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Abstract

list.

Background: To report a consensus on the different competency levels for the elaboration of skill recommendations
in performing brain ultrasonography within the neurocritical care setting.

Methods: Four brain ultrasound experts, supported by a methodologist, performed a preselection of indicators and
skills based on the current literature and clinical expertise. An international panel of experts was recruited and sub-
jected to web-based questionnaires according to a Delphi method presented in three separate rounds. A pre-defined
threshold of agreement was established on expert subjective opinions,>84% of votes was set to support a strong
recommendation and >68% for a weak recommendation. Below these thresholds, no recommendation reached.

Results: We defined four different skill levels (basic, basic-plus, pre-advanced, advanced). Twenty-five experts par-
ticipated to the full process. After four rounds of questions, two items received a strong recommendation in the basic
skill category, three in the advanced, twelve in the basic-plus, and seven in the pre-advanced. Two items in the pre-
advanced category received a weak recommendation and three could not be collocated and were excluded from the

Conclusions: Results from this consensus permitted stratification of the different ultrasound examination skills in
four levels with progressively increasing competences. This consensus can be useful as a guide for beginners in brain
ultrasonography and for the development of specific training programs within this field.

Keywords: Brain ultrasound, Training, Intensive care, Acute brain injury, Consensus, Delphi

Introduction

Over the years, ultrasonography has become an essential
part of clinical assessment and management of critically
ill patients and it is now considered a fundamental skill
within the intensive care unit [1-3]. Many guidelines
have been developed in the field of cardiac and thoracic
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ultrasonography, and “point of care ultrasonography” is
currently applied in several emergency settings for early
detection of systemic diseases [4—7]. An excellent learn-
ing curve and extensive recommendations for the use of
emergency ultrasound techniques have further contrib-
uted to its rapid divulgation among clinicians of differ-
ent medical backgrounds in hospitals worldwide. [8, 9].
Within the neurological, neurosurgical, and neurocriti-
cal care setting, brain ultrasonography (BUS) is widely
used to evaluate intracranial pathology in patients with
acute brain injury (ABI) [10, 11]. It represents a bridge
between the traditional neurological examination and
other methods which can be either expensive or invasive.
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Regarding transcranial ultrasound techniques, two types
exist: traditional transcranial Doppler (TCD), which
provides information regarding the cerebral blood flow
velocity, and transcranial color-coded duplex Doppler
sonography (TCCD), which combines B-mode and color
Doppler imaging. This later provides several advantages
compared with traditional TCD, due to its capability of
assessing both the intracerebral vascular system and ana-
tomical structures, either bone or parenchymal. Because
it is a noninvasive and readily available method, it can be
used as a repeatable bedside tool to identify patients with
compromised intracranial hemodynamics, already dur-
ing the ultra-early phase of ABI, thus providing impor-
tant prognostic information for the clinician [12, 13].
Clinical applications include the visualization of cerebral
anatomical pathologies (intracranial hemorrhage, hydro-
cephalus, cerebral edema, and ischemia), and assessment
of basic or advanced parameters obtained from the anal-
ysis of the TCCD-derived waveform of the main cerebral
vessels (including the diagnosis of death, assessment of
intracranial pressure, autoregulation, and vasospasm)
[14-19].

Although TCCD is considered a relatively simple
method, it is characterized by some limitations, such as
the necessity of patent transcranial acoustic windows and
operator dependency. Expertise requires the apprehen-
sion of specific skills acquired through knowledge of the
various landmarks, parameters and fields of application,
and especially through hands-on training and practice of
this technique [8].

Although consensus recommendations regarding the
use of TCCD for the evaluation of specific brain pathol-
ogies, such as cerebral circulatory arrest, sickle cell dis-
ease, movement disorders, and stroke, are available, to
our knowledge there is currently no expert consensus
agreement on how to define the general skill recom-
mendations and competency levels for BUS examination
within the neurocritical care setting [20—-26].

The paucity of information in this regard is not of triv-
ial importance, since standardized recommendations
are needed to increase reproducibility and comparabil-
ity of the results of TCD/TCCD studies which deal with
acutely brain-injured patients. Furthermore, the acquisi-
tion of knowledge and skills within the field of acute neu-
rocritical care is required in order to help clarify the goals
and future direction of emergency medical residents [27].

The aim of this consensus was to define a standard-
ized approach to utilize TCD and TCCD and the vari-
ous grades of skills/competencies associated with this
technique. We aimed to provide guidance to faculty who
are involved with training in brain ultrasonography and
to training neo-sonographers in order to provide rec-
ommendations for defining the levels of competence

necessary to achieve for each skill and contribute in
designing teaching programs for their acquisition.

Methods

Experts’ panel selection experts were required to have
an established skill and ability with neurosonography
in adult patients especially in the critical care environ-
ment, derived from constant application of ultrasound
approaches to patients with severe cerebral injuries.
Experts in the field of BUS were invited and coordinated
by CR, DP, GC, FT, and FR.

Consensus Methodology

The coordinating members performed the selection of
queries aimed at stratifying brain ultrasound examina-
tion quality and operator’s skill. The first, exploratory
round was aimed at evaluating the intelligibility of the
questions and the completeness of the questionnaire.
Questions were based on a 10-point scale, ranging from
totally disagree to totally agree, and voters could add
notes, criticisms, and suggestions to their answers. This
first exploratory step was useful to develop the final list of
brain ultrasound tests submitted to experts’ evaluation.
A Delphi method based on web-based questionnaires
developed with Google forms on a secure university
server by GC and CR was used to seek the opinions of
the panel members, with the aim of reducing the heter-
ogeneity of the different points of view to reach, in the
end, the highest possible degree of convergence [28].
After the development of the definitive list of questions,
we performed a second and a third web-based round to
group ultrasound tests in different levels of skill, from
basic to highly specialized. We also planned the possibil-
ity of modifying in itinere the skill classes number and
composition, based on the opinions emerging from the
panel answers and comments. This means that we used
an iterative approach after each round, selecting those
items that did reach the minimal threshold to be included
in one of the skill categories (from basic to highly spe-
cialized) and considering the possibility of generating
new categories that could better reflect the opinions of
the panel members for those items that did not reach
the threshold. In the following rounds, we submitted to
the panel vote the statements defining the group of abili-
ties required to fulfill each level of skill. In this section of
rounds, unlike the previous one, only rewording of the
statements was consented but not any intervention on
their contents. After each round, we analyzed answers to
spot heterogeneity and inconsistent patterns of individual
members answers. In these cases, individual members
were contacted by email or by phone to verify the correct
understanding of the questions under scrutiny and to ask
whether they wanted to modify or keep their answers. At
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each round, we provided to each member of the panel the
frequency distribution of the previous round, inviting the
consensus members to reconsider their previous answers
and revised them when required. The objective was that
to reach a consensus and not agreement, meaning that
the final choice of the group may have not been the first
choice of an individual member that according to a coop-
erative behavior, adopted whenever possible a stand-
aside position. No blocking positions were permitted.

The analysis was performed by the non-voting member
of the panel (DP) and the feedbacks were provided with-
out unveiling other members positions, although mails
and phone calls were managed by three voting members
of the scientific committee (GC, FR, CR). The decision
rule is the degree of consensus required to provide a rec-
ommendation. For this purpose, a pre-defined threshold
was established. Unanimous consent was not sought,
due to the difficulty in achieving it in large groups, and
given the absence of substantial evidence in this field
and the need to rely on expert subjective opinions, a
majority >84% of votes to support a strong recommen-
dation (the closest integer in terms of number of voting
members) and>68% for a weak recommendation were
required.

Statistical Method

Percentages and correspondence analysis mapping were
used to assess the distribution of answers. We also ana-
lyzed the data with hierarchical clustering based on the
agglomerative Ward’s method and Euclidean distances,
to develop dendrograms and using multiscale bootstrap
resampling (with 1000 samples randomly generated) to
calculate approximately unbiased (AU) probabilities of
clusters in bootstrap replicates, which have been shown
to be less biased compared to “ordinary” bootstrap prob-
abilities (BP) [29]. This approach permits identification
of subgroups with homogenous distribution patterns
accounting for random variation.

A 95% threshold for the definition of clusters based
on the AU probabilities was used. At an individual level,
this allows to detect heterogeneous voting patterns,
which can be connected with questions misunderstand-
ing or truly heterogeneous position compared with the
majority. In both cases, this allows the improvement of
the questionnaire in terms of intelligibility or in terms of
contents, respectively.

These analyses applied to items collocation in different
skill levels allows to define clusters according to the prev-
alent opinions in the panel, creating the basis for the final
statements. All statistical analyses were performed with
the ca, FactoMineR, and pvclust packages for R (version
3.5.2) [30].

Results

Twenty-nine international experts accepted to become
members of the consensus panel. The Neurocritical Care
Society endorsed the initiative. The steps of the consen-
sus process are summarized in the flowchart in Fig. 1.

In the preliminary round, seventeen items, correspond-
ing to different ultrasound tests, were proposed. On the
basis of answers and feedbacks, a definitive list of twenty-
nine items was submitted to the panel vote, divided in
four main groups (Table 1): (a) general knowledge; (b)
identification and insonation of arteries; (c) identifica-
tion of other anatomical structures; (d) diagnosis of brain
pathologies. The panel members were asked to collo-
cate them in one of four skill levels: basic, intermediate,
advanced, and more than advanced. This questionnaire
was submitted in the second and third round. We found
a strong association between advanced and more than
advanced categories, and we decided to merge them in
a unique advanced category since individually their fre-
quencies were low. During the initial phase of consensus
seeking, votes were distributed following a continuous
pattern and single categories overlapped reaching only in
few cases the thresholds for recommendation. Hierarchi-
cal clustering revealed three clusters with a low probabil-
ity of being generated by random variation (Fig. 2a).

After having provided feedbacks regarding the second
round, in the third round, we could formally recognize
four clusters (Fig. 2b). We thus included the more-than-
advance skill category in the advanced category, since the
former received only scattered votes. This way, a clear
individuation of the extremes was evident and two inter-
mediate categories were also recognizable, defining a
new four-level scale (Fig. 3).

We could thus define a basic and an advanced level
including, respectively, two and three items which
reached the threshold for strong recommendation. The
remaining items, which did not reach this threshold,
were divided in two new categories: basic-plus, where the
sums of intermediate and basic categories reached 85% of
the votes, and pre-advanced were the intermediate and
advanced categories reached the same threshold.

This way, we had two items in the basic skill category,
three in the advanced, ten in the basic-plus, and six in the
pre-advanced. The eight remaining items reached only
the 70% threshold for the basic-plus and pre-advanced
categories.

At this point, statements based on the previous find-
ings were submitted to the panel approval in a fourth
round of opinions. For items that reached sufficient per-
centages for strong recommendation, we simply asked to
confirm the statement as in the following example: Iden-
tification and insonation of the Posterior Cerebral Artery
is a basic-plus skill. Do you agree?
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Preliminary round : to define the list of items to submbit for panel evaluation.
Suggestions for content modification and rewording were allowed

Analysis of results and definition of the final list of items and of the skill levels

NS

Second round: Submission of the items list to the panel. A scale on four skill levels was
proposed to group the items in clusters. Only feedback for rewording was allowed

Analysis of results, evaluation of potentially inconsistent answers, individual contacts
for clarification. Modification of contents and rewording of the items

N/

Third round: Resubmission of the same list of items using the same four-level skill scale
preceded by the communication of the degree of consensus reached for each item.

Analysis of results, definition of a scale of skills that best fitted the data.

N

Fourth round: Results on the degree of consensus for each item was provided The
panel was required to confirm a list of statements based on the third round answers.

A new four-level scale was proposed. For items reaching the predefined consensus level, confirmation
was required. For others, either confirmation or up/down grading to other skill levels was proposed.

Analysis of results, final list of statements definition and degree of recommendation
according to predefined thresholds

Sharing and approval of the final document.

Fig. 1 Flowchart summarizing the various steps pertaining to consensus process

For the eight items not reaching the 85% threshold we
reported the highest percentages of consent and asked
to confirm, downgrade or upgrade the statement as fol-
lows: Identification and insonation of the Vertebral Artery
did not reach the threshold for consensus but 77.7% of the

consensus members considered it a basic-plus skill. Do
you agree it is basic-plus? (Possible answers were: yes, no
[upgrade it to pre-advanced], no [downgrade it to basic]).
Only 25 of the 27 members replied in this phase. Con-
sequently, we had to modify the thresholds for strong and
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Table 1 List of items included in the consensus

Group Single items Abbreviation
General knowledge Knowledge of Doppler and echo-color-Doppler parameters (Depths, velocities, and Basic Kn
power)

Identification and insonation of arteries Identification and insonation of the Middle Cerebral Artery MCA
|dentification and insonation of the Anterior Cerebral Artery ACA
Identification and insonation of the Posterior Cerebral Artery PCA
Identification and insonation of Anterior Communicating Artery ACoA
|dentification and insonation of the Posterior Communicating Artery PCoA
|dentification and insonation of the Basilar Artery BasilarA
Identification and insonation of the Vertebral Artery VertA
Identification and insonation of the Internal Ophtalmic Artery IOA
Identification and insonation of the Internal Carotid Artery ICA

Identification of other anatomical structures Brainstem BStem
Optic Nerve Sheath Diameter ONSD
Third ventricle ThirdV
Lateral ventricles LatV
Intracranial bone structures (Sphenoid, Petrus, etc.) BoneStr
Contralateral temporal skull bone ContrSBone

Diagnosis of brain pathologies Measurement of the Midline Shift MdShift
Diagnosis of hydrocephalus Hydr
Intracerebral hemorrhages (sub, extradural hemorrhage, intracranial hemorrhage) ICH
Diagnosis of vasospasm VSPasm
Diagnosis of cerebral hyperemia HypE
Intracranial hypertension ICP
Assessment of cerebral compliance Ccompl
Assessment of Critical Closing Pressure CrClosP
Assessment of Cerebrovascular Time constant CrTconst
Diagnosis of cerebral circulatory arrest for the confirmation of Brain death CCirArrest
Assessment of cerebrovascular autoregulation: CO2 reactivity CO2R
Assessment of cerebrovascular autoregulation: Mx index Mx
Diagnosis of venous pathology Venous TCD

weak recommendations to 84 and 68% (21 and 17 of 25
voters, respectively).

The twenty-one items reaching in the previous round
the strong recommendation threshold were all con-
firmed. Among the eight not reaching, the threshold in
the previous round, three received 21 or more votes. In
the end, the items receiving a strong recommendation
were two in the basic skill category, three in the advanced,
twelve in the basic-plus, and seven in the pre-advanced,
for a total of 24 strong recommendations. Two items in the
pre-advanced category received a weak recommendation
and only three could not be collocated and were excluded
from the recommendation list (Table 2).

Discussion

To our knowledge, this is the first expert consensus on
skill recommendations and competency levels in per-
forming brain ultrasonography within the critical care

setting. Existing guidelines recommend and deal with
technical issues and the application of practice standards,
but do not provide clear indications regarding the level of
difficulty the neo-sonographer, may encounter during the
learning process [31-34].

One limitation of this consensus may be the fact that
different criteria (e.g., anatomical identification, skill
in executing the technique, knowledge of the various
parameters versus clinical diagnosis of cerebral pathol-
ogy) for the definition of different skill levels have been
adopted. Although we acknowledge this, we also believe
that competency is the ability that spans from recog-
nizing anatomic structures to make complex diagnosis,
which can be acquired through a step-up process. In fact,
the first step in the process of learning the application of
any type of ultrasound technique is the identification of
the anatomical structures, followed by a second phase
which deals with the ability of discriminating between
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Fig. 2 a, b Hierarchical clustering revealed three clusters (a), followed by the results of the third round which recognized four clusters (b)
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Table 2 Skill levels distribution according to the panel

Strength of the
recommenda-
tion
Basic skill BasicKn Strong
MCA Strong
Basic-plus skill BStem Strong
PCA strong
ICA Strong
ACA Strong
ACoA Strong
ONSD strong
PCoA Strong
VSPasm Strong
BasilarA strong
ThirdV Strong
VertA Strong
MdShift Strong
Pre-advanced skill HypE Strong
ICH Strong
CCirArrest Strong
CO2R Strong
CCompl Strong
MX Strong
LatV Strong
IOA Weak
Hydr Weak
Advanced skill CrClosP Strong
CrTconst Strong
VenousTCD Strong

The strength of recommendation was “strong” for items with at least 84%
of votes and “weak” for those that did not reach this threshold but received
at least 68% of votes. The items that did not reach sufficient consensus for
recommendation were: ContrSBone, BoneStr, ICP

ACA anterior cerebral artery, ACoA anterior communicating artery, BasicKn basic
knowledge, BasilarA basilar artery, BStem Brainstem, CCirArrest cerebral
circulatory arrest, CCompl cerebral compliance, CO2R CO2 reactivity,

CrClosP critical closing pressure, CrTconst cerebrovascular time constant,
Hydrhydrocephalus, HypE cerebral hyperemia, ICAinternal carotid artery,
ICHintracranial hemorrhage, IOA internal ophtalmic artery, LatVlateral ventricles,
MCAmiddle cerebral artery, MdShift measurement of the midline shift, MXMx
index for cerebrovascular autoregulation, ONSD optic nerve sheath diameter,
PCA posterior cerebral artery, PCoA posterior communicating artery, ThirdV third
ventricle, VenousTCD diagnosis of venous pathology, VertA vertebral artery,
VSPasmvasospasm

normal and pathological findings. The consensus also
contains questions dealing with the execution of more
sophisticated and complex techniques which require
high skill levels, present only in the most experienced
brain sonographer. However, the objective of the consen-
sus was not that to confront or compare the methods but
rather to stratify them based on the different difficulty
levels associated with the ability in performing them.

Although for BUS, the literature to support our
approach is scarce, in the field of echocardiography, sev-
eral guidelines which recommend this type of progressive
training approach for beginners are available [35-39].

The widespread use of echocardiography in clinical
practice has led to the development of formal certifica-
tion processes, consensus statements, and documents
defining the core elements of image acquisition and
interpretation at different levels of skills [40, 41]. The
latest recommendations from the American Society of
Echocardiography provide guidelines on how to perform
a comprehensive transthoracic echocardiographic exam-
ination in adults, and resulted in the definition of a log
book accreditation by examination, part of the critical
care training program, and the development of diplomas
in advanced echocardiography [42, 43].

We believe that this consensus could be the basis for
a similar process in brain ultrasonography. Validation
exams also exist, such as the one provided by Ameri-
can Society of Neuroimaging called the Neurovascular
Specialist exam, which is intended for sonographers,
advanced practice providers, physicians, etc., who already
perform TCD to certify competence [44].

In our consensus, by using a robust methodology, the
levels of competence, which could represent a guide for
neo-sonographers for the development of training and
certification programs, were defined; the results from this
analysis may assist and be useful for both learning and
teaching purposes within the field of brain ultrasound.
Despite strict rules on how to develop a Delphi model,
the methodology was extensively discussed in detail
among the steering committee, including the question-
naire process, and the expertise of the invited experts
[45].

Knowledge of what may be considered the grade of dif-
ficulty in identifying and insonating brain vessels and/
or anatomical structures can help stratify different pre-
defined skill levels which may be useful, especially to the
sonographer when approaching this technique for the
first time. Furthermore, for the number of parameters
and anatomical structures, the sonographer is able to
insonate and the quality of the exam itself may also influ-
ence the type and amount of cerebral pathologies which
may be potentially investigated. Worthy of note is the fact
that some of the advanced techniques are not yet consid-
ered “standard-of-care,” but rather useful as adjuncts to
other monitoring or diagnostic modalities or for scien-
tific purposes.

This consensus provides a step-up approach for clini-
cians who are learning the skills of brain ultrasonography
through recommendations based on four difficulty levels
(Fig. 4). The beginner neo-sonographer would start from
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Fig. 4 Step-up approach for gaining competency in performing brain ultrasonography

the basics, in this consensus represented by basic theo-
retical knowledge of ultrasound and Doppler principles
and insonation of the main cerebral vessels. Once mas-
tered, he or she would pass on to the next level of diffi-
culty and so forth, until reaching the highest competency
level, (assessment of critical closing pressure, cerebro-
vascular time constant, and venous TCCD), achieving
the highest level of expertise, and qualification suitable
to the task of teaching BUS to other neo-sonographers
approaching this technique.

Conclusions

Results from this consensus can be used for improving
teaching programs and to develop certification pathways,
and eventually for the refinement of future guidelines and
recommendations. This document establishes specific
requirements, which can help teachers with the devel-
opment of structured training programs that include
cognitive base as well as image interpretation and clini-
cal applications. In the future, this document could be
adapted by intensive care medicine societies to establish
an appropriate certification process according to specific
international requirements.
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