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Abstract 

Uterine leiomyomas (ULs) are the most frequently occurring benign tumours of the female 

genital tract in premenopausal women. A higher prevalence of larger and multiple ULs is 

found in African women, which are typically more symptomatic. Women affected by ULs 

may display numerous types of symptoms impacting one’s quality of life. A novel non-

surgical modality explored for the treatment of ULs is the ultrasound guided high-intensity 

focused ultrasound (USgHIFU). In 2002, Spies et al, developed the Uterine Fibroid Symptom 

and Health Quality of Life (UFS-HQOL) questionnaire (8 symptom questions and 29 HQOL 

questions) in order to act as a self -administered tool for the evaluation of differences in 

symptom severity and health related quality of life in patients. The aim of this study was to 

determine if the USgHIFU treatment applied on a South African population improved the 

symptoms and quality of life perceived by patients. 

This study was a retrospective analysis of prospectively collected data collected from 116 

women from 1 October 2015 to September 2016 at Chris Hani Baragwanath Academic 

Hospital gynaecological department. Patients were interviewed before and at 6-months post 

treatment, using the UFS-HQOL questionnaire to identify the various symptoms and gauge 

the severity thereof.  

The study consisted of women with mean age 34.95 ± 5.97 years with mean weight of 67.67 ± 

0.64 kg and 35.34% being overweight. A total of 87% of women at baseline exhibited some 

form of dysmenorrhea, in comparison to 73% of women at 6-months. The UFS subscale 

(heavy bleeding during menstrual periods; fatigue; pelvic pressure; urination frequency) 

showed a mean score for symptom severity of 25.5 ±16.4 at the initial stage, improving to 

15.5 ± 9.3 at the 6 months post treatment (higher scores highlight a greater number of 

symptoms and greater distress). The HRQL aspect (concern; activities; energy/mood; control; 

self-consciousness; sexual function) provided patterns of perceived improvement in all 



 

 

aspects at month 6 (total HRQL score of 77± 16.9, change mean score 35.8 and effect size of 

1.8).Therefore the questionnaire was able to detect and record the improvement of the health 

quality related and associated aspects of the lives of women 6 months post USgHIFU 

treatment. 
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1 Chapter: Literature Review 

1.1 Introduction 

Uterine leiomyomas (ULs) or uterine fibroids are a frequently found type of benign tumour of 

the female genital tract in premenopausal women (1). Fibroids are of Mullerian duct origin 

and are defined as monoclonal tumours of the smooth muscle compartment or myometrium of 

the uterus, appearing histologically as benign neoplasms. These forms of neoplasm consist 

entirely of disordered smooth-muscle cells which are buried in abundant quantities of 

extracellular matrix (2).  

The exact aetiology of uterine fibroids remains unknown but various molecular and 

cytogenetic studies by a variety of cohorts internationally have shown ULs originate at a 

cellular level (1, 3, 4). It is believed however, that some evidence supports the opinion that 

each fibroid originates through the marked modification of a single somatic stem cell of the 

myometrium when under the influence of ovarian hormones (2). The transformation and 

alteration of the myometrium is not an unusual occurrence and during the reproductive years 

of a woman, it normally undergoes changes in size and cellular properties such as during 

pregnancy. During pregnancy the uterus undergoes changes in the cellular phenotype of these 

cells which result in hypertrophy of the myometrial smooth muscle. Leiomyomas share 

certain characteristics with parturient myometrium, such as increased production of 

extracellular matrix (ECM) components as well as peptide and steroid hormone receptor 

expression. ECM is known to provide the vital support for intracellular connectivity and is 

involved in the regulation of intracellular communication. However, unlike parturient 

myometrium, uterine leiomyomas, continue to grow and are not subjected to regression 

processes via apoptosis. In general UL characteristically show increased proliferation of 

disordered smooth muscle cells, the deposition of the altered ECM with a less vascularization 
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network and disorganized structure, as well as the enhanced responsiveness to sex steroid 

hormones like progesterone and oestrogen  (3). 

A defining feature lies with the overproduction of ECM. The ECM is characterised as 

disorganized and fibrous in nature as well as having a protein profile distinctive in collagens, 

fibronectin and proteoglycans. Studies have shown that the causes of the increased activation 

of the ECM production pathways involve those with transforming growth factor-β3 (TGF-β3), 

CD24, and insulin-like growth factor-1 (IGF-1) (2,4). Within the UL, the organisation of 

collagens is thought to be affected by decreased levels of levels of the ECM proteoglycan 

dermatopontin (DPT), and also contribute towards to altered TGF-β signalling (2,4). 

ULs may occur as single predominant mass or alternatively as a cluster of many smaller 

fibroids. The location and size of the UL will result in specific associated clinical 

manifestations. UL are divided into three major forms: submucous fibroids; intramural 

fibroids; and subserous fibroids (2). 

Fibroids which extend in to the submucous layer extend into the uterine cavity which may 

result in endometrial integrity disruption, implantation issues, as well as the contraction 

capacity of the myometrium which stops menstrual bleeding from the endometrial blood 

vessels. The formation of these fibroids will result in excessive or irregular bleeding, 

infertility, and recurrent pregnancy loss (2). An intermediary group include intramural 

fibroids which reside in the myometrial wall. Large subserous fibroids, which grow out into 

the peritoneal cavity exerts pressure in so much that it is perceived by the patient as pelvic 

discomfort (2). 

Depending on the size and location, a variety of symptoms may arise which may include 

bleeding disorders, infertility, pelvic pain, dysmenorrhea (painful menstruation) and pelvic 

pressure symptoms (1).  
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1.2 Incidence of uterine leiomyomas 

Uterine leiomyomas are the most common form of benign tumor found in women. The 

frequency of the condition is underestimated as ULs can provide no symptoms or symptoms 

may develop more subtly remaining undiagnosed (5).  

ULs were first described in 1793 at St George’s Hospital London, England, and current 

studies continue to highlight the ongoing plight of women suffering from ULs. Okolo in 2008 

reported that up to 25% of all women and up to 30-40% women over the age of 40 years 

presented with clinically apparent fibroids (1). Stewart et al in 2017 in their review of uterine 

fibroids, highlighted that over 70% of women suffered from UL by the onset of menopause 

and that the incidence of ULs ranged from 5.4% to 77% in women of reproductive age (5).  

An online self-reported prevalence study conducted across eight countries (Brazil, Canada, 

France, Germany, Italy, South Korea, UK and USA) with women of reproductive age (15-49 

years) who have experienced menstrual bleeding and had a confirmed diagnosis of UL, 

provided prevalence data which ranged from 4.5% within the UK to 9.8% in Italy (6). 

Between 20–40% of reproductive age women may experience ULs however, their prevalence 

rates vary amongst races (1). In about 50% of these women, ULs lead to symptoms (7). 

It is important to note that the variability of the data relating to the reported incidence and 

prevalence studies, are greatly impacted by the method of diagnosis (pelvic examination, 

ultrasound evaluation, hysterectomy), clinical data (medical record reviews, screening, self-

reporting), health status (access to health practitioners and gynecological focused facilities) as 

well as the population studied (6,7,8). The true incidence and therefore impact on women 

health, specifically in South Africa, remain unknown until suitable population-based research 

is conducted.  
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1.3 Risk factors for uterine leiomyomas 

The large number of undiagnosed patients with ULs, present at times limited evidence in 

relation to risk factors especially those affecting country specific population groups (5). 

Certain risk factors have been identified, explored and published.  

1.3.1 Age 

It has been shown that age is considered a significant risk factor with the greatest magnitude 

(approximately up to 10 fold) for the development of ULs (5). In general the occurrence of 

ULs in women do not occur before puberty, and have a tendency to increase with age 

throughout the reproductive years subsequently declining during the postmenopausal years (5, 

8, 9). In studies conducted from women hospitalized for UL in the USA, highlighted a patient 

age reaching a peak at 45-49 years and then declining between 50-54 years of age (8). Similar 

trends were noted and supported through data evaluated from Israel and the UK (5). 

1.3.2 Race 

Overall, uterine leiomyomas are three to five times more common in African women than in 

Asians and Caucasians (10, 11). African women suffering from ULs are often more 

symptomatic and have larger and multiple tumours. These women are of a younger age at 

diagnosis and at hysterectomy (10, 11). 

When evaluating race, Black women are at most risk when compared to White and Asian 

women. In fact it has been shown that Black women have almost three times the age-specific 

cumulative incidence of White women (8). Numerous studies have confirmed that the lifetime 

risk of UL (the cumulative risk of developing a UL by the age of 50) Black women was 

greater than 80% when compared to White woman at nearly 70% (8, 9). The Black Women’s 

Health Study (BWHS) of Slone Epidemiology Centre at Boston University, USA,  is a 
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prospective cohort study of 60 000 Black women of the age range 21-65 years which provides 

important and useful epidemiological data and their associated risk factors when suffering 

from UL (9). Overall Black women are diagnosed early in life, often suffer from multiple and 

larger UL, experience more severe symptoms, are of a much younger age at diagnosis and at 

hysterectomy, when compared to other ethnic groups (1, 9). It has been hypothesized that the 

racial divergence of varied expression of UL is based on estrogen biosynthesis differences as 

well as estrogen metabolism in a genetically mediated manner (9). Various genetic role 

players in the development and occurrence of uterine leiomyomas, have of late been identified 

and characterized (9). Some genetic role players that are thought to be involved in the 

occurrence of uterine leiomyomas include the gene linked to fumarate hydratase (an enzyme 

which potentially plays a role in White women suffering from ULs but are not associated with 

other signs or symptoms); chromosomal changes (e.g. trisomy 12); alterations of genes (e.g. 

MED12, HMGA2), alterations of protooncogenes (e.g. p27 and p53), disruption to signalling 

pathways (e.g. P13K-AKT-MTOR) and finally epigenetic mechanisms (DNA methylation 

and histone modifications) (1-3, 9). 

1.3.3 Hormones 

It is well known that both oestrogen and progesterone play a major role in the growth of ULs 

(1, 2, 4, 8). This is reflected in the prevalence and occurrence of ULs during active ovarian 

activity whilst most leiomyomas shrink after menopause. Local hormone concentrations and 

hormone receptors in uterine tissue differ between UL and healthy myometrial tissue (4). UL 

tissue have been found to contain high concentrations of oestradiol, progesterone receptor 

(PR), aromatase and also oestrogen receptor-α (ER-α) (4). 

Biologically powerful oestrogen and oestradiol induce the production of PR via the ER-α 

which is mediated by aromatase. Aromatase catalyses the formation of oestrogen in the 

ovaries (which then circulate to the leiomyoma) as well as converting androstenedione, from 
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the adrenal gland or ovaries, to oestrogen locally in the leiomyoma (2). This subsequently 

stimulates the PR via the ER-α. The increased number of PR results in an increased 

responsiveness of UL tissue to progesterone secreted by the ovaries. The enhanced activity of 

progesterone and PR result in increased cell proliferation and survival, decreased cell 

apoptosis, enhanced extracellular-matrix formation and hence increased tumour growth (2).  

The result of progesterone signalling through its receptor, plays a critical role in the clonal 

expansion of fibroid stem cells, which have been genetically altered, into fibroids which 

present clinically and also to increase the growth of ULs by affecting both stem cells and 

differentiated UL cells (2). 

1.3.4 Reproduction 

Reproductive factors include those which increased risk of UL incidence (i.e. time since last 

birth and premenopausal status) and also those factors which take the form of protection (i.e. 

parity, oral contraceptives, injectable contraceptives) (5). The chances of developing ULs 

have been shown to increase by 2-3 fold in women who last gave birth 5 or more years ago 

compared with women who gave birth more recently hence suggesting that the time period 

since last giving birth plays a role in UL development (5, 9). Also it was found that in certain 

registry studies, premenopausal women were at approximately 3-5 times higher risk of 

developing symptomatic ULs versus postmenopausal women (5).Similarly studies have also 

shown that the risk of developing UL increases with an earlier age at menarche which then 

consequently leads to a longer history of menstrual cycling and consequently increased 

mitotic myometrium activity, which is reaches a peak during the luteal phase of the cycle (1, 

8). After menopause, pathologic evaluation of hysterectomy UL specimens found that there 

was a reduction in both the size and number of ULs in postmenopausal women versus 

premenopausal women (8). 
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Bearing offspring has shown an association with decreased risk of developing ULs. A 20-50% 

reduction in risk has been noted when comparing parous with nulliparous women, and also it 

has been suggested that the risk of developing ULs will decrease with increasing parity (5, 8). 

Pregnancies that end spontaneously preterm or are incomplete seem to be unrelated to risk (8). 

In cases of nulliparity, it has been hypothesized that the correlation between never having 

given birth and the incidence of ULs is primarily due to the continuous oestrogen secretion 

being uninterrupted by pregnancy and lactation in a women’s reproductive life (1). Other 

contributory factors include maternal age at the first birth (where women of an older age at 

first term birth have a  lower associated risk of UL development); interpregnancy interval (a 

longer interval increases the risk of UL); fertility (direct correlation between diagnosed 

infertility and presence of UL especially in women of younger ages < 25 years). There is no 

definitive association with breastfeeding (8). 

The use of oral contraceptives and UL development has generated a wide range of findings 

with no clear emerging patterns (1, 8). Studies have investigated and evaluated associations 

between UL development and types of contraception, contraception component potency, 

types of progestin or oestrogen formulation, duration of use, as well as onset of use (1, 8). In 

cases relating to the injectable contraception medroxyprogesterone acetate (DMPA), studies 

conducted in Thailand and repeated  by the BWHS cohort, identified that between 40-50% 

women using DMPA were less likely to suffer from ULs, than those women who never used 

this form of contraception (5, 8). Though information relating to the exact nature of 

association remains unclear, it is important to note that oral contraceptives still forms part of 

an effective treatment plan for various menstrual disorders associated with ULs and its use 

continues to be sanctioned in women who merit it (1). 
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1.3.5 Obesity 

The development of UL has been associated with obesity. A woman with a body mass of 70 

kg or greater is three times more at risk of developing UL compared to a woman with a body 

mass of less than 50 kg. Furthermore, when evaluating women with larger BMIs presenting 

with ULs relative to the general population, 50% vs. 25% were likely to be obese and 16% vs. 

7.2% severely obese (1). 

A body mass index (BMI Kg/m2) in certain cases, has been associated with moderate 

increased risk and in other cases, none at all (8, 9). A positive connection between UL risk 

and BMI amongst Black women versus White women has been shown, in addition to a non-

linear relationship of UL risk which increased with overweight women then decreasing 

slightly among the more heavier of women (8). It is hypothesized that obesity impacts as a 

risk factor through a variety of hormonal and inflammatory mechanisms. Obesity results in an 

increase in the adrenal androgen to estrone conversion, as well as a reduced production of sex 

hormone binding globulin (SHBG) within the liver, resulting in the decreased circulating 

levels of SHBG. These lower levels of circulating SHBG then biologically impacts on UL 

development by potentially increasing the bioavailability of circulating estrogens and 

androgens (8). Central obesity promotes insulin resistance and this state of hyperinsulinemia 

may directly or indirectly influence the development of fibroids through the promotion of 

myometrial smooth muscle cell proliferation and also increases circulating levels of ovarian 

hormones (9). Furthermore, components of metabolic syndrome i.e. elevated blood pressure, 

hyperlipidemia, insulin resistance and central obesity with more pronounced proinflammatory 

effects, all are factors associated with higher UL risk (9). A combination of  metabolic and 

physiological factors of obesity including insulin resistance, diabetes mellitus and 

hypertension, as well as the action of increase IGF-1 activity and increased androgen levels, 

all contribute towards the mediation of increased risk of UL development (1). 
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1.3.6 Lifestyle 

Evaluation of risks related to smoking, alcohol consumption, caffeine consumption and diet 

have been evaluated through various studies and cohorts (8). Smoking has been founds to 

have a moderate protective effect in women experiencing a 20-50% lower occurrence in those 

who currently smoke (or previously smoked) versus those who had never smoked (1, 8). It is 

hypothesized that components within tobacco may inhibit aromatase which then subsequently 

impacts on the metabolism of estradiol to the less potent forms of estrogen (8). 

Increased alcohol consumption has been associated with increased endogenous levels of 

estradiol and oestrogen thereby leading to certain positive associations between alcohol and 

risk of UL development (8). Similarly caffeine and coffee consumption are shown to have 

some relationship with increased levels of early follicular phase estradiol and potentially may 

enhance the production of sex steroids (8). Plant based diets or an increased intake of fruits 

and vegetables as opposed to meat, has been found to have a protective effect on women 

versus those women who eat larger amount of meat. This is primarily due to the increased 

bioavailability of endogenous hormones through diet (8).  

 

1.4 Clinical Presentation 

Although leiomyomas are not life threatening, they can be severely debilitating and affect 

one’s quality of life. Most leiomyomas are asymptomatic resulting in some women not even 

being aware they are suffering from UL. However 25% of women affected by ULs, exhibit 

symptoms that impact on activities of daily living and exhibit severe symptoms which require  

treatment (12). Women are affected by various sizes, types, location and number of 

leiomyomas. Consequently women will display numerous types of symptoms and many 

women affected display more than one symptom (13, 14). 
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Abnormal uterine bleeding (AUB) is the most common symptom, which normally consists of 

uncontrolled menstrual bleeding which left untreated can result in life threatening anaemia 

(13, 14). Approximately 60% of women with symptomatic ULs may experience a form of 

prolonged bleeding (15). The exact mechanism of leiomyoma associated AUB is thought to 

be linked with the increased endometrial surface area, vascular dysregulation and as well as 

endometrial haemostasis interference (16). 

Pelvic pain is commonly described as being cramping in nature with 75% of symptomatic 

women reporting this symptom and a smaller proportion of women reporting backache and 

leg pain (15). Pelvic pain has been found to be suggestive of degeneration, distortion, possible 

associated adenomyosis and endometriosis (16). In the event of larger fibroids, women may 

present with additional symptoms including pelvic pressure, dysfunction of the bowels and 

urinary frequency, and urinary urgency (16). Professional medical physical evaluation of 

leiomyoma size and location, as well as the patient own self- assessment, noted signs of 

incontinence which impacted on overall quality of health (15). 

Infertility and leiomyomas are thought to be associated with the size of the fibroid as well as 

the location, especially submucosal and intramural myomas which result in the distortion of 

the uterus. Various mechanisms have been suggested to explain the pathogenesis and link 

with infertility. A combination of physical changes (e.g. distortion of uterine cavity), 

functional changes (e.g. increased contraction of the uterus and endometrial function 

impairment), changes to the local hormonal conditions as well as paracrine molecular 

changes, incidents of intracavitary inflammation, and finally mechanical blockage of tubal 

ostia which may interfere with sperm or embryo transport through the fallopian tubes, are all 

suspected to play some role with fertility (15, 17). In addition, leiomyomas have been shown 

to significantly impact and affect obstetric outcomes e.g. with preterm delivery (< 37 weeks), 

primary caesarean section, breech presentation and lower birthweight infants (18).  
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1.5 Diagnosis and Management 

Detection and precise evaluation of the number, size and location of ULs is now possible due 

to advances in imaging and endoscopic methods (10). Diagnosis can be by clinical 

examination, ultrasonography, hysteroscopy, or magnetic resonance imaging (MRI) (17). A 

physical pelvic exam may reveal the presence of an enlarged uterus or mass and a blood test 

for haemoglobin levels may allow for the identification of anaemia. Ultrasound screening is 

the gold standard method for a cost effective, easy, and immediate confirmation for the 

presence of leiomyomas. Recent developments in 3D imagining have resulted in 3D 

ultrasound allowing for evaluation of myometrial pathology, as the technology is able to 

reconstruct the coronal plane of the uterus (17). Diagnostic hysteroscopy does not require 

anaesthesia and is normally performed in an outpatient setting resulting in the ability to 

differentiate between intracavitary myomas and large endometrial polyps (17).  Lastly MRI is 

able to provide information on the number of ULs, their size, degree of vascularization, 

endometrial cavity and serosal surface placement, as well as the identifying the boundaries 

with normal myometrium (17). 

Treatment of fibroids depends on the type of symptoms, size, location, the women’s desire for 

fertility, access to treatment, and also the physicians experience (14). Successful treatment 

aims to provide relief of symptoms, sustained reduction of leiomyomas, maintenance of 

fertility if desired while avoiding harm (14). There are medical, surgical and radiological 

options available for the treatment. 

1.5.1 Medical Management 

Medical management options for UL often have a moderate impact on the patient and/or 

associated adverse effects. However novel therapies are currently being evaluated and 

developed especially those at gene and receptor level which potentially may result in 
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improved long term effectiveness (16). Standard recommended therapies for UL include 

gonadotropin-releasing hormone (GnRH) (normally preoperative treatment to shrink in size 

the UL prior to surgery); GnRH analogues are occasionally used for temporary symptomatic 

relief as well as the reduction of fibroid size preoperatively; levonorgestrel-releasing 

intrauterine system or Mirena  for the treatment of AUB; nonsteroidal anti-inflammatory 

drugs e.g. typical anti-inflammatories and prostaglandin inhibitors; oral contraceptives (used 

to treat atypical bleeding); selective progesterone receptor modulators (used to decrease the 

size of UL as part of a preoperative plan and also in women approaching menopause); 

tranexamic acid (part of antifibrinolytic therapy); aromatase inhibitors (prevent growth of ULs 

through the blockage of aromatase activity; selective oestrogen receptor (SERM e.g. 

Raloxifene) and selective progesterone receptor modulators  (SPRM e.g. ulipristal acetate and 

mifepristone) (14, 16, 19, 20). The decision on which course of medical treatment to follow, 

commonly is prescribed by specific symptomology exhibited by the woman i.e. women who 

present with UL associated AUB (e.g. may be treated with oral contraceptives or the Mirena) 

and women who display more severe complex combination of symptoms associated with UL 

(e.g. may be treated with SPRMs). 

1.5.2  Surgical management 

The most effective treatment of ULs is the removal of the uterus i.e. hysterectomy (21). A 

hysterectomy provides a definitive solution to symptoms and results in immediate 

improvement in quality of life in those women not wanting to preserve fertility. Before 

surgery is undertaken, it is recommended that the needs and expectations of the patient are 

evaluated, the competency of the surgeons, the availability of various techniques at a facility 

and the application of obstetric and gynaecological guidelines are assessed (17, 21). Surgical 

strategy options include hysterectomy and myomectomy. 
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A hysterectomy can be performed by various routes i.e. abdominal, laparoscopic, or vaginal. 

Vaginal hysterectomy may be the chosen preferred technique (dependent on the size of the 

myomatous uterus) as it provides several advantages which includes a shorter time in surgery, 

reduced blood loss incidents, minimal hospitalisation times, and a reduced time of physiologic 

ileus due to postoperative gut dysmotility (14, 16). 

Women who wish to retain their uterus and hence fertility may opt for a myomectomy to 

remove the ULs (22). This surgical option is primarily aimed at those patients who present 

with submucosal leiomyomas less than 3 cm and when more than 50% of the leiomyoma is 

intracavitary (14). Two forms of myomectomy are performed in order to remove the 

leiomyoma: (i) laparoscopy which is associated with reduced postoperative pain, less risk of 

postoperative complications e.g. fever, and shorter hospitalisation time; and (ii) the open 

surgical technique (14). It has been reported however that there is a 15%-33% recurrence of 

ULs in women who have undergone a myomectomy and furthermore 10% of women may 

eventually even require a hysterectomy within 5-10 years (14, 16). 

Myolysis or Radiofrequency ablation (RFA) allows for the removal of ULs using a focused 

beam of energy which originates from either an electric current, radiofrequency or a 

cryoprobe . However this is not mainstream treatment for fibroids (23, 24). 

1.5.3 Non- surgical management 

New and varied options to traditional surgical techniques have been evaluated in recent years. 

Surgery is invasive and expensive thereby potentially significantly impacting a health care 

system of a country. The chosen form of therapy will often be considered in proportion 

against the untreated disease condition costs, ongoing or repeated medical investigations costs 

and as well as the specific treatment modality availability and costs (18).  More conservative 

and less invasive techniques have become increasingly popular especially in woman desiring 

fertility or those not fit for surgery (25).  
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1.5.3.1 Uterine artery embolization 

Uterine artery embolization  (UAE) is a technique which involves the introduction of an 

embolic agent via angiography resulting in the occlusion of the fibroid vascular supply, 

resulting in UL atrophy (21, 25).  

UAE is an interventional radiologic procedure involving occluding agents injected into either 

one or both of the uterine arteries limiting the blood supply to the entire area i.e. uterus and 

leiomyomas. Women who wish to preserve their uterus or avoid surgical procedures due to 

personal preference or risk of medical comorbidities, may decide on this medical intervention 

method (14, 16, 17). Benefits of the UAE include a decreased hospitalisation days, decreased 

time to resuming normal activities and a decreased likelihood of blood transfusion time (14). 

The most common complications and long term contraindications are post procedure 

discomfort, post-embolization syndrome characterized by fever and pain, allergy to the 

contrast media, physical vaginal expulsion of the tumour tissue, loss of ovarian function, 

active uterine or adnexal infections, and renal insufficiency (14, 16, 17). The success of the 

UAE depends on the size of the uterus (a 20 weeks and larger uterus in size may not provide a 

clinically significant reaction) as well as the type and number of leiomyomas (single 

submucosal or subserosal ULs respond better to surgery) (16). It has been suggested that 

between 15%-33% of patients would require future surgical intervention within 18 months to 

five years of UAE (14, 17). 

1.5.3.2 High-Intensity Focused Ultrasound (HIFU) 

Conservative treatments involving a focused energy delivery system have been developed and 

tested over the past ten years ( Energy sources include radiofrequency, electricity, 

supercooled cryoprobes and most recently ultrasound focused ablation techniques (either 

magnetic resonance-guided i.e. MRgFUS or high frequency ultrasound guided transcutaneous 

focused) (16,17). Many of these techniques are new however and they lack the supportive 
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medical evidence and long term data to adequately evaluate their risks and benefits to the 

patient (16, 17). 

High-intensity focused ultrasound (HIFU) was first introduced in 1942 by Lynn et al who 

suggested using extracorporeal focused ultrasound energy for tissue destruction. However, 

only in the 1980s has more scientific interest and technical expertise been invested into the 

use of this non-invasive surgical technique on the management of solid cancerous tumours 

and uterine fibroids (26, 27).  

HIFU is a non-invasive technique which involves a beam of ultrasound waves produced by 

piezoelectric or piezoceramic transducers, which is focused at one point. This is typically one 

to five mm (diameter wise) and 10 to 50mm (length wise ) (26, 28, 29).The focused 

ultrasound energy raises and maintains a 60°C and higher temperature within the targeted 

tissue for one second or longer to cause coagulative necrosis of the targeted tissues and 

immediate cell death without damaging the surrounding vital tissues and organs (26, 28).   

Mechanical effects involved a combination of cavitation, microstreaming and radiation forces 

produced by the high intensity acoustic pulses (28). The coagulative necrosis leads to a 

reduction in the fibroid size over time and improvement in associated symptoms as the fibroid 

shrinks in size (29). 

During the ablation process of the localised area the HIFU beam must be constantly 

monitored. This can be achieved using magnetic resonance i.e. magnetic resonance-guided 

high-intensity focused ultrasound (MRgHIFU) or using ultrasound i.e. ultrasound-guided 

HIFU (USgHIFU) (28, 30). Different manufactures have introduced various instruments for 

fibroid treatment however not all devices have been formally sanctioned for use by medical 

regulatory bodies. This is in part due to the fact that ongoing studies are still underway in 

order to assess the long term efficacy and safety aspects of these techniques for fibroid 

management (16). In the USA, the Israeli Insightec ExAblate MRgHIFU instrument is an 
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approved technique for fibroid treatment by the Food and Drug Administration (FDA), 

similarly the United Kingdom (UK) developed Sonalleve MRgHIFU instrument has received 

formal Conformite Europeene (CE) marking and lastly the Chinese JC HIFU USgHIFU 

instrument has been installed and used at the Queen Mary Hospital since 2012 for fibroid 

treatment. The latter USgHIFU instruments and similar systems from other Chinese 

manufacturers still have not received FDA approval. At the South African Chris Hani 

Baragwanath Academic Hospital (CHBAH) in Johannesburg, the ultrasound guided HIFU is 

used. It has been suggested that the use of the USgHIFU system in relation to the MRgHIFU 

system, is a cheaper mode of treatment and also requires shorter treatment times (26).  

Limitations of the HIFU technique include: production of tissue burns occurring between the 

targeted tissue area and the transducer, associated injuries such as nerve damage or bowel 

injuries arising from scattered or reflected high-intensity ultrasound waves; variation of 

absorbed energy and excessive energy absorption  by tissues resulting in unpredictable 

distribution of cell death; high patient exclusion rates; the requirements of expensive magnetic 

resonance instrument; targeting of only a single fibroid during a treatment; and the central 

ablation of fibroids even though numerous ULs tend to grow peripherally (16, 26, 28). 

 

HIFU is indicated in woman with symptomatic ULs wishing to avoid surgery or to remain 

fertile. The effect of HIFU on fertility and fecundability is unclear since there is a lack of 

large scale ongoing investigations resulting in continuous data (31, 32). Patient selection 

criteria for HIFU therapy is dependent on the expertise of the particular medical facility. In 

general however, HIFU treatment is offered to premenopausal women with symptomatic 

fibroids and/or adenomyosis (26).  Most protocols exclude women with uteri more than a 20 

week gestational size, a large myoma (greater than 10 cm in diameter), women with greater 

than 5cm subcutaneous abdominal tissue, pregnant women,  any major medical disease or  
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any contraindications for MRI (33). Patients with previous abdominal surgery are a relative 

contraindication but these should be individualised as scar tissue has a high ultrasound 

absorption when compared to normal skin tissue, potentially resulting in pain and thermal 

skin damage (33). ULs targeted in areas where the focused ultrasound treatment beam would 

pass through bowel or bladder may also be reason for exclusion if the bowel cannot be 

deflected away with a degassed water balloon (34). Limited data also suggests 

that ultrasound-guided HIFU  when used for treatment of uterine fibroids does not impact on 

ovarian reserves (11).  HIFU seems to be promising to patients who desire fertility, however 

further long term studies still need to be done (31).  For the purpose of this study, patients 

were selected according to the guidelines and protocols established by the Department of 

Obstetrics and Gynaecology at Chris Hani Baragwanath Academic Hospital (CHBAH) (refer 

to inclusion criteria 3.4.1).   

 

Once screening has been conducted, pre-treatment planning is critical in order to allow for 

adequate tumour coverage, mimic the sonication,  identify the depth of target tissue, identify 

the proximity of the affected tissue to the sacrum , assess the potential presence of a bowel 

loop along the sonication path, and finally the adequate consideration of coagulation, 

desiccation and vapour formation during the transmission of ultrasound energy which could 

lead to harmful side effects in the patient (26, 28). 

The HIFU procedure is conducted whilst the patient is under intravenous conscious sedation 

which then allows for active engagement of medical personnel with the patient to obtain real 

time responses and also minimizing patient movement. Post treatment management includes 

the administration of analgesic medication, allowing the patient to lay prone for 

approximately an hour and the cooling of the urinary bladder using cold saline solution (26). 
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1.6 Treatment outcomes 

In general, the choosing of a management strategy for uterine leiomyomas is dictated to by 

the age of the patient, the desire to preserve fertility, the avoidance of radical surgical 

methods, cost of therapies, availability of novel and traditional therapeutic measures and 

technologies,  and finally the experience and expertise of medical professionals and facilities 

(16, 18). The choice of therapy chosen by patients will however be primarily for the 

alleviation or total disappearance of symptoms associated with ULs. Whilst a hysterectomy 

would eventually alleviate all UL symptoms, most women are opposed to this option due to 

the undesirable comorbidities experienced. Hence the choice of an alternative, less invasive 

procedure to hysterectomies is becoming more favourable. However not all alternate therapies 

would result in the relief of UL symptoms. Hence in order to make an informed and educated 

choice to an alternate therapy, sufficient medical evidence and clinical findings into the 

therapy effectiveness would need to be evaluated as well the evaluation of a patient reported 

outcome to evaluate and assess the reduction in symptoms (18, 35). 

Most studies have focused on clinical findings and assessments conducted by medical 

professionals on patients before, during and after the various stages of treatment. These 

include aspects relating to the reduction in fibroid volume, fibroid size, subsequent symptom 

resolution, and also the rate of re-intervention for persistent or recurrence of symptoms (26, 

32). Physical measurements include the longitudinal, anteroposterior, transverse dimensions 

of the fibroid taken to calculate the fibroid volume and monitor any changes in size. Other 

indicators of treatment efficacy include the percentage of UL or adenomyotic volume ablated 

(NPV) during HIFU, highlighting the improvement of symptoms and also reduction in the 

volume of the fibroid (26). 

An equally important aspect is the assessment of the impact of treatment made by the patient 

themselves. The patient would evaluate the impact of the UL on their own quality of life as 
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well as any quality of life improvements made after UL treatment. Over the last ten years 

further emphasis has been placed, investigated and assessed on the women’s health-related 

quality of life (HRQL) in relation to ULs (15). Health-related quality of life measures include 

the Short Form-36 (SF-36) and the Uterine Fibroid Symptom and Quality of Life (UFS-QOL) 

(15). The SF-36 is a questionnaire which is a generic measure of the HRQL and consists of 8 

subscales: physical functioning, role-physical, bodily pain, general health, vitality, social 

functioning, role-emotional, and mental health (35).  It is also the most commonly used 

quality of life measurement of studies, including those specific to fibroid-related quality of 

life (15). In 2002, Spies et al, developed the Uterine Fibroid Symptom and Quality of Life 

(UFS-QOL) questionnaire in order to act as a tool for the detection of differences in symptom 

severity and health related quality of life in patients suffering from ULs specifically (15, 35-

37). The UFS-QOL questionnaire has been cited to been used in numerous studies of women 

suffering with ULs regardless of the treatment modality (35). It is a reliable and validated tool 

for women suffering with ULs and has also been shown to be extremely responsive to 

treatment for ULs and forms a useful outcome measure for uterine-sparing uterine fibroid 

treatments (35). The questionnaire consists of eight symptom questions, and 29 HRQL 

questions with six subscales or domains – concern, activities, energy/mood, control, self-

consciousness, and sexual function (15, 36). Scores are achieved for both scales ranging from 

0 to 100, are assessed using specific calculations and results interpreted to the developers 

recommendations (15, 36) 

The objective of the UFS-QOL questionnaire overall aims to be a reliable measure of the 

impact and potential improvement of the medical interventions utilised for the treatment of 

UL, from a patient perspective. Subsequent interpretation and usage of this data can 

contribute towards the overall success of clinical trials, comparison between cohort studies, as 

well as further long term based research efforts (15, 35, 36) 
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1.7 Definition of the Term ‘Quality of Life’ 

The non-invasive technique HIFU had been introduced and diversely implemented for 

treatment of uterine fibroids at the South African Chris Hani Baragwanath Academic Hospital 

(CHBAH) in Johannesburg in 2015. Although HIFU has been proven to be a safe and 

effective procedure, there was minimal data highlighting and reflecting its effectiveness on a 

local South African population. 

In this study, we used the term ‘quality of life’ to refer to the patient’s satisfaction of general 

improvement in their post-treatment condition compared to their pre-treatment condition 

regarding their psychological, emotional and physical well-being. 

Quality of life is difficult to quantify as there is no defined progression or biochemical 

measure. Although quality of life is subjective, clinical parameters have shown to be in 

keeping with subjective findings. The success of treatment cannot only be judged on the 

objective findings alone such as shrinkage of the UL but also on the objective and subjective 

symptoms.  The effects of ULs on quality of life include those aspects pertaining to personal 

health; psychological wellbeing; lifestyle limitations; and sexual dysfunction. 

1.7.1 Health 

Fibroid related symptoms can severely effect health related quality of life. Patient experience 

debilitating symptoms such as: menorrhagia (with or without anaemia), dyspareunia, lower 

back pain, pregnancy complications, labour, and reproductive problems e.g. infertility. 

1.7.2 Psychological 

Studies have found that women suffering from fibroids experienced sadness, self-reported 

depression, anger and frustration. A women's psychological distress while living with fibroids 

is a major component when assessing quality of life. 

https://www.womenshealth.gov/glossary/#infertility
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1.7.3 Physical limitation 

For many women fibroids become a painful condition that significantly alters their lives. 

Symptoms can have an impact on the patients’ abilities to complete activities of daily living. 

1.7.4 Sexual function 

The symptoms themselves that accompany fibroids may get in the way of sexual intercourse. 

Intercourse may become uncomfortable or even painful. The psychological burden also adds 

to sexual dysfunction.  

A preliminary study to evaluate the therapeutic effect and safety of ultrasound guided high-

intensity focused ultrasound treatment conducted at the teaching facility Chris Hani 

Baragwanath Academic Hospital (CHBAH) gynaecological department on a local population 

suffering from symptomatic ULs was conducted (38). The study, a first of its kind with 

regards to treatment modality as well as study conducted on South African Black female 

population group, demonstrated that USgHIFU treatment could be well tolerated and safely 

applied to women suffering from ULs.  This was despite the involvement of a small number 

of enrolled patients and extended follow-up of clinical symptoms. This study however did not 

focus on the patient’s perspective on the improvement of symptoms nor the quality of life 

aspects. 

 

1.8 Uterine leiomyomas: A South African Perspective 

Only a handful of studies have been conducted on a uniquely South African base of patients 

suffering from ULs. Earlier studies of these women, have evaluated various therapeutic 

hormonal treatment modalities (39-41), issues of fertility (42, 43), genetic mutations (44, 45), 

as well as surgical interventions (38, 46-48). Recently only two studies, published to date, 

have been sourced specifically evaluating and reporting on the efficacy and safety aspects in 
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relation to the USgHIFU treatment modality (38, 47). Both studies involved the co-operation 

between engineers and medical practitioners from both China and South Africa and the 

implementation of an USgHIFU system JC200; Haifu Medical Technology Co., Chongqing, 

China. The technique was used on a local Johannesburg, South Africa based Black population 

of symptomatic UL sufferers. The study by He et al in 2018, evaluated the UL rate of 

shrinkage, relief of symptoms, and improvement aspects relating to quality of life, whilst 

Zhang et al in 2017 evaluated the therapeutic, effect and safety of the technique (38, 47). Both 

of these studies have shown positive outcomes and have shown that the USgHIFU technique 

provides feasible and effective medical outcomes in a safe manner.  
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2 Chapter: Aims and Objectives 

2.1 Problem statement and Aim 

HIFU was introduced to Chris Hani Baragwanath Academic Hospital (CHBAH) in October 

2015. Most studies to date had been conducted in China and Hong Kong, where HIFU for 

uterine leiomyomata was used extensively. The population that South Africa serves, however, 

differs drastically from that of China, and these factors include ethnicity, culture, obesity and 

spectrum of symptomatology. Hence the patient awareness and perception of the impact and 

effectiveness of HIFU treatment on a local population remains unknown. This therefore 

formed the basis of a pilot study at CHBAH, wherein women were provided with a patient 

self-evaluation survey of HIFU treatment administered and monitored at regular intervals post 

treatment. The pilot nature of the study formed part of a feasibility approach within the 

department in order to assess the efficiency of the HIFU treatment program within the 

department. The aim of this study was to determine if HIFU improved the quality of life as 

well as changes in symptoms of patients, before and six months post HIFU treatment at the 

Chris Hani Baragwanath Academic Hospital, evaluated and perceived by patients utilising a 

uterine leiomyomata symptoms and health related quality of life questionnaire (UFS-QOL). 

 

2.2  Objectives 

2.2.1 To determine the change in the quality of life after HIFU treatment 

2.2.2. To determine the change in symptoms after HIFU treatment 
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3 Chapter: Methods and Materials 

3.1 Study Design 

This study was a retrospective analysis of prospectively collected data which was designed to 

assess a leiomyomata affected patients’ satisfaction with the HIFU procedure by answering an 

established validated survey before and after the HIFU procedure was conducted under 

medical supervision.  

 

3.2 Study Period 

Patient selection and data collection was conducted from 1 October 2015 to end September 

2016. During this time patients were evaluated before treatment and six months post 

treatment. 

 

3.3  Study Site and Context of Study 

This study was carried out at the Department of Obstetrics and Gynaecology, Chris Hani 

Baragwanath Academic Hospital (CHBAH). The HIFU section is a specialised unit located 

within the Department of Obstetrics and Gynaecology. The CHBAH is affiliated with the 

University of the Witwatersrand and is situated in Soweto, South Africa. It is a referral centre 

that treats mainly high-risk conditions. At the time of the study in 2016, it was the only 

hospital in the country with HIFU facilities and therefore served the general population group 

of interest. The HIFU technique was applied the JC200 focused Ultrasound tumour 

therapeutic system from the Chongqing HAIFU medical technology company, China. This 

study did not involve the medical examination of patients, but rather evaluation of their 

departmental medical files and answers to the questionnaires.  
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3.4 Study Population 

The study population consisted of 116 women who fit the prescribed criteria for HIFU 

treatment. HIFU treatment was administered as per CHBAH Gynaecological departmental 

procedures 

Potential HIFU treatment candidates were initially screened for age, uterine size, abdominal 

subcutaneous tissue and the presence of symptomatic fibroids.  Before HIFU treatment was 

commenced, patients were subjected to a Magnetic Resonance Imaging scan (MRI), MRI 

suitability screening (fibroid location and accessibility) and fibroid mapping. If the inclusion 

criteria were met, patients were then admitted a day before the procedure and were then 

normally discharged the day after, provided there were no complications.   

3.4.1 Inclusion Criteria 

Suitable HIFU treatment patients were identified according to departmental HIFU treatment 

guidelines, as follows: 

 Patient age must have been less than 50 years old or premenopausal 

 Patient must have had a uterine size maximum 18 weeks 

 Patient must have had less than 5cm of abdominal subcutaneous tissue 

 Patient must have had symptomatic uterine leiomyomata requiring treatment 

 Patients may not have undertaken the HIFU treatment for fertility sparing reasoning 

 Patients must have been to lie prone for at least 1 hour during the procedure 

 

3.4.2 Exclusion Criteria 

The following patients were excluded (according to departmental HIFU treatment guidelines), 

from this study: 

 Patients who had contraindications to the MRI scan 

 Patients who had asymptomatic uterine leiomyomata 
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 Patients who were obese i.e. > 5cm abdominal subcutaneous tissue 

 Pregnant patients 

 Patients who had metal foreign bodies in the treatment pathway (e.g. IUCD or Filshie 

clips) 

 Patient who exhibited any major co morbidities (e.g. cancer; clotting disorders) 

 Patients who received an abnormal pap smear during the previous 12 months 

 Patients who suffered from pelvic inflammatory disease 

 

A control group was not applicable to this study as the study design did not include a 

comparative study between two groups (treated and non-treated) nor was the medical impact 

on treatment evaluated. 

 

3.5 Study Methods  

This was a retrospective study of patient (identified as per inclusion criteria) information 

sourced from hospital records. Patients were interviewed prior and post the HIFU treatment, 

and disclosed various symptoms and gauging the severity thereof.  

As per standard departmental practice, all patients identified for HIFU treatment were 

requested to complete a Uterine Fibroid Symptom and Health Related Quality of Life 

questionnaire (UFS-QOL) (refer to Appendix A). Patients completed the UFS-QOL before 

the HIFU treatment and at one, three- and six-month post treatment intervals in order to 

evaluate symptoms of uterine fibroids and their impact on HRQL from a patient’s perspective. 

Only data from the initial assessment and six-month assessment were included and evaluated 

in this study, as the focus of this study was the evaluation of long term (i.e. six-month post 

treatment) improvements. 
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The questions in the questionnaire were asked in the preferred home language of the patient, 

by the same HIFU nursing sister before and after the treatment. All response answers were 

maintained in the patient medical files in the HIFU room in the Department of Obstetrics and 

Gynaecology at CHBAH. Patient information was kept confidential and a study number was 

automatically assigned to each patient by the HIFU software when treatment was commenced.  

In addition to the UFS-QOL, patients were evaluated to assess their dysmenorrhoea 

symptoms (adapted from the UFS-QOL Spies et al 2002) as well as their fertility status. 

3.5.1 UFS-QOL 

The uterine fibroid symptoms and health related quality of life questionnaire (UFS-QOL) is 

an international established and validated questionnaire designed by Dr James B. Spies and 

colleagues from the Department of Radiology, Georgetown University Hospital, Washington 

DC, USA (36, 49).  

The questionnaire was originally developed to provide and assess the impact of symptom 

status and health related quality of life of leiomyomata, from a patients’ perspective. The 

UFS-QOL consisted of 37 questions or items, which were divided into two parts: a symptom 

severity scale (8 items) and a health-related quality of life scale (29 items covering 6 

domains). Response options were presented as five-level Likert scales which ranged from 

“not at all” to “a very great deal” for the symptom severity items and “none of the time” to 

“all of the time” for the symptom frequency and health-related quality of life items. 

3.5.1.1 Symptom severity subscale 

The symptom severity subscale was based on the answers of items 1-8. A summed raw score 

from the items was calculated and the following formula used to transform the value into a 

percentage i.e. 0-100 point scale: 
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Transformed score =  

(actual raw score – lowest possible raw score) / possible raw score range x 100 

 

Figure 3.1 UFS-QOL symptom severity scoring  (36). 

 

3.5.1.2 Health-related quality of life (HRQL) subscale 

The health-related quality of life subscale was divided into 6 individual domains or subscale 

scores: Concern (items 9+15+22+28+32); Activities (items 10+11+13+19+20+27+29); 

Energy/mood (items 12+17+23+24+25+31+35); Control (items 14+16+26+30+34); Self-

conscious (items 18+21+33); Sexual function (items 36+37). 

All subscale scores as well as the total HRQL (calculated from the sum of the 6 subscale 

scores) was transformed into a percentage scale i.e. 0-100 point using the following formula: 

Transformed score =  

(highest possible score – actual raw score) / possible raw score range x 100 

 

Figure 3.2 UFS-QOL health-related quality of life subscales scoring guide (36). 

 [Formulas, highest and lowest possible raw scores, possible raw score ranges were based off 

the UFS-QOL scoring manual of appendix B in (36)] 
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3.5.2 Dysmenorrhea score 

A question was posed to patients to evaluate their level of dysmenorrhea experienced. 

Response answers were presented as a five-level Likert scale which ranged from “none of the 

time” or score of 1 to “all of the time” with a score of 5. The scoring system was based and 

adapted from the original UFS-QOL questionnaire developed by Spies, Coyne et al 2002.  

3.5.3 Fertility 

The fertility status of patients was defined as those patients who have struggled or are 

struggling to conceive after two years of regular sexual intercourse. The answer was in the 

form of a categorical yes and no. 

 

3.6 Data analysis and Interpretation 

Patient medical files and information were assessed and the respective data from the UFS-

QOL surveys was recorded onto data sheet (see appendix B). Patient details remained 

confidential and subsequently recorded in a register kept by the researcher. Appendix B was 

the original data collection sheet used for patient information acquisition and reflected all the 

data that was originally gathered from patients and entered into the patient files and databases. 

However this study focused only on the inclusion of certain patient data required in order to 

answer the objectives set out by the researcher and hence subsequent interpretation  

Data was transferred, tabulated, categorized to Microsoft® Excel. Analysis was also 

performed using the statistical data analysis add-on program in Microsoft® Excel. Relevant 

data recorded and included in this study were as follows: patient demographics (age; weight 

(kg); height (m); body mass index (BMI) (kg/m 2); treatment date and diagnosis), 

dysmenorrhoea score, fertility status, the symptom severity subscale and health-related quality 

of life subscales. Descriptive statistics (mean, standard deviations) was utilised to assess 
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information in relevant categories and categorical data was presented as proportions or 

frequencies.  

 

3.6.1 Body mass index calculation 

BMI was calculated and threshold values evaluated according to weight classifications cited 

on the website Physiology web(50). BMI and corresponding weight classification categories 

were as follows:  BMI <18.5 (Underweight); BMI 18.5-24.9 (Normal); BMI 25.0-29.9 

(Overweight); BMI 30.0-39.9 (Obese); BMI ≥ 40.0 (extremely obese). 

3.6.2 UFS-QOL 

Patients with missing raw subscale analyses items (one or more) were excluded from the 

evaluation during the transformation processing of UFS-QOL scoring. Evaluation and 

interpretation of data was conducted as per the developers of the questionnaire (36). 

3.6.2.1 Symptom severity 

The symptom severity subscale score is inversely related i.e. higher scores indicate greater 

symptom severity and lower scores indicate minimal symptom severity. Scores were 

subsequently transformed into a percentage as cited in 3.5.1.1. 

3.6.2.2 Health quality of life 

The HRQL total score was calculated by summing the individual subscale (domain) scores 

and excluding the symptom subscale. The HQOL subscale scores are directly related with 

higher HRQL subscale scores indicating better HRQL Each subscale and total HRQL score 

was then transformed into a percentage as cited in 3.5.1.2.   
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3.6.2.3 Effect sizes 

A mean and standard deviation for each UFS-QOL subscale was determined and effect sizes 

calculation applied. Effect size is a quantitative measure of change that standardises the 

comparison between groups (35). Change scores for the UFS-QOL were calculated from 

baseline to month six. The effect size was calculated as follows: the difference between 

baseline to month six divided by the standard deviation of baseline scores of patients. The 

effect size was interpreted and defined as small (0.20), moderate (0.50), or large (0.80) (35). 

 

3.7 Ethics 

Written consent was originally obtained from all HIFU treated participants to record and 

assess their data for any future research studies that may occur (see appendix C). This written 

consent protocol formed part of the initial agreement to participant in the HIFU treatment 

program but did not involve the participation of this researcher. The data mined from the 

original database was collected during the course of this study and was retrospective. 

Permission to conduct this study and utilise the data (i.e. the use of data accumulated during 

the course of the HIFU treatment) was obtained from the University of the Witwatersrand’s 

Human Research and Ethics Committee (HSREC) and ethics clearance certificate M161132 

was obtained (see appendix D). The data collected during the course of this study was 

retrospective 

The designated representative of the Chief Executive Officer at Chris Hani Baragwanath 

Academic Hospital was approached and written permission obtained to conduct this study 

(see appendix E). 
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4 Chapter: Results 

4.1 Patient demographic data 

This study evaluated 116 female patients who had a mean age of 34.95 years (± SD 5.97 

years) and were all Black. Only 100 of the study population patients had complete records of 

both height and weight. The mean height of the 100 patients was 1.62m (± SD 0.07m) and the 

mean weight was 67.67 Kg (± SD 0.64 Kg).  

Overall, 100 of the 116 patients (86.21%) had their BMI calculated 16 (13.79%) had missing 

data. Of these patients 35.34% (n=41) were classified as overweight, 34.48% (n=40) were 

classified as within the normal range, 14.66% (n=17) were classified as obese and 1.72% 

(n=2) were classified as underweight. The overall mean BMI for these patients was 25.77 kg 

(SD ± 0.42 kg) with a mean weight of 67.67 kg (SD±1.06 kg) and a mean height of 1.62m 

(SD ± 0.01 m). 

4.2 Dysmenorrhea and fertility data 

The dysmenorrhea scores were assessed at the initial and six-month phase of the patient care. 

Not all patients assessed their dysmenorrhea scoring before the HIFU procedure (6.9%, n=8) 

and after HIFU procedure scores (12.1%, n=14) for the severity of dysmenorrhea they 

experienced. The overall remaining patient results were tabulated and presented in figure 4.1. 

Individuals initially (n=108) reported effects of dysmenorrhea most of the time (42.59%), 

some of the time (22.22%), none of the time (12.96%), little of the time (11.11%), and all of 

the time (10.19%). At the six-month assessment post treatment, individuals (n=102) reported 

effects of dysmenorrhea some of the time (34.31%), little of the time (32.35%), none of the 

time (26.47%), most of the time (5.88%) with no individuals reporting all of the time.  
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Figure 4.1 Bar chart of dysmenorrhea scores of patients at the initial phase of HIFU treatment 

(n=108) and at the six-month post HIFU treatment (n=102) follow-up.  

Patient fertility status was assessed at the initial phase of HIFU treatment only. Patient 

responses are presented in figure 4.2. 

 

Figure 4.2 Patient fertility responses at the initial phase of HIFU treatment (N=116). 
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4.3 UFS-QOL results 

Of the 116 patients assessed in the study, 10 patients had missing UFS-QOL data at their six-

month follow-up assessment and one had missing subscale score data. This resulted in a 

sample of 105 patients.  

A summary of the mean UFS (symptom severity) and QOL (concern, activities, energy/mood, 

control, self -conscious and sexual function) subscales of the questionnaire at the baseline 

initial stage and six-month post treatment stage is presented in the figure 4.3. The overall 

mean HRQL at the baseline stage for individuals was 97.3 (SD ±22.8) and at the six-month 

post treatment stage was 55.7 (SD ±19.6). 

 

Figure 4.3 Overall (untransformed) mean and standard deviation scores for UFS and QOL 

subscales of study population at the initial baseline (blue) and six-month (red) post treatment 

stages (n=105). 
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The mean change scores reflected in all domains (Symptom Severity and HRQL) within the 

UFS-QOL, highlighted patient improvement from baseline to the six-month point. No 

statistical evaluation could occur as the only time period i.e. baseline to six-month was 

recorded. 

The Symptom Severity had a score of -31.3 with a large effect size from baseline to six-month 

of -1.8.  

The total HRQL score demonstrated an overall score of 35.8 with a large effect size at the six-

month point of 1.8. The means scores for the individual HRQL subscales ranged from 30 for 

Sexual Function to 38.3 for Control. All individual HRQL subscales had established large 

effect sizes from baseline to month, they ranged from 0.9 for Sexual Function to 1.8 for the 

Control subscale (Refer to Table 4.1). Outcomes of the questions before HIFU and six-month 

post HIFU treatment were interpreted and evaluated according to previous studies and no tests 

of significance were conducted (35, 36). 
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Table 4.1 UFS-QOL transformed scores at baseline initial stage and six-month post treatment 

stage. 

UFS-QOL 

SUBSCALE 

BASELINE  

N=105 MEAN 

BASELINE  

N=105 SD 

SIX-MONTH  

N=105 MEAN 

SIX-

MONTH   

N=105 SD 

MEAN 

CHANGE 

SCORE 

SIX-MONTH 

EFFECT 

SIZES 

Symptom Severity 
54.8 17.6 23.5 15.4 

-31.3 -1.8 

Concern 
43.1 24.8 78.5 21 

35.4 1.4 

Activities 
45.1 22.9 80.6 18.1 

35.5 1.6 

Energy/mood 
39.4 22 76.4 18.3 

37 1.7 

Control 
36.1 21.7 74.4 21 

38.3 1.8 

Self-consciousness 
39.8 26.1 74 19.6 

34.2 1.3 

Sexual Function 
43.3 31.8 73.3 26.5 

30 0.9 

TOTAL HRQL 

SCORE 41.2 19.7 77 16.9 
35.8 1.8 
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5 Chapter: Discussion 

5.1 General overview 

Much insight has been gained by medical professionals into the incidence, etiology and 

epidemiology of ULs with certain factors, including race (Black), age (pre-menopausal) and 

obesity (obese),  being definitively associated with increased risk of UL development (1, 4, 5, 

8, 9).  Obesity has been shown to be a risk factor due to either the involvement of either 

hormonal or inflammatory mechanisms, whilst age plays a role in the natural history of 

fibroids and with its growth in time, individuals are diagnosed in greater numbers in older age 

(9). A 2-3 fold incidence of fibroids has also been shown in Black women and they have been 

shown to be diagnosed earlier in life, suffer from multiple and larger fibroids and exhibit 

more severe symptoms, compared to other race groups (5, 8, 9). 

This study population consisted of women with a mean age of 35 years old, were all Black, 

with 35.34% being overweight and 14.66% obese. They formed the “typical” group of women 

affected by ULs identified in other international and African based studies (1, 3, 6, 11, 51), 

highlighting the increased incidence of ULs in Black women typically in their mid-30s and 

potentially influenced through a combined genetic and racial factors. Data and statistics from 

a uniquely Black South African profile of UL sufferers have also been reported (38, 44, 47).  

Early modern genetic investigations on South African females supported the risk factors of 

age and the impact of the genetic component on the development of ULs in the local women 

population  (44, 45). A study conducted at Groote Schuur and Tygerberg hospitals, Cape 

Town, South Africa between 2009 and 2012  of UL affected women, consisted of 36 women 

with symptomatic ULs with a mean age of 38 years overall and 72% of participants being 

Black (48). More recent studies conducted at CHBAH of UL sufferers included one study of 

26 Black patients with a mean age of 34 years and a mean weight 66.5 kg (38) whilst a second 
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study reported on 81 Black patients with a mean age of 35 years, average weight of 68.4 kg 

and average BMI of 26.3 (47). Similar outcomes was seen in this study, with patients having 

an average weight of 67.7 kg and average BMI of 25.8 (i.e. overall overweight).  

The women in this study population therefore, underline the previous findings of studies 

relating to ULs as an important factor of morbidity for reproductive-age Black women who 

are also overweight (38, 47). 

 

5.2 Study symptom outcome: dysmenorrhea  

The inclusion of the HIFU technique forms part of many suggested and accepted algorithms 

for the management of uterine leiomyomas worldwide (14, 16, 18, 52-54). The HIFU 

technique offers a novel non-invasive surgical technique, which is perceived as a safe and 

effective form of relief to the effects of uterine leiomyomas. When evaluating the 

effectiveness of the HIFU treatment, due consideration must be given to the fact that 

ultrasound-guided HIFU technique remains non FDA approved as of 2018 (55), as well as 

that most studies conducted using the ultrasound-guided HIFU had reported only on the short 

term effectiveness of uterine fibroid treatment, whilst data for long term effects remain 

uncertain (56, 57). Previous studies conducted reported on the success of the HIFU treatment 

given to UL afflicted women by evaluating a range of physical and safety clinical outcomes 

(26, 55, 58).  

The outcomes of this study however, hoped to contribute towards these physical and safety 

results by providing patient evaluated perceived changes in symptomology and quality of life 

aspects associated with suffering from a UL. Dysmenorrhea was the only UL symptom 

evaluated by patients in this study. 
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Abdominal pain or dysmenorrhea, described mostly as cramping in nature, has been widely 

reported in UL sufferers (1, 5, 14, 15).  Dysmenorrhea impacts and has an effect on comfort, 

functionality of an individual’s day-to-day activities, as well as their psychological well-being 

(1, 5, 6). 

An international internet-based study reported that 50.2% of UL diagnosed women compared 

to 47.2% women who did not have a diagnosis of ULs, suffered from cramping during their 

menstrual period (6). Also a review article by She et al (2016) specifically reported that pain 

symptoms are reduced by more than 50% in patients who have undergone HIFU (28). A study 

on Nigerian UL sufferers over a 25 year period, showed that 18.9% of women recorded 

dysmenorrhea as a symptom (51). 

Dysmenorrhea is also a known recorded symptom of South African UL sufferers, however it 

has not been extensively reported on in relation to USgHIFU treated patients. An early study 

conducted on Black South African women living in Johannesburg, South Africa in 1972, 

found that 26.8% (n=101 fibroid sufferers) versus 2.5% (n=116 control women) reported to 

suffer from dysmenorrhoea (59). A recent study conducted by Zhang et al in 2017, reported 

that 69.2% of their 26 patients suffered from dysmenorrhea, however they did not report on 

the status of the patient dysmenorrhea symptoms post USgHIFU treatment (38). A second 

study by He et al (2018) did not report on any UL symptomatology (e.g. dysmenorrhea), in 

the studied population, but rather focused and evaluated on issues related to clinical safety and 

efficacy (47). 

 

In the current study, dysmenorrhea was assessed at the initial stage (n=108) of the study as 

well as six-month post treatment evaluation (n=102). Individuals were asked to score their 

level of discomfort associated with dysmenorrhea as one of the following: 1 = none of the 

time, 2= a little of the time, 3= some of the time, 4= most of the time, and 5= all of the time. 
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This study identified 87% (n=94) of patients at the baseline stage of the study, reported some 

form of a dysmenorrhea severity symptom i.e. a score of ≥ 2, in comparison to 73% (n=75) of 

individuals who reported similarly at the six-month post treatment stage. Approximately 43% 

of individuals initially reported they suffered “most of the time” at the start of the study, 

however six-month post treatment a majority of women now reported only “some of the time” 

(34%) or “none of the time” (33%). There was therefore a definite shift of opinion of UL 

sufferers, from that of suffering “most of the time” to suffering “some of the time”, as well as 

improvement in the number of patients who stated that they did not suffer from any symptoms 

of dysmenorrhea.  

From the self-evaluation recorded data relating to dysmenorrhea in this study, dysmenorrhea 

remains a frequently reported symptom of South African UL sufferers, but can be perceived 

to be less frequently reported post USgHIFU treatment. The scoring system relating to 

dysmenorrhea, though still to be validated, provides a scale of severity which when applied, 

may aid clinicians with efficacy information relating to various treatment modalities. 

 

5.3 The UFS-QOL patient evaluation of outcomes following HIFU treatment 

The subjective self-assessment of well-being using the UFS-QOL tool, before and after the 

application of UL treatment modalities, ultimately provides and contributes towards the 

overall assessment of success and effectiveness of the particular treatment (15, 35-37, 60). 

The UFS-QOL questionnaire is simple, brief, able to be self-administered and most 

importantly provides meaningful and usable scores to assess the effectiveness of therapeutic 

interventions by assessing any changes in symptom distress and the impact on health-related 

quality of life changes in women (36). 
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In the current study, large mean change scores in all subscales of the UFS-QOL were noted 

demonstrating the degree of improvement of symptoms overall as well the severity of 

symptoms, six months post HIFU treatment from a strictly patient perspective. This was 

corroborated by reviewing the large effect sizes that were determined for all subscales. 

5.3.1 UFS or symptom severity subscale (SSS) 

The UFS or SSS assessed aspects relating to both menorrhagia (i.e. heavy bleeding during 

menstrual periods) and bulk-related symptoms (i.e. feeling fatigued, feeling tightness or 

pressure in the pelvic region as well as the frequency of urination felt during daytime and 

night times) using a transformed percentage scale, wherein a large score would indicate a 

worse symptom and greater impact on a symptom distress (36). Multiple research and clinical 

cohorts have reported on the outcomes of treatment modalities using SSS data. 

The mean baseline symptom severity scores (evaluation period prior to commencement of UL 

treatment modality) obtained in a variety of international studies have been reported and 

ranged from 64.8 (SD± 20.0) (60); 61.5 (SD ±14.7) (35); 61.7 (SD ± 15.2) (61);  51.6 (IQR 

42.2-65.6) (62); as well as a local South African Black women study 56.3 (SD ±16.7) (47). 

The women in this study reported a baseline symptom severity score of 54.8 (SD ±17.6) 

which is comparable to those reported as well as to the known SSS mean score of 

approximately 40 which typically is seen in women who suffer from symptomatic ULs versus 

healthy women, who register a score of approximately 20 (61, 63). 

Post treatment (at typically six-month and twelve-month assessment after treatment for UL) 

symptom severity scores, after the application of various UL treatment modalities, all 

displayed improvements:  International studies of 14.8 (SD14.0) (Non-HIFU treatments) (60); 

33.9 (SD ± 19.0) (MRgFUS treatment) (35); 37.7 (SD ± 21.2)(MRgFUS treatment) (61); 15.6 

(IQR 6.3-35.9) (non-HIFU treatment) (62); and  a local study 20.6 (SD ±14.2) (USgHIFU) 
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(47). The patients in this study showed an improvement after their USgHIFU treatment and 

recorded a symptom severity score of 23.5 (SD ±15.4) six months after the procedure. 

 Not all studies reported on the mean change score for SSS, which reflects an official 

improvement of symptom severity of individuals and also it is accepted that a standard 10- 

point improvement (as reflected in clinical data from validation studies) is considered 

significant (47, 61). In this study a mean change score of -31.3 and an effect size of -1.8 was 

determined, which compared favourably with international studies which reported a SSS 

mean change score -43.7 and effect size -2.18 (60) and -27.8 with effect size -1.87 (35). The 

SSS mean change score in this study population after USgHIFU treatment  at the six-month 

assessment, was similar or larger than that compared to international studies of women of 

African descent  (60, 62) and of previous local studies (47) therefore reaffirming the 

effectiveness of USgHIFU treatment on Black South African women. 

 

5.3.2 HRQL 

The HRQL aspect of the questionnaire dealt with 29 items comprising 6 domains: concern, 

activities, energy/mood, control, self-consciousness and sexual function (36). A high HRQL 

subscale score indicates a better indication of health related quality of life (35, 36). The 

HQOL score of the current study participants at baseline stage was 41.2 (SD± 19.7). This was 

very similar to a previous South African study of women who underwent USgHIFU treatment 

for ULs, showed a baseline QOL score of 41.3 (SD ± 21.2) (47); whilst a study  of American 

women undergoing treatment with MRgFUS for ULs had a baseline HRQL score of 46.8 

(SD± 18.3) (35) with a second American study of women undergoing various other forms of 

surgical treatments having a HRQL of 40.8 (SD ± 22.1) (60).  

Individually, the domains which seemed to most impact women’s lives at the beginning of the 

study was control (36.1± 21.7), energy/mood (39.4 ±22) and self-consciousness (39.8 ± 26.1). 
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This is in keeping with findings made in other studies (35, 36, 60). The control subscale asked 

questions related to feelings of controls over ones’ health, life, and future uncertainty whilst 

the energy/mood subscale includes aspect dealing with fatigue. Finally, aspects of self-

consciousness include the effects of the bulk symptoms on health-related quality of life 

including the related appearances of the stomach as well as bloating. Spies et al noted in their 

validation of the UFS-QOL questionnaire that the subscales of concern and control appear to 

be the most affected by symptoms followed by the activities and self-consciousness subscales 

(36). Likewise the study by Harding et al in the USA based study found that subscales self-

consciousness (39.3 ±26.8), concern (45.8 ± 26.2), and activities (46.9 ± 21.4) (35). To my 

knowledge, no other South African studies provided details of the individual subscale scores 

in women suffering from ULs. 

Patterns of perceived improvement were seen in all changes of the mean scores for all 

subscales six months post treatment in the current study, with a total HRQL score of 77 (SD ± 

16.9) at month six and a calculated change in mean score of 35.8 overall (with an effect size 

of 1.8). Similar findings were seen in other cohorts at the six months post treatment stage. In 

the earlier South African study, the QOL score at six-months post treatment was 73.4 (SD ± 

19.2) but with no reported mean change scores or effect sizes (47); the Harding et al study in 

their MRgHIFU treated American population showed a total HRQL score of 70.5 (SD ± 20.6) 

and a mean change score of 24.0 (with an effect size of 1.30) (35); and the final American 

study with multiple surgical interventions, reported a HRQL mean change score of 42.7 (with 

an effect size of 1.96) (60). Overall, the questionnaire seemed to be able to detect and record 

the improvement of in the quality health related aspects of women’s lives 6 months post 

USgHIFU treatment. 
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5.4 Limitations 

The translation of the UFS-QOL questionnaire was conducted verbally by the sister in charge 

of the HIFU unit. The translated version was not validated before use, and hence issues of 

inference and interpretation would need to be a considered as part of the answers provided 

and data recorded. 

The study suffered from a number of participants who failed to complete all aspects (i.e. in 

one or more quality of life questions) of the questionnaire at both pre and post treatment 

stages and hence their data had to be omitted from the study. It is recommended that in future 

the UFS-QOL questionnaire form part of the regular treatment protocol applied to all patients 

undergoing USgHIFU within the treatment unit and also that answers to questionnaire be 

capture electronically and filed. 

Limitations in the evaluation of the true statistical meaning of the data over multiple stages of 

assessment must be considered in future. Data was only gathered at the baseline and 6-month 

phase of the treatment stages and hence it was difficult to ascertain continued improvement 

over an extended period of time evaluated at regular intervals. 

No control or benchmark groups were utilised within this study and hence the no comparative 

effectiveness of the USgHIFCU technique could be made. 

 

6 Conclusion 

The current study highlights the patient perceived and self-assessed improvement in the 

severity of symptoms and various health related quality of life aspects of women who suffer 

from ULs pre- and post USgHIFU treatment. This therefore contributes positively towards the 
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evidence for the efficacy of the utilisation of USgHIFU treatment on South African Black 

women and helps to advocate it as a safe option in the treatment modality for ULs. 
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8.2 Appendix B 
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8.3 Appendix C 

Consent form: Use of clinical information  

 

Collection of data and questionnaire for study and research purposes 

 

 

Good morning, I am Dr………………………………………. 

 

The doctor has explained why you have been referred for High intensity focused ultrasound 

(HIFU) treatment for your fibroids and what this procedure entails. 

 

This is a new procedure in South Africa and it has been used in other countries for more than 

15 years. However, the long-term effects in South Africa are unknown. 

 

With time as the fibroid scar attempts to heal, it will start shrinking in size. As the fibroids 

shrink in size, it has been shown to reduce symptoms in women.  

 

Before the procedure, the information from your MRI, medical information and the 

questionnaire is entered into a clinical database. The database allows us to audit our work and 

review our treatment outcomes.  

 

The questionnaire will be done before the procedure and again at 1,3,6 and 12-month intervals 

by the same sister. This allows us to determine the change in symptoms in a uniform manner. 

It also provides information regarding the standard of care as well as the outcome of 

treatment.  

 

Both the clinical data, questionnaire information in the database is also used for research 

purposes. 

 

Research will only be performed after approval from the Human research ethics committee of 

the University of the Witwatersrand has been obtained. Any research performed using this 

data will be completely anonymous, that is, your identity will never be revealed. 

 

We would like your permission to use the questionnaire and enter your MRI information and 

clinical data. The clinical data includes age, parity, gravidity, race, hemoglobin level, 

contraception use, body mass index, co morbidities, pap smear result and previous surgeries. 

The MRI data includes location and number of fibroids, abdominal wall thickness, volume of 

uterus, volume of uterine fibroids, T1 and T2 signal intensity. 

 

Your treatment will not be different whether you agree to the information being put into the 

clinical database or not. There will be no benefit to you for being in the study and you may at 

any stage withdraw your consent to the use of your data.  

 

The risks of the procedure have been explained to which include skin burn, nerve or bowel 

injury.  

 

 

 

Should you wish to contact us regarding this consent then please phone the HIFU clinic at 011 

933 0368 
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Informed consent 

1. I hereby confirm that I have been informed by the doctor about the collection of data 

pertaining to my diagnosis, treatment and follow up. 
2. I have read, received and understood the above written information regarding research using 

my medical information 
3. I am aware that the results of the study, including personal details regarding my age, date of 

birth, initials and diagnosis will be anonymously processed into a study report. 
4. In view of the requirements of research, I agree that the data collected during the study can 

be processed in a computer system. 
5. I may at any stage withdraw my consent and participation in the study. 
6. I have had sufficient opportunity to ask questions and will participate in the study 
 

Patient signature:                                               

 

 

Date: 
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8.5 Appendix E 
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8.6 Appendix F 
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