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ABSTRACT

Introduction

Due to rapid advances in obstetrics and neonatal care, cranial ultrasound (US)
has become the standard method for evaluating intracranial abnormalities in preterm
neonates. To develop sufficient numbers of skilled cranial ultrasonologists, evaluating
them using a consistent and suitable assessment tool is necessary. The objective of

this study is to create an evaluation tool for cranial US performance.

Materials and Methods

We used a modified Delphi method to produce a quality assessment tool for
evaluating cranial US performance. The researcher developed the initial evaluation
tool items following a literature review and then the expert panel modified them using
a three-round Delphi process. Rubric scales for grading assignments were added when
consensus regarding generated items was reached. Experts were consulted to confirm
the final assessment tool using a rubric scale. Two raters evaluated cranial US
performance of 27 residents in video clips using the assessment tool. Reliability and

percent agreement were assessed.

Result
Seventeen paediatric radiologists working in varying environments participated
in our expert panel. The proposed evaluation tool’s content validation was facilitated

by all experts who were paediatric radiologists. Following three rounds of the Delphi



process, the initial 14-item assessment form became a final 15-item form. A rubric
scale was used in the final form, which was divided into 3 sections: the preparation
phase, US machine operation, and cranial US performance, to make it easier for raters
to assess in the field. Interrater reliability was evaluated with Cohen’s Kappa. The
Kappa value and percent agreement between two raters for most items in the tool

was moderate to almost perfect (0.42-0.93) and 77.8-100%, respectively.

Conclusion
This study produced the first validated cranial US assessment tool using a
modified Delphi method. The final assessment form, which was divided into three

sections and included a rubric scale, was simple to use and potentially reliable.
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Chapter 1

Introduction

1.1 Background and rational

Nowadays, obstetrics and neonatal care is evolving dramatically, resulting in
increasing the survival rate of premature babies. These premature babies are prone to
have intracranial complications, particularly intraventricular hemorrhage (IVH) and
periventricular leukomalacia (PVL). However, the symptoms and signs are often
ambiguous. ! Since 1970s, ultrasound (US) has been a widespread tool to screen
intracranial abnormalities in premature babies. US can demonstrate major
abnormalities within the brain and these findings are related to long-term prognosis.
Long-term abnormalities following IVH and PVL, frequently detected in premature
babies, should be ranged from minor cognitive disorder to severe mental retardation.'?

The advantages of US include cheap cost, safe procedure, no radiation
exposure, no sedation required and available at bedside, especially in critically-ill
patients.! At present, cranial US has become a part of patient care, particularly in
neonatal intensive care unit (NICU). However, the quality and accuracy of US are
operator dependent, requiring skills and experiences. Moreover, the operators
affectively conduct the cranial US are still scarce.?

Teaching or training of cranial US is crucial in order to adequately increase the
numbers of expertise. In fact, learning of cranial US as well as US of other parts of the
body has no affective schemes. In Songklanagarind Hospital, training of cranial US has
been designed as workplace- based learning, starting from observing the pediatric
radiologist experts. Next, the learners perform the cranial US under supervision for 10
or more cases as recommended by the institute. Then they will be allowed to
independently perform the cranial US. In Croatia, 25 cases under supervision is the
number recommended in order to independently practice.® A logbook is one of an
assessment method used to record the number of observing cases or procedural
performed. The advantage of the logbook is a user-friendly assessment format.
However, the disadvantages include low reliability and accuracy due to self-

assessment process with no guarantee of its accuracy.* Moreover, only the number of
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cases does not reflect the learner’s performance and competency.®” Currently, there
is no standard recommendation for assessing the learner’s performance in cranial US.

Therefore, the appropriate assessment tool needs to be developed and validated.

1.2 Objectives of the study
Phase I: To develop new assessment tool in cranial US skill performance
Phase II: To determine the validity and reliability of the developed new assessment

tool in cranial US skill performance

1.3 Literature reviews
1.3.1 Cranial US
Cranial US is a useful method for evaluating the infant brain. It is the initial
imaging to check for brain abnormalities in newborns. It offers a number of benefits
including safety; no
ionizing radiation and no requiring sedation, a quick and painless approach,
inexpensive, availability at the bedside with repetitions, and the lack of absolute
contraindication to cranial US. The indications for cranial US in accordance with the
consensus reached in 2020 by the American Institute of Ultrasound in Medicine (AIUM)
are shown as follows.
- Abnormal increase in head circumference
- Hemorrhage or parenchymal abnormalities in preterm and term infants
- Ventriculomegaly (hydrocephalus)
- Vascular abnormalities
- Suspected hypoxic ischemic injury (hypoxic ischemic encephalopathy)
- Patients on hypothermia, extracorporeal membrane oxygenation, and other
support machines
- Congenital malformations
- Signs or symptoms of a central nervous system disorder (e.g., seizures, facial
malformations, macrocephaly, microcephaly, and intrauterine growth
restriction)

- Congenital or acquired brain infection
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- Suspected or known head trauma

- Craniosynostosis

- Follow-up or surveillance of previously documented abnormalities, including
prenatal abnormalities

- Screening before surgery

Premature newborns are now more likely to survive due to the rapid
advancements in obstetrics and neonatal care. These premature infants are more likely
to experience intracranial problems. Because the intracranial abnormality in these
babies may frequently be asymptomatic yet have a significant impact on future brain
development, the cranial US screening routine is created to rule out intracranial

pathology. Table 1.1 shows screening cranial US recommendation in our institute.’

Table 1.1 Cranial US schedule for routine surveillance of preterm infants with

uncomplicated clinical course’

GA First imaging Repeat imaging* Time-corrected imaging

<31+6 weeks HUS 4-7 days postbirth 4-6 weeks postbirth - Routinely for neonates
born before 26 weeks
- Not routinely for
neonates born between
26+0 and <31+6 weekst
23240 to 36+6  HUS 4-7 days postbirth 4-6 weeks postbirth, Not routinely

weeks with and only if first
additional risk image is abnormal
factors#

GA, Gestational age; HUS, Head ultrasound; IVH, Intraventricular hemorrhage; NEC, Necrotizing enterocolitis; PHVD,
Post-hemorrhagic ventricular dilation; PVL, Periventricular leukomalacia; WMI, White matter injury.

*If an abnormality (Grade 2 or higher IVH or WMI) is detected on first imaging, a repeat HUS should be performed
7-10 days later. If ventricular dilation or worsening IVH/WMI is detected, the frequency of HUS should be intensified
(at least weekly initially and as clinically indicated thereafter). A repeat HUS should also be conducted in the weeks
following acute illness (e.g., NEC or sepsis).

t HUS between 37 and 42 weeks corrected GA if previous moderate- to- severe anomalies (Grade 3 or higher IVH,
PHVD, or Grade 3-4 PVL) on HUS, or presence of additional risk factors (e.g., critical illness requiring mechanical

ventilation or vasopressors, NEC, major surgery).
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+ Additional risk factors for the late and moderately preterm infant include: need for critical care out of keeping
with the usual neonatal course, complicated monochorionic twin pregnancy, microcephaly, complicated postnatal

course: sepsis, NEC, major surgery, or abnormal neurological symptoms.

1.3.1.1 US skills development
The development of US skills needs to be understood prior to develop the
cranial US skill assessment tool. The creation of US skills consists of a combination of
complex motor and cognitive skills. Motor or hand skills need to be incorporated with
visual ability. The US performers move their hand with the US probe while their eyes
stay on the images on US screen. This process is called hand-eye coordination that
has to work continuously with cognitive skills in order to interpret the findings on US
screen, so-called visual-cognitive skills.®
The motor skill development model proposed by Fitts and Posner in 1967°%
consists of 3 stages.
Stage 1: The cognitive phase, in this stage, the learners must be conscious at
all times in order to plan their hand movement during US performing. It causes
US process to be slow, not smooth, and with errors, the characteristics of
novices to do new skills.
Stage 2: The associative phase, this is continuous from the cognitive phase.
After the learners continue to practice, US will be done faster and smoother.
Mistakes are also reduced, indicating an increased expertise for the learner.
Stage 3: The autonomous stage, the stage in which the learners become
experts in their practice. This autonomous stage will happen when the learners
practice continuously and extensively for a period of time until they can
perform US expertly, quickly, smoothly, and correctly, by doing US almost

automatically.

The visual-cognitive skills are an important skill in the process of performing
cranial US. The performers have to correctly detect and interpret the results or
diagnosis of the US images. In addition, it is necessary to convert two-dimension images
into three-dimension images. The skills consist of two-step process started with a

global impression followed by focal search in US. The performers should start



19

performing US in all areas of relevant following the standard protocol. During US, they
have to concern about the characteristics on real time US images such as the color,
shape, and symmetry. Then the performers have to decide whether the images are
abnormal based on their knowledge and experience and finally giving the diagnosis.
This skill in those who are the novices are different from the experts. The novices need
a longer time, always pay their attention in unrelated location and usually require
more information prior to make a diagnosis. However, after training, the learners will
have more skilled, resulting in less time required, less attention in unrelated area, and

give accurate diagnoses with only specific information.

1.3.1.2 Technical consideration!!!?

1. Pictures of US machine using in this study and detail of button function of its

main panel (figures 1.1 and 1.2)
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Figure 1.1 The ultrasound machine: Canon Aplio A550 (Canon Medical System, Tokyo,
Japan)
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Figure 1.2 Details of each button function on the main panel of ultrasound machine

1 = Enable text annotations to be added to images

2 = Turns the power ON/OFF

3 = Starts basic measurement mode

4 = Switches trackball junctions or specify the cursor position

5 = Inserts a body mark

6 = Specifies the echo reception sensitivity for various depths calculated from
the body surface

7 = Freezes the screen

8 = Chooses the probe on touch panel

9 = Sets the frequency

10 = Sets the focus

11 = Switches to CDI mode; the dial around the knob is used to adjust the gain
in color mode.

12 =Specifies the depth and the zoom level; press to switch between depth
and zoom modes

13 = Changes the layout format

14 = Switches to 2D mode; the dial around the knob is used to adjust the gain
in 2D mode.

15 = Saves still images
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2. Probe/Transducer

For best information collection, the right probe selection is crucial. To view
deeper structures, a convex and low-frequency probe is used. Structures closer to the
probe are characterized using the linear, high- frequency probe.
Sector/ convex/ curvilinear probes at 5-8 MHz and linear probes at 3-11 MHz are the
best options for the cranial US (figure 1.3). The type and frequency of the probe must
be adjusted based on the anterior fontanelle's width and the head's size. The majority
of newborn heads are suitable for the small curvilinear probe. Usage of both, a
curvilinear and linear probe, is recommended, depending on the required structures

to be evaluated.

Figure 1.3 The sector/convex/curvilinear 5-8 MHz and linear 3-11 MHz probes

3. Parameters
3.1 Frequency
Frequency needs to be modified based on the analyzed structure and the
child's age or size. For the initial scan, the sector/ convex/ curvilinear 7.5-10 MHz is
sufficient for the entire brain parenchyma. The US images of the cerebrum, brainstem,
cerebellum, and foramen magnum should be included. For additional scans, the linear
probe 9-18 MHz is utilized for a more thorough assessment of superficial anatomical

features.
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3.2 Depth

The field of view of the scan should be set up at the beginning to include the
maximal depth of the cranium in order to properly visualize all of the cranial contents

(figure 1.4).

Figure 1.4 The optimal depth of cranial US from the top of the brain (white dots) to

foramen magnum (white line)

3.3 Gain

A proper gain adjustment prevents missing significant discoveries or

misdiagnosing normal findings as the disease.
3.4 Time-gain compensation curve (TGC)

Every scan should be started with a TGC adjustment to prevent abnormal
parenchymal brightness in some brain areas that could be misconstrued for brain
edema. The majority of US machines contain a button to modify it automatically to
guarantee a uniform and balanced image from proper TGC curve adjustment.

3.5 Focus
Throughout the scan, the focus should be adjusted to the area of interest,

starting from the posterior fossa then moved to other areas based on the scan's results.
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4. Cranial US technical consideration and safety includes the items as follows:

- Only perform a head US when necessary

- Reduce scan time to a suitable minimum

- If a Doppler US is done that results in elevated mechanical index (MI) and
thermal index (T1), utilize Doppler only when necessary, and avoid leaving the
probe stationary for an extended period of time because soundwave energy
may heat up the tissue.

- Anterior fontanelle is the main approach because of excellence of physiologic
widen.

- The standard planes for cranial US are coronal and sagittal views.

- For the best evaluation, start the scan by attempting to obtain a symmetric,
centered, and perpendicular image

- Analyze the images by comparing right to left

- When scanning, try not to exert too much pressure with the probe on the
fontanelle

- To avoid missing significant findings, perform the scanning systematically and
completely with paying close attention to all essential structures such as the
corpus callosum, the fourth ventricle, and the cisterna magna

- When pushing the freeze button with one hand, keep the other hand firmly
planted on the baby's head to prevent any unintentional reflexive motion

artifacts that could result in fuzzy, unclear images

5. Standard planes and normal appearance of the brain appeared in US
images
The main approach for a brain US scan is through the anterior fontanelle.
Additional brain US scans are performed through the posterior, sphenoid, and mastoid
fontanelle, especially when the pathologies in the cerebellum or posterior fossa are
suspected. Standard places include coronal and sagittal views through the anterior

fontanelle (figure 1.5 a and 1.5 b).
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Figure 1.5 a: Six standard coronal planes on cranial US through anterior fontanelle in
mid sagittal view; b: five standard sagittal planes on cranial US through anterior

fontanelle in coronal view

5.1 Coronal views

When scanning through the anterior fontanelle and tilting the probe sequentially
from anterior to posterior, six standard sections of the coronal images are obtained
and explored (figure 1.5 a). The interhemispheric fissure in the middle should be the

center of all symmetrical coronal images.

5.1.1 The first coronal section

The image is the frontmost part. It shows the frontal lobes and the caudal
boundary is made up of the superior orbital wall (figure 1.6). The gray and white matter
of frontal lobe are symmetrical. There is a clear interhemispheric fissure in the midline

The gray matter is typically hypoechoic and the white matter is typically hyperechoic.
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Figure 1.6 First coronal image: interhemispheric falx (white dot line), bilateral frontal

lobes (FL), and bony orbital roof (double arrow).

5.1.2 The second coronal section

The image is made up of the middle cerebral artery, frontal lobes, cavum septi
pellucidi, and frontal horns of the lateral ventricles. A useful marker is the arterial
double contour and pulsation (figure 1.7). In this section, depending on gestational age
(GA), normal findings include symmetry or slight asymmetry in ventricular size. The
frontal horns of lateral ventricles can be collapsed or restricted ventricular cavities in
the first 24 hours after birth, and slightly increased size of ventricular cavities beyond

the first day of life.

Figure 1.7 Second coronal image: a frontal horn of lateral ventricle (FH), cavum septum
pellucidum (white star), caudate nucleus (C), middle cerebral artery (black line), corpus
callosum (small black arrows), interhemispheric falx (white dot line), and temporal
lobe (TL)

5.1.3 The third coronal section

This region, the level of the third ventricle, shows the sylvian fissure, deep gray
matter (basal ganglia and thalami), bodies of the lateral ventricles, and third ventricles
(figure 1.8). Preterm babies may have wider Sylvian fissures. Although almost
symmetrical, the disease is not excluded by symmetry. The basal ganglia, particularly
the thalami, should always be carefully examined since they can show edema,

ischemia or hemorrhage when they become bilaterally hyperechoic. In order to rule
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out germinal matrix (GM) hemorrhage in preterm infants, special attention should be

focused on the caudo-thalamic groove in this view.

Figure 1.8 Third coronal image: a third ventricle (small white dot line), frontal horn of
lateral ventricle (FH), cavum septum pellucidum (C), corpus callosum (small black
arrows), caudate nucleus (C), globus pallidus (GP), putamen (P), midbrain (M), Sylvian

fissure (white dot), frontal lobe (FL), and temporal lobe (TL)

5.1.4 The fourth coronal section

This section is the level of cerebellum. It contains a portion of the brain stem,
vermis, cerebellar hemispheres, tentorium cerebelli, body of the lateral ventricles,
brain parenchyma, and cisterna magna. It has a typical appearance of a Christmas tree
or a lady dancing (figure 1.9). Symmetry or mild asymmetry of ventricular cavities size,
choroid plexuses, and brain parenchymal echogenicity are all considered normal
findings in this section. Scan through the posterior or mastoid fontanelles to rule out
a hemorrhage in this level is necessary since the cerebellum displays a hyperechoic

appearance due to tentorial cerebelli.
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Figure 1.9 Fourth coronal image: a cerebellum (CB), tentorial cerebelli (white arrow
heads), hippocampal fissure (black curve line), lateral ventricle (LV), cavum verge (CV),
corpus callosum (white arrows), caudate nucleus (C), putamen (P), thalamus (T),
Sylvian fissure (white dot), frontal lobe (FL), temporal lobe (TL), and interhemispheric
falx (white dot line)

5.1.5 The fifth coronal section

The choroid plexuses, predominating in this picture, run through the ventricular
trigcone in this area. Laterally, the ventricular cavities split apart. The cortex, subcortical,
and periventricular white matter of the parietal and temporal lobes are included. The
cavum vergae between the lateral ventricles can be seen (figure 1.10). The symmetry
of the periventricular white matter (peritrigonal blush) and the echogenicity of the
choroid plexuses are considered normal findings in this region. Despite looking
symmetrical, the periventricular white matter ought to be less echogenic than the
choroid plexuses. If not, periventricular leukomalacia or another type of white matter
pathology must be considered. If the lateral ventricles appear parallel, corpus

collosum dysgenesis should be suspected.
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Figure 1.10 Fifth coronal image: a lateral ventricle (LV), interhemispheric falx (white
dot line), parietal lobe (PL), occipital lobe (OL), and parieto- occipital sulcus (white

curve line)

5.1.6 The sixth coronal section

The periventricular white matter and cortical gray matter are seen in this
segment through the occipital lobes, together with the interhemispheric fissure in the
middle (figure 1.11). Symmetry of the sulcation and periventricular white matter are

typical findings in this area.

Figure 1.11 Sixth coronal image: a parieto- occipital white matter (oval shape) and

interhemispheric falx (white dot line)
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5.2 Sagittal views
A minimum of five standard sagittal images (figure 1.5 b) should be obtained by
tilting the transducer from the midline to lateral, firstly to the right and secondly to
the left.
5.2.1 The midline sagittal section
This image conveys a great deal of information and varieties of anatomical
features. All areas from the top of the brain to foramen magnum must be included.
The entire corpus callosum, third ventricle, brainstem, fourth ventricle, and cerebellar

vermis are examples of normal anatomy (figure 1.12).

Figure 1.12 First sagittal image: a corpus callosum (small black arrows), third ventricle
(small white dot line), fourth ventricle (V4), massa intermedia (MI), pons (Po), vermis

(V), cisterna magna (CM), frontal lobe (FL), parietal lobe (PL), and occipital lobe (OL)

5.2.2 The parasagittal right and left sections

The lateral ventricle may be seen in these images together with the thalami,
basal ganglia, and periventricular white matter (figure 1.13). The caudate nucleus is
located anteriorly in this picture, while the thalamus is located posteriorly, separated
by the caudothalamic groove. The lateral ventricles' choroid plexus frequently
protrudes anteriorly and situates close into the caudothalamic groove. It should be
assumed that the hyperechoic focus bulges in the caudothalamic groove represent

GM bleeding.
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Figure 1.13 Second and fourth sagittal images: a caudate head (C), thalamus (T),
caudothalamic groove (white triangle), frontal lobe (FL), parietal lobe, (PL), occipital

lobe (OL), temporal lobe (TL), and cerebellum (CB)

5.2.3 The tangential parasagittal right and left sections

These sections show the periventricular white matter, sulci, and Sylvian fissure,
laterally and superficially to the lateral ventricles (figure 1.14). The homogeneity of
white matter, normal hypoechoic gray matter, appropriate sulcation in accordance with

GA, and Sylvian fissures are the hallmarks of normal findings.

Figure 1.14 Third and fifth sagittal images: a Sylvian fissure (white dots), periventricular
white matter (dot oval shape), frontal lobe (FL), parietal lobe (PL), occipital lobe (OL),
and temporal lobe (TL)
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Figure 1.15 and figure 1.16 summarize the standard coronal and sagittal views for

cranial US, respectively

Figure 1.16 Summary of standard sagittal views for cranial US

1.3.2 Cranial US pathologic findings in preterm babies®!!
US is an important tool in the diagnosis of IVH or subependymal hemorrhage,
PVL or hypoxic ischemic encephalopathy of preterm, and hydrocephalus. These

abnormalities are commonly found in preterm babies during second to third trimester
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because their brain is vulnerable to injury from ischemia or hemorrhage. In preterm
babies, IVH occurs after sudden hemodynamic change. The preterm baby’s brain still
has highly vascular germinal matrix located along the ventricular surface between the
caudate nucleus and thalamus, especially at the caudothalamic groove. These vessels
are fragile and prone to develop bleeding. Normally, these vessels involute when the
babies are near term age, approximately 34-36 weeks GA. IVH is often found during the
first 7 days after birth. The hemorrhage occurs at the caudothalamic groove and may
extend into the ventricle or adjacent parenchyma. In US images, hemorrhage appears
hyperechoic lesion as white color. IVH is divided into 4 grades according to Papile LA,
et al in 1978% (table 1.2). Grade 1 and grade 2 IVH show good prognosis, but grade 3

and grade 4 IVH may reveal long-term neurologic abnormalities.*

Table 1.2 Grading of intraventricular hemorrhage®®

Papile grading Description US image
Grade 1 Subependymal (germinal matrix)

hemorrhage
Grade 2 IVH (hemorrhage fills less than 50%

of lateral ventricle) without

ventricular dilatation

Grade 3 IVH with lateral ventricular dilatation
Grade 4 IVH with intraparenchymal
hemorrhage

IVH, Intraventricular hemorrhage
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PVL causes by lacking of blood or oxygen at the periventricular white matter
region within the brain tissue of preterm baby, especially before 33 weeks GA., unlike
the ischemic brain in term infant that happens at the cortical- subcortical part.
Heterogeneity of affected areas from ischemia between preterm and term brains are
due to different locations of watershed areas in their brains. Watershed area of the
brain is the area at risk to develop brain ischemia. PVL occurs at the periventricular
region because it is a watershed area or junction of intracranial vessels including
anterior, middle, and posterior cerebral arteries in preterm babies.” In normal brain,
the finding of periventricular white matter on US images has less echogenicity than the
choroid plexus. ** When the PVL occurs, the affected brain tissue has an echogenicity
equal to or greater than the choroid plexus. Grading of PVL, according to de Vries LS,
et alin 1992 is separated into 4 grades (table 1.3). Proper diagnosis of PVL is essential
because cerebral palsy, intellectual impairment, and visual disturbance are more
common in these preterm babies. Moreover, over 50% of children with PVL or grade

3 IVH will develop cerebral palsy.

Table 1.3 Grading of periventricular leukomalacia®®

Vries grade Description: PVL (increased periventricular US image

echogenicity)

Grade 1 Persisting more than 7 days

Grade 2 Developing into small periventricular cysts

(Swiss-cheese appearance)

Grade 3 Developing into extensive periventricular
cysts, occipital and fronto-parietal white

matter
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Grade 4 In deep white matter developing into

extensive subcortical cysts

PVL, Periventricular leukomalacia

Although, the US has high accuracy in the diagnosis of cystic PVL, there are
some limitations in the diagnosis of non-cystic or grade 1 PVL. In this case, it is
necessary to follow-up cranial US in the next 7 days. Although the findings on US
images of grade 4 IVH and PVL are shown an increased echogenicity, only grade 4 [VH

has mass effect to adjacent structures.

1.3.3 Assessment tool in medical education

Several components of medical education work together in order to have the
desired effects on students' learning. These comprise of instructional strategies,
learning goals, and evaluations. Initially, the measurement is the main focus of
evaluation in medical education. Nowadays, competencies need to be incorporated
into the various parts of the current medical educational system. A well-designed
assessment encourages student motivation, the growth of self-evaluation, learning
retention, and learning transfer. Therefore, the selection of assessment methods is

crucial.t"1®

1.3.3.1 Assessment types

There are three main types of assessment."’
1. Diagnostic assessment

The diagnostic examination is administered at the start of the unit or the course,
as appropriate. Data on what the students already know about the subject is
gathered through this exam. A learner's current understanding of or viewpoint on
a subject or issue that will be covered in the course is determined by a set of
written questions (multiple choices or short answers). The purpose of a diagnostic

assessment is to provide an overview of where each student stands academically,
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emotionally, or ideologically so that the teacher may make informed decisions

about how to teach the new course material and the best teaching strategy.

2. Formative assessment

Prior to summative evaluation, formative assessment allows for the
identification of gaps, misunderstandings, and growing understanding. Informal
questions, practice tests, one-minute papers, and clearest/muddiest point activities
are a few examples of formative assessment tools. Without the pressure of grades,
formative assessment enables students to test their knowledge or put their talents

to the test.

3. Summative assessment

Summative evaluation is used to evaluate learning at its conclusion. It is used
to compare student learning to a baseline or standard. Summative evaluation's
primary goal is to assign grades to students.

The summary of three types of assessments is shown in table 1.4.

Table 1.4 The main differences between three types of assessment®’
Diagnostic Formative assessment Summative
assessment assessment
Feedback Informal Dialogue- Grades
based/comments,
ungraded
Timing Before the lesson Throughout the learning Closing of a unit or

process (small check-ins)  course

Rationale  Analyze prior Observe progress and give  Compare the
experience, abilities, remarks student's
assumptions, etc. performance to a

benchmark standard
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Examples  Background A variety of group projects Midterm and final
knowledge survey in classroom, in-class multiple-choice tests,
and ungraded test writing assignments, a final project, and a
practice exams, term paper

clearest/muddiest point
exercises, and minute

papers

1.3.3.2 Model of developing the assessment tool

In general, the characters that are usually evaluated in the leamer’ s
competency include knowledge, skills, and attitudes, in other words, cognitive,
psychomotor, and affective domains in Bloom’ s Taxonomy in 1950-1970s.%° For the
development of cranial US skills, the assessment tool should be developed to assess
the two aspects; knowledge or cognitive and skills or psychomotor.

Miller’ s pyramid is an example showing how learners have been evaluated
(figure 1.17).%* Actions are defined in each of the pyramid's four tiers. These are "knows"
for fundamental information, "knows how" for knowledge that has been applied,

n

analyzed, or interpreted, " shows how" for actual application and practical
demonstration in a simulated setting, and "does" for performance in a real-time setting.

The purpose of developing the cranial US assessment tool is to assess the top-
level learners in the pyramid, “does”. The assessment of actual performance in real
situation, so- called workplace- based assessment (WPBA), is essential to quality

management.?

Does
(performance)

Shows How
(*hands-on’) N

Knows How
(applied knowledge)
Knows
(basic facts)

Behavioral

Figure 1.17 The Miller’s pyramid?!
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The proper evaluation methods of each level according to Miller’ s pyramid is
different. For example, assessment of knowledge or how to apply knowledge should
be performed by using multiple choice questions (MCQs), extended matching item or
short answer questions (SAQs). To evaluate the next level, “show how”, multi-station
objective structured clinical examination (OSCE) is appropriate. Finally, to evaluate the
learner’s ability at the top of the pyramid, “performance level or does”, the optimal
methods are mini- clinical evaluation exercise ( mini- CEX), direct observation of
procedural skills (DOPS), etc.?*?*

In general, a learner’s abilities can be assessed using a variety of assessment
methods. Each assessment method has advantages as well as limitations. The
assessment methods are divided into three main sections including written

assessments, assessments by supervising clinicians, and WPBA,"18:242>

1. Written assessment!’!8242

1.1 Multiple choice questions (MCQs) are flexible assessment formats that can
be used to measure knowledge, abilities, values, and thinking skills. MCQs come
in a variety of types, including the most popular single or one best option type
question, true or false type question, multiple true or false questions, matching
type question, the extended matching type question, and key feature question.
A true or false question with multiple options is referred to as a multiple true
or false question. Matching items type consists of stems and answers arranged
in columns under matching instructions. The list of a theme, alternative lists,
lead- in question, and case summary make up the extended matching
questions. The key feature question focuses on critical decision on scenario-
based test with limited number of questions. MCQs can offer several
examination items that cover a wide range of content areas with relatively short
time period causing great reliability.

1.2 Short answer questions (SAQs) resemble multiple choice questions without
alternatives. The learner is supposed to give the response to an open-ended
semi-structured question, not to choose the response. Due to their lengthy
nature and sparser sampling, short answer questions have low dependability.

1.3 Essay questions have low reliability due to time-consuming and small sample.
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2. Assessment by supervising clinicians!’!8242>

The format of a long case examination varies. In accordance with tradition, a
student is given a block of uninterrupted and unobserved time, typically 30-45
minutes, to interview with and examine a non-standardized real patient. The
student then discusses his or her findings and action plan with examiners who then
conduct an unstructured oral examination with the student about the patient’s
illness and related issues. It has poor content validity, low reliability, and less
consistency. Although, the reliability is poor, it can be raised by giving each student
more cases. Moreover, observing the candidate while he or she is taking the history
and performing the physical examination would be a more accurate way to judge
the candidate’s proficiency.

2.1 Objective structured clinical examination (OSCE) is the tool to examine
psychomotor domain such as skills and clinical management. It uses
standardized or trained patients and a sufficient sample size. It consists of
multiple stations which focuses on each different task. Students go around a
set of timed stations in rotation. The same schedule is followed by all
candidates as they move sequentially between stations. OSCEs have used
standardized patients as the primary assessment tool. Technical abilities have,
however, also been evaluated using alternative assessment items, such as data
interpretation exercises utilizing clinical cases and clinical scenarios with
mannequins. A standardized checklist of specific behaviors or a global rating
form are used by the observing faculty member, or patient to assess the
student's performance. It enhances interrater reliability. The wide- ranging
content and skill sample contributes to the high reliability. To ensure
consistency, judges must undergo extensive training.

2.2 Multisource or 360-degree assessments are made up of questionnaires that
numerous persons inside a person's sphere of influence fill out. Peers,
members of the clinical team, and patients who may offer perceptions into the
trainee's work habits, aptitude for teamwork, and interpersonal sensitivity serve
as evaluators and fill out evaluation forms. The evaluations often include

routine behaviors that are evaluated by reliable sources, and assessments
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frequently correspond with future clinical and academic success. The results
are rather reliable and consistency.

2.3 A portfolio is a structure that contains proof of the accomplishment of learning
objectives across time. It is used to support learning and for formative and
summative assessments. It usually consists of textual papers, but it can also
have multimedia, video or audio recordings, photographs, and other types of
images. It can also be kept in an electronic format. It might contain a record of
the case or procedure logs, literature reviews, peer assessments, etc. Self-
reflection or assessment is also included in portfolios. The best use of portfolio
assessment is to measure the mastery of competencies that are challenging to
test in other ways, such as practice-based improvement, the use of scientific
evidence in patient care, professional behavior, and patient advocacy. Portfolio
evaluation is closely tied to self-directed learmning. The use of portfolios in
formative evaluation and professional development is highly recommended. In
this context, the portfolio for formative evaluation called developmental
portfolio and the portfolio for summative evaluation called showcase portfolio.
They are, however, fundamentally non-standardized.

2.4 Oral examination or case-based discussion is the process by which the
examinee's patients are evaluated via a standardized oral examination. A skilled
doctor interrogates the subject regarding the care given, probing for the
rationale behind the diagnosis, the interpretation of the clinical findings, and
the treatment recommendations. An established scoring formula and
procedures are used by the examiner to rate the examinee. [t results in poor
content validity, low interrater reliability, and inconsistency in marking or bias.

2.5 Checklists include necessary or desired particular actions, behaviors, or steps
that make up a more complicated competency. The presence of a checkmark
or the word "yes" denotes the occurrence of the behavior or the accuracy or
completeness of an option. The checklist's predefined order of steps, which is
rarely the case in practice, is a drawback. The creation of a checklist

necessitates agreement among a number of specialists regarding key behavior,
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timing, and performance evaluation standards in order to assure the validity of
the content and scoring rules.

2.6 Procedure, operative, or case logs or logbooks provide detailed information
about each patient the student encountered, including the illnesses they were
treated for and the procedures or surgeries they underwent. It keeps track of
the number of continuous cases throughout time. It is helpful in figuring out

the range of medical experience.

3. Workplace-based assessment (WPBA) !"18242>

3.1 Mini- clinical evaluation exercise (mini-CEX) is used when a supervising
physician observes a learner-patient interaction in any healthcare setting. It
requires short period of 10 to 20 minutes. During this time, the learner is
expected to focus on getting a thorough history and physical examination. The
learner then presents a diagnostic and treatment plan to the assessor.
Following the use of a standardized form to grade the performance,
educational feedback is given. It is an effective technique for formative
evaluation. It also has good reliability comparable to structured examinations
using standardized patients.

3.2 Direct observation of procedural skills (DOPS) is a technique used to assess
trainees as they do a procedure. Informed consent, preoperative planning,
analgesia, technical competence, aseptic technique, postoperative care,

counseling, and communication competences are all assessed using this tool.

It is crucial to pick the appropriate tool for evaluating trainees. It is critical to
understand that not all tools are appropriate in all situations. No single approach can
evaluate every sort of knowledge and skills; all assessment techniques have
limitations. Validity and reliability must be shown in an effective assessment. All
stakeholders, including students, faculty, and licensing organizations, should be able
to implement the effective assessment and must find it acceptable. Examiners must
be properly trained in order to use some of the more recent assessment techniques.

Ineffective assessments can encourage unhealthful learning methods.
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The optimal assessment method of US skills performance could be done by
using DOPS. DOPS are divided into two groups; DOPS with or without criterion. DOPS
without criterion is easy to use, requires minimal training, and may be comprehensive,
however, it has low reliability. DOPS with criterion has an excellent reliability, easy to
use and requires minimal training. Moreover, DOPs with criterion can be used as
formative assessment, summative assessment, and progress test. However, its coverage
depends on the items being assessed.

Several assessment methods to evaluate learner’ s ability include their

proposes, strengths, and limitations are described in table 1.5.1"%%

Table 1.5 Assessment methods with their domain, purpose of assessment, strengths,

and limitations.'"#4%7

Methods Domain Purpose Strengths Limitations
Multiple Knowledge, Summative Good reliability due  Difficult to write,
choice applied to many content cueing
questions knowledge areas, short time
(MCQs)
Modified essay Knowledge, Summative - Limiting reliability
questions applied due to smaller
(MEQs) knowledge samples, time-
consuming
Global rating Shows how, Summative Useful for assessing  Subjective, vary
performance and personal attitudes reliability
formative
Portfolio Knowledge Summative Linked to self- Non-
and directed learning standardized,
formative time-consuming
Oral Knowledge, Summative Feedback provided  Subjective, bias,
examination or applied and by experts time-consuming
VIVA knowledge formative
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Methods Domain Purpose Strengths Limitations
Long essay Knowledge Summative - Low reliability
questions
Short-answer Applied Summative Assess Low reliability
questions knowledge and interpretation and due to limited
formative problem-solving samplings, time-
ability consuming,
costly
Extended Knowledge, Summative - -
matching item  applied
knowledge
Key feature Applied Summative Good reliability and  Time-consuming
test knowledge validity when
constructed
guideline
Long cases Performance Summative Face validity Low reliability
and
formative
OSCE Shows how Summative High reliability, Time-consuming,
and consistency expensive
formative
Mini-CEX Shows how, Summative Feedback provided  Time-consuming
performance and by experts
formative
DOPS Performance Summative Excellent reliability, Require trained
and construct validity evaluators
formative
Checklists Performance Summative, Good validity, Need trained
formative reliability evaluators
360-degree Knowledge, Formative Assess range of Time-consuming,
evaluation applied competencies administratively

demanding
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Methods Domain Purpose Strengths Limitations

knowledge,

performance

OSCE, Objective structured clinical examination; Mini-CEX, Mini-clinical evaluation exercise; DOPS,

Direct observation of procedural skills

1.3.4 Assessment tool development

Two main approaches to develop a new knowledge, guideline or tool include
evidence- based methods and consensus development methods. Evidence- based
methods are appropriate for developing new researches with sufficient evidences while
consensus development methods are proper if there are incomplete or limited
evidences.?®

For medical education, consensus development methods are often used in
varieties of purposes, for examples, to define new or revised course curriculum, to
develop lists in the assessment tool, to set competencies of students or learners and
to develop educational resources, etc.?’

Consensus development methods consist of two popular methods; Delphi
process and nominal group technique.®*° Delphi technique includes a large number
of participants, using the email questionnaire method, low cost, and avoided abusive
dominance. However, the limitation includes no extensive discussion or debate, and
time consuming. On the other hand, nominal group technique includes a small number
of participants with spacious interactions and extensive discussion, quite expensive
cost, potential for outstanding participants and concluded immediately in a short
period of time.?>!

The previous literatures which develop US skill assessment tools are described
in table 1.6. The Delphi method and expert consensus method are commonly used

when the purpose is to develop an assessment tool for US skills.
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Table 1.6 Literatures of ultrasound skill assessment tool development®**

Literatures Methods
Endobronchial ultrasound skills and tasks assessment tool* Expert consensus
Development of an assessment tool to measure students’ perceptions Expert consensus

of respiratory care education programs: Item generation, item reduction,

and preliminary validation®

International multispecialty consensus on how to evaluate ultrasound Delphi method

competence: A Delphi consensus survey™

Development and validation of an assessment tool for competency in Delphi method

critical care ultrasound®

A modified Delphi Process to define competencies for assessment leads Delphi method

supporting a doctor of pharmacy program®

The assessment of competency in thoracic sonography (ACTS) scale: Expert consensus

validation of a tool for point-of-care ultrasound®’

Tools for measuring competency in clinical ultrasound: Expert consensus

recommendations from the ultrasound competency word group®

Development of a focused cardiac ultrasound image acquisition Delphi method

assessment tool”

1.3.4.1 Delphi method

Delphi method or Delphi technique is the method to solve the particular
problem according to group of expert’s consensuses. The word “Delphi” is the name
of the Greek town. The temple of Apollo locates in this town where once has been
the home of the oracle. Originally, it is developed by the RAND Corporation in the
United States in 1950s.° The Delphi project, likes the national defense study, has been
used to predict the risk of atomic attack on United States. Later, the Delphi method
was used in many areas such as business, education, or technology. Nowadays, the
Delphi method is the procedure to discover the answer from expert’s consensus in

order to solve the specific problems.
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The definition of Delphi according to Turoff M and Linstone HA in 1975% is

quoted that “ Delphi may be characterized as a method for structuring a group

communication process so that the process is effective in allowing a group of

individuals, as a whole, to deal with a complex problem”

Four characteristics of the Delphi method described by Rowe G, et al in 1991%

are shown as follows:

1. Anonymity of participants: This process is crucial because it prevents group

guidance by someone due to its authority or reputation. Therefore, participants
can comment and make decisions, independently.

Iteration or repetition: The Delphi process provides feedback to participants
in the form of group comments, repeatedly.

Controlled feedback: The participants are allowed to explain or modify their
comments until they reach a conclusion.

Statistical group response: Statistics are used to summarize group of

comments.

The typical three rounds of Delphi process are shown in figure 1.18.% The

Delphi process is the process with standard sequences as follows.

Create the research question: The research question may originate from
experience, literature review, or previous pilot studies.

Research design: Design the research should be considered the feasibility of
research.

Research sample: This process includes selection of experts and size. In Delphi
method, there is no definite role or consensus about expert’s selection and its
number. Four factors to be determined in expert’s selection are knowledge
and experience, voluntary participation, adequate time, and effective

communication.
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Pilot study

Research question }—'l Research sample
Tradition

- ] Questionaire
Deiphi % development

Modified

Release and analyze ]

Consensus
£3

Verify, generalize,
and document

Delphiround 2,3,...

Figure 1.18 The typical three rounds Delphi process®

Delphi round 1 questionnaires: After examining the literatures, the first round of
the Delphi process can either involve brainstorming as part of the construction of a
questionnaires (traditional Delphi process) or involve the revision of the initial, broad
questionnaires based on the opinions of the experts (modified Delphi process).

- Delphi pilot study: The process is to test and adjust the preliminary

questionnaires to be comprehensive and up-to-date.

- Release and analyze the round 1 questionnaires: The questionnaires will be
sent to the participants. The participants are asked to complete or rate the
questionnaires and return it to the researcher. Then, the researcher will analyze
the obtained answer and show the distribution of the answer including any
suggestions or comments.

Delphi round 2 questionnaires: In this round, the number of items in the
questionnaires could be reduced or increased as well as improved according to the
participant’s suggestions.

- Release and analyze the round 2 questionnaires: The questionnaires will be

sent back to the participants. It contains information on the distribution of
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answers and suggestions or comments from round 1. The participants are again
allowed to edit or change their answers.
Delphi round 3 questionnaires: This is a duplicated process which usually
enhance specificity of questionnaires to the research in each round.
- Release and analyze the round 3 questionnaires: This repeated process will
be stopped when the research questions have answers or conclusions.
- Verify, generalize, and document the research results.

1.3.4.2 Clarifying the assessment criteria'®%

After items or characters of learners performing cranial US are completed using
Delphi process. The next step is to build the level of mastery; the description of
characteristics at each level of mastery. A clear description of characteristics or criteria
is essential. Depending on how students interpret the expectations, the clarity of the
assignment criteria influences both how easily and readily they accept the task and its
quality. All as described above are a form of rubric.

The term "rubric" refers to a helpful assessment tool that explain all of the
particular criteria that students' work should meet and specifies the degree of quality
required to meet each criterion. These descriptions focus on the quality of
performance, not the quantity of the procedure. Therefore, the rubric is a proper tool
to evaluate skill performance as in this study, focusing on assessment of cranial US
performance.

The steps to develop the rubric as a tool of assessment in this study are shown
as follows.*

1. Learning objective: The skills in each assignment must be assessed. Then,
the task description or learning objective is the cranial US performance
assessment.

2. Performance criteria: The observable criteria must represent those skills.
In this study the criteria or items to be evaluated in cranial US assessment
form should be developed using Delphi method.

3. Performance levels: Use the descriptors for each attribute separately to

indicate the best and lowest performance levels for analytical rubrics.
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4. Performance level descriptions: When using analytical rubrics, finish the
rubric by providing additional points along the continuum from outstanding
to poor for each attribute. For each intermediate level of performance,
provide a description.

A rubric is an evaluation tool that delineates making criteria in great detail. It
can be used to assess a variety of student work including written assignments,
presentations, class participation, total grades, and skill performance evaluation.

A rubric offers a list of standards that highlights the crucial elements of the
activity being planned for or assessed. The requirements and objectives for the
assisnment are made clearer via rubrics. When properly applied, rubrics can give
students useful and timely feedback, promote critical thinking and self-evaluation,
explain objectives to students, highlight the abilities required for any activity, and
promote fair and uniform grading. A rubric is organized like a matrix and has four parts
(figure 1.19):*

1. A task description: The performance being evaluated

2. Rows: The characteristics that will be evaluated

3. Columns: Levels of mastery or scales

4. Cells: A description of each characteristic at each level of competence or

scale

The most crucial assessment criteria that will be used to assess students’ work
should be selected prior to start establishing the rubrics. Different assessment criteria for
each assignment, discipline, and course level should be included in the rubrics.
Descriptions of how each assessment criteria should be met by students will be designed
when the most crucial assessment criteria are selected. As in this study, these
descriptions are known as performance levels, level of mastery, or assessment
standards. They can be portrayed using letter grades, a point total, or descriptions of
various quality levels. The examples include “ Outstanding- Competent- Require re-
thinking”, “1-10”, “Beginning-Developing-Accomplished-Exemplary”, or “Distinguished-

Proficient-Emergent-Insufficient”.?
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The crucial question is how many mastery or performance levels ought to be
on the assessment form. The vast majority of performance evaluation forms offer
three, four, or five performance levels. It is uncommon for an evaluation system to
merely have two levels of ratings and function on a pass/fail basis. Additionally, it is
highly rare for an appraisal tool to require distinctions between levels that are any
finer than five. The advantages and disadvantages of three, four, and five levels of
performance are shown in table 1.7.%

To overcome central tendency bias in performance evaluation, the optimal
range of performance level or level of mastery is “four”. This will not allow them to
be neutral. Moreover, in performance assessment tool, we need to force reviewers

or raters to take a side such as pass/fail.

Task description

@ial US performance assessment form with rubric ‘

1. Preparation phase (2 items) 3 2
@mmo (Emergent) m Level of mastery/scale
e

Identified patient Done and confirm Don Wrong patient Do not done
Proper positioning of the US machine Right hand side, Right hand side Other sides Left hand side
close to the
patient

2. US machine operation (7 items) 4 3 2 1

(Distinguished) (Proficient) (Emergent) (Insufficient)
Selecting appropriated probe Small curvilinear Linear high Large curvilinear o

85 MHzprobe | frequency probe | low frequency Description of each characteristic

probe at each level of mastery

Corrected probe handling Complete Inadequate Improper Incorrect
Put the optimal  Put gel onto the Put gel on Do not use gel

amount of gel probe patient’s head

onto the probe

Characteristic

Figure 1.19 Example of rubric structure’

Although “five levels of performance” is the most useful popularity in appraisal
form, however, central tendency bias is the main disadvantage. The central tendency
bias is the propensity for respondents to rate the majority of items in the middle of

the scale. Similar to how central tendency bias affects performance evaluation, there
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is a propensity for reviewers or raters to emphasize average results rather than unique
findings. Students who perform at their best might not feel valued if evaluations are
made only on averages. This will seriously affect their motivation. On the other hand,
even if they don't do a terrific performance, underperforming students might
consistently get superior reviews. These individuals will pass up the opportunity for
development that an honest review may have offered.

The neutral choice means a choice that has a midpoint, for example, three
points scale, five points scale, and seven points scale. The non-neutral choice refers
to the scale without a midpoint, such as two choices, four points scale, and six points
scale. The use of neutral choice is popular in Likert scales which are commonly used
in survey questionnaires. Five points scale is also the most commonly used. For the
non-neutral choice is preferred in the practitioner question. In this case, four points
scale is favored. The different use of neutral and non-neutral choice is present in the
table 1.8. The evidence validity and reliability of scale with neutral choice have been

inconsistent. Another issue to consider should be include the number of scales.*®

Table 1.7 Advantages and disadvantages of three, four, and five levels of

performance.*’

Advantages Disadvantages
Five levels

- Allows for the finest levels of performance - It could be more challenging for managers to
distinction explain how to achieve better performance
- Increased conformity to the bell curve levels
distribution - There are often only four levels used
- The majority of managers think they can - Middle ratings are frequently seen negatively,
distinguish between the five performance such as average, mediocre, or "C-student"
levels - Could promote a central tendency

- Consistent with the standard "A-B-C-D-F"
school grading system
- Simplest rating system, requiring less

training




Advantages Disadvantages

Four levels

- Excludes the center rating, which might be - It might not be possible to tell which
interpreted as "average" employees need to be terminated and which
- The "central tendency" rating mistake is ones need to improve.

eliminated - May cause raters to be biased either

- May cause raters to be biased either positively or negatively

positively or negatively - There are often only three levels used

- More precise distinctions than a three-level

scale can be made

Three levels

- It is simple for managers to divide - Potentially insufficiently fine-grained
performance into three levels performance distinctions
- If supervisors are given fewer options, they - Managers often make system changes by

are more likely to be reliable and consistent  including plusses and minuses

- Some jobs might be evaluated more - Does not differentiate between those who
effectively on a "pass/fail" basis need to be fired and those who can be

- Only three performance levels can be improved

empirically demonstrated - There are often only two levels used

- A middle rating suggests expected - Does not allow for identifying the truly
performance rather than average exceptional 2-5%

performance

- More consistent with TQM principles

TQM, Total quality management

Table 1.8 The use of neutral and non-neutral choice on the Likert scale.*®

Include a midpoint Omit a midpoint
Benefit * Respondents are not compelled * Prevents respondents from
to agree or disagree, therefore, possibly misusing the midpoint

they are free to express their real

neutral or indifferent opinion
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Include a midpoint

Omit a midpoint

Problem

When

Strategies to use

* Respondents may use the
midpoint as a dumping ground
when:

- Lack sufficient knowledge of the
survey's topic

- Have mixed feelings about the
subject

- Have little interest in the
subject

- Believe their response depends
on other variables

- They strive to give responses
that are more acceptable in

society

* Due to their familiarity with the
subject, respondents ought to be
given the opportunity to provide
a neutral opinion

* For the purpose of statistical
analysis, it is crucial to use the

scale as an interval scale

* Clarify survey questions since
people often choose a midpoint
when they're unsure of what the
questions mean

* Include extra alternatives like

"Not applicable", "I'm not sure", or

“It varies”

* Respondents are not given the
chance to express their neutral
opinion

* Making respondents choose a

side could lead to biased results

* Respondents are:

- Unfamiliar or uncomfortable
with the survey topic

- Unlikely to have developed an
opinion on the topic

- Facing intense social desirability
pressures

- Propensity to have satisficing

behavior

* Instead than imposing a choice
on respondents, include “I don't
know” or “Not applicable”

alternative
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There are two types of rubrics and of methods for evaluating students’ efforts:

1. Holistic rubrics

One- dimensional or holistic rubrics that measure participants' overall

performance on a task or item in accordance with set standards of performance.

Performance descriptions are typically written in full sentences and paragraphs (table

1.9).7

Table 1.9 Example of holistic rubrics®

Score

Criteria

4 (80-100%)

3 (70-79%)

2 (60-69%)

1 (50-59%)

Research paper displays thorough comprehension and accomplishment
of the given goals. The thesis statement/argument is clearly expressed,
intricate, and unique, and the writing does not devote an excessive
amount of time to one point of development at the expense of
advancing other topics in the paper's main body. Additionally, writing
must be free of errors, clear of ambiguity, and read smoothly, creatively,
and purposefully.

Research paper displays thorough comprehension and accomplishment
of the designated goals, The thesis statement or argument is presented,
veers toward being complicated and original, and the writing exhibits
accuracy and balance in building body points, yet it may occasionally
display faults and errors in correctness. Although there are some mistakes

and ambiguities in writing, it still reads clearly and coherently.

Research paper displays partially understood and carried out of the
specified goals. The thesis statement or argument is faintly presented
and/ or expected and unconfident, and the language is uneven in terms
of balance in building body points, showing faults and errors in
correctness.  Additionally, writing frequently contains mistakes and

ambiguities, which can make it read strangely and erratically.

The research work shows a lack of comprehension and application of the
given goals. The thesis statement or argument is oversimplified,
unoriginal, or absent altogether and the writing is imbalanced in building
body points, weak, and unfinished. Additionally, the writing is riddled with

mistakes and ambiguities and reads incoherently.
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2. Analytic rubrics
Two- dimensional or analytical rubrics, where the rows are the assessment
criteria and the columns are the levels of achievement. allows raters to use a single
rubric to evaluate participants' accomplishments across numerous categories. By
adding up the criteria, raters can give each criterion a distinct weight or value and

include an overall success (table 1.10)."’

Table 1.10 Example of analytic rubrics®

Level of mastery

Criteria Excellent Good Competent Adequate
(80-100%) (70-79%) (60-69%) (50-59%)
Knowledge of Displays Significant Demonstrates Lacked

forms,
conventions,
terminology, and
strategies relative
to the importance

of sources to

thorough and
incisive
understanding of
forms,
conventions,

terminology, and

understanding
of forms,
conventions,
terminology,
and tactics in

relation to the

some familiarity
of forms,
conventions,
terminology,
and strategies

relative to

understanding of
forms,
conventions,
terminology,

and strategies

relative to

subject tactics in relation  significance of importance of importance of
to the sources to the sources to the sources to the
significance of topic topic topic
source to the
topic
Critical and Makes excellent  Effectively Modest Restricted use of
creative thinking use of critical employs critical  effectiveness critical and

skills

and creative

thinking skills

and creative

thinking skills

when applying
critical and
creative thinking

skills

creative thinking

skills

Communication of

information and

idea

Communicates
information and
ideas with

confidence and

Communicates
information and
ideas with great

clarity

Communicates
information and
ideas with

partial clarity

Communicates
information and
idea with lack

clarity
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Level of mastery

Criteria Excellent Good Competent Adequate
(80-100%) (70-79%) (60-69%) (50-59%)
a high level of
clarity

Quality of The argument is  The argument is  The argument The argument is

argument and

writing

sophisticated
and original and
the writing is
powerful, fluent,

and creatively

complicated
and original and
the writing is
concise and

cogent

adopts a
reasonable and
expected stance
and the wording

is somewhat

straightforward
and unoriginal
and the wording
is weak and

inconsistent

coherent cohesive and
understandable
Spelling and No errors Some errors A few errors Several errors

grammar

The summation of advantages and disadvantages of rubrics are described in

the table 1.11.%

Table 1.11 The advantages and disadvantages of rubrics®

Advantages

Disadvantages

Rubrics motivate students to exercise critical
thought about their own performance and

written work.

Additionally, by fostering metacognition,
rubrics can help students become more

perceptive learners.

Due to its emphasis on "criterion-referenced
rather than norm-referenced" grading, it aids

educators in making more better decisions.

Learning objectives are made more clearer
to students through rubrics, resulting in more

fair treatment of students.

It lessens the chances that teachers will

favor their students.

Because the rubric scale offers so many

variables, using it could be a little challenging.

Rubrics' language is not as straightforward as it
should be.

The lower scale might describe student
achievement in a negative manner,

discouraging students.

Each level needs to be easier to measure and

monitor.

A more thorough specification is required.
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1.3.5 Principle of assessment tool evaluation
1.3.5.1 Validity and reliability°>?

Validity and reliability are qualities that should be included in every well-
designed evaluation tool. Therefore, each assessment tool used to measure the
outcomes of the study must have its validity and reliability evaluated and reported.

Validity describes the correctness of a test or assessment tool. It refers to how
effectively the evaluation captures the key outcome of interest. Validity is not a
characteristic of the instrument per se, but rather of how the tool is used in a certain

context with a given group of learners.

The validity is divided into 3 types:*

1. Construct validity refers to the tool that can measure the intended
construct.

2. Content validity refers to the tool that can accurately measure all aspects
of the content. It offers a summary of the procedures followed in
developing the tool, including who is responsible for doing so. In other
words, national experts would give the tool more validity than local
experts, and local experts would give the tool more validity than non-
experts.

3. Criterion validity refers to the tool that can measure the same variables in
comparison with the existing tool. Concurrent validity refers to the validity
of the criterion when it is measured concurrently with the construct;
predictive validity, on the other hand, refers to the validity of the criterion
when it is measured at some point in the future after the construct has

been measured.

Reliability of assessment tool means that it consistently produces the same
outcomes when using with the same set of individuals and environments. In its
simplest form, reliability refers to reliable or consistent outcomes. In determining

validity, reliability is a component.
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There are 3 types of reliability:*

1. Test-retest reliability means the stability of measurements at different
times (overtime), one rater, and at least two administrations. Assuming the
thing needs to be measured does not change over time. For example, the
student who has high test score today, will have high test score next week.
They are frequently evaluated using Pearson’s r correlation. In general, a
test-retest correlation of +.80 or greater is considered to indicate a good
reliability.

2. Inter-rater reliability means the stability of measurements when measured
by different raters or observers using the same tool (across raters).
Generally, it is estimated by percent agreement and kappa.

3. Internal consistency reliability means the stability of measuring
instrument when divided its section (across items). It measures the degree
of correlation between the answers. The scores of those items are
correlated with each other. It is common practice to determine the
correlation coefficients between the answers on your evaluation instrument
using the Cronbach’s alpha test of internal consistency. The set of items

are evaluated the mean of all possible split-half correlation.

The assessment tool to be created in this study is targeted at the evaluation
of cranial US performance as part of DOPS. It is important to evaluate how well the
resident performed on the cranial US. The inter-rater agreement must be important in

determining observer judgments of resident performance.

1.3.5.2 Choosing the right reliability statistic

The type of data should be taken into account when selecting the
dependability statistic. Statistics' level of measurement separates the data into two
primary categories; categorical data and continuous data. The nominal and ordinal
data types are both present in the categorical data. Interval and ratio are the other
two forms of continuous data. Depending on the kind of data we have gathered, the

dependability coefficient needed for our analysis will change (figure 1.20).



59

Four levels of measurement are available:

1.

Nominal: The data can only be categorized. There is no order between the
categories. Examples are male/female, seen/not seen, marital status, and
yes/no.

Ordinal: The data can be ranked and categorized. However, there is no
how different of interval between ranking. For instance, a Likert scale rating,
cancer stages, etc.

Interval: The data can be categorized, ranked, and distributed uniformly.
The intervals between ranking are equal. There is no true zero point. For
examples, ratings on a visual analog scale, IQ level, and temperature in
Fahrenheit or Celsius.

Ratio: The information has a natural zero, can be categorized, ranked, and
is equally spaced. Examples include test scores, body weight, height, or

temperature in Kelvin.

’ Levels of measurement ‘

/\

|

Categorical ‘ ‘ Continuous |

/\

Nominal ‘ ’ Ordinal ‘
Unweighted ’ Weighted coefficients ‘
coefficients

|

Cohen’s Kappa*
Krippendorff’s Alpha
Gwet’s AC,

Cohen’s Kappa*
Krippendorff’s Alpha
Gwet’s AC,

/\

Interval

Ratio

|

|

Intraclass correlation

coefficients

Intraclass correlation

coefficients

* Cohen’s Kappa can only be used where there are only two raters, all other measures are suitable for

use with two or more raters.

Figure 1.20 Selection of suitable inter- and intra-rater reliability coefficients

depending on the type of data to be analyzed>
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Reliability of nominal data

With binary data and two raters for inter-rater reliability or twice for intra-rater
reliability, the simplest reliability test would be conducted. Cohen's Kappa, a measure
of agreement that has been chance-adjusted, is the most often used coefficient. Similar
options to Cohen's unweight Kappa include Krippendorf's alpha, Fleiss' Kappa, and

Gwet's ACT, all of which can be applied in scenarios with three or more raters.”

Reliability of ordinal data

Whenever categories can be arranged in a hierarchy, such as from weak to
strong or low to high, this is referred to be ordinal data. Because it does not consider
the size of the difference between data points and treats any discrepancy as a full
disagreement, the basic Kappa coefficient previously mentioned is not appropriate for
analyzing such data. However, when the data is ordinal, raters may provide identical
scores, which still represents some degree of agreement, as in the case of Raters 1 and
2 in figure 1.21.%°

Cohen J developed a weighted version of his Kappa coefficient (Kw) to get over
the problem that Kappa coefficients have with ordinal data analysis. With fewer
restrictions than Cohen's Kappa and the potential to be extended to evaluate ordinal
data, Krippendorf's alpha is a particularly adaptable reliability coefficient. The use of
these metrics for analyzing ordinal data overlaps significantly with the usage of
conventional correlation coefficients. When utilized in two-rater ordinal data studies,
Krippendorf's alpha is mentioned as being equivalent to Spearman's r while the
weighted Kappa is sometimes directly equivalent to a Pearson's r. The range of
Krippendorf's alpha is between 0, which denotes utter lack of reliability, and 1, which
denotes perfect reliability. Although it is even less frequently used than Krippendorf's

alpha, Gwet's AC1 has a weighted variant for usage with ordinal data.”*>>



61

Rater 1 O O @ O O

Rater 2 @) O O O @)
«— >

Rater 3 O @) O O @

Rater 4 @) ® O O @)

>
>

A

Figure 1.21 Five-point Likert scale example with varying degrees of disagreement.
Raters 1 and 2's given scores differ by one point, however Raters 3 and 4's differ by

three points, presumably indicating a far greater degree of disagreement

Reliability of continuous data

It is advised to use an intraclass correlation coefficient (ICC) to evaluate the
reliability of inter-rater and intra-rater agreement for continuous data since it can
account for systematic bias in measurements that decrease dependability.

A straightforward contingency table (table 1.12) can be created in this situation
by simply organizing the data. Calculating an unweighted coefficient that corrects for

chance agreement is the proper procedure for assessing agreement with such data.”*
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Table 1.12 A 2x2 table of sample results in example comparing 2 different raters

rate of presence or absence of a finding on imaging®>>’
Rater 2 Rater 1 Total
Present Absent
Present 30 (a) 11 (b) a1 (g1)
Absent 8 () 23 (d) 31 (g2)
Total 38 (f1) 34 (f2) 72 (N)

The kappa (k) statistic formula®® k = Po-Po/1-P,
Where Po = observed (percent) agreement, (a+d)/N
Pe = agreement expected by chance, ((g1*f1)+(g2*f2))/N?

In our example
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Po = (30+23)/72 = 0.736
Pe = ((41*38)+(31*34))/72? = (1558+1054)/5184 = 0.504
K = (0.736-0.504)/(1-0.504) = 0.232/0.496 = 0.468

The kappa value ranges from -1 to + 1. The value below 0, although unlikely
occurred, means disagreement. The value of +1 indicates perfect agreement. The
interpretation of kappa value is described in table 1.13. The accepted kappa value is

of .80 or more.”*>’
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Table 1.13 Cohen’s kappa interpretation

Value of kappa Level of agreement
0.00-0.20 None to slight
0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Strong

After the kappa value is achieved, confidence interval is needed to confirm the
value of obtained kappa. The smaller or narrower confidence interval represents more

precise of agreement.

The confidence interval formula®® is

k—1.96 x SEito k+ 1.96 x SE
where: 1.96 is the constant value to multiply with the standard error of kappa

(SEx)

The standard error of kappa (SEx) formula is

p(1—p)

SE, =
Il(l - pe)2



63

where: P represents the actual observed agreement, and Pe represents

expected chance agreement

Pearson’s correlation coefficient is evaluated in both construct validity and
test-retest reliability. The construct validity is determined between correlation of total
score or overall performance and number of previous cranial US. The correlation of

test-retest reliability is analyzed, after the retest is performed at 1 month.
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Chapter 2

Methodology

2.1 Study design

This study was an experimental study taken place at the neonatal intensive care
unit (NICU) of Pediatrics department and ultrasound room of Radiology department,
Faculty of Medicine, Prince of Songkla University. The study was approved by the Ethics
Committee of Faculty of Medicine, Prince of Songkla University. The approval number
was REC 62-342-7-1, dated 12-25-2019. This study was performed based on the ethical
principles of the Declaration of Helsinki and The International Conference on

Harmonization in Good Clinical Practice.

2.2 Study procedure

This study used mixed-methods of Delphi technique to develop a new cranial
US assessment tool. The developed new assessment tool in cranial US skill
performance was evaluated using the Delphi process for content validation and
Cohen’ s Kappa with percent agreement for inter-rater reliability. The methods were
divided into two phases; assessment tool development and assessment tool
performance evaluation.

2.2.1 Phase I: Development of the new cranial US assessment tool****

The modified Delphi method with three steps procedures including
development of initial cranial US assessment form, selecting group of expects into
expert panel, and shaping and verifying the final assessment form was used to
develop the new cranial US assessment tool.

First step: Generating items for the initial cranial US assessment form

The research question of this study was “How can we accurately assess the
cranial US performance of radiologic residents, Department of Radiology, Faculty of
medicine, Prince of Songkla University?” To answer the question, the cranial US skill

assessment tool needed to be developed and validated.
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Drafting the assessment items in the initial cranial US assessment form was
initiated from the literature review. >*>>"6%-64 The literature review was collected by
searching the Pubmed from 2011-2020 with key words as ‘ultrasound’, *skill’,
‘assessment’, ‘tool’. Overall, 300 related articles were extracted. Of those, 265 were
excluded due to unrelated or repetitive articles, leaving 35 articles to be reviewed.**%*
% All aspects of general US skills that suitable for and significantly correlated with
cranial US were inserted into the initial assessment form as initiated items. The detail
of items generation was in the appendix H.

Second step: Selecting group of experts into expert panel

The selection criteria of the experts included pediatric radiologists currently
practice in the pediatric radiologic field with an experience in neonatal cranial US for
at least 3 years. All pediatric radiologists in Thailand who met the criteria were invited
to participate in this study via the Google form. Those who were invited and would
like to be part of the expert panel filled the Google form with maintaining anonymity.

Third step: Delphi process

The Delphi method is the method to seek the answer for specific problem from
expert’s consensus, therefore, it is suitable for this study. The important aspects to be
concerned in the Delphi method include anonymity of experts, iteration, feedback
control, and statistical analysis of the results. The Delphi process is the iteration
process and will be performed until reaching the consensus.

The Delphi process in this study included the iteration process as follows:

1. First round of the Delphi study: After the primary researcher developed the
initial cranial US assessment form following the literature review, it was sent to
the participated experts as Google form via emails. The participated experts
were requested to score each item on 5-point rating score. The scores were
ranged from 1 to 5; 1 meant the item was not relevant, 2 defines as the item
as relevant but not important, 3 to 5 mean these items were relevant and
important. 5 was equivalent to most important (3= little important, 4=
moderately important, 5= absolutely important). The experts were also asked
to give comments or opinions to eliminate some items or add other items

including modified the initial items. This process might be a part of qualitative
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assessment of content validity because repetitive nature of Delphi process and
all selected experts have an extensive knowledge in cranial US.

Analysis of the Delphi round 1 result from experts: After first round of the
Delphi process was completed, the mean scores and their distribution were
evaluated. All items that had scores equal or more than 4 were kept and
eliminated the lower mean scores. In each round, we allotted a total response
time of 1 month, with email reminders sent to non-responders after 2 weeks.
Second round of the Delphi process: The cranial US assessment tool that
eliminated the lower score items and added the new items from expert
opinions was sent again to all experts to evaluate the mean scores and
distribution of all experts. The experts were asked to re-rank their rating scores
and provide opinions, with opportunity to change their scores after viewing
group’s replies of the previous round.

Analysis of the Delphi round 2 results, third round of the Delphi study, and
analysis of the Delphi round 3 results were repeated processes which was
stopped when the opinions were concluded without further suggestion.
Setting the performance levels came after completing the elements to
determine performance criteria for cranial US. We settled on the following four
performance levels: Distinguished, Proficient, Emergent, and Insufficient. We
used these four levels with superior scoring performance dependability than
fewer levels when making formative and summative decisions. For each level
of each performance criterion, performance descriptions were created using
rubrics, which offer information to help raters make decisions.

Al finalized items in the cranial US assessment tool from third round of Delphi
process were divided into three divisions: the preparation phase, US machine
operation, and cranial US performance, and their sum was the overall
performance score.

The final step involves research documentation, verification, and generalization
of the final cranial US evaluation instrument with a rubric scale that was once
more submitted to all experts for approval. This process resulted in a fully

designed cranial US skill assessment tool.
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2.2.2 Phase ll: Determination of reliability of the new cranial US assessment

tool97—101

In this phase II, it was determined whether the final cranial US skill assessment
tool was reliable. Two pediatric radiologists who were raters used the tool to assess
the cranial US skill performance of radiologic residents as seen on video footage.
Interrater reliability was assessed using the Cohen's Kappa.

Inclusion criteria:

1. The cranial US performers included PGY-1, PGY-2, and PGY-3 radiologic
residents (who have different levels of cranial US experience), Department of
Radiology, Prince of Songkla University.

2. Al babies who were scheduled to obtain the cranial US either at the US unit,
Department of Radiology or admitted at the NICU, Department of Pediatrics,

Faculty of Medicine, Prince of Songkla University.

Sample size:

The sample size was calculated with the formula by Flack et.al.!%?

o [ Z1-q max Rk = Ko) + 2z, _p max (K| x = ;) |?
n>
—_ Ko — Ky

N= sample size

Ko= value of Kappa of null hypothesis = 0.3 or 0.4

Ki= value of Kappa of alternative hypothesis (from previous literature) = 0.7
or 0.8

Beta= power

Alpha= 0.05

Alternative hypothesis = two-sided

In this study, there were 4 categories of rating items with power (n°) at 90.0%
and alpha of 0.05. According to guidelines of the minimal sample size requirements

for Cohen’s Kappa> the minimal sample size was 26 (figure 2.1).
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TABLE 1. Sample size calculation for kappa at category 2 unfil 7 when proportion each category is assumed at proportionate
Category K1 K2 n° n® Category Ki K2 n° n® Category Ki K2 n° n®

22 00 02 194 259 00 02 71 97 6x6 00 02 49 68
13

0.3 85 0.3 32 44 0.3 23 32
0.4 47 62 0.4 18 25 0.4 13 18
0.5 29 38 0.5 12 16 0.5 8 12
0.6 20 25 0.6 8 1 0.6 6 8
0.7 14 17 0.7 6 7 0.7 4 6
0.8 10 12 0.8 4 5 0.8 3 4
0.9 7 8 0.9 3 4 0.9 2 3
0.3 0.4 698 927 (o3 > 0.4 348 465 0.3 0.4 283 380
0.5 169 222 0.5 86 114 0.5 70 Q4
0.6 72 94 0.6 37 49 0.6 31 41
0.7 39 49 0.7 20 26 0.7 17 22
0.8 23 28 0.8 12 15 0.8 10 13
0.9 14 17 0.9 8 9 0.9 6 8
0.5 0.6 563 742 0.5 0.6 317 420 0.5 0.6 271 359
0.7 133 171 0.7 76 98 0.7 65 85
0.8 54 68 0.8 31 40 0.8 27 34
0.9 27 32 09 16 19 0.9 14 16
0.7 0.8 363 471 0.7 0.8 223 290 0.7 0.8 196 255
0.9 79 96 0.9 49 60 0.9 43 53

Figure 2.1 Guidelines of the minimal sample size requirements for Cohen’s

Kappa®>

Informed consent:

The final cranial US assessment tool from phase | was used to evaluate cranial
US skills performance of radiologic residents after the information and objectives of
the study were given to either radiologic residents or neonate’ s parents who
participated in this study with written informed consent. Two raters were assigned to
use the assessment tool and completed the form after standardization with instruction
sheets.

Video recording:

All items of final cranial US assessment tool were used to evaluate the cranial
US skills performance among radiologic residents recorded in the video footage. Video
footage was recorded using two mobile video cameras by the researcher. The

researcher was trained to record the video including angle of the camera and filed of



69

view in order to provide the same quality of video images. The first device recorded
hand movement of the residents. The second device recorded the US screen and US
pad to evaluate performer’s skills of using US machine and ability to create the US
images. The US performers were asked to wear gloves on both hands during the
procedure. Prior to recording the video, the pediatric radiologic staff, other radiologic
residents, and NICU nurses were requested not to comment, intervene, or give any
suggestion during cranial US procedure. If the recorded video images revealed the
name or face of the participants, it would be concealed. Two video-recorded from
both cameras of the same baby were merged into one footage, synchronously, with

high definition (HD) resolution (figure 2.2).

Figure 2.2 Merge video footage showed the view of resident’s skill on US machine

and view of resident’s hand movement during US.

Cranial US procedure:

A small 8-5 MHz curvilinear transducer, the most suitable for assessing the
anterior fontanel, was used to perform cranial US. The probe was placed at the anterior
fontanel without pressure, using a gel applied to the probe to ensure a good contact
between the probe surface and adjacent scalp skin. The baby was placed in supine

position during examination. The cranial US was started with coronal view. Then, the
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probe was rotated 90 degrees to perform US on sagittal view. The US images should
be recorded as the standard cranial US protocol (as shown in the chapter 1).

Cranial US skill evaluation:

The cranial US skills performance of radiologic residents recorded on video
footage was independently evaluated by two raters using the developed new
assessment tool. Two raters were pediatric radiologists from different institutions either

pediatric or university hospital.

2.3 Statistical analysis

Expert characteristics were listed as percentage values. Each item's mean score
was assessed during the Delphi process. Cohen's Kappa (unweighted and weighted
Kappa) was used to determine how reliable each assessment tool item was. The
degree of agreement between two raters was also calculated. The construct validity
was evaluated by comparing total score and level of residents by PGY, total score and
experience of cranial US cases, overall performance and level of residents by PGY, and
overall performance and experience of cranial US cases residents using t-test or
ANOVA. A p value < 0.05 was indicated statistically significant. The internal consistency
reliability was also determined using Cronbach’s alpha coefficient. Utilizing R software

3.6.1, all data were analyzed.
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Chapter 3

Results

3.1 Phase I: Assessment tool development
3.1.1 Participants

All 28 pediatric radiologists in Thailand have been invited to be the expert
panel in this study. An online community of pediatric radiologists was used to distribute
the invitation forms. Seventeen pediatric radiologists (60.7%) consent to participate in
the Delphi procedure. Table 3.1 displays the characteristics of the experts in both
Delphi round 1 and round 2. Majority of expert participants were female (82.3% and
84.6%), working as instructors (52.9% and 61.5%) in the University Hospital (70.6% and
61.5%). Over 50% of the experts experienced on the cranial US for more than 5 years.

Table 3.1 Characteristics of expert participants in round 1 and 2 (n=17 and n=13)

Characteristics Number (%) Number (%)
Gender
Male 3(17.7) 2 (15.4)
Female 14 (82.3) 11 (84.6)
Position
Instructor 9 (52.9) 8(61.5)
Assistance Professor 3(17.7) 3(23.1)
Associated Professor 3(17.7) 2(15.4)
Professor 2(11.7) 0(0)
Workplace
University Hospital 12 (70.6) 8 (61.5)
Pediatric Hospital 2(11.8) 2(15.49)
General Hospital 2(11.8) 2(15.49)
Others 1(5.8) 1(7.7)

Experiences on cranial US (years)
3-5 8(47.1) 6 (46.2)
>5-10 4 (23.5) 3(23.1)
>10 5(29.4) 4(30.7)
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3.1.2 Delphi process
Three rounds of the Delphi process were described as below. The response

rate of experts in round 1 was 60.7% and round 2-3 was 76.5% (table 3.2).

Table 3.2 Response of experts to Delphi process

Delphi round No. sent out No. responders (%)
1 28 17 (60.7)
2 17 13 (76.5)

Delphi round 1

From the literature review, 14 pertinent items were established and included
in the initial evaluation form (table 3.3). These items included the position of US
machine, selected appropriate probe, corrected handing of probe, applying of gel on
probe, using proper functions of US machine, adjusting appropriate gain and frequency,
adjusting depth and focus to include whole brain and appropriate area of focus,
cleaning the probe after using, corrected placement of probe at anterior fontanel to
starting US, corrected probe orientation, displaying cranial US approach, presenting of
relevant brain structures according to standard protocol, identified the positive
findings, and overall performance. All experts taken part in the Delphi round 1 received
the Google form containing these 14 items via emails (figure 3.1). The mean scores
and distributions of all items are shown in table 3.4. ‘Additional US by employing
linear probe' and 'identified patient' were two new items added from the expert

recommendation in Delphi round 1.



Table 3.3 Items in the initial assessment tool

Items

1. Position of US machine, appropriately

2. Selection appropriate probe

3. Corrected handing of probe

4. Applying of gel on probe

5. Using proper functions of US machine

6. Adjusting appropriate gain and frequency

7. Adjusting depth and focus to include whole brain and appropriate area of focus
8. Cleaning probe after using

9. Corrected placement of probe at anterior fontanel to starting US

10. Corrected probe orientation

11. Displayed cranial US approach, systematically

12. Presenting of relevant brain structures according to standard protocol

13. Identified the positive findings (e.g. IVH, PVL, hydrocephalus, and anomaly)

14. Overall performance

73
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Figure 3.1 The Google form of rating scale for initial items in cranial US assessment

tool

Table 3.4 Initial items with mean scores and distributions in Delphi round 1.

Items Distribution (n=17) Mean

scores
5 4 3 2 1

1. Positioned US machine, appropriately 7 9 1 0 0 4.35

2. Selected appropriate probe 16 1 0 0 0 4.94

3. Corrected handing of probe 14 3 0 0 0 4.82

4. Applying of gel on probe 10 7 0 0 0 4.59

5. Using proper functions of US machine 13 a4 0 0 0 4.76

6. Adjusting appropriate gain and frequency 12 5 0 0 0 471

7. Adjusting depth and focus to include 17 0 0 0 0 5.00

whole brain and appropriate area of

focus
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8. Cleaning probe after using 8 8 1 0 0 4.41

9. Corrected placement of probe at 15 2 0 0 0 4.88

anterior fontanel to starting US

10. Corrected probe orientation 16 1 0 0 0 4.94

11. Displayed cranial US approach, 11 6 0 0 0 4.65
systematically

12. Presenting of relevant brain structures 13 4 0 0 0 4.76

according to standard protocol

13. Identified the positive findings (e.g., IVH, 17 0 0 0 0 5.00
PVL, hydrocephalus, and anomaly)

14. Overall performance 13 4 0 0 0 4.76

Delphi round 2

The second round of Delphi process involved sending the experts the updated
assessment form initiated from the Delphi round 1 including all of the original items
with mean scores of 4 or more and the two newly added proposed items. The results
of Delphi round 2 are shown in table 3.5. All items had average mean scores of 4 or
more. The item of ‘additional US by using linear probe’ was suggested to change to
‘selected appropriate probe’. No more additional comment, recommendation or
changed items from the experts in round 2. In this stage, there were final 15 items
consisted of identified patient, position of US machine, selected appropriate probe,
corrected handing of probe, applying of gel on probe, using proper functions of US
machine, adjusting appropriate gain and frequency, adjusting depth and focus to
include whole brain and appropriate area of focus, cleaning probe after using,
corrected placement of probe at anterior fontanel to starting US, corrected probe
orientation, displaying cranial US approach, presenting of relevant brain structures
according to standard protocol, identified the positive findings, and overall

performance.
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All 15 finalized items were accepted by the experts without additional

comments. The assessment form's rubric scale was created based on the

characteristics of each item by divided into 3 sections: the preparation phase, US

machine operation, and cranial US performance.

Four degrees of competence

including distinguished, proficient, emergent, and insufficient were established (table

3.6). The experts received the final assessment form with rubric scale for approval. In

round 3, there were an agreement and verification by all experts.

Table 3.5 [tems with mean scores and distributions in Delphi round 2

Items Distribution (n=13) Mean
scores
5 4 3

1. Positioned US machine, appropriately 5 7 1 4.31

2. Selected the appropriate probe 12 1 0 4.92

3. Corrected probe handing 11 2 0 4.85

4. Appling of gel on the probe 10 3 0 a7

5. Using proper functions of the US machine 10 3 0 a.77

6. Adjusting the appropriate gain and frequency 11 2 0 4.85

7. Adjusting the depth and focus to include the 11 2 0 4.85
whole brain and appropriate area of focus

8. Cleaning the probe after using 7 5 1 4.46

9. Correctly placed the probe at the anterior 10 3 0 a.77
fontanel to starting US

10. Corrected probe orientation 13 0 0 5.00

11. Displayed cranial US approach, systematically 8 4 1 4.53



12. Presenting the relevant brain structures

according to standard protocol

13. Identified positive findings (e.g., IVH, PVL,

hydrocephalus, and anomaly)
14. Overall performance
15. Identified the patient

16. Additional US using a linear probe

10

7

4.69

5.00

4.62

a.77

4.46




Table 3.6 Final cranial US performance assessment form with rubric scale
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Cranial US performance assessment form with rubric scale

4 3 2 1
(Distinguished) (Proficient) (Emergent) (Insufficient)
*Preparation
phase (2 items)
Identified Done and Done Not done Wrong
patient confirmed patient
Properly Located to the Located to the Any side but  Any side and
positioned the  right, close to the right of the tries to do operates with
US machine patient patient with the the non-
dominant dominant
hand hand

*US machine
operation (7
items) Small curvilinear 8- Linear high- Large Hockey stick
Selecting the 5 MHz probe frequency probe  curvilinear probe
appropriate low-frequency
probe probe
Corrected Complete Inadequate Improper Incorrect
probe handling
Applying warm  Put the optimal Put gel onto the Put the gel on Did not use
gel onto the amount of gel onto  probe the patient’s  gel
probe the probe head
Using proper Familiar with Operated with Operated with  Unable to
buttons on the operating experience but inexperience  operate
US machine was inconsistent
Adjusted gain Appropriate Inappropriate Incorrect Unable to
and frequency, operate

correctly
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Cranial US performance assessment form with rubric scale

4 3 2 1

(Distinguished) (Proficient) (Emergent) (Insufficient)
Adjusting the Optimum field of Included the Included Unable to
depth and view, depth, and whole brain but partial brain operate
focus to focus inappropriate
include the depth and focus
whole brain
and
appropriate
area of focus
Cleaning the Done Not done
probe after
using
*Cranial US
performance (5
items)
Corrected Placed on the anterior ~ Placed on the Place on Placed on
placement of the fontanel with good anterior fontanel another other areas
probe at the contact with poor contact fontanel
anterior fontanel
Confirmed the Correct side with Confirmed several Not done Wrong side
side of brain confidence times
orientation
Displayed cranial  Consistently Some systematic Unsystematic Could not
US approach, systematic display display display display
systematically
Presenting the Followed standard Inconsistent Presence of Could not do

relevant brain
structures
according to

standard protocol

protocol

some images
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Cranial US performance assessment form with rubric scale

4 3 2 1
(Distinguished) (Proficient) (Emergent) (Insufficient)
Identified positive Completely identified Identified some Missed positive  Could not do
findings (e.g., IVH, positive findings findings findings
PVL,
hydrocephalus,

or anomaly)

3.2 Phase 2: Assessment tool performance evaluation
3.2.1 Subject characteristics

Neonates

Twenty-seven neonates participated in this study. Mean age was 35 days (range,
8-80). Only 3 neonates were being supported by the ventilator. The US procedure was
performed mostly at the NMCU (55.6%). The information is provided in table 3.7.

Table 3.7 Characteristics of neonates and places of performing US (n = 27)

Number (%)

Neonates
Ventilator support 3(11.1)
Places to perform US
NICU 10 (37.0)
NMCU 15 (55.6)
US room 2(7.4)

Cranial US findings

Normal 7 (26.0)
IVH 18 (66.7)
pPVvL 3(11.1)

Other 4 (14.8)
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Radiologic residents

In this study, 27 radiologic residents were participated. Two thirds of them were
female. Almost half were enrolled in PGY3 training. Most of them (70% ) had
experienced at least five cranial US cases performed. Only 4 residents lacked of any
cranial US training experience, while the remaining 23 had some kinds of training,

mostly lecture and observation (table 3.8).

Table 3.8 Characteristic of radiologic residents (n = 27)

Number (%)

Gender
Male
Female 9 (33.3)
18 (66.7)
PGY
Year 1 4(14.8)
Year 2 11 (40.7)
Year 3 12 (44.5)
Number of cranial US performed (cases)
0 6(22.2)
<5 2(7.4)
5-10 5(18.5)
11-15 11 (40.8)
16-20 3(11.1)
Experiences in cranial US training
Never 4(14.8)
Lecture 21 (77.8)
Observation 19 (70.4)
Workshop 5(18.5)
Self-learning 9 (33.3)

Others 2 (7.4)
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3.2.2 Content validity

The term "content validity" describes a method that can precisely assess all
aspects of the content. Pediatric radiologists who were subject matter experts in cranial
US made up the entire Delphi panel of experts. The Delphi process confirmed good

content validity due to it iteration nature.

3.2.3 Interrater reliability

Cohen's Kappa (unweighted and weighted Kappa) and the percent agreement
between two raters were used to calculate interrater reliability. Percent agreement
represented the simplest way to measure agreement, but it does not account for
variations in chance. While, Kappa measure of agreement above and beyond what
would be predicted randomly. Most items in the assessment form in this research,
except the item ‘ cleaned the prove after using’, were ordinal data. Weighted Kappa
was more appropriated to evaluate Kappa value. Each evaluation tool item's Kappa
score ranged from 0.39 to 0.94 and 'NaN'. 'NaN' was abbreviation for Not a Number,
which meant that the data's lack of variance prevented the calculation of the Kappa
value. All items had a percent agreement that ranged from 37% to 100%. The detail
of Cohen’s Kappa (unweighted and weighted Kappa) and the percent agreement of
each item are present in table 3.9. In all 15 items, 3 items: identification of patient,
selected appropriate probe, and cleaning the probe after using had Kappa value of
NaN with 100 percent agreement. Three items: properly positioned the US machine,
presented the relevant brain structures according to standard protocol, and overall
performance had almost perfect agreement (weighted Kappa value = 0.89-0.94 with
88.9-96.3 percent agreement). Corrected probe handing, adjusting the depth and focus
to include the whole brain and appropriate area of focus, confirmed the side of brain
orientation, and identified positive findings had substantial agreement (weighted Kappa
value = 0.70-0.80 with 77.8-85.2 percent agreement). Three items: applying warm gel
onto the probe, using proper buttons on the US machine, and corrected placement
of the probe at the anterior fontanel, had moderate agreement (Kappa value = 0.42-

0.60 with 70.4-81.5 percent agreement). Two items ‘adjusted gain and frequency,
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correctly’ and ‘displayed cranial US approach systematically’ had fair agreement,

(Kappa value = 0.39 with 37.0 and 63.0 percent agreement, respectively).

Table 3.9 Interrater reliability of the assessment tool

ltems Unweighted Kappa Weighted Kappa %
Agreement

1. Identification of the patient NaN NaN 100

2. Properly positioned the US machine 0.93 0.94 96.3

3. Selected appropriate probe NaN NaN 100

4. Corrected probe handing 0.69 0.80 81.5

5. Applying warm gel onto the probe 0.42 0.42 77.8

6. Using proper buttons on the US machine 0.44 0.60 70.4

7. Adjusted gain and frequency, correctly 0.15 0.39 37.0

8. Adjusting the depth and focus to include the 0.55 0.76 77.8
whole brain and appropriate area of focus

9. Cleansing the probe after using NaN NaN 100

10. Corrected placement of the probe at the 0.55 0.55 81.5
anterior fontanel

11. Confirmed the side of brain orientation 0.57 0.70 77.8

12. Displayed cranial US approach, 0.27 0.39 63.0
systematically

13. Presenting the relevant brain structures 0.82 0.89 88.9
according to standard protocol

14. Identified positive findings (e.g., IVH, PVL, 0.65 0.80 85.2
hydrocephalus, and anomaly)

15. Overall performance 0.84 0.92 88.9
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3.2.4 Construct validity

The radiologic residents were categorized according to their PGY and
experience on cranial US. The total score and level of PGY of residents were analyzed.
There were statistically differences in total score of PGY1 and PGY2 residents and PGY1
and PGY3 residents (p = 0.023 and 0.007, respectively, figure 3.2). Further analysis
according to total score and experience of cranial US was also determines. The results

revealed significant statistically difference in total score and experience of cranial US

<5 cases and 25 cases (p = 0.034, figure 3.3).

52 -
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44 1

PGY

Figure 3.2 Box and whisker plot of total score and PGY 1, 2, and 3 of radiologic residents
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Figure 3.3 Box and whisker plot of total score and experience of cranial US cases of

radiologic residents
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Overall performance of radiologic residents was also evaluated according to
their PGY and experience of cranial US. Overall performance of PGY 1 radiologic
residents and PGY 3 radiologic residents demonstrated statistic significant (p = 0.026,
figure 3.4). Statistically significant between overall performance and experience of

cranial US was also found (p = 0.022, figure 3.5).
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Figure 3.4 Box and whisker plot of overall performance and PGY 1, 2, and 3 of radiologic

residents
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Figure 3.5 Box and whisker plot of overall performance and experience of cranial US

cases of radiologic residents

3.2.5 Internal consistency reliability

The internal consistency of the assessment tool was evaluated using
Cronbach’s alpha. The Cronbach’s alpha value of both raters were about 0.856 and
0.891.
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Chapter 4

Discussion

In the field of neonatal care, cranial ultrasound is a necessary supportive
examination. Early detection of intracranial abnormalities in premature neonates,
particularly IVH or PVL is crucial due to their long-term prognosis. “*¢® The cranial US
is an effective tool to identify these abnormalities, however it’ s required training to
improve practical skills and experience. Like the US of other parts of human bodies,
there is no uniform assessment tool for cranial US to evaluate the learner’ s
competency. > We, therefore, designed this study to develop the cranial US

assessment form and determine the validity and reliability of this tool.

Delphi method and content validity

The Delphi method is an excellent technique to create consensus and produce
new ideas. This cranial US assessment form using Delphi process should be regarded
as a high- quality assessment tool due to it was created with agreement from almost
all pediatric radiologists, expertise on cranial US in Thailand.

Originally, 14 items were created. After Delphi round 1, two additional new
items including ‘additional US by employing linear probe' and 'identified patient' were
added from the expert recommendation. Although there was a number of drop off,
48% of expert panel remained participating in the Delphi round 2 and 3. In Delphi
round 2, the expert suggestion was to merge the new item of ‘additional US by
employing linear probe’ to the original item of ‘selected appropriate prove’, resulting
in the final 15 items cranial US assessment form for approval in Delphi round 3. The
rubric scale cranial US assessment form was successfully established, approved and
verified by the expert panel. All 15 items created by the expert panel reflects the
content validity of the assessment form during this Delphi method.

The advantage of this study is that all expert panelists are pediatric radiologists
with expertise in cranial US and the items of assessment refer to content validity. Most
participant’ s workplace is the university hospital, however some working at pediatric

and general hospital. This could reflect the generalizability of using this assessment
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form in variety setting. Moreover, the optimum assessment technique for performance
evaluation is the DOPS methodology.?"?* The rubric scale's information enables the
rater to make a confident, accurate, and reliable judgment about a candidate's level
of proficiency. For the aforementioned reasons, it is predicted that this assessment
form will be a competent and trustworthy tool to assess cranial US performance.

In order to prevent group thinking based on reputation or authority, all experts
in this study were given anonymous. Experts could, therefore, independently comment
and decide. However, participant anonymity prevented responses from being
connected to professional experience, which is a drawback of this study. Additionally,
the participant response rate decreased with each cycle of the Delphi process, which

led to an overemphasis of the responses from fewer participants.

Interrater reliability

In this study, 27 radiologic residents from PGY1-3 participated in the reliability
test for the new cranial US assessment tool. By using interrater reliability evaluation,
almost all items demonstrated moderate to practically perfect agreement (Kappa =
0.42-0.94 and NaN). The NaN with 100% agreement of three items of ‘identification of
patient’, ‘ selected appropriate probe’, and ‘ cleaning the probe after using’ showed
the most objective items. Only two items of ‘adjusted gain and frequency correctly’
and ‘displayed cranial US approach systematically’ showed fair Kappa value of 0.39,
each. Due to the subjective nature of the evaluation of both items and the vastly
divergent levels of acceptance of vivid color contrast in US photographs across raters
in ‘adjusted gain and frequency correctly’, these might be explained the relatively low
Kappa and percent agreement of those two items. Careful training of raters and
modifying the description at each level of mastery of these two items should enhance
Kappa's value. Several studies attempted to estimate the reliability of US performance
assessment tools, which vary in organs, number of raters, and forms of assessment
tool. The previous research of Chuan et al., which evaluated the ICC of the rating scale
for ultrasound- guided regional anesthesia, showed poor to moderate agreement (ICC
= -0.01 to 0.43)’®. Another study by Rice et al. demonstrated the reliability of the

checklist tool for assessing the placement of US-guided intravenous access that had
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an almost perfect agreement (weight Kappa value = 0.93)%. Wong et al. demonstrated
the ICC of checklists and global rating scales for the assessment of procedural skills in
anesthesia. The result of Wong’s study presented moderate agreement (ICC =0.44) of
the total score®™. Sultan et al. also studied the reliability of clinical assessment tools
for US-guided axillary brachial plexus block. The answers to their study indicated
substantial agreement for rating scales and almost perfect agreement for a checklist
(ICC = 0.795 and 0.842, respectively)”®. Overall agreement on assessment tools from
previous studies varied from poor to almost perfect agreement. This implies that our
study's developed assessment tool was accepted and is a good, reliable assessment
tool with moderate to perfect agreement of most items compared to previous studies'

results.

Construct validity
Both total score and overall performance were able to differentiate between
PGY of radiologic resident and their experience of cranial US. As the results in this

research, total score was significantly difference between PGY 1 and PGY 2 and PGY 3
and also difference between experience of cranial US < 5 cases and = 5 cases. Overall

performance between PGY1 and PGY 3 and experience of cranial US < 5 cases and >
5 cases were also statistically difference. These results suggested good construct

validity.

Internal consistency reliability

Cronbach’s alpha was used to assess the internal consistency. The previous
study by Gaudet et al. studied assessment tools to evaluate image acquisition quality
for focused critical care echocardiography. The Cronbach’s alpha of their assessment
tool was 0.95. Another study by Kunz et al. presented Cronbach’s alpha of
performance checklist for US-guided arthrocentesis, which was about 0.89%°. The
Cronbach’s alpha value of our study was a good reliability level (0.856-0.891) that was

relatively comparable with the previous studies.
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Limitations of the study

Apart from the limitation by the nature of Delphi process mentioned above,
our study did not evaluate the construct validity of this new assessment tool.
Therefore, the discrimination of resident’ s ability or the pass/fail score could not be
identified and evaluated. The narrow range of cranial US background ability of
radiologic residents in our hospital at the beginning, resulting in homogeneous skill
performance and less varieties, causes difficulty in this kind of analysis. This new
assessment tool for cranial US performance requires user’ s training to increase

familiarity and reliability. Further study of construct validity should be also investigated.
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Chapter 5

Conclusions

To the best of our knowledge, this is the first study to develop the objective
structured assessment tool for cranial US performance skills. This tool was refined
using a Delphi method to achieve consensus from pediatric radiologist expert panel in
Thailand. The assessment tool demonstrates a high content validity and moderate to
high interrater agreement according to weighted Kappa value. The assessment tool
also exhibits construct validity, that can differentiate between the cranial US
performers by PGY and cranial US experience. Internal consistency of the assessment
tool is also in good level.

The simple-to-use cranial US assessment tool with rubric scale holds all raters
to the same standard of evaluation. Moving from a fixed number of examinations to
competency-based evaluation in real life workplace situation using this valid and
reliable assessment form together with other measurement tools for formative
assessment is reasonable and suitable in the era of competency-based curriculum.
Realtime reflection and feedback is feasible to improve the learner’s performance.
Adaptation from formative assessment to summative assessment can be done from
this assessment tool by indicate cutoff point that is appropriate for the learner levels.

User’s training of this assessment tool and generalization is encouraging to

enhance interrater reliability and modify the tool for more optimization.
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Appendix B: Time schedule of the study
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Activity

Oct 2019 to
Jan 2020

Jul 2020 to
Dec 2020

Feb 2020 to
Jun 2020

Jan 2021 to
Jan2023

1. Proposal submission for

EC

2. Preparatory phase

3. Data collection

4. Data analysis

5. Manuscript writing

6. Submit research




Appendix C: Record forms

Record form for participated experts
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Number E

Gender 1. Male Egender [ ]
2. Female

Position in pediatric radiologic 1. Instructor Epos [ ]

view 2. Associated Professor
3. Assistance Professor
4. Professor

Workplace 1. University hospital Ework [ ]
2. Pediatric hospital
3. General hospital

Years of experience on cranial US | 1. 3-5 years Eyear []
2. 5-10 years
3.> 10 years




Record form for participated radiologic residents
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NumberR

Gender 1. Male Reender [ ]
2. Female

Level of training 1. 1% year radiologic residents (PGY-1) | Rposition [ ]
2. 2™ year radiologic residents (PGY-2)
3. 3" year radiologic residents (PGY-3)
4. Others

Experience in cranial US training 1. No Rexptrain [ ]

If yes, please identified method of

training (can choose more than 1

choice)

2.
3.
4.
5.

Yes, lecture
Yes, observation
Yes, workshop

Yes, self-learning from other

sources

6.

Yes, others

Experience in performed cranial US

cases

. 0 case

. < 5 cases

. 5-10 cases

. 11-15 cases
. 16-20 cases

. > 20 cases

Rexpcase [ ]




Appendix D: Initial cranial US skill assessment form (5-points rating scale for

Delphi method)

107

Domains and items

Score

3

Motor skills

Applying US equipment
1. Proper positioning of US machine
2. Selecting appropriate probes
3. Correct handling of probe
4. Applying of warm gel to probe
5. Using proper buttons on US
machine
6. Adjust gain and frequency, correctly
7. Adjust depth and focus to include
whole brain and appropriate area of
focus

8. Cleaned probe after US

Visual-cognitive skills

Systemic cranial US examination
9. Correct placement of probe at
anterior fontanel to start US
10. Confirmation side of brain
orientation
11. Displaying cranial US approach
systematically
12. Presenting of relevant brain
structures according to standard
protocol
13. Identified the positive findings (e.g.
IVH, PVL, hydrocephalus, or anomaly)

14. Overall performance
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Appendix E: Initial cranial US skill assessment form with rubric score, example

Domains and items

1

not obtained

2

critical error

3

sub- optimal

a4

optimal

Proper positioning of US machine

wrong place

right hand close to the patient

Selecting appropriate probes

choose other prove

small curvilinear 8.5 MHz probe

Correct handling of probe

Applying of warm gel to probe do not use gel put gel to put gel to put gel to probe
head prove with optimal
amount
Using proper buttons on US machine can not operate with operate with familiar to
operate some experience but operate
experience inconsistency
Adjust gain and frequency, correctly can not wrong inappropriate appropriate
operate
Adjust depth and focus to include can not include partial | include whole optimum FOV,
whole brain and appropriate area of operate brain brain but depth, focus
focus inappropriate
depth and
focus
Cleaned probe after US do not done done
Correct placement of probe at anterior can not done place in other place in place in anterior
fontanel to start US area anterior fontanel with
fontanel with good contact
poor contact
Confirmation side of brain orientation do not done wrong side confirm correct side with

several times

confidence

Displaying cranial US approach can not done unsystematic some consistently
systematically display systematic systematic
display display
Presenting of relevant brain structures can not done presence of inconsistency | follow standard
according to standard protocol some images protocol
Identified the positive findings (e.g. IVH, can not done miss positive identified completely
PVL, hydrocephalus, or anomaly) findings some findings identified

positive findings

Image recording per standard protocol

can not done

record some

images

complete all

images

complete with
good quality

images

Overall performance

fail

pass




Appendix F: Dummy table 1: Predictive factors information
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Predictive factors

Number (%)

Mean

Places: NICU

US room

Subjects
Age (months)
Intubation status: Yes

No

Trainee PGY: Year 1
Year 2
Year 3
Number of US brain before video record
(cases)
Cranial US training: Yes

No

Time: Video duration (minutes)
Time to complete assessment

(minutes)
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Appendix G: Dummy table 2: Summary DOPS scores and interratter reliability

DOPS items

4-point scale:
Score mean

(actual)

Kappa

Percent

agreement

1. Proper positioning of US machine

2. Selecting appropriate probes (small
curvilinear 8.5 MHz probe)

3. Correct handling of probe

4. Applying of warm gel to probe

5 Using proper buttons on US machine
6.  Adjust gain and frequency, correctly
7. Adjust depth and focus to include
whole brain and appropriate area of focus
8.  Correct placement of probe at
anterior fontanel to start US

9. Confirmation side of brain orientation
10. Displaying cranial US approach
systematically

11. Presenting of relevant brain structures
according to standard protocol

12. Identified the positive findings (eg.
IVH, PVL, hydrocephalus, or anomaly)

13. Image recording per standard
protocol

14. Overall performance ( fail/pass )




Appendix H: Item generation
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All 35 articles, details are described in table and examples are shown below.

echocardiography image

Articles Total Relevant/Not | Detail of relevant items
items relevant items
1. EBUS-STAT 10 points 10 1/9 - US obtained without artifacts
assessment tool*
2. LUS-OSAUS®? 17 4/13 - Correct choice of transducer
- Correct depth
- Correct gain
- Correct handling of transducer
3. POC US exam type 28 5/23 - Correct transducer selection x5
and area of evaluation
scored as one point each
for OSCE®
4. US-Guided Peripheral 10 1/9 - Turn on US
Intravenous Access
Checklist®
5. IUSE®® 12 2/10 - US equipment optimization of
images (choice of transducer
and pre-settings and use of
knobology including Doppler)
- Hand-eye coordination
6. US Olympics exam 14 1074 - Selects appropriate orientation
station 3 (TTE anatomy)®’ X2
- Selects appropriate depth x2
- Selects appropriate gain x2
- Overall picture quality x2
- |dentifies target on Screen x2
7. LUS-OSAUS®® 17 4/13 Same as number 2.
8. Focused critical care 50 20/30 - Appropriate depth x6

- Appropriate gain x6
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Articles Total Relevant/Not | Detail of relevant items
items relevant items
acquisition assessment - Appropriate depth and gain x2
tool®? - Structures centered in view x6
9. Global rating scale for 9 2/7 - Instrument handling
US-guided regional - Overall performance
anesthesia’
10. Quality indication in 12 0/12 -
EUS and ERCP™
11. QUICK score’ 7 1/6 - Sets gain appropriately
12. OSCE: retroperitoneal 12 5/7 - Orientation
space with aorta’ - Positioning
- Connection
- Adequate zoom factors
- Overall performance
13. DUOSATS™ 11 3/8 - Transducer selection
- Ultrasound coupling gel usage
- Acquires images in B mode
(Appropriate depth of field, TGC,
and focus setting, appropriate
gain control?)
14. V-DUOSATS™ 8 3/5 - Transducer selection
- Ultrasound coupling gel usage
- Image optimization in B mode-
15. DOPS item’® 8 2/6 - Technical ability
- Overall performance
16. Technical US skills 7 6/1 - Selects correct ultrasound

checklist””

probe
- Applies gel on probe or on the

patient
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Articles

Total

items

Relevant/Not

relevant items

Detail of relevant items

- Correctly identifies probe
orientation

- Adjust image depth or contrast
to optimize view of lesion

- Correctly identifies lesion

- Saves and stores the image

17. Global rating scales’®

6/3

- Preparation for procedure (e.g.
machine, machine placement,
US gel, towels)

- Image optimization (probe
choice, optimization of gain and
depth)

- Probe technique

- Image interpretation

- Knowledge of procedure
(steps, familiarity, and
confidence)

- Overall performance

18. Generic technical

skills global rating scale™

5/3

- Time and motion

- Instrument handling

- Flow of procedure

- Knowledge of procedure

- Overall performance

19. ltems assessment

tool®

31

14/17

- Appropriately positions the
machine

- Appropriately applies basic
knobology (e.g. on/off, depth,

gain)
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Articles

Total

items

Relevant/Not

relevant items

Detail of relevant items

- Appropriately uses examination
presets

- Chooses correct transducer

- Appropriately enters patient
identifier

- Able to store relevant images
and clips

- Appropriately cleans machine
and transducers

- Conducts the appropriate
types of scans

- Conducts scans in the
appropriate
prioritization/sequence

- Scans adequately through the
entire area of interest

- Able to optimize image
appropriately when necessary
- Adjusts focal zone
appropriately

- Scans with efficiency of hand
motion

- Able to recognize key findings

20. Assessment checklist
for ultrasound-guided
regional anesthesia and

Global rating scale®

31

11/20

- Correct placement of
ultrasound machine relative to
patient to allow easy
visualization of both

- Choice of correct transducer
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Articles Total Relevant/Not | Detail of relevant items
items relevant items

- Correct depth, gain, and focal
zone choices
- Holds the probe appropriately
(3 fingers holding the probe and
1 finger touching the patient)
- Knowledge or confirmation of
screen orientation (ie, which side
of probe corresponds to which
side of screen)
- Scanning of anatomy and
proper identification of target
- Time and motion
- Instrument handling
- Flow of procedure
- Knowledge of procedure
- Overall performance

21. Scoring system for 6 0/6 -

automate evaluation

echocadiography

method®?

22. Practical examination 21 0/21 -

score sheet for heart,

lung, IVC US®

23. Technical skill for 11 3/8 - Satisfactory position of hands

ultrasound-guided FNA®

- Satisfactory position of
transducer
- Satisfactory position of lesion

on screen
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Articles Total Relevant/Not | Detail of relevant items
items relevant items
24. OSAUS items® 5 5/0 - Applied knowledge of US
equipment
- Image optimization
- Systematic examination
- Interpretation of images
- Documentation of examination
25. The EUS skills 17 1/16 - Identify lesion of interest
assessment tool®
26. Ultrasound-guided 25 1/24 - Obtains correct equipment
arthrocentesis checklist®
27. Items worksheet for 10 0/10 -
cervical evaluation US™
28. DOPS for US** 7 3/4 - Identification of organ
structures
- Investigation of organ
structures
- Technical ability
29. Task-specific checklist 30 6/24 - Positions US machine
for USG supraclavicular appropriately
block?? - Choose appropriate probe
- Checks probe orientation
- Selects appropriate depth
- Selects appropriate gain
- Handles probe with control
30. Quantitative 15 a/11 - Equipment preparation

assessment of

procedural performance

94

- Probe stability
- Visual focus

- Position of US machine
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Articles Total Relevant/Not | Detail of relevant items
items relevant items

31. Global rating scale for 10 3/7 - Preparation for procedure

US-guided regional - Instrument handling

anesthesia® - Overall performance

32. Cognitive and 14 2/12 - Optimized adjustment of US

technical skill

assessment for renal US

in human renal model”®

controls

- Correct transducer orientation




EBUS-STAT 10 Point Assessment Tool

1. The Endobronchial Ultrasound Skills and Tasks Assessment Tool>?

Learner: Year of Training
Faculty Date
Educational Item* Satisfactory
Items 1-10 each scored separately Yes/No
1. Able to maneuver the scope through upper airway into trachea, without Yes/ No
trauma or difficulty (5 points for single item tested)
Mouth and Vocal cords [ ET Tube ' Laryngeal mask airway Score /5
2. Able to maneuver scope using white light bronchoscopy within Yes/ No
tracheobronchial tree without trauma (4 points, no partial points)
Scope centered in airway lumen avoiding airway wall trauma Score /4
3. Ultrasound image obtained without artifacts (5 points, no partial points) Yes/No
Absence of artifacts on image, any target
Score /5
4. Identify major mediastinal vascular structures (4 points per item) Yes/No
Aorta [ Pulmonary artery ' Superior vena cava [ Azygos vein _ Left atrium
Score 20
5. Identify lymph node station (Select 3 targets, 5 points each) Yes/No
2R 2L 4R T I0R 17 4L 10L U 11L 7 11Rs U 11Ri | Score /15
6. Able to operate EBUS processor (2 points each item) Yes/No
Gain Depth Doppler Score /6
7. Performance of EBUS-TBNA (1 point each, target 15 points) Yes/ No
Advance needle through working channel (neutral position) = Secure needle Score /15
housing by sliding the flange ' Release sheath screw ©° Advance and lock sheath
when it touches wall ' Release needle screw || Advance needle using jab
technique ' Visualize needle entering target node " Move stylet in and out a few
times "1 Remove stylet ' Attach syringe ©© Apply suction * Pass needle in and
out of node 10-15 times " Release suction "' Retract needle into sheath
Unlock and remove needle and sheath
8. Image analysis: CT scans (1 point each, target 10 points) Yes/No
Image 1 = Image 2 Image 3 [ Image 477 Image 5 [ Image 6 ©' Image 7
Image 8 ' Image 9 [ Image 10 Score /10
9. Image analysis: EBUS views (1 point each, target 10 points) Yes/No
Image 1 " Image 2 Image 3 [ Image 477 Image S [ Image 6 ©/ Image 7
Image 8 ' Image 9 [ Image 10 Score /10
10. Decision-making tasks: (2 points each, target 10 points) Yes/No
Image 1 Image 2 Image 3 Image 4 Image 5 Score /10
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* The combined use of the 10 items tests competencies needed to climb the leamning curve from novice to advanced
beginner to intermediate to competent bronchoscopist able to independently perform EBUS-TBNA.

FINAL GRADE PASS FAIL SCORE /100




2. Lung ultrasound objective

final form®?
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structured assessment of technical skills tool in its

Indication
Evaluates the indication for
lung ultrasound
Suggests focused questions
that can be examined by
lung ultrasound
Systematic lung ultrasound
examination
Performs lung ultrasound
systematically
Performs lung ultrasound on
the basis of focused
questions
Technical skills
Correct placement of patient
(e.g., supine when scanning
for pneumothorax)

Correct choice of transducer

Correct gain
Correct handling of
transducer

Findings
Correct assessment of pleura

Correct assessment of
B-lines
Correct assessment of
consolidations
Correct assessment of
pleural effusion
Correct assessment of
whether ultrasound-guided
thoracentesis is safe
Documentation
Documents findings in
patient’s chart
Conclusion
Able to make a diagnosis on
the basis of lung
ultrasound findings
Able to integrate lung
ultrasound findings with
patient’s history

None
None

No systematic
approach

No correlation
between focused
questions and
scanning

Wrong placement (e.g.,

evaluating pleural
effusion with patient
in Trendelenburg
position)

Wrong choice of
transducer

Wrong depth setting

Wrong setting of gain

Poor transducer
handling

Not able to
assess correctly
Not able to
assess correctly
Not able to

No diagnosis

No integration

Some
Some

Some systematic
approach

Some correlation
between focused
questions and
scanning

Main findings are
described

Some diagnosis

Some integration

Sufficient
Sufficient

Sufficient systematic
approach

Sufficient correlation
between focused
questions and
scanning

Optimal placement
(e.g., evaluating
pleural effusion with
patient in seated

position)
Optimal choice of
transducer
Optimal depth setting
Optimal setting of gain
Optimal transducer
handling

Properly assessed
every time

Properly assessed
every time

Described sufficiently
Correct diagnosis

Optimal integration

*Operators were scored 1-5 for each element, and the final rating is the sum of all 17 elements.



3. Point-of-care ultrasound exam type and area of evaluation scored as one

point each for objective structured clinical examination®*

Exam type

Area of evaluation

ECHO (15 points)

Aorta (18 points)

FAST (11 points)

Pelvic (12 points)
Trans-abdominal

Trans-vaginal
Central line (7 points)

Correct transducer selection

Identifies parasternal long axis view
with RV, LA, LV

Measures aortic outflow tract

Identifies parasternal short axis view
with RV, LV

Identifies apical four-chamber view with
RV, LV, RA, LA

Correct transducer selection

Identifies target and inferior vena cava
by compression and/or doppler

Obtains trans. proximal, middle, distal
and bifurcation views

Obtains longitudinal aorta view
Performs correct measurement of aorta
Identifies vertebral body

Correct transducer selection
Subxiphoid view

Identifies right upper quadrant with
Morisons, tip of liver, inf. pole kidney

Identifies left upper quadrant view
Identifies the splenorenal recess

Visualizes the inferior pole of the left
kidney

Identifies pelvic view in transverse and
sagittal planes

Correct transducer selection

Obtains uterus view in long and short
axis

Scans through bilateral ovaries in two
planes

Explains how to calculate the fetal heart
rate with M-mode

Obtains coronal and sagittal uterus view
Correct transducer selection

Explains probe positioning/marker
orientation

Identifies target and associated artery
Measures depth of vein

Appropriately demonstrates needle
entry/ angle of insertion

ECHO, echocardiogram; RV, right ventricle; LA, left atrium; LV,
left ventricle; RA, right atrium; FAST, focused assessment with

sonography for trauma
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4. Ultrasound-Guided Peripheral Intravenous Access Checklist®®
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Step

Attempt 1

Attempt 2

Attempt 3

Wash hands, apply gloves

Tourniquet placed

Turn on ultrasound

Locate vessel with linear transducer

Demonstrate vessel is venous

Disinfect area

Insert IV and follow needle tip to vessel

Advance catheter and demonstrate placement with draw back 1 cc

Flush 3 to 5 cc saline

Secure IV

Score
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5. Interventional Ultrasound Skills Evaluation (IUSE) tool®
1 3 5
1. Indications Not able to Partially explains Clearly explains
Assessment of the explain the the indications the indications
indications for indications
the procedure
based on patient
history, referral
information, and
prior imaging
2. Contraindications Does not check Checks and handles Checks and clearly
Handling of existing contraindica- contraindications explains all
relative and tions OR does suboptimally contraindications
absolute not act but without and acts accordingly
contraindications accordingly compromising
(allergies, patient safety
medication, and
blood tests) in
accordance with
guidelines
3. Preparation Plans an unsafe Plans a suboptimal Plans and clearly
Planning of the strategy OR but safe strategy explains an optimal
procedural does not use based on strategy based on
strategy based on available available prior available prior
available prior prior imaging imaging imaging
imaging (e.g..CT
scan, MR1 or
ultrasound)
4. Analgesia Adnunisters Administers local Administers sufficient
Administration of insufficient anesthesia in a local anesthesia using
local anesthesia local suboptimal way the correct technique
anesthesia
using
incorrect
AND/OR
non-sterile
technique
5. US equipment Acquires Acquires Acquires optimal
Optimization of inadequate suboptimal images consistently
images (choice of images images without
transducer and thereby COMPromising
pre-settings and compromis- safety or yield
use of knobology ing safety or
including yield
Doppler)
6. Procedural Chooses wrong Chooses correct Chooses correct
instruments instruments instruments but instruments and
Choice and OR uses them handles them handles them
handling incomrectly, insecurely optimally
of nstruments e.g. does not
(e.g., steer, maintain
draping. biopsy sterility

needle, catheter)
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1 2 3 5
7. Route Chooses Chooses Chooses optimal route
Choice of suboptimal suboptimal route and deliberately
procedural route that without avoids critical
route compromises compromising structures
safety safety
£. Hand-eye coordi- Demonstrates Demonstrates Demonstrates superior
nation poor suboptimal hand-eye coordina-
Demonstration of hand-cye hand-eye coordi- tion and precise
hand-eye coordi- coordination nation but suffi- targeting
nation and and targeting cient targeting
targeting during
the
procedure
9. Procedural Assesses Assesses and acts Assesses the procedural
outcome procedural on procedural outcome optimally
Assessment of outcome outcome and acts accordingly
procedural incorrectly suboptimally but
outcome (e.g.. OR does not without
placement of act compromising
tube, biopsy accordingly yield
material, or
sufficient
drainage of
abscess)
10. Monitoring Fails to monitor Monitors the Monitors the patient
Monitoring of the the patient patient optimally and
patient during OR handles suboptimally correctly handles
and immediately complications without complications
after the incomrectly compromising
procedure (e.g.. safety
blood pressure,
ultrasound) and
handling of
potential
complications
1 1. Patient Fails to provide Provides Provides optimal
communication instructions insufficient instructions and
Communication and instructions OR maintains good
with communi- communicates communication
the patient cates poorly with the patient
throughout the with the suboptimally
procedure (e.g.. patient
mstruction on
breathing and
body positioning)
12. Teamwork Communicates Communicates Communicates
Communication poorly with suboptimally optimally with the
with the team with the team team
members of the

team




6. US Olympics exam station 3 (TTE anatomy)®’
Ultrasound Olympics Exam Station 3 (TTE Anatomy)

Resident Name: Evaluated by:
Date:
Training level: ©cal O CA2 O CA3

Task: Identify Aortic valve in Parasternal short axis view
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US Task Grade comments
(GRS)

Ultrasound Basic Setup Selects appropriate orientation

Selects appropriate depth

Selects appropriate gain

Ultrasound scanning Picture shows parasternal short axs view

Picture shows left ventricular outflow tract

Overall picture quality

Target ldentification Ident:fies target on Screen (marked with arrow) D Success
Arrow identifies Aortic valve D Fail
al

Total points J3s

Task: Identify Left Ventricle in apical view

US Task Grade comments
(GRS)

Ultrasound Basic Setup Selects appropriate orientation

Selects appropriate depth

Selects appropriate gain

Ultrasound scanning Picture shows apical view of the beart

Picture shows ventricular structures (right or left)

Owerall picture quality

Target identification Ident:fies target on Screen (marked with arrow) D Success
Arrow identifies Left veatricle D Fail
al

Total points J3s

Comments:
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7. Lung-ultrasound objective structured assessment of technical skills (LUS-

OSAUS): same assessment tool to number 2.68

8. Focused critical care echocardiography image acquisition assessment too

l69

SECTION 1: REQUIRED VIEWS
A. Parasternal Long Axis View

C. Apical Four Chamber View

Structure(s) To Be Imaged

Score

C1. Both ventricles in view?

C2. Both atria in view?

C3. Both mitral valve and tricuspid valve
in view?

C4. Both mitral valve and tricuspid valve
optimized?

C5. Structures centered in view?

C6. Appropriate depth?

C7. Appropriate gain?

C8. Section total (10 points)
D. Subcostal Long Axis View

Structure(s) To Be Imaged

Score

D1. Left ventricle with mitral valve?

D2. Right ventricle with tricuspid valve?

D3. Contours of the pericardium?

D4. Structures centered in view?

D5. Appropriate depth?

D6. Appropriate gain?

D7. Section total (8 points)

E. Subcostal IVC View*

Structure(s) To Be Imaged

Score

E1. IVC and right atrial junction?

E2. IVC true long axis?

E3. M mode performed?

E4. IVC diameter measured?

E5. IVC respiratory variation measured?

E6. Appropriate depth and gain?

E7. Section total (8 points)

*Items E3 - E5: Yes = 1 point; No = 0 points
SECTION 2: OVERALL IMAGE DIAGNOSTIC

QUALITY

Images of diagnostic quality for
clinical questions?

Score

DQ1. LV systolic function

Structure(s) To Be Imaged Score
A1. Aortic valve, LV outflow tract, aortic
root?
A2. Left atrium, mitral valve and leaflets?
A3. RV and interventricular septum?
A4. LV endocardial borders and papillary
muscles?
AS5. Posterior LV wall and pericardium?
AB. Structures centered in view?
AT. Appropriate depth?
AB. Appropriate gain?
A9. Section total (12 points)
B. Parasternal Short Axis View
Level Structure(s) To Be Imaged  Score
Aortic B1. Aortic valve and leaflets?
Valve B2. Structures centered in
view?
B3. Appropriate depth?
B4. Appropriate gain?
Mitral B5. Mitral valve, leaflets and
Valve LV cavity?
B6. Interventricular septum?
B7. Axis
B8. Structures centered in
view?
B9. Appropriate depth?
B10. Appropriate gain?
Mid B11. Papillary muscles
Papillary | B12. Axis
B13. Structures centered in
view?
B14. Appropriate depth?
B15. Appropriate gain?
LV Apex | B16. Ventricular apex?
B17. Appropriate depth and
gain?
B18. Section total
(18 points)

DQ2. LV size

DQ3. RV systolic function

SCORING DEFINITIONS AND POINT VALUES
Section 1: Required Views

Inadequate: image of structures not obtained or images are inadequate for assessment (0 points); Adequate: images obtained
are adequate for assessment (1 point); Optimal: images obtained are optimized for assessment (2 points); Centered: structures
centered in view (1 point); Depth: appropriate (0.5 points), not appropriate (0 points); Gain: appropriate (0.5 points) not
appropriate (0 points); Axis: On (1 point), Off (0 points).
Section 2: Overall Image Diagnostic Quality
Non-diagnostic: images are inadequate to permit diagnostic assessment (0 points); Borderline: images are of borderline
quality to permit diagnostic assessment (1 point); Diagnostic: images are adequate to permit diagnostic assessment (2 points).

DQ4. RV size

DQS. Volume status (reflected by IVC
measurement)

DQ6. Presence of significant pericardial
effusion

DQ?7. Section total (12 points)

Figure 1. Focused critical care echocardiography image acquisition assessment tool. LV = left ventrice, RV = right ventricle, IVC = inferior vena cava



9. Global rating scale for US-guided regional anesthesia
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Score
Item 1 3 4 5
Preparation for Did not organize Equipment generally All equipment neatly
procedure equipment well. organized. organized, prepared,
(eg, monitors, Has to stop procedure Occasionally and ready for use.
intravenous access, frequently to prepare has to stop to
ultrasound machine) equipment. prepare items.

Patient interaction Little to no rapport Rapport is generally Strong rapport is
established: established; established and
patient is unaware patient is aware and maintained
of procedures. No informed of most throughout the
sedation is provided. procedures. Patient procedure.

anxiety is alleviated Patient is well
adequately informed of all relevant
with sedative(s). procedures. Patient
anxiety is alleviated
through sedation
and verbal comforting.
Ascpsis Practice of proper Genenally practices Excellently demonstrates
(eg. use of sterile aseptic technique proper aseptic proper aseptic technique.
gloves, proper patient not generally technique. Occasional Few or no errors in
draping, probe apparent. Many errors in aseptic aseptic technique made
sterility, cleansing errors in aseptic technique made during during the procedure.
of skin before technique made the procedure.
infiltration, throughout the
use of op site) procedure.

Respect for tissue Frequency uses Carefully handles Consistently handles
unnecessary force tissue but occasionally tissues appropriately
on tissue or causes unintentional with minimal damage.
causes damage. damage.

Time and motion Many unnecessary Efficient time/motion Clear economy of
movements. but some unnecessary movements. Maximum

movements. efficiency.

Instrument handling Repeatedly makes Competent with Fluid movements with
tentative and instruments but instruments and no
awkward movements occasionally makes awkwardness.

awkward or stiff
movements.

Flow of procedure Frequently stops Demonstrates some Obviously planned course
procedure and seems forward planning of the procedure, with
unsure of next move. with reasonable cffortless flow from

progression of one move to the next.
the procedure.

Knowledge of procedure Deficient knowledge. Knows all important Demonstrates familianity

steps of the procedure. with all aspects of
the procedure.

Overall performance Very poor Competent Clearly superior
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10. Performance of advanced endoscopy trainees in first year of independent
practice based on ASGE and American College of Gastroenterology established

quality indicators in EUS and ERCP™

Performance of Advanced Endoscopy Trainees in First Year of Independent Practice Based on ASGE and American College of Gastroenterology
Established Quality Indicators in EUS and ERCP (Phase 2)

Overall AET performance AETs reaching

Qla (measure type and performance target) Procedures, n n (%) Range, % :'::g‘:::‘(:/:
EUS
Diagnostic rate of adequate sample in all solid lesions undergoing EUS-FNA (outcome > 85%) 1255 1185 (94.4) 77.1-100 19(90.5)
Diagnostic rates for malignancy in patients undergoing EUS-FNA of pancreatic masses (outcome >70%: priority indicator) 519 435(83.8) 45-100 17(81)
Incidence of adverse events after EUS-FNA
Acute pancreatitis (outcome < 2%) 3258 13(0.4) NA
Perforation (outcome < 0.5%) 3258 2(0.06) NA
Clinically significant bleeding (outcome < 19%) 3258 8(0.25) NA
ERCP
Frequency with which deep cannulation of ducts of interest is achieved (process NA) 2668 2532(94.9) 84-100
) dl-fmzuc)ucy with which deep cannulation of ducts of interest in patients with native papillae is achieved (process > 90%: priority 1552 1445 (93.1) 76.5-100 17(77.3)
indicator
Frequency with which common bile duct stones < 1 em are extracted successfully (outcome = 90%) 1141 1068 (93.6) 62.1-100 18 (81.8)
Frequency with which stent placement for biliary obstruction is successfully achieved (outcome = M%) 1325 1244 (93.9) 30-100 15(63.2)
Adverse events
Rate of post-ERCP pancreatitis (outcome NA; priority indicator) 2673 67 (251)
Rate of perforation (outcome < 0.2%) 2673 9(0.349)
Rate of clinically signifi I hage ( <1%) 2673 22(082)

NA, not applicable.

“Based on the ASGE and American College of Gastroenterology Qls in EUS and ERCP.

11. Example of TSC contents, hepatorenal space scoring’?

TABLE 1. Example of TSC Contents, Hepatorenal Space
Scoring

Accomplished
Hepatorenal Space 1 =yes 0 =no

Orients image with liver to the left and kidney to the right
Adjusts depth so the image ends just below the kidney

Sets gain appropriately

Visualizes the interface between the liver and kidney clearly

Visualizes the interface between the liver and kidney
in entirety by sweeping through the entire kidney

Visualizes the caudal tip of the liver clearly
Total score for hepatorenal space /6
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12. OSCE: retroperitoneal space with aorta”

Examination Protocol Examinee: (last name, first name):
Sono OSCE date: Examiner:

Station 10 (Retroperitoneal space with aorta)

“A patient presents with suspected lymphoma: Please 1.) Examine the entire retroperitoneal space to measure or exclude
enlarged lymph nodes (LN) and 2.) Determine the diameter of the aortic lumen 3.) Please identify five hypoechoic/anechoic
egg-shaped structures in a frozen image, which might be changed by mistake with LN.” Systematic scanning of RF space

from L paraaoric fo R paracaval sections, following the aorta o ks bifurcation, AD-& shows 5 daviblack egg-shaped DDs

Initial handling of the transducer
Orientation:
« Correct, initial check by disconnecting the cranial part of the transducer, done by himself/herself
« Initial problems or forgotten, corrected after examiner's reminder (see: guideline)
« Needs assessor’s help to find the adequate orientation
Positioning:
« Correct, puts transducer in place right away
« Initial problems, but can adjust to examiner's reminder (see: guideline)
* Neads assessor's help to position the transducer at the adequate place
Connection:
» Connects the transducer adequately to the skin, adjusts pressure if necessary
« Initial problems, but can adjust to examiner's reminder (see: guideline)
« Insufficient pressure, does not succeed in connecting the transducer to the skin without help
Adequate zoom factors:
» Adjusts the zoom factor by himself/herself immediately if necessary for the present task
« Initial problems, but can adjust to examiner’s reminder (see: guideline)
« Does not achieve an adequate zoom factor even after examiner’s feedback / 2° 1o time limits

=N S an S anNn o -

Communication with the patient/model
Breathing commands:
» Correct: “Please take a deep breath — and hold it."
« Incomplete/initial problems (forgotten reminder from examiner necessary (see guideline)
« Even after reminder incomplete or forgets several times to ask the patient to inhale

« Immediately asks the patient to breathe again after freezing the image | I

Scanning performance
Scanning/following the blood vessels:
« RP space completely scanned — even with left paraaortic and right paracaval spaces
* RP space scanned down to the bifurcation without scanning the paravascular areas
» Scanning of the RP space only possible with examiner’s help (see guideline)
« Even with examiner's support no adequate scanning possible
Measurement:
» Correct: perpendicular to the long axis of the vessel, vessel walls not included
= Wrong endpoints of the diameter/corrective feedback from examiner necessary (see guideline)
« Wrong or missing measurement - even after examiner's feedback / 2° to time limits

Explanation of frozen image
« Identifies five hypoechoic/anechoic egg-shaped structures (as DD to LN) correctly:
Esophagus (1) Crura of the diaphragm (1) Confluens PV (1) Left renal vein (1) Duodenum (1) 0-5

Overall performance (global rating scale)

oON L

o o oNLAs®

Qutstanding 8 -7 -6-5-4-3-2 -1 Poor D-BD
Theoretical background
. ph nodes are nodular structures — how can you differentiate them from tubular structures? 0-4
g‘aseemla'nmopuons.

Continvous scanning (1) => LN: sudden (dis-)appearance (1); rotation of the transducer
by 90" around its cable (1) LN: keeps round shape and does not become tubwar (1)

« Please use a diagram to explain the increased risk for rupture of a partially thrombosed aneurysm
with eccentric lumen in contrast to an aneurysm with concentric lumen: 0-6
Diagram of aortic aneurysm with concentric (1) versus eccentric (1) lumina: protective thrombotic
ring in case of concentnc lumina (2) / correct predilection site for rupture in eccentric cases (2)

Station score (max. 50):

Version 2010



13. Duplex Ultrasound Objective Structured Assessment of Technical Skills

(DUOSATS)™

Duplex Ultrasound Objective Assessment of Technical Skill (DUOSATS)

in cardiac cycle

SCORING
DOMAIN 1 2 3 4
Patient Does not Positions patient
positioning position patient appropriately
appropriately
Transducer Incorrect Correct Correct transducer | Correct transducer without
selection transducer transducer with without prompting | prompting with optimum
prompting frequency selected
Ultrasound None/too much Correct amount
coupling gel usage
Acquires images No attempt made Attempt made at B Appropriate depth
in B mode mode imaging of field, TGC
and focus setting
Appropriate gain control?
Evaluation No Yes Good colour, filling with no
of stenosis colour bleed. Appropriaste
in colour velocity range selected with
no colour aliasing
coloor aliasing
Spectral Doppler Appropriate gate Appropriate gate Appropriate gate position
position and size position and size. and size.
Appropriate Appropriate velocity range,
velocity range, baseline and inversion
baseline and settings.
inversion settings No aliasing seen
Doppler >60 degree angle <60 degree <60 degree Doppler angle
Angle Doppler angle to Doppler angle to to direction of flow in centre
direction of flow direction of flow in | stream
centre stream
Assessment No pre and Pre/post stenosis PSV measurement
of PSVR post PSV PSV measurement taken in stenosis jet
measurements too close to and 4 diameter
stenosis lengths away
Calculation Colour Doppler Colour Duplex Colour Duplex used | Colour Duplex used to assess
of diameter used to assess used to asse to lumen lumen in cross section with
reduction lumen with lumen in in longitudinal appropriate beam steering at
at strenosis appropriate beam | longitudinal section with appropriate point in cardiac
steering section with appropriate cycle. Good attempt made
appropriate beam | beam steering at to make an un-diseased
steering appropriate point and actual diameter

measurement of vessel

Calculation of
degree of strenosis

No attempt made

With 20% error of
correct stenosis

Correct decile calculated for
degree of stenosis

Reporting

Poor legibility,
comments not
relevant

Legible, comments
not relevant

Legible report
with appropriate
comments on PSVR

Legible report with
appropriate comments on
PSVR, diameter reduction
and conclusions

129
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14. Venous Duplex Ultrasound Objective Structured Assessment of Technical

Skills (V-DUOSATS)™

2 3 4
Positions “Positions pationt appropriately
patient (standing or sitting on edge of
appropriately couch), with examined
with externally rotated and in front,
prompting resting weight on contra-lateral
with no
Correct Correct Corre
transducer transducer prompting with optimum
with without frequency and image preset
prompting prompting selected
Correct
amount
Attompt Appropriate depth of field, TGC
made at B and focus setting
modo Appropriate gain control?
imaging
al image Good mage
of LSV or entering CFV. Measurement of
CFV LSV diameter taken.
Yos Good colour, Tiling with no
reflux in colour colour bleed, Appropriate
velocity range selected .
Appropriate | Appropriate Appropriate gate position and
gate position | gate position | size. Appropriate velocity range,
and size. and size. baseline and inversion settings.
Appropriate No aliasing seen
velocity range,
baseline and
inversion
50! ;
Cegible, Lo?l%‘ Tegible report with appropriate |
comments with comments on junctional
not relevant | appropriate incompetence, reflux time, LSV
comments on | diameter and conclusions
junctional
incompetence
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15. Direct observation of procedural skills assessment tool for ultrasound-

guided regional anesthesia’

Video 1 Video 2

Item (scoring scale) * Min-Max  Median Min-Max  Median
(IQR) (IQR)

1. Clinical knowledge 4-9 7 (6-7) 3-8 6 (4.75-7)
(1-9)
2. Consent (1-9) 4-9 6 (5-7) 2-9 5 (4-5)
3. Preparation (1-9) 2-8 6 (4-7) 2-9 6 (4-7)
4. Vigilance (1-9) 1-8 6 (4-7) 3-9 6 (4-7)
5. Infection control 1-8 5 (3-7) 1-8 5 (3-7)
(1-9)
6. Technical ability 2-9 7 (6-8) 2-8 6 (3-7)
(1-9)
7. Patient interaction 1-9 7 (5-7) 2-9 5 (4-6)
(1-9)
Overall Performance 1-8 6 (4-7) 1-8 5 (3-6)
for this Procedure
(1-9)
Was the procedure Yes: 76% Yes: 55%
completed

satisfactorily? (Yes/No)
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16. A single static breast model education education of ultrasound skill in final

year medical students of Burapha university’’

Table 1: Technical skills checklist
Skill Yes No

1. Selects correct ultrasound probe

2. Applies gel on probe or on patient

3. Correctly identifies probe orientation

4. Adjust image depth or contrast to optimize view of lesion
5. Correctly identifies lesion

6. Measures the lesion

7. Saves and stores the image

17. Global rating scales’®

Some rapport with patient,

occasionally considers
patient comfort

lmgdayun.oimnge generates accurate image p'oﬁcleuunqe

Use of sterile technique No or poor sterile
(If Applicable) technique i technique, obvious

(w“::e;nry as alternate approach is take an alternate approach/ alternate

) bleshoot




18. Generic technical skills global rating scale”

Appendix 2: Generic technical skills global rating scale

7,9,10
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Respect for tissue

Time and motion

Instrument handling

Knowledge of

instrument

Flow of procedure

Use of assistants

Knowledge of

procedure

Overall performance

1 2
Frequently used unnecessary
force on tissue or caused
damage
1 2
Many unnecessary moves

1 2
Repeatedly makes tentative or
awkward moves with
instruments by inappropriate
use of instruments

1 2
Frequently asked for wrong
instruments or used
inappropriate instrument
1 2

Frequently stopped procedure
and seemed unsure of next
move

1 2

Consistently placed assistants

poorly or failed to use

1
Deficient knowledge

1 2
Very poor

3
Careful handling of tissue but
occasionally caused inadvertent
damage
3
Efficient time/motion but some
unnecessary moves
3
Competent use of instruments but
occasionally appeared stiff or
awkward

3
Knew names of most instruments

and used appropriate instruments

3
Demonstrated some forward planning

with reasonable progression of
procedure
3

Appropriate use of assistants most of

the times

3

Knew all important steps of operation

Competent

4 5

Consistently handled tissue
appropriately with minimal
damage

4 5

Clear economy of movement
and maximum efficiency

4 5

Fluid moves with instruments
and no awkwardness

4 5
Obviously familiar with the
instruments and their names

4 5

Obviously planned course of
procedure with effortless flow
from one move to the next

4 5

Strategically used assistants to
the best advantage at all
times

4 5

Demonstrated familiarity
with all aspects of
operation/procedure

4 5

Clearly superior

[ Pass; [ Fail
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19. Iltems assessment tool®

ltem Critical Expert Estimate
Items? %" (SD)
Introduction
1. Introduces self where applicable (ie, if not already known to patient, patient not 72.8 (20.4)
critically ill)
2. Explains procedure (explains ultrasound, its role, and images) where applicable (ie, 74.2 (16.1)
patient not critically ill)
3. Washes hands 49.0 (17.8)
4. Ensures patient appropriately and discreetly exposed 55.3 (22.1)
5. Explains ultrasound findings appropriately (even if unsure of results), where applicable Yes (1) 74.6 (18.1)
Appropriate use of the machine
6. Appropriately positions the machine 54.3 (19.6)
7. Appropriately applies basic knobology (eg, on/off, depth, gain) Yes (1) 86.7 (14.8)
8. Appropriately uses examination presets 52.5 (24.8)
9. Chooses correct transducer Yes (1) 90.0 (14.1)
10. Appropriately enters patient identifier 43.2 (15.7)
11. Able to store relevant images and clips Yes (1) 61.3 (21.5)
12. Appropriately cleans machine and transducers Yes (2) 42.1 (16.3)
13. Able to ensure safety of transducers (eg, not dropping transducers) 42.8 (24.1)
Choice of scans based on clinical relevance
14. Conducts the appropriate types of scans Yes (1) 80.8 (14.0)
15. Conducts scans in the appropriate prioritization/sequence 64.1 (23.2)
16. Applies appropriate clinical reasoning in choice of scans Yes (1) 70.1 (10.2)
Image acquisition
17. Attains minimal criteria Yes (1) 84.2 (16.1)
18. Positions patient appropriately for specific scans 60.1 (18.6)
19. Scans with adequate transducer pressure 56.5 (19.0)
20. Scans adequately through the entire area of interest Yes (1) 78.8 (19.8)
21. Able to optimize image appropriately when necessary 42.1 (17.6)
22. Adjusts focal zone appropriately (where relevant and available) 32.5 (18.0)
23. Scans with efficiency of hand motion 37.8 (20.6)
Image interpretation
24. Able to recognize key findings Yes (1) 88.3 (11.1)
25. Able to recognize when images are inadequate/insufficient for a given indication Yes (1) 87.1 (20.5)
26. Recognizes relevant artifacts Yes (1) 68.3 (19.1)
Scan integration/clinical decision making
27. Able to determine when and what additional imaging studies/investigations are Yes (1) 82.2 (17.4)
necessary
28. Able to appropriately determine patient disposition based on ultrasound findings Yes (1) 79.2 (16.9)
29. Able to appropriately incorporate test characteristics (eg, sensitivity/specificity/ 60.0 (17.5)
likelihood ratios) into clinical decision making
30. Able to appropriately manage unexpected or unknown findings on bedside Yes (3) 67.9 (17.5)
ultrasound
31. Overall, able to determine appropriate next clinical steps Yes (1) 83.3 (12.1)
Final cut score for the 31-item tool 65.2 (17.0)
Final cut score for the 16 critical item tool 76.5 (12.4)

? Critical items are those that the experts indicated that a learner should fail the competency-based assessment if the item was not perform satisfactorily;
the numbers in parentheses indicate the round in which consensus for the critical item was achieved.
® Expert estimate % refers to the expert estimated percentage of borderline learners who would successfully complete the item.
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20. Assessment checklist for ultrasound-guided regional anesthesia and Global

rating scale®!

TABLE 1. Assessment Checklist for Ultrasound-Guided Regional Anesthesia

Not Performed Performed
Task Performed Poorly Well

1. Proper positioning of patient

2. Correct placement of ultrasound machine relative to patient to allow easy visualization of both
3. Choice of correct transducer

4. Correct depth, gain, and focal zone choices

5. Holds the probe appropriately (3 fingers holding the probe and 1 finger touching the patient)
6.

. Knowledge or confirmation of screen orientation (ie, which side of probe corresponds to which
side of screen)

7. Scanning of anatomy and proper identification of target
8. Use of Doppler to rule out vascular structures (if applicable)
9. Appropriate needle alignment

10. Maintenance of needle tip image during advancement of needle

11. Efficiency of regaining needle tip position image (PART maneuver)

12. Recognition of proper nerve stimulation at appropriate levels (if nerve stimulation used)
13. Ensure that current is not <0.2 mA (if nerve stimulation is used)

14. Ask for initial aspiration to rule out intravascular injection

15. Visualization of needle tip before injection
16. Ask for 1- to 2-mL initial injection to rule out intraneural and intravascular injection

17. Ask patient or at least look for signs of pain/discomfort
18. Ask for proper aspiration every 5-mL increments injection

19. Recognition of proper needle tip position

20. Perform appropriate needle tip adjustments

21. Assessment of ease of injection (high pressure)
22. Recognition of correct local anesthetic spread in relation to nerve

TABLE 2. Global Rating Scale Generated After the Second Iteration of Feedback

Ttem

Score

1

3

5

Preparation for procedure
(eg, monitors, intravenous
access, ultrasound machine)

Patient interaction

Asepsis (eg, use of sterile gloves,
proper patient draping, probe
sterility, cleansing of skin before
infiltration, use of op site)

Respect for tissue

Time and motion
Instrument handling
Flow of procedure
Knowledge of procedure
Overall performance

Overall, should the candidate:
pass/fail

Did not organize equipment well.
Has to stop procedure frequently
to prepare equipment.

Little to no rapport established; patient
is unaware of procedures. No sedation
is provided.

Practice of proper aseptic technique
not generally apparent. Many errors
in aseptic technique made throughout
procedure.

Frequently uses unnecessary force on
issue or causes damage.

Many unnecessary movements.

Repeatedly makes tentative and
awkward movements.

Frequently stops procedure and seems
unsure of next move.

Deficient knowledge.

Very poor

Equipment generally organized. Occasionally
has to stop and prepare items.

Rapport is generally established; patient
is aware and informed of most procedures.
Patient anxiety is alleviated adequately
with sedative(s).

Generally practices proper aseptic technique.
Occasional errors in aseptic technique made
during procedure.

Carefully handles tissue but occasionally
causes unintentional damage.

Efficient time/motion but some unnecessary
movements.

Competent with instruments but occasionally
makes awkward or stiff movements.

Demonstrates some forward planning with

ble p ion of proced
Knows all important steps of procedure.

Competent

All equipment neatly organized, prepared, and
ready for use.

Strong rapport is established and maintained
throughout procedure. Patient is well informed of
all relevant procedures. Patient anxiety alleviated
through sedation and verbal comforting.

Excellently demonstrates proper aseptic technique.
Few or no errors in aseptic technique made
during procedure.

Consistently handles tissues appropriately with
minimal damage

Clear economy of movements. Maximum
efficiency.

Fluid movements with instruments and no
awkwardness.

Obviously planned course of procedure, with
cffortless flow from one move to the next.

Demonstrates familiarity with all aspects of
procedure.

Clearly superior
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21. Scoring system for automate evaluation echocardiography method®?

Evaluate placement and orientation of probe match with machine.

23. Technical skills for ultrasound-guided FNA2¢

Postworkshop* (n = 21)

Technical Skill Preworkshop (n = 23) No Yes P

Satisfactory position of hands 013
No 15 (65) 5(38) 8(62)
Yes 8(35) 0(0) 7 (100)

Satisfactory position of transducer .001
No 17 (74) 3(20) 12 (80)
Yes 6(26) 0(0) 5(100)

Satisfactory position of lesion on screen 013
No 15 (65) 5(38) 8(62)
Yes 8(35) 0(0) 7 (100)

Placed needle in appropriate amount of time 070
No 17 (74) 6 (46) 9 (54)
Yes 6 (26) 2 (40) 3(60)

Satisfactory repositioning of needle 004
No 18(28) 5(33) 10 (67)
Yes 5(72) 0(0) 5 (100)

Performed adequate excursions < .001
No 19 (83) 2(13) 14 (87)
Yes 4(17) 0(0) 4 (100)

Visualized lesion in maximum dimension 008
No 13 (57) 2(18) 9(82)
Yes 10 (43) 0(0) 9 (100)

Measured lesion in three dimensions < .001
No 20(87) 3(18) 14 (82)
Yes 3(13) 0(0) 3(100)

Visualized needle tip in lesion < .001
No 22 (96) 3(16) 16 (82)
Yes 1(4) 0(0) 1(100)

Targeted sample with parallel method .001
No 20 (87) 5(29) 12(71)
Yes 3(13) 0(0) 3(100)

Targeted sample with perpendicular method < .001
No 19 (83) 3(19) 13(81)

Yes 4(17) 0@ 4 (100)



137

24. Objective structure assessment of ultrasound skill (OSAUS)®”

Likert scale 1 2

2. Image optimization: Consistently ensuring optimal Fails to optimize images C
image quality by adjusting gain, depth, focus, frequency.

- - v
but not done consistently

4. Interpretation of images: Recognition of image Unable to interpret any

pattern and interpretation of findings. findings findings correctly correctly

25. The EUS skills assessment tool®

Affix AET sticker here Affix patient sticker here

1=no assistance

2=minimal assistance (one instruction)

3=moderate assistance (multiple instructions)

4=significant assistance (attg manipulates scope to optimize visualization)
S=unable to achieve

[JRadial []Linear

Indication [ ] Panc mass [ ) Panc cyst [ ) Bildid [1PD Gl

) Lymphadenopatly [ ] Lumina Gl cancer [ ] Mediastinal mass [ ] possible submucosal lesion
[ ] Chronic Pancreatitis [ ] Other,

[Date__/__/___ CaseMo.for fellow____Amendinginitials___rellowinitials__ |
EUS stations: Allow about 1 minute per station before assistance (please specify reason for NA)

AP window 1 2 3 4 5 Na

Caliac axis 102 3 4 5 A

Body of pancreas 12 3 4 5 NA

Tail of pancreas 1 2 3 4 5 NA

Portospleric confluence 1 2 3 4 5 NA

Head/neck of pancreas 1 2 3 4 5 NA

CBD/CHD 1.2 3 4 5N

Gallbladder 1 2 3 4 5w

Uninate 1 2 3 4 smA

Ampula 1 2 3 4 5N

Characterization/Sampling of Lesion

Identify lesionof interest 1 2 3 4 5 NA

Appropriate TNM stage 1 2 3 4 5 NA

Characterize subepithelial lesion (wall lyers) 1 2 3 4 S5 NA

Achiaved FNA 1 2 3 4 5 NA

Supplement Figure 1. The EUS Skills Assessment Tool was to assess
EUS skills throughout the duration of training



26. Ultrasound-guided arthrocentesis checklist®
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Table 1. Checklist
Delphi Round 1 Delphi Round 2

Criterion  Mean; Standard Mean; Standard Final Version

Numbe Deviation Modification Deviation Modification of Item

1 82,092 None 81; 185 None 1. Identifies need for arthrocentesis by his-
tory and physical exam.

2 85;0.85 Combined items 83; 067 None 2. Explains to patient the indications and
altematives for procedure and obtains
informed consent.

3 84; 107 None 82: 07 None 3. Ensures no contraindications for
arthrocentesis.

4 77,164 Wording change 8. 094 None 4. Using ultrasound, identifies area of larg-
est effusion and most accessible needle
entry point. Identifies any structures that
must be avoided (nerves, vessels,
tendons).

5 81,129 Wording change 82;:07 None 5. Obtains correct equipment.

6 83:134 None 8.4, 070 None 6. Washes hands prior to procedure.

7 77,149 None 8; 0.82 None 7 Places joint in proper position.

8 74: 165 Wording change 83.082 None 8. Cleans area surrounding aspiration site
with betadine/chlorhexidine so as to cre-
ate sterile field.

9 53;263 Wording change 81;110 None 9. Personal protective equipment items,
such as sterile gloves, are used.

10 59:223 Wording change 74,126 None 10. Creates sterile field with drapes/towels
if needed.

1 6.3; 245 Wording change 72,181 None 11 Uses local anesthetic as indicated.

12 76; 184 Wording change 77.134 None 12. Places probe cover on ultrasound.

13 78:131 Wording change 79; 110 None 13. With ultrasound, once again identifies
area with largest fiuid collection, appro-
priate needle entry site, and any struc-
tures that should be avoided.

14 43,382 Dropped 0:0 None 14. Applies traction to joint as appropriate.

15 8,141 None 820863 None 15. Properly sized needle on syringe is
inserted into subcutaneous tissue and
identified by ultrasound..

16 87,048 None 83; 067 None 16. Under ultrasound guidance, needle is
advanced into fluid pocket and fiuid
aspirated.

17 78;155 None 79:120 None 17 Sufficient sample is obtained in appro-
priate sized syringe.

18 7236 Wording change 8. 082 None 18. Needle is carefully removed from joint,
removed from syringe, and safely dis-
carded in sharps container. A sterile cap
is then placed on the syringe.

19 44;1%6 Dropped 0;0 None 19. Gentle pressure over needle insertion
site applied for approximately 1 min.

20 4,205 Dropped 0;0 None 20. Insertion site cleansed with anti-septic
solution.

21 6.9; 1.52 None 77, 1.06 None 21. Bandage applied over needle insertion
site.

22 73; 250 Wording change 81,100 None 22. |f fluid analysis s indicated, specimen
properly labeled with patient identifica-
tion by person who obtained fluid.

23 75,222 Wording change 81,100 None 23. Culture/gram stain, cell count, and
crystal analysis are ordered as indicated.

24 76;1.26 None 74,126 None 24. Reassess the patient to ensure that no
immediate complications, including pain/
bleeding, are present.

25 72;204 Combined items 83,095 None 25. Discusses results and return precau-

tions, including hemarthrosis and infec-
tion, with patient.
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27. Iltems worksheet for cervical evaluation US*°

Table 1. Ten-ltem Worksheet

Item: Each With Yes or No Response

o

Positioning: was the patient placed in the dorsal lithotomy posi-
tion with the head of the table slightly raised no more than 30°
from horizontal?

Was the image sector adjusted to encompass at least a 120°
field of view to facilitate simultaneous visualization of the
required landmarks without excessive probe manipulation?
Was the image “trapezoid,” kept in a vertical orientation to main-
tain a sagittal view of the cervix and lower uterine segment?
Was the image depth adjusted to display the entire cervical
length and anterior and posterior lower uterine segments?
Landmarks: was the external os “triangle” clearly visualized?
Landmarks: was the entirety of the endocervical canal clearly
visualized?

Landmarks: was the internal os clearly visualized?

Were the calipers placed correctly?

Was the use of moderate fundal pressure (insufficient to cause
any patient discomfort) applied for approximately 15 seconds
along the uterine axis to provoke dynamic change?

10. Was color Doppler imaging applied briefly over the lower uterine

segment and internal cervical os to identify and exclude vasa
previa or to assist with placental margin identification?




28. Direct observation of procedural skills (DOPS)*
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Direct Oberservation of Procedural Skills (DOPS) Sonographiekurs, Med B

Student’s Sumame:

Forename:

Date of birth:

Clinical setting: out patient department, study hospital

Procedure Number: thyroid (1), portal area of the liver (2), pancreas (3), liver (4),
spleen (5), kidney (6), liver left (8), retroperitoneum Il (9)

Assessor’s position: consultant (1), doctor in advanced education (2)
DEGUM-Stage: 1,2,3

Number of previous DOPS observed by assessor with any trainee: 0,1,2,3,4,5-9,>9
Number of times Procedure performed by trainee: 0, 1-4, 5-9, >10

Difficulty of procedure: low (1), average (2), high (3)

Please grade the Below Borderline Meets above uic*
following areas using i ' i g
the scale below for for for completion | for
completion completion (2) completion
©) (L] (3)

1.) Identification of organ
structures

2.) Investigation of organ
structures by US

3.) Measurement of
organ structures andior
blood flow by US

4,) Description of the

%ngfm

information (DD and
normal values)

6) Communication skills

7) Technical abilitry

* U/C: Please mark this if you have not observed the ior and fore feel unable to

Please use this space to record areas of strength or any suggestions for
development:

Have you had training in the use of this assessment tool ? (no=0, yes=1)

Time taken for observation: 10min
Time taken for feedback: Smin

Assessor’s Signature:

Assessor's Name:
Figure 1 Direct observation of procedural skills assessment form.
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29. Task-specific checklist for USG supraclavicular block®?

APPENDIX 1
TASK-SPECIFIC CHECKLIST FOR USG SUPRACLAVICULAR BLOCK

Tasks

Task Performance

Not Done

Poorly Done/Assistance
and Prompting Required Well Done/Independent

NevE e -

9o

9

Adjusts bed to appropriate height

Positions US machine appropriately

Positions patient appropriately

Sedates patient appropriately

Shows awareness of adequate monitoring and vital signs
Chooses appropriate probe

Prepares probe in sterile fashion (not applicable if prepared by
assistant)

Prepares skin (application of skin prep to an adequate area—ear
to below clavicle)

. Checks that nerve stimulator is attached

10. Checks that block needle is appropriate and primed

11. Checks probe orientation

12. Selects appropriate depth

13. Selects appropriate gain

14. Handles probe with control

15. Identifies subclavian artery and any other vessels in the area
16. Identifies first rib

17. Identifies pleura

18. Identifies plexus and best location for injection

19. Warns patient of local anesthetic (LA) skin infiltration

20. Warns patient of block needle insertion

21. Visualizes needle tip before advancing toward plexus, artery,

and pleura

22. Warns patient about nerve stimulation
23. Instructs assistant clearly regarding adjustment of nerve

stimulator

24 Instructs assistant to perform negative aspiration test

25. Warns patient about discomfort on injection

26. Instructs assistant on volume to be injected

27. LA is injected in small increments (<5 mL) with previous

aspiration

28. Assesses LA spread and repositions needle appropriately
29. Cleans site after needle removal
30. Assesses block success appropriately
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30. Task-specific checklist for USG supraclavicular block®

APPENDIX 1
TASK-SPECIFIC CHECKLIST FOR USG SUPRACLAVICULAR BLOCK

Tasks

Task Performance

Not Done

Poorly Done/Assistance
and Prompting Required Well Done/Independent

NevE e -

9o

9

Adjusts bed to appropriate height

Positions US machine appropriately

Positions patient appropriately

Sedates patient appropriately

Shows awareness of adequate monitoring and vital signs
Chooses appropriate probe

Prepares probe in sterile fashion (not applicable if prepared by
assistant)

Prepares skin (application of skin prep to an adequate area—ear
to below clavicle)

. Checks that nerve stimulator is attached

10. Checks that block needle is appropriate and primed

11. Checks probe orientation

12. Selects appropriate depth

13. Selects appropriate gain

14. Handles probe with control

15. Identifies subclavian artery and any other vessels in the area
16. Identifies first rib

17. Identifies pleura

18. Identifies plexus and best location for injection

19. Warns patient of local anesthetic (LA) skin infiltration

20. Warns patient of block needle insertion

21. Visualizes needle tip before advancing toward plexus, artery,

and pleura

22. Warns patient about nerve stimulation
23. Instructs assistant clearly regarding adjustment of nerve

stimulator

24 Instructs assistant to perform negative aspiration test

25. Warns patient about discomfort on injection

26. Instructs assistant on volume to be injected

27. LA is injected in small increments (<5 mL) with previous

aspiration

28. Assesses LA spread and repositions needle appropriately
29. Cleans site after needle removal
30. Assesses block success appropriately
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31. Quantitative assessment of procedural performance®

Table 1. Quantitative Assessment of Procedural Performance!®

Category Description Points

Procedural time, min Starting when ultrasound probe touches skin and ending when 2 (<5min)
placement needle is removed 1(6-10 min)
0 (>10 min)
Needle passes, n Withdrawal of placement needle >1 cm with readvancement 2(1)
1(2)
0(=2)
Procedural performance Needle visualization during advancement 2 (all of the time)
1(part of the time)
0 (none of the time)
Equipment preparation (eg, probe selection, machine settings) 2 (excellent)
1(good)
0 (poor)
Target positioning (eg, able to see target and feasible needle trajectory) 2 (all of the time)
1(part of the time)
0 (none of the time)
Probe stability (eg, no unintentional movement) 2 (all of the time)
1(part of the time)
0 (none of the time)
Needle manipulation (eg, comfortable grip on needle and catheter) 2 (all of the time)
1(part of the time)
0 (none of the time)
Visual focus (eg, appropriately focused on machine and not hands 2 (all of the time)
during procedure) 1 (part of the time)
0 (none of the time)
Confirmation of proper injectate spread 2 (excellent)
1(good)
0 (poor)
Confirmation of proper catheter tip position 2 (excellent)
1(good)
0 (poor)
Ergonomic factors Positioning of ultrasound machine 2 (excellent)
1(good)
0 (poor)
No thoracolumbar flexion (=45°) 2 (all of the time)
1 (part of the time)
0 (none of the time)
No head/neck rotation (=45°) 2 (all of the time)
1(part of the time)
0 (none of the time)
No lateral shoulder tilt (=30%) 2 (all of the time)
1 (part of the time)
0 (none of the time)
No crossing sterile field to nondominant side 2 (all of the time)
1 (part of the time)
0 (none of the time)




32. Global rating scale for US-guided regional anesthesia®
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ITEM SCORE
1 3 5
Preparation for procedure (eg, | Did not organize equipment well. Equipment generally organized. . .
monitors, intravenous access, | Has to stop procedure frequently Occasionally has 1o stop and ANl equipment neafly organized,
. . . prepared, and ready for use
ultrasound machine) to prepare equipment prepare items.
Strong rapport is established and
Rapport is generally established; maintained throughout
Little to no rapport established; patient is aware and informed of procedure. Patient is well
Patient interaction patient is unaware of procedures. most procedures. Patient anxiety informed of all relevant
No sedation is provided. is alleviated adequalely with procedures. Patient anxiety
sedative(s). alleviated through sedation and
verbal comforting.
Asepsis (eg, use of sterile gloves, Pg;ﬁ'? OL f‘r;per':eafbc Generally practices proper Excellent demonstration of
proper patient draping, probe u gene ly . aseplic technique. Occasional proper aseplic technique. Few or
o . . apparent. Many errors in aseptic . ) ) . ) .
sterility, cleansing of skin before technicue made throuahout emors in aspetic technique made no errors in aseplic technique
infiltration, use of op site) q g during procedure. made during procedure.
procedure.
Frequently uses unnecessary Carefully handles tissue but Consistently handles tissues
Respect for tissue force on tissue or causes occasionally causes appropriately with minimal
damage. unintentional damanage. damage.
3 Efficient time/ motion but some Clear economy of movements.
Tims and mollan Nary uan Fy movements. unnecessary movements. Maximum efficiency.
. Competent with instruments but Fluid movements with
Instrument handling Fiapisetadiy Snals lniabie i occasionally makes awkward or instruments and no
awkward movements. .
stiff movements. awkwardness.
Frequently st — Demonstrates some forward Obviously planned course of
Flow of procedure s:e ms uyn St?:o‘; next planning with reasonable procedures, with effortless flow
ove. progression of procedure. from one move to the next.
. Knows all important steps of Demonstrates familiarity with all
Knowledge of procedure Deficient knowledge procedure. aspecis of procedure.
Overall performance Very poor Competent Clearly superior
Overall, should the candidate pass/| Pass/ Fail

fail




33. Cognitive and technical skill assessment for renal US in human renal

model®®
Task
Cognitive assessment,” mean+ SD (%) correct
Pretest 56% + 17%
Post-test 91% +11%
B-mode imaging
Optimized adjustment of ultrasound 100%
controls
Correct transducer orientation 100%
Obtained transverse and longitudinal 100%
views
Identified kidney stone and location 100%
Translucent maze
Time (minutes), mean+SD 46+22
Total pushes delivered, mean+SD 125%3.5
% Effective pushes delivered, T19% +21%
mean*SD (%)
Successful task completion 100%

Human phantom
Reposition lower pole calyceal stone

To infundibulum 100%

To renal pelvis (goal) 90%
Time (minutes), mean+SD 45+3.1
Total pushes delivered, mean+SD 15.7+£13.3
% Effective pushes delivered, 80% % 15%

mean*SD (%)

p<0.0001.

145
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From total 133 items of all 32 references, we deleted the repetitive or same items.
The final items (which were inserted into the initial assessment form with

modification as initiated items) were 21 items as described below;

1. US obtained without artifacts/picture quality/image optimization
. Correct choice of transducer

. Correct depth

. Correct gain

. Correct handling of transducer

. Turn on US

. Hand-eye coordination/applied knowledge of US equipment

. Appropriate probe orientation

O o0 ~N o U1 A W N

. Identified target on screen/structure centered in view
10. Overall performance

11. Positioning of machine

12. US coupling of gel usage

13. Technical ability/technical scan

14. Applies gel on probe

15. Identified lesion/image interpretation

16. Saves and stores images

17. Step of procedure/systematic examination

18. Appropriately enters patient identifier

19. Clean machine and transducer

20. Scans adequately through the entire area of interest

21. Adjust focus



147

Appendix I: The ethics committee approval
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Abstract

Aim: A standard assessment tool for direct evaluation of procedural skills to ensure proficiency of trainees is necessary for
cranial ultrasound (US) in clinical practice. This study created and validated an assessment tool for cranial US performance
by radiologists. Material and methods: An initial evaluation tool for cranial US using criteria was developed based on exist-
ing literature. The assessment form was modified using a three-round Delphi process by an expert panel. conducted between
January 2021 and April 2021. Rubric scales for grading were added once consensus regarding generated items was reached.
Experts confirmed the final assessment tool using a rubric scale. Two raters evaluated cranial US performance of 27 residents
in video clips using the tool. Reliability and percent agreement were assessed. Results: Seventeen pediatric radiologists work-
ing in different settings participated in the expert panel. The content validation of the proposed evaluation tool was enabled
by expert pediatric radiologists. Following three rounds of the Delphi process, the initial 14-item assessment form became a
final 15-item form. A three-part rubric scale was used in the final form (preparation, US machine operation, and cranial US
performance). Interrater reliability was evaluated with Cohen’s Kappa. The Kappa value and percent interrater agreement for
most items was moderate to almost perfect (0.42-0.93 and 77.8-100%, respectively). The Cronbach’s alpha values for both
raters were 0.856 and 0.891. Conclusions: This study produced the first validated cranial US assessment tool using a modified
Delphi method. The final assessment form is a simple and reliable tool.
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tal retardation. Both abnormalities can be demonstrated
clearly on cranial ultrasound (US) [1.2].

Cranial US is the standard method to evaluate brain
pathology in neonates via a widened anterior fontanel.
Nevertheless, cranial US experts are limited [2]. Moreo-
ver, cranial US training methods comprise predominant-
Iy workplace-based learning with unstandardized assess-
ment methods using a logbook [3]. However. logbooks
have limitations and are inappropriate for assessing com-
petency due to their low reliability because of the self-
assessment process involved and have low validity given
the lack of guarantee of their accuracy [4]. Furthermore.
only evaluating the number of procedures an individual
has performed does not reflect performance and compe-
tency in those procedures [3-5].

Assessment methods based on competency are ap-
propriate for evaluating skill performance. including the
direct observation of procedural skills (DOPS) [6-10].
Using a standard and appropriate assessment tool is criti-
cal in the DOPS process. DOPS takes two forms: without
and with criteria. Compared to DOPS without criteria.
DOPS with criteria is better due to its excellent reliabil-
ity [4]. The Delphi method is the proper method to de-
velop a DOPS with criteria as an assessment tool. The
Delphi method is a consensus development process rec-
ommended when creating lists or items in an assessment
tool. It has many advantages, such as the inclusion of a
large number of participants, the use of the email ques-
tionnaire method, low cost. and the avoidance of abu-
sive dominance [11-13]. Several previous studies have
used the Delphi method to develop an assessment tool
for evaluating US competency in various organs [14-17].

The development of a standard and appropriate as-
sessment tool to apply the DOPS method with criteria
allowing proficient trainees to develop an independent
cranial US practice is necessary. This study aimed to
develop an assessment tool for cranial US skill perfor-
mance. The reliability of the developed tool was also as-
sessed.

Materials and methods

Phase 1. Assessment tool development

Settings and participants

We used the modified Delphi method to establish a
new cranial US performance assessment tool [15,18].
From January 2021 to April 2021, three steps of the pro-
cedure were conducted, including the development of
the initial cranial US evaluation form, selecting a group
of experts for the expert panel, and shaping and verify-
ing the final assessment form using the modified Delphi
method.

Generating items for the initial assessment tool

After reviewing the literature related to US assess-
ment forms to determine the performance required for
a US user, the primary researcher developed an initial
assessment form as part of the modified Delphi meth-
od [14.15.19]. The literature review was conducted by
searching PubMed for articles published from 2011 to
2020 using the keywords “ultrasound,” “skill.” “assess-
ment.” and “tool.” Overall. 300 related articles were
identified: 265 were excluded due to them being unre-
lated or repetitive articles and 35 articles were reviewed
[19-53]. All items regarding general US skills that were
significantly correlated with the cranial US were pooled
in the initial assessment form.

Selecting a group of experts for the expert

panel

The specialists invited to the expert panel had to be
practicing pediatric radiologists with at least 3 years of
cranial US experience. Each expert had to complete a
Google Form to participate in this study while maintain-
ing anonymity.

Delphi process

After the primary researcher developed the initial
assessment tool following the literature review, it was
sent to the participating experts as a Google Form via
email during the first round of the Delphi process. The
participating experts were requested to score each item
using a S-point rating scale, with scores ranging from
1 to 5. where 1 meant that the item was not relevant, 2
was defined as the item being relevant but not important,
3-5 meant that the items were relevant and important.
and 5 was equivalent to the item being “most important™
(3 = “a little important.” 4 = “moderately important.”
and 5 = “absolutely important™). The experts were also
asked to provide comments or opinions to eliminate
items, add other items. or modify the initial items. The
experts returned the responses to the researcher and the
mean scores and their distribution were evaluated. All
items with mean scores equal to or more than 4 were
retained. and those with lower mean scores were elimi-
nated. In each round. we allotted a total response time
of 1 month, with email reminders sent to non-responders
after 2 weeks.

During the second and third rounds of the Delphi
process, the cranial US assessment tool. with the items
with lower mean scores eliminated and new items added
based on expert opinions, was sent again to all experts
and the mean scores and distribution were re-evaluated.
The experts were requested to re-rank their agreements
and provide opinions, with an opportunity to change
their scores after viewing the group’s reply to the previ-
ous round. These repeated processes were stopped after
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the third round due to consensus being achieved with no
further suggestions.

After completing the items to identify performance
criteria for cranial US. the next step was setting the per-
formance levels. Four performance levels were chosen:
distinguished. proficient. emergent. and insufficient. We
chose these four levels for formative and summative
decision-making with greater reliability in scoring per-
formance than that of fewer levels. Rubrics were used to
develop performance descriptions for each level of each
performance criterion: they provide information to guide
rater judgements. Finally, all items in the third round of the
Delphi process were divided into three parts: the prepara-
tion phase, US machine operation, and cranial US perfor-
manece. with their summation as the overall performance
score. The final cranial US skill assessment tool with a ru-
bric scale was sent to all experts for verification [54-57].

Phase 2. Assessment tool performance

The reliability of the final cranial US skill assess-
ment tool was determined. The tool was used to evaluate
cranial US skill performance of radiology residents re-
corded in video footage by two raters who were pediatric
radiologists. The video footages of cranial US procedure
were recorded after the information and objective of the
study was given to radiology residents, and the neonate’s
parents participated in the study after providing written
informed consent. Two raters were assigned to use the
assessment tool and completed the form after standardi-
zation with the instruction sheets. All radiology residents
had different levels of experience with cranial US lec-
tures and skills.

The video footage was recorded using two mobile
video cameras. The first device recorded the hand move-
ments of the US performers during cranial US and the
second device recorded the US screen monitor and the
ability to use the US console. Two video recorded foot-
ages of the same neonate were merged into one footage.
synchronously. with high definition (HD) resolution.

Two raters completed all three parts of the cranial US
assessment tool and determined the overall performance
of the US performer. Inter-rater reliability was measured
using Cohen’s kappa. Total percent agreement was also
calculated.

Statistical analysis

The characteristics of experts were reported as per-
centage values. During the Delphi process, the mean
score of each item was evaluated. Reliability of each item
in the assessment tool were calculated using Cohen’s
Kappa. Cronbach alpha coefficients were calculated us-
ing individual item scores completed by both raters. Per-
cent agreement between two raters was also measured.
All data were analyzed using R software version 3.6.1.

Ethical statement

The study protocol was approved by the Human Re-
search Ethics Committee (HREC) of XXX. This study
was performed based on the ethical principles of the Dec-
laration of Helsinki and The International Conference on
Harmonization in Good Clinical Practice.

Results

Phase 1. Assessment tool development

Overall. 28 pediatric radiologists were invited to par-
ticipate as expert panelists in this study. Invitation forms
were sent via an online group of pediatric radiologists.
Seventeen (60.71%) pediatric radiologists agreed to join
in the Delphi process. The characteristics of the experts
are shown in Table L.

Three rounds of the Delphi process progressed as de-
scribed below. The response rates of experts to round 1
and rounds 2-3 were 17 of 28 (60.71%) and 13 of 17
(76.47%), respectively.

Round 1 of the Delphi process

After the primary researcher conducted the literature
review, 14 relevant items were created and inserted into
the initial assessment form. This form was sent to all par-
ticipating experts in Delphi round 1. Before sending the
results back to the researcher, all experts were asked to
provide the relevant score for each item and add, elimi-
nate, or modify the items, as necessary. Table II presents
the initial items with the mean scores and their distri-
butions from Delphi round 1. The suggested new items
from experts in round 1 included “additional US by using
linear probe™ and “identified patient.”

Table I. Characteristics of experts in the expert panel

Characteristic Number
(%)
Sex
Male 3(17.65)
Female 14 (82.35)
Position
Instructor 9(52.94)
Assistant Professor 3(17.65)
Associate Professor 3(17.65)
Professor 2(11.76)
Workplace
University Hospital 12 (70.59)
Pediatric Hospital 2(11.76)
General Hospital 2(11.76)
Other 1(5.88)
Experience in cranial ultrasound
3-5 years 8 (47.06)
5-10 years 4(23.53)
>10 years 5(29.41)
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Round 2 of the Delphi process

The revised assessment form. including all initial
items that had a mean score more than 4 and the newly
added suggested items, was resent to the experts in Del-
phi round 2 as part of the iterative process. The comment
“additional US by using linear probe™ was proposed to be
included in the rubric scale for the item “selected appro-
priate probe.” In round 2. there were no additional sug-

gested or modified items, and all items had a mean score
more than 4, as shown in Table IIL.

Round 3 of the Delphi process

All 15 finalized items with a mean score more than 4
on the rubric scale were accepted. Subsequently. the com-
ponents were divided into four levels. The rubric scale in
the assessment form was developed by the primary re-
searcher according to the properties for each item. The

Table II. Initial items with mean scores and distributions in round 1 of the Delphi process

Items Distribution (n=17) Mean
5 4 3 2 1 score
1. Positioned the US machine appropriately 7 9 1 0 0 4.35
2. Selected the appropriate probe 16 1 0 0 0 4.94
3. Corrected probe handing 14 3 0 0 0 4.82
4. Applied gel on the probe 10 7 0 0 0 4.59
5. Used proper functions of the US machine 13 4 0 0 0 4.76
6. Adjusted appropriate gain and frequency 12 5 0 0 0 4.71
7. Adjusted depth and focus to include the whole brain and appropriate area of focus 17 0 0 0 0 5
8. Cleansed the probe after use 8 8 1 0 0 4.41
9. Corrected placement of probe at anterior fontanel to start US 15 2 0 0 0 4.88
10. Corrected probe orientation 16 1 0 0 0 4.94
11. Displayed cranial US approach systematically 11 6 0 0 0 4.65
12. Presented the relevant brain structures according to standard protocol 13 4 0 0 0 4.76
13. Identified positive findings (e.g.. IVH, PVL, hydrocephalus. and anomaly) 17 0 0 0 0 5
14. Overall performance 13 4 0 0 0 4.76
IVH. intraventricular hemorthage: PVL, pertventricular leukomalacia: US, ultrasound
Table IIL. Initial items with mean scores and distributions in round 2 of the Delphi process
Items Distribution (n=13) Mean
5 4 3 2 1  Sscore
1. Positioned the US machine appropriately 5 7 1 0 0 431
2. Selected the appropriate probe 12 1 0 0 0 4.92
3. Corrected probe handing 1 2 0 0 0 4.85
4. Applied gel on the probe 10 3 0 0 0 4.77
5. Used proper functions of the US machine 10 3 0 0 0 4.77
6. Adjusted the appropriate gain and frequency 11 2 0 0 0 4.85
7. Adjusted the depth and focus to include the whole brain and appropriate area of focus 11 2 0 0 0 4.85
8. Cleansed the probe after use 7 5 1 0 0 4.46
9. Correctly placed the probe at the anterior fontanel to start US 10 3 0 0 0 4.77
10. Corrected probe orientation 13 0 0 0 0 5
11. Displayed cranial US approach systematically 8 4 1 0 0 4.53
12. Presented the relevant brain structures according to standard protocol 9 4 0 0 0 4.69
13. Identified positive findings (e.g.. IVH. PVL. hydrocephalus, and anomaly) 13 0 0 0 0 5
14. Overall performance 8 5 0 0 0 4.62
15. Identified the patient 10 3 0 0 0 4.77
16. Additional US using a linear probe 7 5 1 0 0 4.46

IVH. intraventricular hemorrhage: PVL, pertventricular leukomalacia; US, ultrasound
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Table IV. Final cranial US performance assessment form with rubric

Cranial US performance assessment form with rubric

4 (Distinguished)

3 (Proficient)

2 (Emergent)

1 (Insufficient)

I. Preparation phase
1. Identified the patient

2. Properly positioned
the US machine

II. US machine operation

—

. Selected the
appropriate probe

[ =]

. Corrected probe
handling

o

. Applied warm gel
onto the probe

=

. Used proper buttons on
the US machine

n

. Adjusted gain and
frequency correctly

(=

. Adjusted the depth and
focus to include the
whole brain and appro-
priate area of focus

-

. Cleansed the probe
after use

Done and confirmed

Located to the right,
close to the patient

Small curvilinear
8-5 MHz probe

Complete

Applied the optimal
amount of gel onto the
probe

Familiar with operating
Appropriate
Optimum field of view,

depth, and focus

Done

III. Cranial US performance

1. Corrected placement
of the probe at the
anterior fontanel

[

. Confirmed the side of
brain orientation

e

. Displayed cranial
US approach
systematically

.

. Presented the relevant
brain structures
according to standard
protocol

th

. Identified positive
findings

Overall performance

Placed on the
anterior fontanel
with good contact

Correct side with
confidence

Consistently systematic
display

Followed standard
protocol

Completely identified
positive findings

Excellent

Done

Located to the right of
the patient

Linear high-frequency
probe
Inadequate

Applied the gel onto the
probe

Operated with
experience but was
inconsistent

Inappropriate

Included the whole
brain but with inappro-
priate depth and focus

Placed on the
anterior fontanel
with poor contact

Confirmed several
times

Some systematic
display

Inconsistent

Identified some findings

Good

Not done

Any side but tries to do
with the dominant hand

Large curvilinear
low-frequency probe
Improper

Applied the gel on the
patient’s head

Operated with inexperi-
ence

Incorrect

Included partial brain

Place on another
fontanel

Not done

Unsystematic display

Presence of some
images

Missed positive findings

Borderline

Wrong patient

Any side and operates
with the non-dominant
hand

Hockey stick probe
Incorrect

Did not use gel

Unable to operate

Unable to operate

Unable to operate

Not done

Placed on other areas

Wrong side

Could not display

Could not do

Could not do

Poor
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final assessment form. including the 15 adjusted items
and the four levels of competence assigned to each cell
of the rubric scale. was divided mto three sections: the
preparation phase. US machine operation. and cranial US
performance. The form is user-friendly and is shown in
Table IV. The final assessment form with the rubric scale
was sent to the experts for approval. In round 3. consen-
sus and verification by experts were achieved.

Phase 2. Assessment fool performance

Validity

Content validity of a tool refers to whether the tool
that can accurately measure all aspects of content.

All experts in the Delphi panel were pediatric radi-
ologists who were content experts in cranial US. Good
content validity was confirmed during the Delphi pro-
cess.
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Reliability

The Kappa value for each item in the assessment tool
ranged from 0.15 to 0.93 and “NA”. “NA” indicated that
the Kappa value could not be calculated due to lack of
variation in the data. The percent agreement of all items
ranged from 37-100%. The internal consistency of the
assessment tool was assessed using Cronbach’s alpha.
which were 0.856 and 0.891 for both raters (table V).

Discussion

Cranial US is a supporting assessment required in the
field of neonatal care. A standardized assessment process
to determine individual proficiency in clinical practice
is required. Thus, new and valid cranial US assessment
forms need to be developed.

The cranial US assessment form developed in this
study should be considered a quality assessment tool be-
cause it was developed by a panel of 17 experts in cranial
US. It reflects the content validity of the assessment form
developed using the Delphi process. The rubric scale in
each cell provides the details of the rater’s assessment
[58]. The information provided by the rubric scale allows
the rater to assess competency confidently. precisely, and
reliably [58].

All experts in this study were anonymized to prevent
group guidance due to authority or reputation. Therefore,
experts could comment and make decisions independent-
Iy [59]. Nevertheless, the anonymization of participants

Table V. Interrater reliability of the assessment tool

prevented the responses from being associated with pro-
fessional experience, which is a limitation of this study.
Moreover, each cycle of the Delphi process was asso-
ciated with a reduction in the participant response rate.
which caused the responses from fewer participants to be
overemphasized.

After evaluating the reliability of the assessment tool.
all items had moderate to alimost perfect agreement (Kap-
pa=0.42-0.93 and NA). except only two items. “adjusted
gain and frequency correctly” and “displayed cranial US
approach systematically.” Although the item “displayed
cranial US approach systematically” had a Kappa val-
ue of 0.27. the percent agreement was slightly higher at
63%. The item “adjusted gain and frequency correctly”
had lower values for both Kappa and percent agreement.
0.15 and 37%. respectively. The low Kappa and percent
agreement of this item was likely owing to subjective
nature of the evaluation due to the widely variable ac-
ceptance of bright color contrast of US images between
raters. Moreover. the internal consistency of the assess-
ment tool was good, as indicated by the Cronbach’s alpha
values of 0.856 and 0.891 for the two raters.

A limitation of this study was that all cranial US per-
formers evaluated were radiology residents with some
experience in general US and familiarity with the US ma-
chine due to the vulnerability of the neonatal population
in the study. This limitation led to a complicated analysis.
skill homogeneity, and lack of high variability of US per-
formers. An inexperienced individual was not eligible as

Ttems

Kappa (95% CI) % Agreement

1. Identification of the patient

2. Properly positioned the US machine

3. Selected appropriate probe

4. Corrected probe handing

5. Applied warm gel onto the probe

6. Used proper buttons on the US machine

7. Adjusted gain and frequency correctly

8. Adjusted the depth and focus to include the whole brain and appropriate area of focus

9. Cleansed the probe after use
10. Corrected placement of the probe at the anterior fontanel
11. Confirmed the side of brain orientation

12. Displayed cranial US approach systematically

13. Presented the relevant brain structures according to standard protocol

14. Identified positive findings (e.g.. IVH, PVL. hydrocephalus, and anomaly)

15. Overall performance

NA 100
0.93 (0.80-1) 96.3
NA 100

0.69 (0.45-0.92) 8L.5
0.42 (0.03-0.81) 77.8
0.44 (0.14-0.74) 70.4
0.15 (-0.003-0.3)  37.0
0.55 (0.26—-0.84) 77.8
NA 100
0.55 (0.21-0.89) 81.5
0.57 (0.29-0.86) 77.8
0.27 (-0.002—-0.55) 63.0

0.82 (0.64-1) 88.9
0.65 (0.38-0.93) 85.2
0.84 (0.66-1) 88.9

IVH. intraventricular hemorrhage: PVL. periventricular leukomalacia: US, ultrasound: CI. confident interval; NA, Kappa could not be

measured due to lack of variation in the data.
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a cranial US performer in this study for ethical reasons
and this contributed to the limited range in cranial US
ability evaluated in this study.

Conclusion

The cranial US assessment form and rubric scale

developed in this study is straightforward to use. and it
aligns all raters to the same standard of evaluation. It was
confirmed to have a good preliminary validity and reli-
ability.
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