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Abstract

Background: Although promising results have been reported for Magnetic Resonance image-guided High-Intensity
Focused Ultrasound (MR-HIFU) treatment of uterine fibroids, this treatment is not yet widely implemented in clinical
practice. During the implementation of a new technology, lessons are learned and an institutional learning-curve
often has to be completed. The primary aim of our prospective cohort study was to characterize our learning-curve
based on our clinical outcomes. Secondary aims included identifying our lessons learned during implementation of
MR-HIFU on a technical, patient selection, patient counseling, medical specialists and organizational level.

Results: Our first seventy patients showed significant symptom reduction and improvement of quality of life at 3,

6 and 12 months after MR-HIFU treatment compared to baseline. After the first 25 cases, a clear plateau phase was
reached in terms of failed treatments. The median non-perfused volume percentage of these first 25 treatments was
44.6% (range: 0-99.7), compared to a median of 74.7% (range: 0-120.6) for the subsequent treatments.

Conclusions: Our findings describe the learning-curve during the implementation of MR-HIFU and include straight-
forward suggestions to shorten learning-curves for future users. Moreover, the lessons we learned on technique,
patient selection, patient counseling, medical specialists and organization, together with the provided supplements,
may be of benefit to other institutions aiming to implement MR-HIFU treatment of uterine fibroids.

Trial registration ISRCTN 14634593, Registered January 12, 2021—Retrospectively registered, https.//www.isrctn.com/
ISRCTN14634593.
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Key points + Implementation barriers include technique, patient
selection, patient counseling, specialists and organi-
+ Our learning-curve flattened after 25 uterine fibroid zation.
MR-HIFU treatments. « Early involvement of all relevant parties is essential
+ A completed institutional learning-curve is a require- for adequate implementation.

ment for MR-HIFU adoption.

Background
Uterine fibroids are benign tumors and clinically
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bleeding, abdominal pain or pressure and subfertility
[1]. In recent years, new (innovative) therapies for the
treatment of uterine fibroids became available. These
include hormonal medical therapy such as GnRH ana-
logs or oral contraceptives and non-hormonal medi-
cal therapy such as tranexamic acid or non-steroidal
anti-inflammatory drugs. Less invasive, non-medical
treatment options consist of hysteroscopic removal of
submucosal fibroids, endometrial ablation and uterine
artery embolization [2]. However, despite promising
clinical outcomes, implementation in daily practice is
challenging [3]. One non-invasive treatment that has
become available is Magnetic Resonance image-guided
High-Intensity Focused Ultrasound (MR-HIFU). This
technique can be used for a wide range of benign and
malignant diseases including uterine fibroids [4]. Com-
plication rate is low and recovery fast [5]. Furthermore,
because of the uterus-saving character of this treat-
ment, women with a wish to conceive can be treated
by MR-HIFU [6]. Therapeutic success of MR-HIFU is
often measured by the percentage of non-perfused
volume (NPV%) compared to the total volume of the
fibroid pre-treatment. A high NPV% is closely related
to treatment results and, in particular, clinical effective-
ness [5]. To achieve a high NPV%, proper screening of
eligible patients is essential but remains a challenging
task that needs to be further improved [7].

Clinical and technical aspects of the MR-HIFU treat-
ment have already been reported in detail [5, 8, 9]. Learn-
ing-curves of the MR-HIFU treatment for fibroids and
suggestions on how to implement MR-HIFU treatment
have also been described , however, were not the primary
goal of these studies [8, 10, 11]. In the present study, we
assessed the learning-curve during the implementation of
the MR-HIFU treatment of uterine fibroids in our center
as our primary objective. Our secondary objective was to
inventory all hurdles we needed to overcome and the les-
sons we learned during the implementation process. In
this way, we aimed to facilitate future implementation of
this new innovative technique.

Methods

Study design and protocol

We designed a single-arm prospective cohort study
(the Myoma Screening Study; MaSS; registry ID
ISRCTN14634593). This study consisted of two parts;
both parts were approved by our medical ethical board
and participants needed to sign informed consent before
participating. The implementation of the MR-HIFU
treatment described in this article concerns participants
of the second part, the MaSSII study.
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In the first part (MaSSL protocol ID NL53499.075.15)
we aimed to get an overview of the uterine fibroid tis-
sue type distribution using multiparametric magnetic
resonance imaging (MRI) parameters (sagittal and axial
T2-weighted turbo spin echo, T1-weighted contrast-
enhanced 3D fast field echo, short-TE and long-TE DWI
series and T2-mapping, Additional file 1) on a 1.5-T
Achieva MRI scanner (Philips Healthcare, Best, The
Netherlands) [7]. All women consecutively visiting our
gynecology department between December 2015 and
January 2019 because of symptomatic uterine fibroids,
as confirmed by vaginal ultrasound, were offered an
MRI scan after counseling and signing informed con-
sent, independent of their eligibility for the MR-HIFU
treatment.

Massll

The primary aim of the second part (MaSSII; protocol
ID NL56182.075.16) was to explore whether biomarkers
found by the multiparametric MaSSI MRI scan could pre-
dict MR-HIFU treatment outcome. Women participating
in the MaSSI study between June 2016 and January 2019
and eligible for MR-HIFU, were offered the MR-HIFU
treatment option. Inclusion criteria were women with
uterine fibroid-related symptoms, aged between 18 and
59 years and pre- or perimenopausal status. Women were
excluded when post-menopausal, pregnant, not willing or
able to sign informed consent, had a wish to conceive, a
BMI > 40 l<g/m2, had a previous embolization or contra-
indications to undergo an MRI scan. Based on the MaSSI
MRI scan women were eligible in case of a subcutaneous
fat layer <4 cm, a fibroid diameter between 1 and 10 c¢m,
one or two dominant fibroid(s) likely to cause the clini-
cal symptoms and no calcified fibroids. The Funaki clas-
sification, which classifies fibroids into Funaki type 1, 2
or 3 fibroids based on signal intensity on T2-weighted
MRI images, was also used as a screening tool (Fig. 1)
[7, 12]. Fibroids classified as a Funaki type 1 or 2 fibroid
were considered eligible for the MR-HIFU treatment.
Relative contra-indications of MR-HIFU included Funaki
type 3 fibroids, interposed bowel loops or ovaries and a
retroverted uterus. MaSSI participants who also par-
ticipated in the MaSSII study were again counseled and
signed a second informed consent form. After signing
this informed consent, women were asked to fill out the
Uterine Fibroid Symptom and Health-Related Quality of
Life questionnaire (UFS-QoL) [13].
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Fig. 1 Funaki classification. a Funaki | fibroid (signal intensity lower than myometrium and muscle); b Funaki Il fibroid (signal intensity lower than
myometrium, but higher than muscle); ¢ Funaki lll fibroid (signal intensity higher than muscle and myometrium). Asterisks (*) are located in the
uterine fibroid. Arrows point at abdominal muscle. Cross (X) is located in myometrium tissue

MR-HIFU treatment

Pre-treatment

When women were considered eligible for MR-HIFU
treatment and willing to participate, they were screened
at the anesthesiology department and received informa-
tion about the conscious sedation during the MR-HIFU
procedure. The evening before the treatment, women
had to shave their lower abdomen and had to fast over-
night. In the morning at admission to day care, women
received a bladder catheter, an enema, an intravenous
line and pre-medication (Additional file 1). Women were
placed in prone position in the MRI scanner, and a pre-
treatment MRI scan was performed for a final fibroid
position check. The MR-HIFU treatment was performed
on the Sonalleve V1 (Profound Medical Inc., Missis-
sauga, Canada), integrated into a 1.5-T Achieva MRI
scanner (Philips Healthcare, Best, The Netherlands). Our
sedation protocol included continuous propofol 20 mg/
ml infusion between a 1 ml/hour and 12 ml/hour rate
and administration of fentanyl bolus of 25 pg/0.5 ml or
50 pg/1.0 ml (Additional file 1) depending on experi-
enced pain.

Treatment

MR-HIFU fibroid ablation combines high-intensity
focused ultrasound with real-time MRI. A focused ultra-
sound beam targets uterine fibroid tissue and induces
coagulative necrosis [14]. Safety is provided by MR ther-
mometry that measures almost real-time heating of the
targeted tissue and critical surrounding structures [15].
We aimed for complete ablation of the fibroid [16], and
our therapy strategy was to ablate the complete posterior
part of the fibroid first, followed by the middle and ante-
rior part of the fibroid [17].

During the treatment, both the patient and the attend-
ing radiologist could press an emergency button if nec-
essary, which would result in an immediate stop of the
current sonication. After the last sonication, a contrast
agent (gadoteric acid—gadoterate meglumine, 0.1 mmol/
kg) was administered to assess the NPV%.

Post-treatment

After the procedure, patients stayed at day care for a few
hours. Before discharge, the radiologist visited the patient
to check for vital parameters, adverse events like (radiat-
ing) pain and possible signs of skin burn of the abdomen.
If no irregularities were found, patients could leave the
hospital the same day. Follow-up by the gynecologist was
planned one week after treatment, and 3 and 6 months
post-treatment at the outpatient clinic (Additional file 1).
Recovery, possible adverse events and the decrease in
symptoms were discussed with the patient during these
follow-up appointments.

Data collection

Data concerning the treatment (e.g., treatment time,
reached NPV%) were collected in a standardized form,
and an MRI report was added to the electronic patient
file (Additional file 1). In case more than one fibroid was
treated, NPV% of all fibroids was collected. When com-
plete ablation was not achieved, the most likely reason
for this was recorded after internal discussion within the
treatment team. Six months after treatment, a follow-up
MRI scan was performed to measure the fibroid’s size
and the remaining NPV%. Fibroid volume and NPV%,
collected from the screening MRI scan, the MRI scan
immediately after treatment and the 6-month follow-
up MRI scan, were measured by K.A. and L.V,, both two
years’ of experience with uterine fibroid MR-HIFU, using
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IntelliSpace Portal (ISP) software (Philips Healthcare)
by semiautomatic segmentation in the tumor tracking
function with review and manual correction of the seg-
mentation [7]. In case more than one fibroid was treated,
volume (changes) and NPV% (changes) were measured
for all treated fibroids. Adverse events during recovery
were recorded in the electronic patient file and classified
according to the classification of surgical complications,
ranging between grade I (any deviation from the normal
postoperative course) and grade V (death of a patient)
[18].

Patients received the UFS-QoL questionnaire at 3-,
6- and 12-month follow-up. Differences by 10 points
between baseline and follow-up on the 0-100 scale were
considered clinically relevant [5].

In February 2020, after an MaSSII protocol adden-
dum was approved (dated 07-11-2019) by our medical
ethical board, manually electronic patient file search was
performed to screen for possible reinterventions and
pregnancy outcomes of all included patients. Second
MR-HIFU treatments for different fibroids were not con-
sidered as reinterventions, nor were (re)start of medica-
tion or an intra-uterine device. Women were requested
not to fill out the follow-up UFS-QoL questionnaire after
a reintervention.

Assessment of the learning-curve

During MaSSII inclusions, all failed treatments were
logged and analyses to determine the most probable
cause of failure took place immediately by the involved
treatment team. When solutions were available, they
were directly implemented in upcoming treatments and
date of implementation was recorded. After finishing
MaSSII inclusions, all causes of treatment failure were
categorized and their occurrence in time, revealed an
expected learning-curve per type of failure. We then eval-
uated our expected learning-curve by comparing reached
NPV%, symptom and QoL improvement and reinterven-
tion rates between those women treated during and those
women treated after completing our learning-curve.

Evaluation of implementation process

While implementing MR-HIFU in our hospital, differ-
ent process steps were taken (Table 1) [19]. The imple-
mentation process was coordinated by an MR-HIFU
radiologist who was appointed as principal investigator.
A dedicated multidisciplinary team was installed, includ-
ing two gynecologists, four (intervention) radiologists,
a medical clinical physicist and an anesthesiologist. This
multidisciplinary team defined the implementation goals
together with additional stakeholders in our institution
after an inventory of current uterine fibroid healthcare in
our hospital was executed. Stakeholders included other
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Table 1 Different steps used during implementation process

Description of step

Step 1 Development proposal of change

Step 2 Analysis of actual care, defining implementation goals
Step 3 Problem analysis, target group and setting

Step 4 Development and selection of interventions

Step 5 Develop, test and execute implementation plan

Step 6 Integration into daily practice

Step 7 Evaluation: reflection on outcome measures

physicians, hospital board members, administration staff,
financial experts, epidemiologists, technicians and nurs-
ing staff of the gynecology, radiology and anesthesiology
department. A PhD candidate was responsible for the doc-
umentation of all steps in the implementation process, and
communication between gynecology, radiology and anes-
thesiology departments. When facing implementation hur-
dles or treatment failures, consultation between members
of the study team led to the development and selection of
improvement suggestions. The formulated lessons learned
as a result of these consultations, were categorized on a
technical, patient screening, patient counseling, medical
specialist or organizational level. Alterations on these levels
were documented in the relevant protocols, presented to
the involved parties and carried through during the MaSSII
study.

Statistics
Statistical analyses were performed using IBM SPSS ver-
sion 26. Categorical data were presented as numbers and
percentages. Continuous variables were presented as mean
(SD ) in case of normal distribution or median (range) in
case of skewed distribution. Distribution was assessed by
the Shapiro—Wilk test and complemented by plots.
Differences between symptom severity (transformed
Symptom Severity Score; tSSS), QoL (transformed Health-
Related Quality of Life score; tHRQL), NPV% and fibroid
volume at baseline/directly post-treatment and follow-up
were tested by means of the Wilcoxon signed rank test. Dif-
ferences between age, BMI, fibroid diameter, tSSS, tHRQL,
NPV% and fibroid volume of women that were treated dur-
ing the learning-curve phase and women that were treated
after this phase were assessed by the Mann—Whitney U
test. A p value of <0.05 was considered significant. Multiple
testing correction was performed using the Holm—Bonfer-
roni method. To estimate confounding by loss-to-follow-
up, we compared NPV% between patients who completed
the questionnaires during follow-up and patients who were
lost to follow-up.
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Results

In total 168 women were included in the MaSSI study.
Seventy women (41.7%) with 102 fibroids were treated
as part of the MaSSII study. Demographic characteris-
tics and fibroid characteristics are described in Table 2.
Four of seventy women were treated twice as a result
of a failed procedure at the first attempt, and two other
women were treated twice for different fibroids. Thus,
a total of 76 treatments (64 women with one treatment
and six women with two treatments) could be analyzed
in more detail.

The median of the NPV% after treatment was 66.5%
(range: 0-120.6; Table 3). In seventeen out of sev-
enty women, a grade 1 adverse event was reported on
treatment day [18]. This included mostly pain or nau-
sea. One woman experienced strength loss in one
leg, which was self-limiting. Another woman had a
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third-degree skin burn (grade 3b adverse event) which
needed additional recovery surgery. During follow-up,
one woman suffered from pain in her lower arm as a
result of nerve compression due to the prone position
during MR-HIFU, which resolved without sequelae.
Two women experienced a urinary tract infection and
were treated with antibiotics. At 12 months, 36 patients
were lost to follow-up for the UFS-QoL questionnaires
since they did not fill in the questionnaire, even after
being reminded both digitally and by phone, or they
had undergone a reintervention. There was no statisti-
cally significant difference in NPV% between women
who completed all questionnaires and those who did
not (p=0.13). tSSS was significantly reduced at all
follow-up points when compared to baseline, tHRQL
score was significantly increased compared to baseline

Table 2 Demographic and clinical characteristics of 70 women who underwent MR-HIFU treatments

Characteristics of all 70 women

Characteristics of first 22
women

Characteristics
of remaining
48 women

Age (years) median [range]
46.0 [26-57]

BMI (kg/m?) median [range]
243 [17.5-355]

Age (years) median [range]
47.0[41-57]

BMI (kg/m?) median [range]
24.0[20.4-31.9]

Age (years)
median [range]
45,0 [26-54]*
BMI (kg/m?)
median [range]
24.6[17.5-355]

Characteristics of all 76
treatments

Characteristics of first 25
treatments

Characteristics
of remaining
51 treatments

Amount of fibroids treated N (%)

Amount of fibroids treated N (%)

Amount of fibroids treated

N (%)
1 61 (80.3%) 1 24 (96.0%) 1 37 (72.5%)
2 6 (7.9%) 2 1 (4.0%) 2 5(9.8%)
3 6 (7.9%) 3 0 3 6 (11.8%)
4 2 (2.6%) 4 0 4 2 (3.9%)
5 1(1.3%) 5 0 5 1(2.0%)
Characteristics of all 102 fibroids Characteristics of first 21 fibroids Characteristics of

remaining 81 fibroids
Location N (%) Location N (%) Location N (%)
Submucosal 27 (26.5%) Submucosal 6 (28.6%) Submucosal 1(25.9%)
Intramural 26 (25.5%) Intramural 3(14.3%) Intramural 23 (28 49%)
Subserosal 33 (32.4%) Subserosal 9 (42.9%) Subserosal 24 (29.6%)
Hybrid 6 (15.7%) Hybrid 3(14.3%) Hybrid 3(16.0%)
Funaki type N (%) Funaki type N (%) Funaki type N (%)
1 10 (9.8%) 1 1 (4.8%) 1 9(11.1%)
2 83 (81.4%) 2 19(90.5%) 2 64 (79.0%)
3 9 (8.8%) 3 1(4.8%) 3 8(9.9%)
Diameter (cm) median [range] Diameter (cm) median [range] Diameter (cm) median
4.8[1.4-18.1] 6.0[1.7-10.3] [range]

46[14-18.1]

The 22 women treated in the first 25 treatments (third column) were compared to the 48 women treated in the remaining 51 MR-HIFU treatments (fifth column)

*p = <0.05 between the first 22 and second 48 women treated
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Table 3 Treatment results and follow-up data

Treatment outcomes

N (%), median [range]

NPV% directly after treatment
First 25 treatments: 21 fibroids
Remaining treatments: 81 fibroids
Adverse events per woman

Grade 1 adverse event on treat-
ment day

Grade 3b adverse event on treat-
ment day

Grade 1 adverse event follow-up

Grade 2 adverse event follow-up

Adverse events needing treatment
Volume decrease in fibroids with

66.5% [0-120.6]
44.6% [0-99.71*
74.7% [0-120.6]**

17/70 (24.2%) pain/nausea
1/70 (1.4%) 3th degree skin burn

22/70 (31.4%) pain/ bleeding
2/70 (2.9%) urinary tract infection
3/70 (4.3%) antibiotics/operation
42.4% [— 173210 100]

an available MRI scan at 6-month
follow-up

First 25 treatments: 14 fibroids 31.7% [7.1-62.2]
48.3% [—173.2 t0 100]

19/70 (27.1%)
(

Remaining treatments: 70 fibroids
Reintervention rate per woman

Hysterectomy 10/19 (52.6%)
Myosure 2/19 (10.5%)
UAE 4/19 (21.1%)
MR-HIFU 4/19 (21.1%)
First 22 women 10/22 (45.5%)

Remaining 48 women 9/48 (18.8%)

8 months [1-27]
24 months [14-44]
19/76 (25.0%)
12/25 (48.0%)

7/51 (13.7%)

Moment of reintervention
Follow-up duration
Failure of treatment

First 25 treatments
Remaining 48 treatments
Kind of failures
13/19 (68.4%)
6/19 (31.6%)

Treatment
Heating

*p = <0.05 between the first 25 and remaining 51 treatments

**An NPV% of > 100% could be found when the measured NPV volume
exceeded the measured volume of the fibroid at screening MRI scan. This could
be caused by either fibroid growth, measurement accuracies or increase in the
fibroid directly after treatment due to treatment effect

(Table 4). The clinically relevant 10-point difference
was reached as well.

Median follow-up time for the assessment of rein-
terventions was 24 months (range: 14-44). A total of
nineteen women (27.1%) needed a reintervention. One
woman needed two reinterventions. The median NPV%
post-treatment of women that underwent a reinterven-
tion was 4.5% (range: 0-98.3). Fifteen of twenty rein-
terventions (75%) took place in the first 12 months and
nineteen of twenty reinterventions (95%) in the first
24 months after the initial MR-HIFU treatment.
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Learning-curve

A total of 25% (19/76) of the treatments could be clas-
sified as treatment failures due to different reasons
(Table 5).

During thirteen treatments, bowels, ovaries or an
abdominal scar obstructed the sonication beam path-
way to such an extent that a too small part of the fibroid
was accessible for sufficient sonications or treatments
failed due to patients experiencing too much pain lead-
ing to preliminary abortion of sonications. The remain-
ing six treatment failures were all due to inadequate
heating of the fibroid tissue.

The occurrence in time of the nineteen treatment fail-
ures was analyzed. Of these failures, twelve occurred
within the first 25 treatments, resulting in a failure
rate of 48% (12/25, Fig. 2). The remaining treatment
failures occurred after the 25 treatments, resulting
in a failure rate of 14% (7/51). This means that not all
failures occurred during our learning-curve. However,
the cause of the failures during and after the learning-
curve differed. Eleven of the twelve failures during first
25 treatments, could be attributed to inexperience and
solved by alterations in the treatment protocol. Six out
of seven failures, after completing the learning-curve,
did not seem to be the result of inexperience, but
rather the result of the extension of the inclusion cri-
teria and as a result including more challenging cases
with a higher risk on failure. We therefore considered
the first 25 treatments our learning-curve. This learn-
ing-curve included 22 women, since three women were
treated twice within these first 25 treatments (Table 2).
Women treated during the learning-curve were signifi-
cantly older (p=0.005), and the NPV% immediately
post-treatment was significantly lower (44.6% range:
0-99.7 versus 74.7% range 0—120.6; p =0.011). The per-
centage of women with a reintervention after the first
25 treatments was 45.5%, compared to 18.8% after the
remaining treatments (Table 3). The degree of symptom
reduction and QoL improvement after the first 25 and
the subsequent treatments also differed, albeit not sta-
tistical significantly (Table 4).

Discussion

In this paper we defined our learning-curve and
described the implementation process of MR-HIFU
treatment of uterine fibroids in our non-academic teach-
ing hospital. Overall, we observed a significant symptom
reduction and increased QoL at three, six and twelve
month’s of follow-up and reached a median NPV of
66.5% directly after MR-HIFU treatment. It became clear
that most treatment failures occurred during the first
25 treatments, resulting in both increase in NPV% and
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Table 4 UFS-Qol questionnaire scores at baseline, 3-, 6- and 12-month follow-up

All women Baselinen=70 3m n=61 6m n=55 12m n=37

5SS 504+£SD159 36.0£5D16.9 A-14.4* 31.2 [range: 0-78.1] A-19.2* 326£5SD18.1 A-17.8*%
tHRQL 574+£5SD19.0 70.0 [range: 13-100] A12.6* 80.0 [range: 10-100] A22.6* 73.5+SD193 A16.1*

First 22 women Baseline n =22 3mn=17

6mn=17 12m n=13

5SS 486+5D14.8 33.6£5D153 A-15% 320+5D23.9 A-16.6% 30.5+5D18.1 A-18.1%
tHRQL 63.5+£5D179 725£5SD153 A9 83.0 [range: 10-98] A19.5 7804£SD17.0 A14.5*
Remaining 48 women Baseline n =48 3m n=44 6m n=38 12m n=24

SSS 51.3+£1SD6.5 37.0£SD17.5 A-14.3%
tHRQL 54.6+5D19.0 70.1£SD19.5 A15.5%
p value p=033and p=0.06 p=056and p=0.78

33.5+£5D189 A-17.8*
79.5 [range: 21-100] A24.9*
p=069and p=1.00

33.8£5SD184 A-17.5%
71.0£5SD204 A16.4*
p=053and p=037

Showing all women and divided in the first 22 and second 48 women treated. A shows the absolute difference with baseline, and *shows a significant difference
(p= <0.05) compared to baseline. The bottom row of the table shows p values of the difference between the first 22 and second 48 women treated for tSSS or tHRQL
at that particular time point, tested by Mann-Whitney U test. Multiple testing correction was performed using the Holm-Bonferroni method

Table 5 Overview of failed treatments, reason of failure and possible solution

Treatment Patient Category failure Kind of failure

Possible solution

number number

1 1 Treatment Interposition of bowel New manipulation protocol

2 2 Treatment Abdominal scar in pathway New manipulation protocol

3 2 Treatment Abdominal scar in pathway New manipulation protocol

4 3 Treatment Interposition of bowel New manipulation protocol

5 3 Treatment Interposition of bowel New manipulation protocol

6 4 Treatment Interposition of bowel New manipulation protocol

7 5 Treatment Interposition of bowel, part unreachable New manipulation protocol

because of distance and abdominal scar

8 6 Treatment Interposition of bowel and small fibroid New manipulation protocol and breath hold instructions

9 7 Treatment Pain, interposition of bowel New manipulation protocol and alterations in sedation
protocol

10 8 Heating Pain, no adequate heating and part unreachable Alterations in sedation protocol and adequate screening
of patients

11 9 Treatment Pain during treatment Alterations in sedation protocol

12 10 Heating No adequate heating Adequate screening of patients

13 11 Heating No adequate heating Adequate screening of patients

14 12 Heating No adequate heating Adequate screening of patients

15 13 Treatment Interposition of bowel New manipulation protocol

16 14 Heating No adequate heating Adequate screening of patients

17 15 Heating No adequate heating Adequate screening of patients

18 16 Treatment Interposition of bowel New manipulation protocol

19 17 Treatment Interposition of bowel New manipulation protocol

decrease in reintervention rate when we compared the
first 25 treatments to the remaining 51 treatments. We
therefore considered the first 25 treatments our learning-
curve. During implementation of MR-HIFU and evalua-
tion of our clinical results, we identified various hurdles
that needed to be overcome and lessons that needed
to be learned. We ordered those lessons on the level of
technique, patient selection, patient counseling, medical

specialists and organization (Table 6) and comment on
most of these in this section.

Technical level

On top of the 76 described treatments in the result sec-
tion, three additional treatments were planned, but
treatment could not take place. Twice this was due to
malfunction of the device and once due to a power cut
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Fig. 2 Appearance of treatment failure when plotted against the number of treatments. Blue dots represent treatment failures; pink dots represent
screening failures

at the radiology department. No solution could be found
during the treatment, even after consulting the technical
team of our hospital and the experts of the vendor. Dur-
ing two other treatments, that were included in the result
section, malfunction of the device occurred as well, lead-
ing to a delay of treatment and/or the decision to stop the
treatment prematurely because of lack of time. We there-
fore believe that manufacturers should continue to focus
on prevention of these malfunctions and these problems
emphasize the importance of well-trained technical staff
that can be consulted when needed.

The advantages we experienced by using a manipu-
lation protocol, and the advantages of the protocol we
used, were described before [5, 20, 21] and included the
following three steps: (1) the BRB (bladder filling, rectal
filling, bladder emptying) maneuver with adjusted rectal
filling by adding psyllium fibers to the solution; (2) tren-
delenburg position combined with bowel massage; (3) the
manual uterine manipulation (MUM) method for uter-
ine repositioning. Verpalen et al. showed the eligibility
improvement of our patient population after implement-
ing this manipulation protocol in detail before [21].

Women with an abdominal scar in the beam pathway
could be treated by repositioning the patient to avoid
skin burns and without using a scar pad [8]. As described
before by Mindjuk et al., in case heating through the scar
is unavoidable, special attention to near field heating

close to the skin, combined with the patients’ feedback
experiencing pain, is required and results in more safe
treatments. Furthermore, longer intermissions between
sonications, wider distribution of the sonications in the
fibroid or use of a lower wattage are advised [5].

To reduce failures as a result of experienced pain by
the patient, our sedation protocol was optimized. Proce-
dural Sedation and Analgesia (PSA) is increasingly used
during uncomfortable radiological interventions and is
also suitable for the MR-HIFU treatment of fibroids [22,
23]. Sedation is performed to prevent the patient from
deep visceral pain, hot sensations on the skin and motion
artifacts. Light to moderate sedation results in regular
breathing patterns and quick recovery, whereas deep
sedation can lead to irregular breathing patterns and
involuntary motions. These instable breathing patterns
and involuntary motions can complicate the procedure
and communication of patients about pain or discomfort
during the procedure, which could lead to adverse events
like skin burns [23]. Initially we used only light sedation,
but after 25 patients we liberated our protocol and left
more room for an increased administration of both seda-
tives and analgesics to a moderate sedation level (Addi-
tional file 1).

The six remaining failures during treatment, in which
the fibroid could not be adequately heated, occurred
when we extended our inclusion criteria. In retrospect,
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Table 6 Different identified barriers and lessons learned on technical, patient selection, patient counseling, medical specialist and

organizational level

Level Barriers

Lessons learned

1. Malfunction of device

2. Treatment failures resulting in low NPV%

- Bowel/ovaries in sonication beam pathway

- Abdominal scar in sonication beam pathway

- Abortion of sonication as a result of experienced pain
- Motion artifacts in case of small fibroids

Technique

Patient selection 1. Low eligibility number

2. Heating failures resulting in no or low NPV%
3. High number of adverse events

4. Misinterpretation of retention bladder

5. Low NPV% resulting in high reintervention rate

6. No uniformity in collected MRI data leading to difficulties in

assessing eligibility

7.No uniformity in collected MRI data of treatment effect in

follow-up

Patient counseling 1. Inadequate counseling

2.To high expectations of treatment effect

Medical specialists 1. Fear for loss of income at gynecology department

2. Responsibility for patient on treatment day

Organization

arity with MR-HIFU treatment on nursing ward

4. Sparse MRI scanner time and time-consuming preparations

1. Unfamiliar with implementation of new treatment option
2. Lack of research department in non-academic hospital
3. Lack of nursing ward in radiology department and unfamili-

1. Ensure well-trained technical medical staff

2. Facilitate site visitation by proctor before start

3. Train team after every update of device

4. Ensure the possibility of remote consultation of device manu-
facturer

5. Optimize manipulation protocol

6. Ensure continuous feedback from patient during treatment
7.Be able to perform alterations in treatment strategy: longer
intermissions between sonications, wider distribution of sonica-
tion, altered wattage of sonication

8. Use a light or moderate sedation protocol with the possibility
to perform patient specific alterations

9. Use breath holding instructions in case of small (<3 cm diam-
eter) fibroids

1. Expend inclusion criteria based on recent literature and gained
experience

2. Keep in mind that multiple inclusion criteria combined can
lead to unsuitable patients

3. Use the latest equipment version including an integrated
cooling system

4. Keep in mind that a uterine fibroid on a bladder ultrasound,
performed after removal of a catheter, can be mistaken for uri-
nary retention and therefore lead to unnecessary interventions
5. Manipulation and sedation protocol optimization can contrib-
ute to a high NPV%

6. Development of MRI scan review templates, either for screen-
ing, treatment or follow-up, leads to uniform data collection

1. Facilitate additional counseling performed by a direct involved
member of the treatment team

2. Emphasize on realistic expectations of MR-HIFU treatment and
timespan of treatment effect

1. Collect referral data

2. Perform substitution analysis

3. Appoint a medical specialist who is responsible during screen-
ing, on the treatment day and during follow-up

1. Invest in infrastructure (e.g., a research unit) to smoothen the
implementation process

2.Involve all responsible parties (e.g., medical specialists) from
the start to feel jointly responsible for success of implementation
3.Train nurses and develop a standardized nursing protocol

4. Develop a Standardized Operating Procedure (SOP) besides a
nursing protocol to save sparse MRI scanner time and improve
both efficiency and safety

5. Add administration of a uterus stimulant during treatment to
improve sonication efficiency

we had become overconfident after being able to man-
age the previous described treatment failures, and
started including fibroid types not suitable for MR-HIFU
treatment.

When analyzing all failures in time, it became clear
that most treatment failures occurred within the first
25 treatments and therefore we considered this our
learning-curve. Earlier studies reported the existence
of a learning-curve during implementation of the MR-
HIFU treatment of uterine fibroids [24, 25]. Okada et al.
observed a significant increase in NPV% and decrease in
reinterventions when comparing the first 144 treatments

performed in four different clinics (not equally distrib-
uted) to the second 143 performed treatments [11].
Mindjuk et al. also mentioned an increase in NPV% due
to learning-curve effect and in a previous publication
of the same group, the improvement of technique was
appointed to be a main reason for this clinical treatment
improvement [5, 26]. This is in line with our study show-
ing that the NPV% achieved immediately post-treatment
increased significantly after the first 25 treatments from
44.6 to 74.7%. An NPV of 74.7% is similar to other stud-
ies using a full-ablation protocol, reporting NPV percent-
ages between 45.4 and 97.7%. Furthermore, our mean



Anneveldt et al. Insights into Imaging (2021) 12:188

decrease in fibroid volume of 42.4% at 6-month follow-
up, is comparable with previous literature as well, with a
median fibroid volume decrease of 36.6% after 6 months
in the systematic review by Verpalen et al. [16]. After
overcoming our learning-curve, we had a reintervention
rate of 18.8%, with a median follow-up of 24 months,
which is comparable to UAE (20% in Volkers et al.), but
higher compared to the previous publication by Mindjuk
et al. (12.7%, mean NPV 88.7%) with a comparable mean
follow-up of 19.4 months [5, 27]. This is most likely the
result of our lower NPV%. As Mindjuk et al. emphasized
in their paper, reintervention rate is closely related to
NPV% and an NPV% above 80% leads to clinical success
rate in 81%, compared to 51% in case of an NPV below
80% [5].

Patient selection

When our initial inclusion and exclusion criteria were
applied to the women participating in our MaSSI study,
47.6% (80/168) of women would have been eligible for
MR-HIFU treatment. We found that the risk on failure
was particularly high in case of deep sonications (10—
12 c¢cm from skin to fibroid) and/or a thick abdominal fat
layer (3—4 cm) in combination with high signal intensity
on the T2-weighted MRI scan (Funaki 2 or 3). When this
combination of factors is present, restraints should be
exercised in the decision to treat this patient.

As we gained experience, we adjusted our inclusion
and exclusion criteria to increase eligibility, particu-
larly fibroids classified as Funaki 3 fibroids. We experi-
enced that several Funaki 3 fibroids could successfully be
treated, although including high signal intensity fibroids
also led to treatment failures. Therefore at this point, we
are reluctant to include Funaki 3 fibroids.

Initially, we intended to treat only women with one
fibroid. However, if more than one but less than five
fibroids seemed to cause symptoms, more fibroids were
treated from June 2017 (after 22 treatments) onward.
In October 2017 (after 26 treatments) we implemented
our new manipulation protocol [21], and from Novem-
ber 2017 (after 29 treatments) onward, future pregnancy
wish was no reason for exclusion anymore. These changes
also led to increased eligibility of patients. After extend-
ing our inclusion criteria, we retrospectively analyzed
that our eligibility rate would have been 69.6% (117/168)
when applied on all MaSSI participants. This percent-
age is much higher than reported in other, older, studies
where the eligibility ranged between 23 and 27% [17, 28].

In 26% (18/70) of patients, an adverse event on treat-
ment day occurred (Table 3) and in 4.3% (3/70) an event
needed additional treatment. The use of a dated version
of the device without an integrated cooling system might
have caused a higher risk for health-related adverse
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events (1.4% of all complications) [16, 29]. In the lat-
est version of the Sonalleve (V2 tabletop), an integrated
cooling system cools down the skin temperature after
every sonication. Use of the V2 might have prevented
skin burns in our case.

Patient counseling

Counseling of patients about the different fibroid treat-
ment options, including MR-HIFU, was performed by
the gynecologist. However, since MR-HIFU is performed
by radiologists, additional counseling by radiologists is
recommended for those patients who opt for MR-HIFU.
At the beginning of our study, we experienced very high
expectations of the effect of MR-HIFU, particularly con-
cerning the time women could expect improvement.
Later, more emphasis was put on realistic expectations
and the timeline.

Differences in perspective from the involved medical
specialists

In order to successfully implement MR-HIFU treat-
ment of uterine fibroids, collaboration between radiolo-
gists and gynecologists is essential [8]. Since MR-HIFU
is performed at the radiology department, the gynecol-
ogy department initially feared loss of revenues due to
a decrease in fibroid-related surgeries after MR-HIFU
implementation. However, the implementation of the
MR-HIFU treatment led to a higher referral rate from
other institutions so that the total number of patients
in need for surgical treatment options did not decrease.
In order to manage expectations of all stakeholder, we
advise to register patients’ referral patterns and costs of
alterations in these patterns for both radiology and gyne-
cology departments. This registration can be used as
input for a budget impact substitution analysis to predict
potential negative financial consequences for both the
gynecology and radiology department by loss of revenues
and increased costs, respectively.

Since the MR-HIFU treatment was performed by
the radiologist and the follow-up was handled by the
gynecologist, clear agreements needed to be made on
who had which responsibilities at what stage with regard
to the patient. We decided in our institution that the
radiologist was responsible during treatment and the fol-
lowing 24 h, the gynecologist was responsible from 24 h
after treatment onward.

Organization level

Implementation of a new treatment can be challenging,
and publications on process evaluation or implementa-
tion strategy are scarce in general [30]. We appointed
a full-time PhD candidate to support the MR-HIFU
team with implementation, setting up the workflow and



Anneveldt et al. Insights into Imaging (2021) 12:188

clinical protocols. For successfully introducing the MR-
HIFU technology, we acknowledged that a multidiscipli-
nary treatment concerning different medical specialties,
requires close collaboration between departments to be
successful. We therefore updated all stakeholders dur-
ing the entire implementation process, which is highly
recommended to ensure shared responsibility to make
implementation successful.

Before we started with the implementation of MR-
HIFU, we could not find formats such as template reports
of screening MRI scans, multidisciplinary meetings and
Standard Operating Procedure (SOP’s). We expected that
these documents would reduce logistic barriers, would
improve efficiency and effectiveness and would facilitate
implementation. Since the radiology department did not
have a nursing ward, nurses needed to be trained to take
care of our MR-HIFU patients at the gynecology depart-
ment. A standardized nursing protocol was implemented
in June 2017. Additionally, we implemented preparations
at the gynecology ward, such as the blather catheter, pre-
medication and IV-line to increase efficiency and save
valuable MRI time. All these procedures were described
in an SOP that included counseling, screening, treatment
and follow-up to improve the efficiency of all different
stages of the MR-HIFU treatment (Additional file 1). All
MR-HIFU radiologists reviewed screening MRI scans
for eligibility. The development of a template MRI report
for the screening MRI scan helped them collecting all
the data needed to assess eligibility (Additional file 1).
Similar templates were designed to ensure that uniform
reports were prepared of the MRI scan immediately after
MR-HIFU treatment and at 6-month follow-up.

Furthermore to improve treatment efficiency, from Jan-
uary 2018 we implemented the administration of a uterus
stimulant in our treatment protocol at the start of sonica-
tions when no contra-indications were known (Table 6).
Previous studies indicate that the use of a uterus stimu-
lant has a beneficial effect on treatment effectivity, but its
(cost)effectivity needs to be proven in future studies [31,
32].

The last remaining hurdle to take is at a societal
level. Due to the lack of randomized controlled trials
in which the long-term follow-up outcomes of the MR-
HIFU treatment are compared with standard care, the
MR-HIFU treatment is not included in Dutch national
guidelines and there is no reimbursement by the health
insurance companies. We strongly recommend close col-
laboration with the most important stakeholders (e.g.,
the national societies of obstetrics and gynecology, insur-
ance companies and the hospital board) from the start of
implementation of this new technique, in order to facili-
tate dissemination and further adoption after proven
(cost)effectiveness [33].
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Strengths and limitations

MR-HIFU itself and the implementation of this multi-
disciplinary uterine fibroid treatment are complex, espe-
cially with the current lack of standard guidelines, and
this might discourage new sites to start offering this non-
invasive treatment option. In this article we reported all
lessons learned, while we implemented the MR-HIFU
treatment of uterine fibroids in our hospital and we pro-
vided straightforward ready-to-use protocols on how to
perform sedation, suggestions for MRI examination and
SOP’s on logistics in our supplements. On different levels
of implementation, Table 6 can be used as an inspiration
for possible hurdles that need to be overcome, although
these can be rather site specific and are not inexhaustible.
We believe the most important strength of this article is
that by doing so, we provide other centers an overview
of what is necessary to start implementing MR-HIFU for
uterine fibroid treatment. Furthermore, we identified a
learning-curve of 25 treatments and we believe this infor-
mation is helpful for the expectation management of all
involved parties of when to expect successful treatment.
Finally, we addressed frequent types of MR-HIFU treat-
ment failures and reported possible solutions that will
result in higher eligibility rates and might even shorten
the learning-curve.

The primary goal of our MaSS study, and this article,
was not to evaluate all clinical outcomes in detail. There-
fore, multiple limitations can be reported concerning the
clinical outcome data collection. A high lost-to-follow-up
number was seen, partly due to reinterventions, which
might have led to an overestimation of clinical symptom
and QoL improvement, although outcomes are in line
with current literature. Baseline characteristics of our
first 25 patients differed from the remaining patients,
probably leading to favorable and unfavorable situations,
and the follow-up duration varies between the first 25
and the subsequent group, although follow-up was at
least one year and most reinterventions of the learning-
curve took place within the first year. Moreover, the use
of oral contraceptives or intra-uterine devices after MR-
HIFU treatment could have interfered with symptom
improvement. Nevertheless, we believe this does not cur-
tail the usefulness of our lessons learned.

Since the improvement of our counseling, screening
and treatment protocols took place continuously dur-
ing inclusion , identifying which of them contributed to
the change in clinical outcome is challenging. The cutoff
point used for the analysis of our clinical outcomes was
somewhat arbitrary. However, despite we broadened eli-
gibility and included more complicated cases, after com-
pleting our learning-curve, failure rate decreased and
relevant outcomes like NPV% and reintervention rate
improved.
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We used an adjusted process evaluation model when
retrospectively evaluating our implementation process.
For future analyses we recommend to prospectively eval-
uate the implementation processes, since this ease the
process and can be used for quality improvements [34].

Future perspectives

Some hurdles still have to be overcome in order to reach
complete adoption of the MR-HIFU treatment of uterine
fibroids. When it comes to clinical outcomes, improve-
ment can be reached by further optimizing screening.
On a technical level, tools to sonicate fibroids with high
signal intensity and techniques to measure NPV% dur-
ing treatment are necessary to further increase eligibility
and shorten treatment time. Randomized controlled tri-
als comparing long-term (cost)effectiveness of MR-HIFU
with standard fibroid care, from both clinical and societal
perspective, are needed.

Conclusion

In this article we identified our learning-curve by ana-
lyzing our clinical results, and we presented the imple-
mentation of uterine fibroid MR-HIFU treatment in our
non-academic teaching hospital. Our lessons learned on
a technical, patient selection, patient counseling, medi-
cal specialists and organizational level, are described
in detail, and the provided supplements are likely to be
of benefit to other hospitals willing to commence with
offering MR-HIFU as novel treatment option to women
with symptomatic uterine fibroids.
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