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ABSTRACT

Background: High-intensity focused ultrasound (HIFU) is a promising non-invasive treatment

for uterine fibroids, offering effective management while preserving fertility.

Objective: This study assessed the effects of HIFU on pregnancy outcomes in women with
uterine fibroids at the Chris Hani Baragwanath Academic Hospital in Johannesburg, South

Africa.

Methods: A retrospective descriptive study was conducted on 160 reproductive-aged women
who underwent HIFU treatment between October 2015 and June 2022. Women intending to
conceive post-treatment were included, whereas those with contraceptive use or hysterectomy
after HIFU were excluded. The primary outcome was pregnancy status, and secondary
outcomes included miscarriage, delivery, and neonatal outcomes. Statistical analyses were
performed using STATA version 15.0, with chi-square tests to analyse pregnancy rates (p <

0.05).

Results: The pregnancy rate after HIFU was 33.8% (54/160) with 59 pregnancies. The
spontaneous pregnancy and delivery rates were 94.4% and 73.3%, respectively. There were 13
miscarriages (21.7%) and three ongoing pregnancies (5.0%). Among the 44 live
births, 8 (18.2%) were preterm, and 2.3% were early and late neonatal deaths. The average age
of women who conceived was 32.3 years, significantly younger than those who did not (36.2
years). Pregnancy rates were higher in women without chronic illnesses (38.1%) than in those

with a history of chronic diseases (21.4%).
Conclusion: While HIFU may be an alternative treatment for women with fibroids wishing to
preserve their fertility, this study underscores the need for further research with larger samples

to strengthen the evidence on HIFU's efficacy in this regard.

Keywords: Uterine fibroids, high-intensity focused Ultrasound (HIFU), Pregnancy
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ABSTRACT

Background: High-intensity focused ultrasound (HIFU) is a promising non-invasive treatment
for uterine fibroids, offering effective management while preserving fertility.

Objective: This study assessed the effects of HIFU on pregnancy outcomes in women with
uterine fibroids at the Chris Hani Baragwanath Academic Hospital in Johannesburg, South
Africa.

Methods: A retrospective descriptive study was conducted on 160 reproductive-aged women
who underwent HIFU treatment between October 2015 and June 2022. Women intending to
conceive post-treatment were included, whereas those with contraceptive use or hysterectomy
after HIFU were excluded. The primary outcome was pregnancy status, and secondary
outcomes included miscarriage, delivery, and neonatal outcomes. Statistical analyses were
performed using STATA version 15.0, with chi-square tests to analyse pregnancy rates (p <
0.05).

Results: The pregnancy rate after HIFU was 33.8% (54) with 59 pregnancies. The spontaneous
pregnancy and delivery rates were 94.4% and 73.3%, respectively. There were 13 miscarriages
(21.7%) and 3 ongoing pregnancies (5.0%). Among the 44 live births, 8 (18.2%) were preterm,
2.3% were early and late neonatal deaths. The average age of women who conceived was 32.3

years, significantly younger than those who did not (36.2 years). Pregnancy rates were higher


mailto:makhatheng@gmail.com

in women without chronic illnesses (38.1%) than in those with history of chronic illnesses
(21.4%).

Conclusion: HIFU may be an alternative treatment for women with fibroids wishing to
preserve their fertility. Early screening and treatment are recommended to enhance conception
chances, although further research with larger samples is needed to strengthen the evidence on

HIFU's efficacy in this regard.

Keywords: Uterine fibroids, high-intensity focused Ultrasound (HIFU), Pregnancy



BACKGROUND
Uterine fibroids, also known as myomas, are the most prevalent gynaecological condition,

affecting nearly 70% of women in their reproductive years [1]. These fibroids develop through
a complex interplay of factors, including reproductive, hormonal, genetic, and racial influences
and environmental factors [1-3]. Although they are benign tumours, about one-third of
individuals diagnosed, experience symptoms such as heavy menstrual bleeding, painful
periods, pelvic discomfort, and complications in pregnancy, like infertility and repeated
miscarriages [4—6]. For those experiencing symptoms or fertility issues related to uterine
fibroids, a range of treatment options is available.

The treatment of uterine fibroids depends on symptom severity, fibroid size and location, and
the desire to preserve fertility. Treatment options range from medical therapies to surgical
interventions and minimally invasive techniques [7-9]. Pharmaceutical interventions such as
gonadotropin-releasing hormone (GnRH) agonists and selective progesterone receptor
modulators (SPRMs) provide transient alleviation of symptoms; however, their utilization may
be unsuitable for women desiring to conceive, owing to their effects on reproductive function
and ovulation [8,9]. Invasive surgery techniques include hysterectomy and myomectomy. A
hysterectomy involves the total removal of the uterus, leading to the inability to conceive in
the future. [9,10]. Surgical myomectomy, considered the gold standard for fertility
preservation, effectively removes fibroids and restores uterine function but carries risks of
scarring and uterine rupture during pregnancy [9,10].

Recent advancements in minimally invasive techniques, such as uterine artery embolization
(UAE) and high-intensity focused ultrasound (HIFU), have expanded the available options for
women seeking to preserve their uteruses [9—11]. These methods focus on shrinking fibroids
and relieving symptoms while protecting the uterus and shortening recovery time compared to
surgical intervention [9,10]. However, HIFU, a non-invasive option, thermally ablates fibroids
without the surgical risks and helps preserve ovarian tissue, reducing the chance of ovarian
failure—an essential factor for women aiming to maintain their fertility associated with other
methods [12-16]. Conversely, UAE, which restricts blood supply to fibroids, might pose an
increased risk of ovarian insufficiency and adverse pregnancy outcomes, making it less ideal
for women who intend to be pregnant in the future [17,18].

Substantial research on HIFU has been conducted mainly in Asia, Europe, and North America
[15,16,19,20]. These studies highlight a significant gap in our understanding of HIFU safety,
efficacy, and effects on pregnancy outcomes within African communities. The biological and

clinical fibroid burden may vary in Africa compared to the aforementioned regions [2,19,21].



Current evidence indicates that HIFU is feasible, safe, and effective for managing symptomatic
and multiple uterine fibroids in South Africa [21,22]. However, additional research is necessary
to understand the effects of HIFU treatment on fertility and pregnancy outcomes in this region.
This research addressed this gap by assessing the effects of HIFU treatment on pregnancy

outcomes in women with uterine fibroids.

METHODOLOGY

A retrospective descriptive study with interviews was conducted involving women of
reproductive age with symptomatic uterine fibroids who underwent HIFU therapy at the Chris
Hani Baragwanath Academic Hospital (CHBAH), Johannesburg, South Africa. The study
received approval from the Human Research Ethics Committee (HREC) Medical at the
University of Witwatersrand. Authorization to access patient records and perform the study was
secured from the head of the Obstetrics and Gynaecology Department and the Medical
Advisory Committee at CHBAH, respectively.

The medical records of 551 women who underwent HIFU treatment between October 2015
and June 2022 were retrieved from the Obstetrics and Gynaecology Clinic of CHBAH. Medical
records were reviewed to extract patient contacts, who were then reached by telephone and
invited to join the study. Those who agreed to participate indicated a desire for pregnancy after
HIFU treatment and were not using contraceptives. Exclusion criteria encompassed individuals
who did not respond to follow-up telephone calls and those who reported a history of
hysterectomy or contraceptive use after HIFU treatment. The flowchart (Figure 1) delineates

the exclusion criteria, and the final sample size used for the analysis.
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Figure 1. Flow chart showing the exclusion criteria

Data were collected using a paper-based, pre-developed questionnaire in English. The
interviews were conducted telephonically due to Covid-19 restrictions. Data collected included
age at the time of treatment, primary reason for HIFU, history of chronic illness, obstetric
history including gravidity and parity before HIFU, history of uterine surgeries, pregnancy

approach, and pregnancy outcomes (pregnancy status, history of miscarriage post-HIFU, and

delivery information).

Pregnancy status after HIFU treatment was the primary outcome of this study, and secondary
outcomes included a history of miscarriage, delivery information (preterm or full-term), and
neonatal outcomes (alive or dead). The other variables were used as independent variables. The

de-identified collected data were then captured using Research Electronic Data Capture

(REDCap) web application, a password-protected research database.




Treatment procedures

Prior to HIFU ablation treatment, all patients presenting at CHBAH, Johannesburg, South
Africa underwent contrast-enhanced magnetic resonance imaging (MRI) to evaluate the
fibroids and ascertain their number, size, location, and volume [22]. The methodological details
pertaining to the pretreatment procedures involving contrast-enhanced MRI, preparation for
HIFU treatment, and HIFU ablation treatment protocol have been previously documented in a
study conducted by He et al. among patients who underwent HIFU treatment at CHBAH [22],
which serves as the identical study site for the present investigation. The HIFU procedure
utilized the Model JC Focused Ultrasound Tumour Therapeutic System JC200 HIFU,
Chongqing Haifu (HIFU) Tech Co., Ltd., Chongqing, China), with microwave emission output
power adjusted to 200-400W [22]. This was performed under ongoing real-time ultrasound
supervision while patients remained under intravenous conscious sedation [22]. Patients were
monitored for four hours post-treatment, prior to discharge. Post-treatment instructions
included the use of contraceptives for three months and abstinence from sexual intercourse

until after menstruation [22].

Statistical analysis

Data were exported from REDCap to STATA version 15.0 for data cleaning, organisation, and
statistical descriptive analyses. Measures of central tendency and dispersion were used to
summarize continuous variables like age. In normally distributed data, results are shown as the
mean with standard deviation (SD). When data is not normally distributed, findings are
reported as the median and range. Categorical variables are presented as absolute values and
percentages. A T-test analyses the differences in mean ages based on pregnancy status at the
time of treatment. The difference in pregnancy rates by independent variables was analysed

using the Chi-square test, with statistical significance determined at P < 0.05.

RESULTS

Characteristics of the participants who received HIFU treatment
Total of 160 women met the inclusion criteria:
e 85 previously pregnant, 64 of which ended with miscarriages.

e 154 opted for natural methods of conception and 6 ART



e 54 women fell pregnant, resulting in 59 pregnancies, this is inclusive of 1 set of twins.

e Pregnancy rate: 54/160

e 44 livebirths and 13 miscarriages

e Out of the 44 pregnancies: 8 preterm and 2.3% NND (early and late)
The analysis included 160 women who expressed a desire to conceive after undergoing HIFU
treatment (Table 1). Consent was obtained telephonically and documented on RedCap. Their
average age was 34.9 (5.4) years (range, 22 — 45 years) at the time of treatment, with 83 (51.9%)
being 35 years of age or older. Approximately half of women were diagnosed with
nulligravidae. Of the 85 women who had previously been pregnant, 64 (75.3%) had a history
of miscarriages. Forty-one patients (25.6%) had a history of uterine surgery and 42 (26.3%)
had a history of chronic illness. Of the 41 patients with a history of uterine surgery, 13 (31.7%)
and nine (22.0%) had a history of caesarean section and myomectomy, respectively. Among
the 42 patients who reported a history of chronic illness, 29 (69%) had HIV infection and seven
(16.6%) had hypertension.

Pregnancy, birth, and neonatal outcomes post HIFU treatment

The pregnancy rate among 160 women was 33.8% (54/160) post HIFU treatment (Table 2).
Data of time between HIFU treatment and delivery was not collected. Of the 54 women who
conceived, 50 (92.6%) had one pregnancy, 3 (5.5%) had two pregnancies each, and 1 (1.9%)
had three pregnancies, resulting in a total of 59 pregnancies. Of these 59 pregnancies, 58
(98.3%) were singleton and one (1.7%) was a twin, yielding 60 expected infants at delivery. Of
the 60 expected infants, 13 (21.7%) had miscarriages and 3 (5.0%) were pregnant (at the time
of data collection). Among the 44 live births, eight (18.2%) were preterm. At the time of data
collection, 42 (94.4%) live-born infants were still alive, while two (4.6%) resulted in early and

late neonatal death, of which one was a preterm birth.



Table 1:Patient's characteristics (N=160)

Variables N (%)
Age, years (mean sd, range) 349 (5.4), (22 -45)
Obstetric History

Nulligravida (Gravidity = 0) 75 (46.9)

Gravida > 1 85(53.1)
History of miscarriage before (n=85)

No 21 (24.7)

Yes 64 (75.3)
Diagnosis

Fibroids 158 (98.7)

Fibroids & Adenomyosis 2 (1.3)
HIFU treatment cycles

1 151 (94.4)

2 9(5.6)
History of uterine surgery

No 119 (74.4)

Yes 41 (25.6)
History of Chronic Illness

No 118 (73.7)

Yes 42 (26.3)
Pregnancy approach

Spontaneous conception method (natural) 154 (96.3)

Assisted reproductive therapy (ART) 6 (3.7

HIV: Human immunodeficiency virus. HIFU: high-intensity focused ultrasound. Sd: Standard deviation from the mean.

Table 2: Pregnancy, birth, and neonatal outcomes post HIFU treatment

Variables N (%)
Pregnancy status (n =160)
No 106 (66.3)
Yes 54 (33.7)
Gravidity post HIFU* (n =54)
Gravida 1 50 (92.6)
Gravida 2 3(5.9)
Gravida 3 1(1.9)
Pregnancies (n=59)
Singletons 58 (98.3)
Twins 1(1.7)
Birth outcomes (n =60)
Miscarriages 13 (21.7)
Live births 44 (73.3)
Current pregnancies 3(5.0)



Live births (n=44)

Preterm 8(18.2)

Full term 36 (81.8)
Live births (n=44)

Alive 42 (94.4)

Early neonatal death 1(2.3)

Late neonatal death 1(2.3)

‘Number of pregnancies post HIFU did not include the number of pregnancies before HIFU.

Pregnancy rate post HIFU treatment

Of the 54 women who conceived, 5.6% (3.0) were 40 years and older and 40.7% (22.0) were
previously nulliparous (Table 3). Of the 64 women with a history of miscarriages, 35.9% (n =
23) conceived. Among the pregnancies, 72.2% (39.0) had no history of uterine surgery, 14.8%
(8.0) had a history of “other uterine surgeries,” 7.4% (4.0) had a history of caesarean section,
and 3.7% (2.0) had a history of myomectomy. Regarding the history of illness, 16.7% (9.0) of
those who conceived had a history of chronic illness. Of these pregnancies, 94.4% (n = 51)

were achieved through spontaneous conception.

Comparative analysis of pregnancy outcomes post-HIFU
The average age of the 54 pregnant women was 32.3 (4.9) years (range: 22—42 years) at the

time of treatment initiation vs 36.2 (5.1) years (range: 23 — 45 years) of 106 women who did
not get pregnant. The differences in the average age between the two groups were statistically
significant (P <0.01, P=0.000, respectively) (Table 4). Moreover, when using age groups, the
rate of pregnancy differed significantly across age groups, with a higher number of women
aged < 30 years in the pregnant group than in the non-pregnant group (18.0, 58.1% vs. 13.0,
41.9%), whereas among those aged > 35 years (n= 83), 18 (21.7%) conceived. The pregnancy
rate was significantly higher among women without a history of chronic illness than among
those with a history of chronic illness (38.1%, 45/118 vs. 21.4%, 9/42, P <0.05, P =0.049).

Pregnancy rate did not differ significantly according to obstetric history, history of miscarriage,
history of uterine surgery, or pregnancy approach. Although not statistically significant, the
results showed a higher pregnancy rate among those who reported a history of pregnancy
before HIFU treatment than among their counterparts (nulligravida) (37.4%, 32/85 vs. 29.3%,
22/75, P>0.05, P=0.267). Those with a history of miscarriage had a lower pregnancy rate than
those without history of miscarriage (35.9%, 23/64 vs. 42.9%, 9/21, P>0.05, P= 0.570). Lastly,



the pregnancy rate was higher in those with a history of uterine surgery than in those without a

history of uterine surgery (66.7%, 8/12 vs. 32.8%, 39/119).

Table 3: Rate of pregnancy across characteristics of women who fell pregnant Post HIFU (N=54)

Variables N (%)
Age, years

<30 18 (33.3)

30-34 18 (33.3)

35-39 15(28.3)

>=4() 3(5.6)
Obstetric History

Nulligravida (Gravidity = 0) 22 (40.7)

Gravida > 1 32(59.3)
History of miscarriage before (n=32)

No 9(28.1)

Yes 23(71.9)
Diagnosis

Fibroids 54 (100)

Fibroids & Adenomyosis 0(0.0)
HIFU treatment cycles

1 50 (92.6)

2 4(7.4)
History of uterine surgery

None 39 (72.2)

Myomectomy 2(3.7)

Caesarean Section 4(7.4)

Laparotomy in ectopic pregnancy 1(1.9)

Other Uterine Surgeries 8 (14.8)
History of Chronic Illness

No 45 (83.3)

Yes 9 (16.7)
Pregnancy approach

Spontaneous conceptive method (natural) 51(94.4)

Assisted reproductive therapy (ART) 3 (5.6)

Caesarean Section 4 (7.4)

Laparotomy in ectopic pregnancy 1(1.9)

Other Uterine Surgeries 8(14.8)
History of Chronic Illness

No 45 (83.3)

Yes 9 (16.7)
Pregnancy approach

Spontaneous conceptive method (natural) 51(94.4)

Assisted reproductive therapy (ART) 3 (5.6)

10



Table 4: Comparative analysis of pregnancies outcome post HIFU (N=160)

Pregnant After HIFU (N=160)

Variables N NO (N= 106) YES (N=54) P. value
Age (mean, sd, range) 349(54) 36.2 (5.1), (23 —45) 32.3(4.9), (22 -42) <0.001
Age, years

<30 31 13 (41.9 18 (58.1) <0.001
30-34 46 28 (60.9) 18 (39.1

35-39 48 33 (68.7) 15(31.3)

>=40 35 32 (91.4) 3 (8.6)

Obstetric History

Nulligravida (Gravidity = 0) 75 53 (70.7) 22 (29.3) 0.267
Gravidity >1 85 53 (62.4) 32 (37.4)

History of miscarriage (n=85)

No 21 12 (57.1) 9(42.9) 0.570
Yes 64 41 (64.1) 23 (35.9)

Diagnosis

Fibroids 158 104 (65.8) 54 (34.2) 0.310
Fibroids & Adenomyosis 2 2 (100.0) 0(0.0)

HIFU treatment cycles

1 151 101 (66.9) 50 (33.1) 0.485
2 9 5(55.6) 4 (44.4)

History of uterine surgery

None 119 80 (67.2) 39 (32.8%) 0.171
Myomectomy 9 7 (77.8) 2(22.2)

Caesarean Section 13 9 (69.2) 4(30.8)

Laparotomy in ectopic pregnancy 6 5(83.3) 1 (16.7)

Laparoscopy in ectopic pregnancy 1 1 (100.0) 0(0.0)

Other Uterine Surgeries 12 4(33.3) 8 (66.7)

History of Chronic Illness

No 118 73 (61.9) 45 (38.1) 0.049
Yes 42 33 (78.6) 9(21.4)

Pregnancy Approach

Spontaneous conception 154 103 (66.9) 51 (33.1) 0.391
Assisted Reproductive Therapy 6 3 (50.0) 3 (50.0)

**Statistically significant (p<0.05)

DISCUSSION

This study describes pregnancy outcomes amongst women with fibroids and associated factors

in women of reproductive age at CHBAH. The results demonstrated that women with uterine

fibroids who aspire to have children can successfully achieve full-term pregnancies via natural

11



conception following HIFU treatment. However, the possibility of conception decreases with
age, with women above 40 years less likely to conceive than younger women.

In this study, the pregnancy rate was 33.8%, recorded as 59 pregnancies among 54 women.
This result is consistent with previous studies, which report rates ranging from 19.2% to 74.3%
(14,23-27), supporting the use of HIFU as a fertility-preserving treatment. The observed rate
was higher than the 19.2% noted by Zou et al. [24], and lower than that reported by Liu et al.
(46.6%), Li et al. (69%), and Wu et al. (74.3%) [23,25,26]. Nonetheless, it aligns closely with
the findings of Rodriguez et al. (34%) and Li et al. (35%) [14,27]. Compared to myomectomy
studies, the pregnancy rate after HIFU (33.8%) is notably lower than the 62.2% to 80.0% seen
in those studies [25-28]. Notably, most pregnancies (94.4%) in this research occurred
spontaneously, which is in line with the results of other HIFU studies (82.0% to 95.4%)
[12,23,25-29]. Despite some variation in pregnancy rates, consistency across studies suggests
that HIFU has a minimal impact on fertility outcomes, potentially preserving or even improving
reproductive capabilities in treated patients.

This study observed a delivery rate of 73.3% alongside a spontaneous abortion rate of 21.7%
after HIFU treatment, with 18.2% of deliveries being preterm. The higher delivery rate
indicates that HIFU may facilitate live births, as 94.4% of the 44 live births remained alive
during the data collection period. These results are consistent with the findings of other HIFU
studies, although some variations exist. For instance, Rodriguez et al. noted a lower delivery
rate of 61% [27], while Li et al. reported a rate of 70% [23]. Some studies indicated even higher
delivery rates, ranging from 84% to 95% [12,25,27].

While the results were generally positive, two significant concerns were noted: the higher
spontaneous abortion rate (21.7%) compared to other studies (8% to 19%) [23,25,26,29,32]
and the elevated preterm delivery rate (18.2%), surpassing the range reported in other HIFU
studies (2% to 9%) [23,25-28]. However, the rates of spontaneous abortion and preterm
delivery in our study closely resemble those seen in myomectomy studies (21.0% to 29.0% and
5.0% to 8.0%, respectively) [12,26,28,30,31]. Although these rates align more closely with
myomectomy outcomes, it is essential to further explore whether the higher incidence of both
spontaneous abortion and pre-term births are directly linked to HIFU treatment or affected by
other factors, such as maternal age or fibroid location. Notably, there is an association between
a history of pregnancy loss and spontaneous abortion following HIFU in this study, where
53.8% of women who experienced miscarriage had a prior history of miscarriages. Li et al.
found a similar trend, with 76.5% of post-HIFU miscarriages occurring in women with a

history of spontaneous abortions [23]. Thus, the increased risk of spontaneous abortion and
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preterm delivery highlights the importance of considering a patient’s obstetric history when
advising on pregnancy outcomes post and close monitoring during pregnancy post-HIFU
treatment.

The variability in reported outcomes across studies, such as delivery rates (61%—-95%),
spontaneous abortion rates (8%—39%), and preterm birth rates (2%—18%), may reflect
differences in patient characteristics, comorbidities, HIFU treatment parameters, study design,
and follow-up periods in these studies [12,14,23,25-29,32]. Despite some variations in
outcomes, HIFU treatment appears to offer a balance between preserving fertility and
managing uterine fibroids, with relatively high delivery and manageable spontaneous abortion
rates [12,23,25,26,29,32]. Moreover, while HIFU may improve fertility and manage uterine
fibroids, the increased risk of spontaneous abortion and preterm delivery requires careful
monitoring and follow-up care to optimize the outcomes.

The findings from this descriptive study suggested a potential association between age and the
presence of chronic illnesses with pregnancy rates. Meanwhile, factors such as obstetric history,
miscarriage history, prior uterine surgeries, diagnosis, the timing of HIFU treatment, number
of HIFU treatment cycles, and the method of pregnancy did not show a significant impact on
pregnancy rates within this research.

The study showed that younger women and those free from chronic conditions experienced
significantly higher pregnancy rates following HIFU compared to their counterparts. Age
emerged as a crucial element, with younger women demonstrating better odds of conception
than their older counterparts. The average age for women who achieved pregnancy was 32.3
years, contrasting with 36.2 years for those who did not conceive. Significantly, more than half
(58%) of the women under 30 successfully became pregnant after undergoing HIFU, whereas
pregnancy rates for older groups fell below 50%. Previous studies also support these findings,
emphasizing age's impact on pregnancy outcomes [23,27]. For example, Rodriguez et al. found
a lower pregnancy rate (34%) in women with a mean age of 37 years [27], whereas Li et al.
reported a higher pregnancy rate (69%) in younger women with a mean age of 31 years [23].
These differences emphasize the significant role of age in fertility and pregnancy outcomes
after HIFU treatment.

Moreover, the study showed that older women, particularly those over 35 years, experienced
reduced pregnancy rates, suggesting a decline in fertility with age. This aligns with Rodriguez
et al.’s observation that fertility declines after age 32 years [23,27]. The results suggest that
younger women seeking fertility preservation may benefit most from HIFU treatment, whereas

older women, especially those aged > 35 years, may have lower success rates. Early diagnosis
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and treatment of uterine fibroids in women under 30 years of age could increase their chances
of conception, and healthcare providers should prioritize fertility education and interventions
for women in their late 20s and early 30s.

On the other hand, the potential benefits of HIFU for fertility preservation prompt questions
regarding its effects on pregnancy rates, especially in women with preexisting conditions.
Women with a history of chronic illnesses had lower pregnancy rates, highlighting the
importance of thorough pre-treatment assessments to predict treatment outcomes. Moreover,
the finding highlights the need for tailored post-treatment care and monitoring of women with
comorbidities to improve conception and pregnancy success rates. Further research is needed
to explore the impact of chronic illnesses on fertility outcomes after HIFU, and the long-term

effectiveness of HIFU in women with various comorbidities.

STRENGTHS AND LIMITATIONS OF THE STUDY

This study was the first to evaluate the effects of HIFU treatment on pregnancy, birth, and
neonatal outcomes in South African women with uterine fibroids. However, the retrospective
design and small sample size of the study limit the generalizability of the results. Future
research should adopt a prospective design with a larger participant pool to improve the
reliability. Additionally, factors such as fibroid characteristics (size, number, and location), time
to pregnancy post-treatment, infertility history, and prior uterine surgeries, which are crucial
for understanding reproductive outcomes, were not considered. To strengthen the evidence,
future studies should incorporate these variables, standardize HIFU techniques, and include
more comprehensive data collection. Despite these limitations, this study highlighted the

potential of HIFU as a fertility-preserving treatment for fibroids.

CONCLUSION

This study indicates that women with uterine fibroids may achieve successful pregnancies
through spontaneous conception following HIFU treatment. However, when counselling
women on pregnancy outcomes post-HIFU, it is essential to consider age and the history of
chronic illnesses. Additionally, to enhance the chances of conception after HIFU treatment,
uterine fibroid screening programs should target women at a younger age. Nonetheless, more
comprehensive studies are necessary to identify and analyse the various factors that may

influence pregnancy outcomes after HIFU treatment, including comorbidities.
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Appendix A: Data Sheets

Demographics

HIFU Data Collection
Page 1

Record ID

Age at recieving HIFU

Date of HIFU treatment

Gravidity before HIFU

Parity before HIFU

Diagnosis (Fibroids=1 Adenomyosis=2)

O 1. Fibroids
O 2. Adenomyosis
O 3. Fibroids and Adenomyosis

HIFU treatment indication

[J AUB-L

[J Chronic pain/Dysmenorrhea
[] Pressure Symptoms

[J Aesthetic Mass

[J Infertility

[J Recurrent Miscarriages

Cycles of HIFU

Previous uterine surgeries

[] None

[J Myomectomy

[[] Caesarean Section

[[] Laparoscopy for ectopic pregnancy
[J Laparotomy for ectopic pregnancy
[] Others

Chronic illnesses

[] None

] HIV

[] Diabetes mellitus
[J Hypertension

[] Other

Tubal Patency

22-04-2024 19:49

O Both patent

O One tube blocked
O Both tubes blocked
O Not tested

projectredcap.org *EDCap’
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HIFU Data Collection

Page 1

Pregnancy Outcomes post HIFU
Record ID
Did you fall pregnant after HIFU O Yes

O No
If No, were you on birth control O Yes

O No
Did you want to fall pregnant O Yes

O No
Did you use any form of assisted reproduction for you QO Yes
to fall pregnant e.g IVF? O No
If yes, type of assistance

IVF Artificial Donor egg Embryo transfer Other
insermination

Assistance type O O O O O
Did you have a miscarriage? QO Yes

O No
If yes, how many weeks were you?

Less than 13 weeks (1-3 months) 14 to 24 weeks (4-6 months)

Gestational age O O

Gestational age at delivery beyond 24 weeks

24-28 weeks (6-7 28-32 weeks (7-8 32-36 weeks (8-9  36-40 weeks 40 weeks plus

months) months) months) (9-10 months) (More than 10
months)
How many weeks/months were O O O O O
you at delivery
Pregnancy outcomes
Live baby Still born Early neonatal death  Late neonatal death

Pregnancy beyond 24 weeks O O @) O
Are you currently Pregnant O Yes

O No
22-04-2024 19:55 projectredcap.org %EDCap"
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LIST OF ABBREVIATIONS

CHBAH: Chris Hani Baragwanath Academic Hospital

Fibroids: Uterine Fibroids

HIFU: High intensity focused ultrasound

HSG: Hysterosalpingogram

IQR: Inter-quartile range

MRgFUS: Magnetic Resonance guided focused ultrasound

MRgHIFU: Magnetic Resonance Imaging guided High intensity focused ultrasound
UAE: Uterine artery embolization

USgHIFU: Ultrasound-guided high intensity focused ultrasound

WHO: World Health Organization
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INTRODUCTION

High intensity focused ultrasound (HIFU) is a non-invasive mode of management for
tumours and is relatively new. The principle was introduced in 1942(1). It uses focused
ultrasound energy to induce coagulative necrosis in the target tissue while sparing adjacent
vital structures (1). In gynaecology, it has been adopted as a non-surgical and uterine
protective option for women looking for options other than hysterectomy and myomectomy,
for leiomyomas and adenomyosis(1). To-date it has been used to treat symptomatic fibroids,
such as abnormal uterine bleeding and dysmenorrhoea, however the question remains as to
how effective HIFU is as a treatment for infertility and if there are adverse pregnancy

outcomes.

There are about 48 million couples and 186 million people affected by infertility in the world.
(2). Infertility is defined by the failure to become pregnant after a period of one year or more
of regular unprotected sexual intercourse (2). WHO classifies infertility into two categories;
when a couple has never gotten pregnant is termed as primary infertility and when pregnancy

had been achieved before despite the outcome of the pregnancy as secondary infertility (2)

Infertility in women may be caused by structural and non-structural causes. The structural
causes may include disorders of the fallopian tubes, which are the most common reasons for
infertility, occurring in about 35-40% of cases, uterine fibroids and adenomyosis are also
commonly implicated as causes of infertility, as well as structural abnormalities of the

cervix(3). Ovarian causes are another significant contributory factor (3). Genital tract
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infections which are sexually transmitted are the most common cause of infertility, which

affects both men and women (4,5).

Leiomyomata, known commonly as fibroids, are benign monoclonal tumours arising from
smooth muscle cells of the uterus. They constitute of collagen and fibrous tissues. Fibroids
are the most common tumours, occurring in women of reproductive age and they are found
frequently in patients with infertility (6). Fibroids are categorized by their anatomical location
as no classification includes other parameters such as their size and number (6). According to
Dobherty (2014), the fibroids’ location within the uterus has an important role on their fertility
effects (7).

Some women in reproductive age also suffer adenomyosis which is characterized by the
presence endometrial glands and stroma within the myometrium, thus enlargement of the
uterus. It can present with no symptoms or be symptomatic giving rise to frequently

menorrhagia, dysmenorrhea, and infertility (8).

This study aims to assess the pregnancy outcomes in patients who received HIFU at CHBAH
from 01 October 2015 until 30 June 2022 with an indication of fibroids and adenomyosis. We
believe that it may show a trend towards increased pregnancy rates in such patients and thus

may contribute to the knowledge pool, regarding HIFU uses in South Africa.

LITERATURE ANALYSIS

The prevalence of fibroids varies from 5.4% to 77% in different races. Independently they are
associated with infertility and cause 1-2.4% of cases of infertility and 7% of recurrent
miscarriages(9). It is also noted that, miscarriage rate in women with fibroids is 20-30%

higher than those without fibroids (5).
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Fibroids have a negative effect on fertility as they distort the endometrial cavity by
obstructing the cervical canal, or obstruction of the tubal ostia. Doherty 2014 goes on to state
that in vitro fertilization (IVF) pregnancy rates in women with endometrial cavities distorted
by myomas are lower than those not affected. In studies comparing infertile women without
myomas, and those with submucosal myomas it was found that those with fibroids have very
low pregnancy rates, and poor pregnancy outcomes(7).

Other changes brought about by fibroids in the uterus may include increased contractility of
uterus, impairment of supply of blood to the endometrium, and chronic inflammation of the
endometrium (6). Glandular atrophy and ulceration are the commonest histological changes
attributed to fibroids affecting the endometrium. Zepiridis 2016 says that fibroids may cause
paracrine molecular effects on the adjacent endometrium, this is to say, secretion of
vasoactive amines and local inflammatory substances capable of negative effect on
fertility(10).

As already discussed above adenomyosis causes enlargement of uterus which
microscopically reveal ectopic, non-cancerous, endometrial glands and stroma surrounded by
hypertrophic and hyperplastic myometrium (8). Adenomyosis has adverse effect on a
woman’s quality of life and on fertility of women of childbearing age, but the treatment for
this disorder still poses a challenge for the gynaecologist.

Shue et al, (11)suggest that women with more than six fibroids removed had less chances to
become pregnant, more likely to require fertility treatment, and had reduced chances of having
a term birth when compared with women with six or less removed fibroids. Even though the
literature suggests the improvement of fertility with myomectomy (11), Shue et al believes that
this is not necessarily true for women who have myomectomy for more than 6 fibroids. An

increased number of fibroids excised is associated with increased blood loss during
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myomectomy (11), thus increased risk of surgical complications from myomectomy. Cases
with high fibroid numbers, may outweigh the fertility benefit.

Uterine artery embolization (UAE) can reduce the fibroid symptoms by significantly
reducing the fibroid volume, but the risk of ovarian failure should be considered carefully in

women who wish to maintain fertility (12).

HIFU started receiving significance in the 1980°s and of recent, it is used in the management
of uterine fibroids and adenomyosis (1). The safety, effectiveness, and high acceptability of
patients to HIFU has been shown by various research groups (1).

HIFU constitute of numerous ultrasound beams produced by piezoelectric or piezoceramic
transducers directed into a three-dimensional focal points small volume of 5Smm in diameter
and 10 mm in length. The intension is to increase and maintain temperature of more than
60°C for more than 1 second or longer at the target tissue thus causing, coagulative necrosis
and cell death. “Synergistically, mechanical effect mostly by cavitation (intracellular water
expands and contracts under the influence of acoustic pressure and develops microbubbles,
which collapse and produce shock waves), and damaging effect to tumour blood vessels, also
contribute to tissue destruction”(13). In the process of ablation, the HIFU beam must be
targeted and monitored under image guidance either by ultrasound or magnetic resonance
(13).

Ultrasound-guided HIFU is different from MRI-guided HIFU MRgFUS/MRgHIFU in that it
is silent and does not require the patient to be closed in a confined space(1). During the
procedure, the patient lies prone, with their abdomen submerged in a reservoir of cold,
temperature regulated, degassed water, which allows for an enhanced acoustic window and at

the same time reducing the risk of skin burns (1)(14).
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A nurse and an anaesthetist sit close to the patient, throughout the procedure. The patient can
comfortably communicate with the health care workers. Compared to MRgFUS/MRgHIFU,
USgHIFU is less costly (14).

The current agreement amongst HIFU doctors suggests that HIFU treatment for fibroids and
adenomyosis could be a safe alternative to surgical intervention or UAE for females who
wish to conceive, but there is limited evidence to support this (15). It also noted that this non-
invasive HIFU treatment shortens the treatment to pregnancy interval after HIFU
ablation(16). In a study conducted in 2016, by Zepiridis patients who had adenomyosis and
wished to conceive showed high pregnancy and live birth rates post HIFU treatment.

IN OUR SETTING

HIFU is offered to women up to 45years old with a uterine size of less than or equal to 18
weeks. There should be a sonar confirmation of fibroids, a recent Papanicolaou smear (pap
smear) and a Z-sample for abnormal uterine bleeding patients, 40 years or more.
Contraindications to HIFU in our setting include haemoglobin of less than 8, any abnormal
pap smear, clinically unstable patients, large fibroids with a height of fundus of more than
18weeks, central obesity (subcutaneous fat) more than 6-7 cm.

Symptoms included in our HIFU pre-treatment chart include, heavy menstrual bleeding,
dysmenorrhea, pelvic pressure (bladder symptoms, constipation) and lastly infertility. About
500 women went through HIFU in CHBAH between 01 October 2015 and 30 June 2022.
Fibroids have conventionally been treated by medical treatment, uterine artery embolization,
myomectomy, and or hysterectomy.

STUDY AIM

To assess pregnancy rates and outcomes post treatment with HIFU in patients treated for

fibroids and adenomyosis from 01 October 2015 to 30 June 2022.
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OBJECTIVES
(1) To describe the sociodemographic and clinical characteristics of patients, treated
with HIFU at CHBAH
(i1) To describe the incidence of pregnancy and the pregnancy outcomes, in all
patients who underwent HIFU for uterine fibroids in CHBAH.
(ii1)To determine the incidence of pregnancy amongst patients who received HIFU,

whilst having an infertility indication.

METHODS

STUDY SITE

The study will be conducted in CHBAH, Johannesburg, South Africa. The hospital is the
largest in the Wits circuit and the only one with a HIFU unit, in that regard, patients are
transferred from the other hospitals to CHBAH for HIFU. Data from 01 October 2015 and 30
June 2022 will be analysed in this study. Currently, 572 patients have gone through this
procedure for different conditions.

STUDY DESIGN

Retrospective study that will involve reviewing patient files and data base maintained at the
HIFU unit from the selected study period that is between 01 October 2015 and 30 June 2022.
STUDY GROUPS

Women of childbearing age with infertility indication who have been treated with HIFU will
be selected from the data base. The data will then be analysed to select patients had uterine
fibroids and or adenomyosis with either primary or secondary infertility.

RECRUITMENT STRATEGY

Patients will be selected from the HIFU database at CHBAH. The database has recorded

all treatments from 01 October 2015 to date. Patient files will be assessed for suitability
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for inclusion in the study, after which the patients will be contacted telephonically and

informed consent obtained, with an offer to participate in the study.

INCLUSION CRITERIA
1) All patients of childbearing age who received HIFU up to 45yrs of age
2) Patients who conceived naturally
3) Patients who had Invitro fertilization (IVF)
EXCLUSION CRITERIA
1) Patients who were sterilized prior to treatment.
2) Patients who are unable to fill the questionnaire our in English, Tswana or Zulu.
DATA COLLECTION
The data in the RedCap database will be exported and uploaded into a Stata 15.0® data
analysis file. Data will be cleaned by running frequencies and tabulations in order to check
for errors and, if present, correct any using the source data.
DATA ANALY SIS AND STATISTICS
(1) Sociodemographic and clinical characteristic of patients treated with HIFU at
CHBAH: Simple descriptive analysis will be conducted. Categorical variables will
be described using frequencies and percentages, whilst continuous variables will
be described using means (with standard deviations) for parametric data and

medians (with inter-quartile range [IQR]) for non-parametric data.

(ii))  Describe the incidence of pregnancy among the patients who underwent HIFU
treatment at CHBAH: Incidence will be computed by dividing the number of new

pregnancies by the total number of women who agreed to participate in the study.

(iii)  Determine the incidence of pregnancy among patients who underwent HIFU

treatment for infertility reasons: Incidence will be computed by dividing the
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number of new pregnancies by the total number of women who underwent HIFU

treatment for infertility indication and have agreed to participate in the study.

All data analyses will be conducted in Stata 15.0® (StataCorp, 4905 Lakeway Drive, College
Station, Texas 77845 USA).

ETHICS

a) Ethics clearance for the study will be applied for with the University of the Witwatersrand
Health Research Ethics Committee.

b) The study will be conducted with patient identification data being completely confidential,
known only to the researcher.

c) Patient identifiers such as names or hospital and file numbers will be kept separate from
the data sheet.

d) A study number will be allocated to patients used in the study.

The study will be registered in the National Health Research Database.

Permission from the head of the HIFU unit, the HOD of obstetrics and gynaecology and CEO

of CHBAH to use data base will be acquired.
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TIMING

FUNDING
The study will be funded solely by the researcher to cover costs of printing materials,
stationery, and basic miscellaneous goods. Upon completion for publication funding will be

applied for at Wits university.

ITEM COST

Printing data sheet R500 (R1 per sheet)

Printing dissertation R500 (R1 per sheet)

Airtime for calling patients R504: (Smin pre patient x 500n=2500min)

2500min/60min=42hours of calling patients

Vodacom R12/hrx24hrs=R504

Statistical Analysis Aid R4000
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Publication R7000 (according to SAMJ)

Total R12,504-00

POTENTIAL BIAS AND LIMITATIONS

There may be difficulties retrieving all the required files due to loss or misplacement.
Patients may not be contactable on numbers provided on the file.

CONCLUSION

My proposed study is one that has not been done before in the Wits circuit. I feel it carries
relevance in that it will provide new insight into the use of HIFU and pregnancy outcomes,
while appreciating the non-invasiveness of this procedure. This new knowledge will
contribute towards modalities of treatment of patients with fibroids and poor pregnancy

outcomes and infertility.

49




REFERENCES

Cheung VYT. High-intensity focused ultrasound therapy. Vol. 46, Best Practice and
Research: Clinical Obstetrics and Gynaecology. Bailliere Tindall Ltd; 2018. p. 74-83.
WHO | World Health Organization [Internet]. International Classification of Diseases, 11th
Revision (ICD-11) Geneva. 2018 [cited 2022 Jul 21]. Available from:
https://www.who.int/news-room/fact-sheets/detail/infertility

Onwuchekwa C, Oriji V. Hysterosalpingographic (HSG) Pattern of Infertility in Women of
Reproductive Age. J] Hum Reprod Sci [Internet]. 2017 Jul 1 [cited 2022 Jul 26];10(3):178.
Available from: /pmc/articles/PMC5672723/

Cates W, Farley TMM, Rowe PJ. WORLDWIDE PATTERNS OF INFERTILITY: IS
AFRICA DIFFERENT? The Lancet. 1985 Sep 14;326(8455):596-8.

Dyer SJ, Abrahams N, Hoffman M, van der Spuy ZM. Infertility in South Africa: women’s
reproductive health knowledge and treatment-seeking behaviour for involuntary
childlessness. Vol. 17, Human Reproduction. 2002.

Zepiridis LI, Grimbizis GF, Tarlatzis BC. Infertility and uterine fibroids. 2015 [cited 2022 Jul
23]; Available from: http://dx.doi.org/10.1016/j.bpobgyn.2015.12.001

Doherty L, Mutlu L, Sinclair D, Taylor H. Uterine fibroids: Clinical manifestations and
contemporary management. Reproductive Sciences [Internet]. 2014 Sep 1 [cited 2022 Jul
26];21(9):1067-92. Available from:
https://journals.sagepub.com/doi/full/10.1177/1933719114533728

Struble J, Reid S, Bedaiwy MA. Adenomyosis: A Clinical Review of a Challenging
Gynecologic Condition. Vol. 23, Journal of Minimally Invasive Gynecology. Elsevier; 2016.

p. 164-85.

50



10.

11.

12.

13.

14.

15.

16.

Lethaby A, Vollenhoven B. Fibroids (uterine myomatosis, leiomyomas) [Internet]. 2015.
Available from: www.clinicalevidence.com

Zepiridis LI, Grimbizis GF, Tarlatzis BC. Infertility and uterine fibroids. Best Pract Res Clin
Obstet Gynaecol. 2016 Jul 1;34:66-73.

Schuring AN, Garcia-Rocha GJ, Schlosser HW. Perioperative complications in conventional
and microsurgical abdominal myomec-tomy. Vol. 284, Arch Gynecol Obstet. 2011.

Torre A, Paillusson B, Fain V, Labauge P, Pelage JP, Fauconnier A. Uterine artery
embolization for severe symptomatic fibroids: Effects on fertility and symptoms. Human
Reproduction. 2014;29(3):490-501.

Cheung VYT. Current status of high-intensity focused ultrasound for the management of
uterine adenomyosis. Vol. 36, Ultrasonography. Korean Society of Ultrasound in Medicine;
2017. p. 95-102.

Zhang L, Rao F, Setzen R. High intensity focused ultrasound for the treatment of
adenomyosis: selection criteria, efficacy, safety and fertility. Vol. 96, Acta Obstetricia et
Gynecologica Scandinavica. Wiley-Blackwell; 2017. p. 707-14.

Stewart EA, Laughlin-Tommaso SK, Catherino WH, Lalitkumar S, Gupta D, Vollenhoven B.
Uterine fibroids. Nat Rev Dis Primers. 2016 Jun 23;2.

Rabinovici J, David M, Fukunishi H, Morita Y, Gostout BS, Stewart EA. Pregnancy outcome
after magnetic resonance-guided focused ultrasound surgery (MRgFUS) for conservative

treatment of uterine fibroids. Fertil Steril. 2010 Jan 1;93(1):199-209.

51



DR JULY-MONTSHO 2527440 MMED PROTOCOL-5.docx

ORIGINALITY REPORT

Dy

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

4y, 3% 3w

PRIMARY S

OURCES

.

Submitted to Hochschule Bremen

Student Paper %
www.floridasoutheastconnection.com

Internet Source %
wiredspace.wits.ac.za

Internet Source %
Vincent Y.T. Cheung. "High-intensity focused o

ultrasound therapy", Best Practice & Research °

Clinical Obstetrics & Gynaecology, 2018

Publication
whqlibdoc.who.int

Internet Source %
n healthprofessionals.flyingdoctor.org.au

Internet Source %
parasitesandvectors.biomedcentral.com

Internet Source %
B Roisin F. O'Neill, Laura McGowan, Claire T. o

0

McEvoy, Sara Megan Wallace et al. "The
feasibility of a peer support intervention to

52



encourage adoption and maintenance of a
Mediterranean diet in established community
groups at increased CVD risk: the TEAM-MED
EXTEND study: a pilot cluster randomised
controlled trial", British Journal of Nutrition,
2021

Publication

n worldwidescience.org

Internet Source

<1%

Exclude quotes On Exclude matches < 8 words

Exclude bibliography On

53




