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Abstract
Background  Focused ultrasound (FUS) shows promise for enhancing drug delivery to the brain by temporarily opening 
the blood–brain barrier (BBB), and it is increasingly used in the clinical setting to treat brain tumours. It remains however 
unclear whether FUS is being introduced in an ethically and methodologically sound manner. The IDEAL-D framework 
for the introduction of surgical innovations and the SYRCLE and ROBINS-I tools for assessing the risk of bias in animal 
studies and non-randomized trials, respectively, provide a comprehensive evaluation for this.
Objectives and methods  A comprehensive literature review on FUS in neuro-oncology was conducted. Subsequently, the 
included studies were evaluated using the IDEAL-D framework, SYRCLE, and ROBINS-I tools.
Results  In total, 19 published studies and 12 registered trials were identified. FUS demonstrated successful BBB disruption, 
increased drug delivery, and improved survival rates. However, the SYRCLE analysis revealed a high risk of bias in animal 
studies, while the ROBINS-I analysis found that most human studies had a high risk of bias due to a lack of blinding and 
heterogeneous samples. Of the 15 pre-clinical stage 0 studies, only six had formal ethical approval, and only five followed 
animal care policies. Both stage 1 studies and stage 1/2a studies failed to provide information on patient data confidentiality. 
Overall, no animal or human study reached the IDEAL-D stage endpoint.
Conclusion  FUS holds promise for enhancing drug delivery to the brain, but its development and implementation must 
adhere to rigorous safety standards using the established ethical and methodological frameworks. The complementary use 
of IDEAL-D, SYRCLE, and ROBINS-I tools indicates a high risk of bias and ethical limitations in both animal and human 
studies, highlighting the need for further improvements in study design for a safe implementation of FUS in neuro-oncology.

Keywords  Focused ultrasound · Neuro-oncology · Brain tumor · Glioblastoma · Glioma · IDEAL · SYRCLE · ROBINS-I

Introduction

Focused ultrasound (FUS) is a non-invasive technology 
that utilizes high or low-intensity ultrasound waves to treat 
(mainly) neurological disorders such as Parkinson’s disease 
and essential tremors but has recently found promising use 
in neuro-oncology [19, 26]. The first significant in vivo 
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application of FUS in animals was conducted by Lynn et al. 
at Columbia University in 1943 [22]. The use of low-inten-
sity ultrasound (LIFUS) with active scalp cooling [8], and 
pre-procedural imaging to plan the ultrasonic trajectory has 
greatly improved the efficacy of FUS since then. Ultimately 
the relentless scientific efforts led to the first major applica-
tion of FUS in Neurosurgery dates in 1956 by Ballantine 
et al. at Massachusetts General Hospital [8, 13].

In the field of glioblastoma (GBM) research, among the 
most aggressive brain tumors, developments of new neuro-
oncological treatment strategies have progressed slowly, 
since Stupp et al. [39] showed that neurosurgical patients 
receiving chemoradiation with temozolomide have a median 
survival of mere 14.6 months. To improve the efficacy of 
novel drugs, researchers have developed a technique that 
combines low-intensity focused ultrasound (LIFUS) with 
intravenously injected gas-encapsulated microbubbles 
(MBs) to extend the duration of the BBB opening [5]. In 
addition to enhancing drug delivery, FUS has also been 
found by pre-clinical studies to enhance neuro-oncological 
immunotherapy and act as a radiosensitiser [18]. Although 
most clinical studies have been in vitro, FUS is already 
being used in neurosurgical neuro-oncology, and clinical 
trials assessing its clinical effect are ongoing [31]. Given 
that FUS is a relatively novel neurosurgical technology, the 
question arises whether FUS has been sufficiently scruti-
nized and undergone evaluation before being used in clinical 
trials involving humans.

Given the high stakes and narrow margins for error in 
neurosurgery, particularly for high-risk patients, the evalua-
tion and implementation of surgical devices necessitate strict 
and meticulous examination. The IDEAL-D framework 
(Idea, Development, Exploration, Assessment, Long-term 
study—Devices) has been developed and widely advocated 
for this purpose. Created by an expert consensus group, the 
IDEAL-D framework provides a structured approach to the 
development, evaluation, and implementation of surgical 
innovations to improve patient outcomes and safety, from 
first use through clinical practice [10]. However, the adop-
tion of IDEAL(-D) in neurosurgery remains limited [33], 
likely due to a combination of lack of awareness, insuffi-
cient due diligence, and perceptions of the framework as 
impractical. Nevertheless, to ensure the safety of neurosurgi-
cal patients, knowledge of and adherence to the framework 
are crucial.

Building upon the underpinnings of the IDEAL-D frame-
work and its significance in neurosurgery, the combined 
application of the SYstematic Review Centre for Laboratory 
animal Experimentation (SYRCLE) tool and Risk Of Bias 
In Non-randomized Studies—of Interventions (ROBINS-
I) tool emerges as an effective strategy for bolstering the 
methodological evaluation and uncovering potential biases 
in various stages of surgical innovation. Using SYRCLE and 

ROBINS-I together with the IDEAL-D framework allows 
for a more robust evaluation of the methodological quality 
and potential biases in studies at various stages of surgi-
cal innovation development. SYRCLE is a tool designed to 
assess the risk of bias in animal studies, while ROBINS-I 
aims to identify potential biases in non-randomized stud-
ies of interventions. Therefore, this article aims to assess 
whether the IDEAL-D framework has been followed for the 
introduction of FUS in neuro-oncology, as well as evaluate 
the methodological quality and risk of bias in studies using 
SYRCLE and ROBINS-I tools.

Methodology

A comprehensive narrative literature search was performed 
searching for all published clinical and preclinical studies, 
as well as registered trials, on the use of focused ultrasound 
in neuro-oncology. The search terms used can be found in 
Supplementary Digital Content Table 1, and the PRISMA 
flowchart can be found in Supplementary Digital Content 
Table 2. The search was done using the following databases: 
“Embase,” “Medline,” “PubMed,” and “ClinicalTrials.gov.” 
No date limiters were applied. The final search date was 
December 31, 2022. Inclusion criteria were original studies 
examining the use of FUS in the context of BBB disruption 
and enhanced drug delivery in the treatment of brain tumors, 
clinically or pre-clinically, written in the English language. 
Reviews were excluded. Data on the various parameters 
were extracted as per IDEAL framework recommendations 
on their website idealcollaboration.com [36], a detailed list 
of the extracted parameters can be found in Supplementary 
Digital Content Table 3.

To complement the IDEAL-D framework, the SYRCLE 
and ROBINS-I tools were also employed in our methodol-
ogy. The SYRCLE tool is specifically designed to assess the 
risk of bias in animal studies, while the ROBINS-I tool is 
used for evaluating the risk of bias in non-randomized trials.

Data extraction was conducted using Microsoft Excel, 
and graphs were created using the R software (version 4.0.4) 
[35]. In addition, articles were critically appraised, and the 
risk of bias was determined against all the domains of the 
SYRCLE and ROBINS-I tool by two independent reviewers 
(SGT and JK), and a consensus was reached by discussion.

Results

The literature search yielded 19 original published studies 
(15 pre-clinical stage 0 studies, two clinical stage 1 studies, 
and two stage 1/2a) [1, 3, 4, 7, 12, 14, 17, 20, 21, 23, 25, 
27–30, 34, 40, 42, 43], and 12 registered trials [16, 37].
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Study and therapy characteristics

The geographical distribution of the studies is illustrated 
in Fig. 1, with most studies having been conducted in 
the USA (n = 8). The study characteristics of the original 
publications are summarised in Table 1 and Fig. 2. The 
most frequently studied disease types were glioma (not 
otherwise specified), GBM, and recurrent GBM (Fig. 2A). 
Rodents were the most commonly used model (Fig. 2B). 
The most frequently used drugs were Cisplatin (n = 3) and 
Methotrexate (n = 4). The ExAblate low-frequency ultra-
sound system (n = 4) and Optison (n = 3) were the most 
used FUS platforms. Registered trials are all in-human, 
stage 1, or stage 1/2a studies (Table 2). Seven of these tri-
als are marked as “active and recruiting” (Table 2).

Outcomes and complications

The primary outcomes of all included studies were focused 
on investigating the efficacy and safety of BBB disrup-
tion using FUS. However, we observed a high degree of 
heterogeneity among the specific outcome measures used 
across the studies (Table 3). Of the included studies, five 
investigated the survival and safety of FUS in BBB dis-
ruption, while 11 studies examined the effect of BBB on 
macromolecular transfer, including medication transfer 
across the BBB (Table 3). Most animal studies (n = 10) 

do not report functional outcomes, as they were generally 
sacrificed after the procedure for histological examination. 
Interestingly, most published clinical and pre-clinical stud-
ies (n = 12) did not report complications, while only five 
studies reported no complications (Table 3). Nonetheless, 
most included animal and human studies reported largely 
positive outcomes in terms of their respective primary and 
secondary outcomes (n = 17). None of the in-human stud-
ies reported direct side effects or complications of FUS 
therapy. Overall, BBB disruption was reported to be asso-
ciated with successful disruption of the BBB, increased 
drug delivery, improved survival rates, and good safety 
(Table 3).

Stage 0 studies

IDEAL‑D analysis

IDEAL-D stage 0 studies involve the preclinical stage of 
surgical innovation development, focusing on laboratory and 
animal research, and aim to establish the feasibility, safety, 
and proof-of-concept for the new technique or device before 
transitioning to clinical testing (Fig. 3) [10].

Of the 15 studies [1, 4, 7, 12, 17, 20, 21, 25, 27–30, 40, 
42, 43] included in the analysis only 4 studies [1, 21, 27, 43] 
investigated the predictable risks in animal models, while 
the remaining studies did not address these risks adequately. 

Fig. 1   A world map showing the country of origin of the published 
original studies (n = 19) [1, 3, 4, 7, 12, 14, 17, 20, 21, 23, 25, 27–30, 
34, 40, 42, 43] on therapeutic FUS for BBB modulation. The legend 

at the bottom denotes the number of studies published per respective 
country as separate colour. The corresponding author’s country of 
affiliation was chosen to represent the origin of the study itself
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Most of the studies were scored negatively regarding the 
exploration of the majority of predictable risks to patients 
due to the lack of investigation of complex neurological 
sequelae in the animals, including testing of neurological 
higher functioning. Among the included studies, Alonso 
et al. [42] (2013) stood out for following guidelines on best 
scientific practises and ethics specific to animal studies [11, 
32]. None of the other studies, reported on the use of ran-
domization nor participant and investigator blinding. How-
ever, all studies made a minimum dataset describing techni-
cal consistency before first-in-human testing and addressed 
relevant parameters as outlined in the methodology section 
(n = 15/15). Overall, none of the studies fully reached the 
stage endpoint due to poor methodology, and only six studies 
partially reached it (Fig. 4A). All scores are also presented 
in Supplementary Digital Content Table 4.

Fifteen animal studies were evaluated for their adherence 
to animal welfare and ethics guidelines. Of the 15 studies, 
six had formal approval from an animal committee [4, 17, 
25, 28, 42, 43], five did not have formal approval but fol-
lowed appropriate animal care policies [7, 12, 20, 30, 40], 
and four had no information regarding approval or animal 
care [1, 21, 27, 29]. Regarding euthanization and anesthesia 
methods, all studies except one [42] reported appropriate 
methods. There was a lack of information provided on the 
level of animal care in most studies. All studies were trans-
parent regarding any conflicts of interest including received 
grants.

SYRCLE analysis

SYRCLE analysis of 15 studies, presented in Fig. 5 and 
Supplementary Digital Content Table 5, showed varying 
degrees of bias across different parameters. Only three 
studies [7, 28, 43] exhibited a low risk of bias in sequence 
generation by properly randomizing samples, while the 
remaining 12 [1, 4, 12, 17, 20, 21, 25, 27, 29, 30, 40, 42] 
showed concerns or unclear risk, mainly due to lack of 
randomization. One study [29] notably scored high risk 
for not employing controls. For baseline characteristics, 
most studies (12/15) scored low risk of bias; two showed 
some concerns due to insufficient animal data. Allocation 
concealment was a concern in most studies (n = 13/15), 
with two scoring high risk. All studies scored “some con-
cerns” for random housing, with the majority (12/15) not 
addressing the blinding of caregivers. Only Alonso et al. 
[42] implemented a low-risk, double-blinding methodol-
ogy. Random outcome assessment was unclear in most 
(n = 13/15) studies, with two scoring high risk. Outcome 
assessor blinding was generally unaddressed (n = 10/15), 
except for two studies [1, 28]. Incomplete outcome data 
had low risk in most cases (n = 13/15), with one high-
risk exception. All studies scored low risk for selective Ta
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outcome reporting. Overall, the studies varied in bias risk: 
four high, seven unclear, and four low. An in-depth expla-
nation of scoring parameters and rationale is provided in 
Supplementary Digital Content Table 5.

Stage 1 studies

IDEAL‑D analysis

Under the IDEAL-D framework [3, 34], stage 1 studies 
mark the initial foray into human clinical testing, aiming 
to assess the safety and feasibility of the innovation within 
a confined patient cohort.

Two studies were included in the analysis (Fig. 4A) [14, 
23], both of which had well-defined measures for report-
ing outcomes and patient characteristics, a structured 

reporting system, and disclosed all information regardless 
of outcomes. They partially reached the stage endpoint due 
to methodological shortcomings, particularly the lack of 
blinding and randomization. Ethical standards were main-
tained with formal board approval and informed patient 
consent, but patient confidentiality procedures were not 
explicitly described. Both studies fully disclosed any 
potential conflicts of interest. All scores are also presented 
in Supplementary Digital Content Table 6.

ROBINS‑I analysis

ROBINS-I analysis, summarised in Fig. 4B and Supple-
mentary Digital Content Table 7, of the same two studies, 
showed a low risk of bias for participant selection, deviations 
from intended interventions, and selection of the reported 
result. However, they scored high risk due to confounding 
factors: heterogenous medication regime for Mainprize et al. 

Fig. 2   Two bar plots summarise the findings on disease type (A) and 
sample type (B) examined by the included published original studies 
on therapeutic FUS for BBB modulation (n = 19) [1, 3, 4, 7, 12, 14, 
17, 20, 21, 23, 25, 27–30, 34, 40, 42, 43]. In the second row, two bar 

plots summarise the findings on disease type (C) and trial stage and 
sample size (D) examined by the included registered, but not pub-
lished, clinical trials on therapeutic FUS for BBB modulation (n = 12) 
[37].



4268	 Acta Neurochirurgica (2023) 165:4259–4277

1 3

[23] and a varied patient sample for Idbaih A et al. [14]. 
Mainprize et al. [23] also had a moderate risk for classifica-
tion of intervention and high risk for missing data due to a 
high dropout rate and missing tumor samples. Both studies 

had a high risk of bias in outcome measurement due to a 
lack of blinding. Overall, Mainprize et al [23]. was assessed 
as having a high risk of bias, while Idbaih A et al. [14] was 
seen as a moderate risk.

Table 2   Summary of unpublished, registered clinical trials on therapeutic focussed ultrasound for BBB modulation

NCT Year Status Stage Disease Therapy Primary outcome 
measure

Sample 
size (n)

Age limit

NCT04804709 2021 Active, not recruiting 1 Diffuse Intrinsic 
Pontine Glioma

Diffuse Pontine and 
Thalamic Gliomas

Diffuse Midline 
Glioma, H3 K27M-
Mutant

Drug: Panobinostat
Device: Focused 

Ultrasound with 
neuro-navigator-
controlled sonica-
tion

AE 3 4—21

NCT03744026 2018 Active, not recruiting 1/2a Recurrent glioblas-
toma

Drug: Carboplatin 
(AUC 4–6)

Device: SonoCloud-9

1) Dose limiting 
toxicity (DLT) of 
number of activated 
ultrasound beams 
2) BBB opening 
will be evaluated by 
contrast-enhanced 
T1w magnetic 
resonance imaging 
(MR

33  ≥ 18

NCT04614493 2020 Active, recruiting 2 Newly diagnosed 
glioblastoma

Drug: Temozo-
lomide Device: 
SonoCloud-9 (SC9) 
device

PFS 66  ≥ 18

NCT04528680 2020 Active, recruiting 1/2a Recurrent glioblas-
toma

Drug: Albumin-
bound paclitaxel 
(stage 1 and 2), 
Carboplatin

(stage 2)
Device: Sonication 

for opening of 
blood–brain barrier

Dose limiting toxicity 
(Phase1)

1-year survival rate 
(Stage 2)

39  ≥ 18

NCT04021420 2019 Active, recruiting 1/2a Metastatic melanoma Drug: Nivolumab 
Device: SONO-
CLOUD

MSD 21  > 18

NCT03551249 2019 Active, not recruiting 1 Glioblastoma Device: FUS ExAb-
late, Type 2

AE 20 18—80

NCT03616860 2018 Active, not recruiting 1 Glioblastoma Device: FUS BBB 
Disruption Exablate 
Neuro

AE 20 18—80

NCT03714243 2019 Active, recruiting 1 Breast cancer metas-
tases

Device: ExAblate 
Model 4000 Type-2

AE 10 18—80

NCT03712293 2018 Unknown 1 Glioblastoma Drug: Temozolomide 
Device: ExAblate 
Type 2.0 BBBD

AE 10 19—80

NCT04440358 2020 Active, recruiting 1/2a Recurrent glioblas-
toma

Drug: Carboplatin
Device: ExAblate 

Type 2.0 BBBD

AE 50 18 -80

NCT04417088 2020 Active, recruiting 1/2a Recurrent glioblas-
toma

Drug: Carboplatin 
Device:ExAblate 
Type 2.0 BBBD

AE 30 18—80

NCT04446416 2020 Active, recruiting 1/2a Recurrent glioblas-
toma

Drug: Bevacizumab 
Device: NaviFUS 
System

AE & PFS at 
6 months

10 18—80
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Stage 1/2a studies

IDEAL‑D analysis

IDEAL-D stage 1/2a studies [3, 34] are situated a transi-
tional stage between early clinical safety evaluations and 
the exploration of the novel surgical technique or device in 
a larger patient cohort. These studies involve refining the 
technique, determining optimal parameters, and expand-
ing evaluations to multiple centers for more robust safety 
and efficacy data. Two studies were included in the analysis 
(Fig. 5A). All scores are also presented in Supplementary 
Digital Content Table 8.

The analysis revealed that both studies scored positively 
for making their study protocol available, explaining all 
exclusions, and reporting all cases sequentially with annota-
tion and explanation of when and why changes to indication 
or procedure took place. However, the studies were only 
partially able to reach the stage endpoint of the IDEAL-
D framework due to poor outcome reporting methodology. 
Both stage 1/2a studies obtained formal approval from their 
respective ethics boards and respected patient autonomy 
by providing information about the study and gaining 
informed consent. The studies both ensured patient safety 
and disclosed any potential conflicts of interest. However, 
no information regarding the confidentiality of patient data 
was available.

ROBINS‑I analysis

In Fig. 5B and Supplementary Digital Content Table 9, the 
results of the ROBINS-I analysis are shown (n = 2). The 
studies [3, 34] demonstrated a low risk of bias in several cat-
egories, such as confounding, participant selection, interven-
tion classification, deviations from intended interventions, 
and missing data. However, they scored highly for bias in 
outcome measurement due to insufficient description of how 
neurological outcomes were measured, and moderate risk 
of other bias due to a lack of blinding. Overall, both studies 
were classified as having a moderate risk of bias.

Discussion

This methodological analysis of the 15 pre-clinical studies 
revealed that none fully and only six partially reached the 
IDEAL stage endpoint for stage 0 studies. Both IDEAL-D 
stage 1 studies only partially reached the stage endpoint due 
to poor methodology of blinding and randomization. Of the 
two stage 1/2a studies, poor outcome reporting meant that 
the stage endpoint was only partially reached. However, all 
stage 1 and 1/2a studies stated that they obtained formal 
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approval from their respective ethics boards, respected 
patient autonomy, and ensured patient safety. Overall, the 
SYRCLE analysis scored four pre-clinical studies as high, 
seven studies as unclear, and four studies as low risk of bias. 
The ROBINS-I analysis for clinical studies showed that the 
stage 1 studies were scored as moderate (n = 1) and high risk 
of bias (n = 1), and both stage 1/2a studies were classified as 
having a moderate risk of bias. Given our methodological 
findings, the efficacy and safety of BBB disruption using 
FUS, as summarized in our review, are likely subject to over-
estimation and lack of generalizability.

The results of the IDEAL-D and SYRCLE analyses sug-
gest that most stage 0 studies investigating FUS in animal 
models are conducted with poor methodology and a high risk 
of bias. Specifically, most studies failed to use appropriate 
animal models, follow guidelines on best scientific practice 
and ethics specific to animal studies, or adequately address 
predictable risks to patients, including complex neurologi-
cal sequelae and testing of neurological higher functioning. 

The SYRCLE analysis revealed that sequence generation 
parameters, including baseline characteristics, allocation 
concealment, random housing, and blinding of caregivers 
and outcome assessors, were not addressed. The absence 
of formal animal committee approval in several studies 
demonstrates a lack of awareness of ethical guidelines by 
researchers. This is cause for concern as unnecessary ani-
mal suffering may jeopardize scientific research efforts and 
undermine study credibility. Although most studies reported 
appropriate detail regarding euthanization and methods for 
anesthesia, information about animal living conditions was 
frequently omitted. These findings highlight the need for 
more rigorous methodological standards and adherence to 
best scientific practice and ethics in stage 0 studies of FUS 
in animal models.

Our findings suggest that the animal studies have not yet 
reached the IDEAL-D stage endpoint, indicating that more 
high-quality non-human studies are necessary to ensure the 
safety of FUS before translation into humans [24]. However, 
many human clinical trials have already been registered, and 

Fig. 3   A A stacked pie chart summarised the findings of the IDEAL-
D analysis of published stage 0 studies (n = 15) [1, 4, 7, 12, 17, 20, 
21, 25, 27–30, 40, 42, 43]. Each ring is denoted with an alphabeti-
cal letter and the corresponding categorical variable is denoted in the 
legend at the bottom of the graph. A) Were all predictable risks to 
patients investigated before human studies began? B) Were guide-
lines on best scientific practice and ethics specific to the types of 
study followed where available? C) Was a minimum dataset describ-
ing technical consistency made public before first-in-human testing? 
D) Did the outcome description address relevant parameters (i.e. 
Whether intended goal of procedure is accomplished? Level of dif-
ficulty of performing procedure or using device as compared to stand-
ard of care? Safety risks? Desirability of intervention?) E) Was stage 

endpoint reached? (Any studies that could avoid predictable risks 
of failure or harm to the first human should have been conducted.) 
The colour of the rings correlate to the legend at the right side of 
the graph and denote whether the categorical variables were fully 
addressed (“Yes”), incompletely addressed (“Partially”), or not at all 
addressed (“No”). B Risk of bias summary plot for non-randomized 
studies with a bar chart of the distribution of risk-of-bias judgments 
for all included stage 0 studies (n = 15) [1, 4, 7, 12, 17, 20, 21, 25, 
27–30, 40, 42, 43] across the domains of the SYRCLE tool, shown 
in percentages (%), is shown. At the bottom, an overall risk of bias, 
which represents the collated risk-of-bias judgements for all domains, 
is depicted



4273Acta Neurochirurgica (2023) 165:4259–4277	

1 3

the feasibility of halting them is limited. Thus, increased 
methodological scrutiny of human studies to ensure the 
safety and efficacy of FUS is required. Several studies 
explore the complex neurological side-effects of FUS; how-
ever, the lack of bias and randomization in stage 1 and stage 
1/2a undermine the reliability and validity of the findings 
[6]. The current study serves as an important stimulus for 
employing appropriate measures to ensure the high validity 
of findings, such as pre-specified endpoints, blinding, and 
randomization. This would lead to improved reliability of 
study results and increase the safety of FUS technology for 
human subjects.

Overall, our results demonstrate a concerning lack of 
adherence to methodological and ethical frameworks such 
as IDEAL-D, SYRCLE, and ROBINS-I in studies related to 
FUS in neurosurgery, with none of the studies fully reach-
ing the IDEAL end stage [11]. One possible explanation for 
the lack of adherence to methodological and ethical frame-
works is a lack of awareness among researchers [8]. While 
IDEAL-D was developed in the UK, our analysis found that 
most included studies on FUS were from the USA. This sug-
gests that there may be a need to increase awareness of these 

frameworks outside of Europe and to encourage researchers 
to incorporate them into their study protocols [41]. Most 
studies report positive outcomes of FUS accompanied by 
few or no complications associated with the technology; 
however, the lack of adherence to ethical and methodologi-
cal frameworks, as noted in the analysis, places the reli-
ability and validity of the results obtained into question. 
Therefore, the efficacy and safety of BBB disruption using 
FUS, which our study also summarised, may lack accuracy 
and generalizability and could be a misleading overestima-
tion. Therefore, further research that adheres to ethical and 
methodological frameworks, such as SYRCLE, ROBINS-I, 
and IDEAL-D, is needed to confirm the efficacy and safety 
of FUS for brain tumors and to guide clinical practice.

The present study’s findings may be limited by sev-
eral factors. While the study used three different appraisal 
tools, they all have limitations, such as the ROBINS-I 
tools’ inability to capture all sources of bias [38] and the 
IDEAL-D tools’ subjective nature [24]. The retrospec-
tive application of the IDEAL-D framework in this study 
may be challenging due to its inherent limitations. The 
IDEAL-D framework is designed to guide the planning, 

Fig. 4   A stacked pie chart summarised the findings of the IDEAL-
D analysis of published stage 1 (excluding stage 1/2a) studies (n = 2) 
[14, 23]. Each ring is denoted with an alphabetical letter and the cor-
responding categorical variable is denoted in the legend at the bottom 
of the graph. A) Were full details of patient selection, technique, and 
outcomes and patients not selected during the time frame, and why 
provided? B) Were standard well-defined measures for reporting out-
come and patient characteristics used? C) Was a structured reporting 
system used? D) Was the above information made available to peers 
regardless of outcome? E) Was stage endpoint reached? (Outcomes 

will determine whether to proceed to stage 2a.) The colour of the 
rings correlate to the legend at the right side of the graph and denote 
whether the categorical variables were fully addressed (“Yes”), 
incompletely addressed (“Partially”), or not at all addressed (“No”). 
B Risk of bias summary plot for non-randomized studies with a bar 
chart of the distribution of risk-of-bias judgments for all included 
stage 1 studies (n = 2) [3, 34] across the domains of the ROBINS-I 
tool, shown in percentages (%) is shown. At the bottom, an overall 
risk of bias, which represents the collated risk-of-bias judgements for 
all domains, is depicted



4274	 Acta Neurochirurgica (2023) 165:4259–4277

1 3

conduct, and reporting of surgical innovation studies, and 
applying it retrospectively may present challenges in accu-
rately assessing the study’s methodology and results—it 
is similar to trying “to put the genie back inside the bot-
tle”. Furthermore, the limited availability of data in some 
studies may have hindered the ability to assess certain out-
comes or biases [9], and the relatively small sample size 
of studies included may limit the generalizability of the 
findings [2]. Moreover, publication bias may have affected 
the study’s results, as studies with positive outcomes may 
be more likely to be published than those with negative 
outcomes [15]. Despite these limitations, the present study 
provides important insights into the use of FUS and high-
lights areas where further research is needed.

Conclusion

In conclusion, our narrative analysis of FUS studies in the 
field of neuro-oncology has uncovered important concerns 
about the ethical and methodological foundations of this 

emerging technology. Our detailed evaluation reveals a 
potential for bias and a concerning degree of methodologi-
cal inconsistency, issues which have the potential to signifi-
cantly compromise the validity of reported safety and effi-
cacy outcomes. Particularly concerning is the noted deficit 
in compliance with recognized methodological and ethical 
standards, including the IDEAL-D, SYRCLE, and ROBINS-
I frameworks. Animal studies were particularly found want-
ing in this regard, necessitating a renewed commitment to 
ethical and methodological rigor to ensure robust results that 
can effectively inform subsequent clinical trials. Given the 
considerable number of registered human clinical trials, the 
urgent requirement for improvements in study quality cannot 
be overstated. Further, the noted geographical disparity in 
adherence to frameworks like IDEAL-D makes a compelling 
case for a global initiative to standardize research methodol-
ogies. Future research in this field must work assiduously to 
address these shortcomings, uphold stringent ethical norms, 
and refine trial methodologies. This is crucial to ensure that 
the implementation of FUS in neuro-oncology practice is 
both safe and effective.

Fig. 5   A A stacked pie chart summarised the findings of the IDEAL-
D analysis of published stage 1/2a studies (n = 2) [3, 34]. Each ring is 
denoted with an alphabetical letter and the corresponding categorical 
variable is denoted in the legend at the bottom of the graph. A) Was a 
study protocol made available? B) Were standard well-defined meas-
ures for reporting outcome and patient characteristics used? C) Were 
all exclusions reported and explained? D) Were all cases reported 
sequentially with annotation and explanation of when and why 
changes to indication or procedure took place? E) Was stage endpoint 
reached? (Display main outcomes graphically to illustrate the above.) 

The colour of the rings correlate to the legend at the right side of 
the graph and denote whether the categorical variables were fully 
addressed (“Yes”), incompletely addressed (“Partially”), or not at all 
addressed (“No”). B Risk of bias summary plot for non-randomized 
studies with a bar chart of the distribution of risk-of-bias judgments 
for all included stage 1/2a studies (n = 2) [3, 34] across the domains 
of the ROBINS-I tool, shown in percentages (%) is shown. At the bot-
tom, an overall risk of bias, which represents the collated risk-of-bias 
judgements for all domains, is depicted
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unnecessary hurdles, delaying their availability to patients 
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who have limited options and are in desperate search for care. 
Furthermore, the risk-averse nature induced by excessive 
regulations can discourage researchers from exploring high-
risk, high-reward therapeutic avenues. Innovation often thrives 
when researchers are encouraged to take calculated risks and 
pursue unconventional approaches. Overregulation can hinder 
this process, favoring more conservative and incremental 
advancements over potentially groundbreaking ones.

Thus, it must be underscored that the way is finding the right 
balance between safety and innovation to ensure that patients have 
timely access to safe and effective treatments while fostering an 
environment conducive to scientific progress. To this purpose, 
regulatory agencies, industry stakeholders, and the research 

community must collaborate to streamline regulatory processes 
without compromising patient safety. Also, implementing 
measures such as adaptive trial designs, real-world evidence 
integration, and improved communication between regulatory 
agencies and researchers can expedite the evaluation process 
without compromising rigor. Ultimately, the goal should be 
to create an environment where groundbreaking therapies can 
flourish without compromising patient well-being.

Alfredo Conti
Bologna
Italy
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