and two of brachytherapy based on when patients 

commence treatment, changes to the brachytherapy volume plateau and less adaptive planning 

may be sufficient for later insertions. The rate of replanning may be further reduced if 

brachytherapy commences after EBRT as found in chapter 5237. GEC-ESTRO guidelines 

recommend that each brachytherapy insertion be imaged and planned using MRI, as reimaging 

is necessary to evaluate tumour shrinkage and replanning is necessary to limit doses to OAR. 

This recommendation is obviously based on situations where brachytherapy is commenced 

during EBRT. The studies cited above, along with our own, suggest that there is minimal 

change to the brachytherapy target volume over the course of brachytherapy if brachytherapy 

commences after EBRT has been completed. The implications for resource management and 

planning workload are immense if less intense imaging and planning are required than 

recommended by GEC-ESTRO. Serial image based assessment must be conducted to confirm 

tumour shrinkage, ensure OAR are safe, and optimise applicator position over the course of 

treatment. The work in chapter 5 indicates that ultrasound is eminently suited for this type of 

verification.  

 

Hybrid imaging protocols 

The routine use of MRI for each brachytherapy fraction as recommended by GEC-ESTRO 

guidelines is not feasible for many centres. This is due to the prohibitive costs of multiple MRI 

scans, difficult logistics and inaccessibility210,235,236,300,328,330,331 . In an attempt to introduce 
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image guided brachytherapy, many departments have developed hybrid approaches to 

treatment planning similar to that introduced at PMCC. Indeed, the large European study on 

MRI guided brachytherapy in locally advanced cervical cancer (EMBRACE), which seeks to 

validate the GEC-ESTRO guidelines in a multi-institutional setting, allowed hybrid approaches 

to attract greater participation by more centres around the world332. Most hybrid approaches 

employ combinations of MR and CT imaging210,234-236,291,309,328. There are a number of aspects 

to this approach that might be improved by inclusion of ultrasound. In contrast to the 

understanding that the dose to the HRCTV should increase over the course of treatment as the 

target volume shrinks, a group from Pittsburgh found that the HRCTV dose reduced with time 

as CT overestimated the target volume210,234,333. The authors did not use information from MRI 

to guide target volume contouring on CT and admitted that the CT-HRCTV at subsequent 

insertions was larger than the MRI-HRCTV at the first insertion. The authors did not use the 

fraction one MRI plan for all insertions, as they found applicator geometry and OAR positions 

to be different at subsequent insertions. CT information did improve dosimetry based on the 

changes to applicator geometry and OAR positions. Similarly, Eskander et al. studied data from 

11 patients who underwent one MRI per course of brachytherapy and CT at each fraction and 

found CT overestimated the HRCTV in the coronal dimension but underestimated HRCTV 

height in the sagittal dimension291. Axial dimensions were not statistically significantly 

different but showed a trend to be wider on CT. There were instances where CT contours 

mistakenly included ovary or fallopian tubes in the HRCTV. Five of the patients were 

prescribed to Pt A and six patients received volume based planning. The main differences in 

Pt A based plans were higher doses to the D2cm3 bladder on the CT plan. There were no 

statistically significant differences in dose parameters for HRCTV or OAR in the MRI and CT 

volume based plans. The authors found CT acceptable but recommended at least one MRI be 

obtained at fraction one to guide GTV and soft tissue delineation, particularly of the uterine 
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adnexa236. The main limitation of CT is the less accurate estimation of the HRCTV, CT mostly 

overestimates the HRCTV but has also been shown to underestimate the HRCTV209,299. Sun et 

al. recommended a new hybrid approach of MRI based planning for fractions one and three 

and CT based planning for remaining fractions to better evaluate changes detected during the 

course of brachytherapy309. As limited access to MRI is the main driver for hybrid approaches 

to image guided brachytherapy, implementation of this approach may still not be feasible in 

many centres. Nesvacil et al. conducted a feasibility study testing a combination of a single 

MRI for the first brachytherapy fraction and CT for the remaining fractions235. Twenty plans 

were included in the study where hybrid plans were compared to MRI scans and plans for each 

fraction. The authors found hybrid planning a feasible alternative to the full MRI approach in 

the case of small tumours, but for larger tumours with complex applications and unfavourable 

OAR topography they found MRI based adaptive planning to be superior.  

 

The findings from our study might help improve HRCTV delineation on CT as ultrasound 

shows greater agreement with MRI than CT in delineating the HRCTV in all directions with 

the exception of the caudal extent. Another advantage of ultrasound is that it is used to guide 

and optimise applicator insertion and reproduce the applicator position at subsequent 

insertions. From our studies we know that use of ultrasound at point of care improves implant 

geometry, as it allows us to obtain and reproduce the optimal applicator position within the 

uterus at each insertion. This in turns makes it feasible to use the MR based plans for subsequent 

insertions. In a study of nine patients undergoing three fractions of brachytherapy who received 

MRI at fraction one and CT for all three fractions, Cooper et al. examined the effect of 

applicator position on HRCTV coverage328. The authors assumed the HRCTV to be fixed with 

respect to the applicator which is an assumption many make when using hybrid approaches. 

They found the applicator HRCTV relationship to be relatively stable with regard to the cervix 



Chapter 8 Discussion                                                                                                              184 

 

and lower uterine body over the three fractions, but variable in the uterine corpus and near the 

fundus. This could have implications for coverage of the HRCTV that extends to the uterine 

corpus and the authors recommended using MRI with each fraction when the corpus was 

involved. As shown in our study, it is possible to use ultrasound to optimise and reproduce the 

applicator position within the cervix and uterus at each insertion at the time of treatment. This 

is an important consideration as all of the hybrid studies experience a time lag between imaging 

and treatment that also involves patient movement The evaluations of applicator position are 

all made on imaging that occurs some time prior to treatment and nearly always necessitates 

movement of the patient from the imaging suite to the treatment suite. Use of ultrasound in the 

treatment suite, just prior to treatment commencement, ensures accurate placement of the 

applicator, confers accurate coverage of the target volume, sparing of OAR, and potentially 

reduces overall planning and treatment time while also minimising patient discomfort.  

 

Treatment planning and verification using ultrasound 

Chapter five discussed and listed the benefits of using ultrasound to assess the brachytherapy 

target over time, and the use of ultrasound to verify and optimise the applicator position at each 

fraction of treatment. Two of these benefits were reduced replanning time and verification of 

applicator position just prior to treatment. The number of patients presenting for treatment 

varies throughout the world, with many centres in developed countries experiencing a plateau 

or downturn in patient numbers, while centres in less developed regions continue to see very 

high numbers of patients. As MR or CT guided brachytherapy typically takes anywhere from 

5 - 10 hours from insertion to treatment, the benefits of reduced planning and replanning rates 

might be best appreciated in regions where the burden of cervix cancer is high76,212,216. A group 

from a high volume treatment centre in Thailand studied 29 patients who underwent ultrasound 
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guided brachytherapy and analysed the use of portable ultrasound and early results of 

treatment. The authors found ultrasound to be beneficial during applicator insertion, treatment 

planning and treatment verification due to portability of the unit228. They also found the cost 

of ultrasound to be clearly more economical than MR or CT. Importantly for this group, the 

duration of one application of ultrasound guided brachytherapy was shown to be between 40 -

60 minutes compared with two hours for CT and four hours for MR based planning. Such time 

savings are crucial in their high volume centre that treats more than 250 patients per year. The 

time spent verifying and treating patients was similar to the PMCC protocol which takes 2 ½ 

hours for a new treatment (includes insertion, ultrasound imaging, planning, treatment and MRI 

scan), and 1 – 1 ½   hours for subsequent insertions and treatment. Importantly, the portable 

nature of the ultrasound unit meant it could be taken to the loading room to verify applicator 

placement just prior to treatment. Brachytherapy suites with in-room imaging typically utilise 

x-ray, but portable ultrasound can add a soft tissue dimension to in-room imaging. This is a 

very important quality assurance consideration. Verifying the applicator at the time of 

treatment ensures it is in the correct position or at the very least gives an accurate depiction of 

where it is. We have seen differences between the applicator position on ultrasound (taken at 

the time of treatment) and the applicator position on the MRI. This indicates that the applicator 

can move during patient transfer to and from the scanner and means the planning MRI may not 

be indicative of the treatment conditions. In this instance the position of the applicator on the 

ultrasound image taken just prior to treatment is the most accurate record of that treatment. The 

group from Thailand found use of ultrasound improved both the dose distribution for the 

brachytherapy target and OAR when compared to standard x-ray based planning as was the 

norm in their department228. While appreciating the limitations of 2D ultrasound guided 

brachytherapy, such as lack of full volumetric analysis of tumour and OAR coverage, lack of 

evaluation of residual tumour at the time of brachytherapy, and the need for training and 
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education in the use of ultrasound, the authors found ultrasound based brachytherapy to be 

feasible. They also demonstrated use of ultrasound made image guided conformal 

brachytherapy possible in limited resource settings.  

 

8.3 Clinical outcomes from image guided brachytherapy  

Clinical outcomes have improved and toxicity has been reduced in patients who receive image 

based brachytherapy. The gains made by the inclusion of imaging, which provide an 

opportunity for dose optimisation and individualised planning, are well illustrated by the mono-

institutional clinical studies listed in Table 6.1. There have also been a number of large 

multicentre studies that are contributing to this body of knowledge. The French multicentre 

study [Soutien aux Tecniques Innovantes et Coûuteuses (STIC)] compared 2D (x-ray based) 

and 3D (CT based) brachytherapy and demonstrated improved local control, disease free 

survival, and overall survival for all patients who underwent 3D image based planning65. The 

rate of grade ≥3 toxicity was reduced by a factor of two in patients enrolled in the 3D arm of 

the study. The optimisation used in the 3D arm was modest compared to more recent studies 

but still illustrates how visualisation of the applicator and anatomy can improve implant 

quality, facilitate optimisation and improve clinical outcomes. Another study employing simple 

imaging was that of Tharavichitkul et al. from Thailand who used transabdominal ultrasound 

to guide optimisation228. With a median follow up time of 19 months, local control and disease 

free survival rates were 93% and 86% respectively. This group were able to substantially 

reduce dose to organs at risk based on the measurements of the cervix and uterus obtained using 

transabdominal ultrasound. Both these studies reported outcomes similar to ours in chapter 

6286. It is the virtue of ‘seeing’ that improves the technical quality and provides the ability to 

optimise both applicator position and isodose coverage that improves outcomes. The ability to 
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‘see’ is not exclusive to any imaging modality but can come from ultrasound, CT or MRI, 

individual pros and cons of each modality notwithstanding. The advantage of ultrasound is the 

ability to provide real time assessment of the applicator position and the target volume at the 

time of treatment. 

 

A recent update of clinical outcomes from the retro-EMBRACE study reported on data from 

731 patients from 12 participating departments334. Patients were treated between January 1998 

and August 2012, planned according to departmental protocol, had to have been planned with 

MRI or CT and reported doses according to GEC-ESTRO guidelines. The time period was 

similar to the time this PMCC study took place286. Mean target doses were somewhat higher 

than ours, 87 Gy vs 79.7 Gy. Three and five year local control was also higher, 91% versus 

86%, but five year cancer specific survival (73% versus 70%) and overall survival (65% versus 

63%) were similar. As discussed in chapter 6 the ability to dose escalate originated from use 

of hybrid applicators combining intracavitary and interstitial components for at least one 

fraction. There is no doubt these applicators enable greater dose shaping to asymmetric or 

eccentric tumours. In a further study from retro-EMBRACE examining data from 610 patients, 

310 of whom received intracavitary treatment and 300 who received at least one 

intracavitary/interstitial treatment, Fokdal et al. showed a significant increase in the HRCTV 

D90 from 83 ± 14 Gy to 92 ± 13 Gy (p < 0.01) 335. Local control was 5% higher (p = 0.06) in 

the intracavitary/interstitial group.  

 

Another study from a similar time period reported on 170 patients who underwent pulse dose 

rate brachytherapy (PDR)336. Patients were planned with MRI (95%) or CT (5%), and treated 

using intracavitary (84%) or intracavitary/interstitial (16%) applicators. The mean HRCTV 

dose was 84.8 Gy. The three and five year local control was 95% and overall survival at three 
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and five years was 73% and 65% respectively. Mean doses to the target volume were higher 

than ours, 84.8 Gy versus 79.7 Gy, and local control was 9% higher, 95% versus 86%.  

 

The reports from retro-EMBRACE do support the case for a dose response. Reporting HRCTV 

doses ≥ 85 Gy resulted in 3 year local control rates of >94% in limited size (20 cm3), >93% in 

intermediate size (30 cm3) and >86% in large size (70 cm3) tumours288. The authors also found 

doses of 90 - 95 Gy advantageous, as they added 1 – 4% to local control depending on tumour 

volume. These figures are valid for treatment occurring within a seven week window. 

 

A separate study excluding patients reported in retro-EMBRACE conducted an analysis of 

dose-volume effects published in the literature to establish the veracity of single institution 

claims and reduce the uncertainties present in published data310. According to their model a 

significant dose-volume effect relationship was confirmed between the CTV and the 

probability of achieving local control. The D90 HRCTV warranting a 90% rate of local control 

was 81.4 Gy CI (78.3 – 83.8 Gy). 

 

While there does seem to be a dose response effect for local control, as shown in ours and other 

reported studies, this effect is less evident in cancer specific survival and not yet evident in 

overall survival.   

 

Toxicity 

Though the protocol used at PMCC is simpler than most, it yielded comparable outcomes for 

patients, similar to those treated with more resource intense practices. While it is difficult to 

compare toxicity outcomes with other published data due to different reporting mechanisms 
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the overall crude rate of late grade ≥3 bladder and rectal morbidity (using modified 

RTOG/WHO criteria) was seen in 8/191 (4%) patients. Other 3 year crude and actuarial rates 

range from 7 – 12% and 7 – 11% respectively. See Table 8.3 comparisons from IGBT studies.  

 

Rectal toxicity 

Reporting of gastrointestinal toxicity is often all encompassing and it can be difficult to 

attribute toxicity to specific organs. This discussion is specific to toxicity that has been 

identified as rectal toxicity. The reported incidences of rectal toxicity for HDR brachytherapy 

vary from 5% to 30%, with a notable decrease since the advent of image guided 

brachytherapy337. 

 

Six out of 191(3%) patients in our series experienced grade ≥3 rectal toxicity. The mean ICRU 

38 rectal dose in these patients was 67.2 Gy3, while the mean (SD) dose for the whole patient 

cohort was 56.2 Gy3 (8.28). Volumetric indices were unable to be reported for this group of 

patients due to the 2D nature of ultrasound and the single MRI taken. The ICRU 38 rectal point 

has been shown to reasonably correlate with the D2cm3 although it is appreciated that this point 

is not a surrogate for the D2cm3 as there is considerable variation among individual patients38. 

However, a recent report from the prospective EMBRACE study reported the D2cm3 to be 

reasonably close to the ICRU 38 rectal point (mean difference of -3.4 ± 7.1 Gy) 287. Overall, 

the authors found a rectal D2cm3 ≥ 75 Gy to be associated with a 30% risk of grade 2-4 overall 

rectal morbidity at three years, whereas D2cm3 ≤ 65 Gy had an actuarial rate of <10%. The 

EMBRACE study examined data from 960 patients and reported actuarial 2.1% grade ≥3 rectal 
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Table 8.3 Clinical outcomes and toxicity  

Reference No. of 
patients 

Patients 

with 

positive 

nodes 

% 

FIGO 

3B 

% 

Median 

Follow 

up 

months 

Technique 

IC intracavitary 

IC/IS 

intracavitary/interstitial Imaging 

Mean 

target 

dose                                 

Gy10 

Local 

Control 

% 
3 year   5 year 

Morbidity 

Crude and actuarial rates 

Grade ≥3 

Potter et al.67           

2011 
156 48 21 42 IC 56%      IC/IS 44% MRI 93 95  7%     

Crude LENT 

SOMA 

Petit et al.230            

2013 
226 40 12 82 IC 100% 

x-

ray/CT 

45 

EBRT+ 

16 

PDR 

 80 9.7% 
Crude CTCAE 

v3.0 

Sturdza et 

al.238       2012 

Retro-

EMBRACE 

454 53 18 36.5 IC 86%    IC/IS  14% CT/MRI 84 91.4    

Nomden et 

al.225      2013 
54 44 15 41 IC 75%      IC/IS 25% MRI 84 93  9.5%   

Crude CTCAE 

v3.0 

Lindegaard et 

al.226  2013 
140 50 20 36 IC 57%      IC/IS 43% MRI 92 91  7%  Actuarial  

Rijkmans et 

al.227      2014 
93 35 20 42 IC 77%      IC/IS 13% CT/MRI 80.8 93  8.4% 

Actuarial 

CTCAE v3.0 

Narayan et 

al.66       2014 
309 45 16 48 IC 100% US/MRI 80.1  87.5  

Crude 

WHO/RTOG 

Gill et al.232             

2015 
128 46 16 24 IC 95%      IC/IS  5% CT/MRI 82.7 91.6  0.9% Actuarial  

Castelnau-

Marchand et 

al.229  2015 

225 51 11 39 IC 98%             IS 2% CT/MRI 82.5 86.4 85.5 6.2% 
Crude CTCAE 

v3.0 

Choong et 

al.233       2015 
76 54 1.3 47 IC 65%      IC/IS 35% CT/MRI 96.5 91.4  11.8% 

Crude CTCAE 

v4.0 

van Dyk et al. 

286        2016 
191 43 16 60 IC 100% US/MRI 79.7 86 86 6% 

 Crude 

WHO/RTOG 

Ribeiro et al. 

336         2016 
170 50.6 15 37 IC 84%     IC/IS 16% MRI/CT 84.8 95 95 12% 

Crude CTCAE 

v4.03 

Charra-

Brunaud et 

al.65 

STIC  

 (Group 3)          

2012 

117 19  24 IC  100%  73.1 
78.5 

(2 yr) 
 2.6% 

Crude CTCAE 

v3.0 

Tharavichitkul 

et al.228   2015 
29 NA 31 19 IC 100% 

US/x-

ray 
82.6 93 

(1.6 yr) 
 3.4% 

Crude 

RTOG/EORTC 

Sturdza et 

al.334        

2016 

Retro-

EMBRACE 

731 40.5 20 43 IC 77%      IC/IS 23% MRI/CT 87 91 89 11% 
Actuarial 

CTCAE v3.0 

FIGO = Federation of Gynecology and Obstetrics; IC = intracavitary; IS = interstitial; EBRT = 

external beam radiotherapy; PDR = pulse dose rate; LENT SOMA = Late Effects Normal Tissue Task 

Force – Subjective, Objective, Management, Analytic; WHO/RTOG = World Health 

Organisation/Radiation Therapy Oncology Group; CTCAE = Common Terminology Criteria for 

Adverse Events; RTOG/EORTC = Radiation Therapy Oncology Group/ European Organisation for 

Research and Treatment of Cancer
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toxicity. Interestingly, if we use our mean (SD) ICRU 38 rectal point doses of 56.2 (8.28) Gy 

as surrogates for D2cm3, our results concur with the findings of EMBRACE. An important 

point is that these results were obtained with far fewer resources than those used in the 

EMBRACE study. 

 

Urinary toxicity 

Urinary grade ≥ 3 toxicity was experienced by 3/191 (1.5%) patients. What is rather 

extraordinary about this is that all patients were treated with a full bladder. This means a 

substantial portion of the posterior bladder wall was in close proximity to the anterior wall of 

the cervix and uterus. Careful dose shaping and a static set up made possible by using 

ultrasound, contributed to the low rates of toxicity experienced by patients. Similar to the 

rectum, only the ICRU 38 bladder reference point was reported in our study. The mean (SD) 

bladder point for all patients was 50.8 Gy3 (10.17), but we know from viewing the ultrasound 

images that the D2cm3 is usually a good deal higher, Figure 8.2. This is proven by volumetric 

measurements taken from the MR images. We have not identified a relationship between the 

ICRU 38 bladder reference point and the D2cm3 bladder volume, although this is only an 

observation and has not been quantified in our practice. In a study examining the usefulness of 

the ICRU 38 bladder reference point, Barillot et al. found the ICRU 38 bladder reference point 

to be representative of the maximum bladder dose in less than 25% of cases135. The maximum 

bladder dose was assessed with ultrasound using similar methodology to ourselves. Notably 

the Barillot study was conducted in 1994 but unfortunately did not result in widespread uptake 

of ultrasound. We concur with the Barillot findings and judge iso-coverage not by the value of 

the ICRU 38 bladder point, but by visualising and assessing ingress of isolines into the bladder 

as seen on the ultrasound planning image. The Vienna group found the incidence of bladder 
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toxicity to be dependent on DVH parameters338. Incidence rates of 10% and 20% for grade 2 -

4 side effects were estimated for D2cm3 doses (CI) between 101 (29-137) – 134 (110-371) Gy3. 

In their retrospective study of 141 patients with a median follow-up of 51 months, three (2%) 

patients experienced grade ≥ 3 toxicity. These are similar results to ours with the main 

difference being the full MRI approach used by the Vienna group and our ultrasound guided 

approach. 

 

Vaginal toxicity 

There is no ICRU 38 reference point for reporting vaginal toxicity, and as such, this structure 

has been under-reported and often not considered either in practice or in reporting. Despite this 

we have always reported vaginal doses via a self-determined point created on the lateral surface 

of the ovoid. This point and dose constraint of 120 -130 Gy3 was extrapolated from our previous 

LDR practice. We appreciate this point does not indicate a volumetric dose, but it has served 

us well in maintaining vigilance, and is possible to calculate using both ultrasound and MRI. 

We recorded vaginal doses and toxicity in our previous LDR practice and continue to do so in 

HDR brachytherapy. It is only with the advent of 3D imaging that an attempt has been made 

to report vaginal dosimetry and toxicity316,339-343. As discussed in section 8.1, numerous ways 

to report vaginal doses have been proposed in ICRU report 89, including an applicator surface 

point and the ICRU 38 rectal point renamed the recto-vaginal point38. In our study, five (2.6%) 

patients experienced grade ≥ 3 vaginal toxicity, which included entire vaginal stenosis and 

ulceration. None of these patients used the vaginal cylinder to administer Ovestin cream 

(Oestriol 0.1%). Mean doses to the vaginal point were 134 Gy3 and mean doses to the ICRU 

38 rectal point were 61.2 Gy3. A further outcome paper from the prospective EMBRACE study 

has reported on vaginal toxicity data from 630 patients accrued from eight centres, with a 
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median follow-up time of 24 months343. Toxicity was graded using the NCI CTCAE v3.0 

criteria (Appendix D). Toxicity grade ≥ 2 is similar to toxicity grade ≥ 3 as scored by the 

modified RTOG/WHO criteria we use (Appendix D). The crude incidence of vaginal stenosis 

grade ≥2 was found to be 18%, the two year actuarial rate was 21% with rates varying 

dramatically across the eight participating centres, 1%, 14%, 16%, 16%, 23%, 26%, 41%, and 

41% respectively. The study found increasing dose to the recto-vaginal reference point 

significantly increased the probability of grade ≥2 vaginal stenosis. Based on a calculated dose-

effect model, the probability of developing such stenosis is 16% with a recto-vaginal point dose 

of 55 Gy, 20% with 65 Gy, 27% with 75 Gy, 34% with 85 Gy and 43% with 95 Gy. The study 

suggested a planning aim of ≤65 Gy EQD2 (combined EBRT and brachytherapy dose) to the 

recto-vaginal reference point be used, to decrease the risk of vaginal stenosis. The mean recto-

vaginal point doses for patients with grade ≥3 vaginal toxicity in our study was 61.2 Gy3 and 

the overall mean dose to this point for all patients was 56.2 Gy3. Our calculation methods and 

vigilance have resulted in outcomes similar to those predicted by the EMBRACE study. 

 

8.4 Interoperator study 

The use of ultrasound in gynaecological brachytherapy is increasing with 86% of 

brachytherapy departments throughout Australia and New Zealand using it to guide applicator 

insertion48. The high level of operator input into this imaging modality means training, 

education and protocols must be robust to minimise discrepancies in image quality that can 

lead to erroneous decisions. In chapter 7 the reproducibility and interoperator reliability of 

brachytherapy RTs obtaining an ultrasound image and measuring the cervix and uterine 

dimensions using transabdominal ultrasound was validated298. The high level of reliability 

observed was attributed to access to appropriate training, good supervision and use of a well-
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defined protocol. These factors were supported by recognition that knowledge of anatomy, 

pathology, and ultrasound theory and practice underpins competent use244.  

 

The World Federation of Ultrasound in Medicine and Biology has recognised the emergence 

of point of care ultrasound344 345. These forms of ultrasound are used to achieve specific 

procedural aims or answer focussed questions, and do not involve comprehensive diagnostic 

examinations. Ultrasound use is crossing traditional specialty boundaries and being adapted to 

specific clinical questions. As noted in chapter 7, the use of ultrasound in gynaecological 

brachytherapy is limited in scope which places it in the realm of a goal focussed or competency 

based procedure. Many other fields of medicine are experiencing a similar increase in 

specialised use of ultrasound and are also grappling with the training and education needed to 

use it safely346,347 344,345. As discussed in chapter 7, a specialist brachytherapy radiation therapist 

undertook a postgraduate limited training course to credential use of ultrasound in the 

brachytherapy environment, and then developed a short commercial based course for personnel 

rotating through brachytherapy. This approach has been identified by Royce et al. as goal 

focussed ultrasound as opposed to full diagnostic knowledge based ultrasound347. Training for 

this type of ultrasound use is based on limited but specific knowledge, use of pattern 

recognition to identify anatomy and pathology and a smaller number of training cases to 

achieve competency. A successful sonographer based ultrasound service incorporates 

recognised training, continuing education, regular frequent ultrasound practice, delegation by 

appropriately qualified person in charge, use of protocols or schemes of work, and regular audit 

and quality control procedures. In the PMCC a number of initiatives to facilitate training and 

ongoing consistent use of ultrasound have been introduced. These include access to a weekend 

training course, clinical mentorship, clinical supervision, practice scanning, peer to peer review 

and quality measures such as correlation of ultrasound scans with previous scans and MRI 
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scans. These initiatives will be enhanced by development of e learning modules and a 

formalised in-house credentialing program. Ultimately, it is hoped professional societies such 

as the Australian Society of Medical Imaging and Radiation Therapy (ASMIRT) and the Royal 

Australian and New Zealand College of Radiology (RANZCR) will set competency standards 

and develop courses to offer uniform education and training across the workforce.  

 



 



 

 

 

 

 

                     

Conclusions and future directions 

 

 

 

 

ltrasound is a proven soft tissue imaging modality that has excellent image 

resolution, can be viewed in real time, and performed at point of care. The use 

of ultrasound is being progressively incorporated into gynaecological 

brachytherapy programs, primarily to guide the treatment applicator into the uterine canal and 

improve the technical quality of implants. The main aim of this body of work was to 

demonstrate how ultrasound can be incorporated into gynaecological brachytherapy to enhance 

the planning, treatment and clinical outcomes of patients with locally advanced cervix cancer. 

 

The move to image guided brachytherapy necessitates inclusion of an accessible soft tissue 

imaging modality into the brachytherapy workflow. Chapter 4 has demonstrated that 

ultrasound shows excellent agreement with MRI in identifying the cervix and uterus. An 

important finding was the uterine cervix dimensions were not obscured by imaging with the 

U 
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applicator in situ, indicating the images are suitable for planning treatment. Current single 2D 

ultrasound projections offer more information than x-rays alone and contribute to the 

conceptualisation of 3D volumes that facilitates conformal planning. 

 

Replanning each brachytherapy insertion, as recommended by international guidelines, 

involves many resources and much infrastructure, but may be alleviated through judicious use 

of imaging and delaying commencement of brachytherapy until EBRT has finished. Chapter 5 

examined changes to the brachytherapy target volume assessed with ultrasound over the course 

of treatment and found minimal changes in target volume dimensions. This has important 

implications for workload management and patient throughput particularly in regions with high 

numbers of patients and limited resources. Planning time is of the essence to both clinicians 

and patients, and one of the most significant achievements observed using ultrasound to guide 

brachytherapy was the reduced time taken to plan and administer treatment. This has enormous 

benefits for departmental efficiency and patient well-being. 

 

The clinical outcomes achieved with this protocol were comparable to more resource intense 

treatment protocols and indicate that highly conformal doses of radiation can be safely 

delivered to the uterus and cervix using ultrasound guidance. The clinical outcomes reported 

in Chapter 6 were likewise predicted by recent dose response studies that also forecast that 

higher local control rates can be achieved with even higher doses. The ability to further 

isoshape and increase coverage of eccentric or asymmetric tumours is possible with hybrid 

applicators and an ultrasound based workflow needs to be developed to facilitate this. The 

overall toxicity profile of the patients undergoing ultrasound guided brachytherapy was 

comparable to other image guided studies. Overall survival was consistent with other studies 
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and indicates that other mechanisms are implicated in the spread of disease and this remains an 

area of research and investigation. 

 

Use of ultrasound is not only recommended for low resource environments. Use of serial MR 

imaging is proving difficult even in developed regions and many practices rely on CT to plan 

fractionated brachytherapy. The deficiencies of CT in discriminating the borders of the cervix, 

uterus and parametria make it less accurate than MRI. The high correlation and excellent 

agreement of ultrasound with MRI make ultrasound a potential viable adjunct to CT based 

planning that will improve uterine and cervix delineation and thus treatment accuracy. 

 

While user dependence is an often cited criticism of ultrasound, the results in Chapter 7 indicate 

that development of robust protocols, and specific training and education for brachytherapy 

sonographers’ results in high quality scans across practitioners. This adds to the appeal of using 

ultrasound. 

 

The main challenges in furthering use of ultrasound lie in making it less user dependent and 

enabling greater quantification of dosimetry metrics. This may be achieved by exploring 3D 

volumetric ultrasound which allows greater automation of image acquisition. Volumetric data 

sets will allow for multi-planar reconstructions, similar to MRI that will facilitate applicator 

placement and contouring of the target volume and possibly surrounding organs at risk. It will 

be possible to conduct validation studies of 3D ultrasound as it is a non-ionising modality, and 

can be utilised in conjunction with MRI and CT studies without compromising patient safety. 
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