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Abstract
Evidence-based standards in proficiency are needed for ultrasound-guided peripheral intravenous access. In this study, we explored
the validity of the Peripheral Ultrasound-Guided Vascular Access (P-UGVA) Rating Scale.
We recruited 3 groups of physicians (5 novices, 5 intermediates, and 5 experts) of increasing proficiency in peripheral ultrasound-

guided intravenous access. All participants performed 3 peripheral ultrasound-guided intravenous accesses on three different
patients. Performance was video-recorded by 3 cameras and the ultrasound image. Synchronized and anonymized split-screen film
clips were rated using the P-UGVA rating scale by 2 assessors, which also assessed overall performance on a 1–5 Likert-scale.
Evidence of validity was explored using the contemporary validity framework by Messick (content, response process, internal
structure, relations to other variables, and consequences).
Content and response process was ensured in the development of the rating scale and validity study. Internal consistency of the P-

UGVA rating scale was excellent and sufficient high for certification purposes (Cronbach’s alpha = 0.91). Proficiency groups were
successfully discriminated by the UPGIVA rating scale (P = .029, one-way ANOVA), and the P-UGVA rating scale scores also
correlated strongly with the overall performance evaluations (rho=0.87, P< .001, Pearson correlation). We calculated a pass/fail
score of 29, which lead to a theoretical false positive rate of 26.5% and false negative rate of 8.5%.
We present validity evidence for the P-UGVA rating scale and an evidence-based standard in proficiency for ultrasound-guided

peripheral intravenous access.

Abbreviation: P-UGVA = peripheral ultrasound-guided vascular access.
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1. Introduction

Most hospitalized patients need a vascular access for treatment
and diagnostic purposes.[1] Ultrasound guidance is shown to
reduce needle insertion attempts, reduce complication rates, and
increase successful catheter placements when compared with the
landmark technique. Consequently, the ultrasound-guided
procedure improves patient satisfaction and reduces the
requirement for central line placements.[2–7] The benefits of
ultrasound-guided peripheral intravenous access seem crystal
clear clinically and from the patient’s perspective, but from an
implementation perspective it is still unclear how to sufficiently
augment clinicians level of proficiency.
An important detail about ultrasound-guided procedures is

that they are highly operator-dependent [8,9] and a sufficient
competence level of the practitioner must be ensured to guarantee
patient safety.[9] Requirements of a minimum number of
performed procedures or a certain time of experience are
inadequate to evaluate proficiency, for example, because of
individual variations in the practitioners’ learning curves.[10]

Evaluations for a range of clinical procedures are increasingly
focused on actual performance rather than pseudomeasures of
proficiency such as training time. This mastery learning approach
requires that objective standards can be set for the procedure in
question, after which the learner can focus on training until the
set standard is reached. Accumulating scientific evidence supports
the benefit of this approach.[11]

Weare currently challengedbynoclear evidence-based standard
in proficiency of ultrasound-guided intravenous access. In aDelphi
consensus study, we recently developed a global rating scale for
competence assessment of Peripheral Ultrasound-GuidedVascular

mailto:stinecatharina@gmail.com
http://creativecommons.org/licenses/by-nd/4.0
http://creativecommons.org/licenses/by-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000009576


[12]

Figure 1. Illustration of the study setting.
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Access (P-UGVA). It is important when implementing such
measures to ensure validity towards the construct—otherwise the
concept of training towards a set level of standard falls flat as the
standard becomes irrelevant.
In this study, we aimed to explore the validity of the P-UGVA

rating scale using the contemporary validity framework by
Messick.[13,14] The framework consists of 5 sources of validity
(content, response process, internal structure, relations to other
variables, and consequences) that should be explored in validity
studies.[13,14] In addition, we aimed to establish an evidence-
based pass/fail level, which can be used as a standard for
proficiency in ultrasound-guided intravenous access.
2. Methods

2.1. Study design

This prospective validity study of P-UGVA rating scale on
physicians was conducted in the Emergency Department at the
Regional Hospital West Jutland, Herning, Denmark from April
2015 to December 2015. The study was registered with the
Central Denmark Region Committees on Health Research Ethics
and a waiver was granted for performing the study (cf. inquiry
105/2014). Oral and written consent were obtained from all
patients before entering the study. All aspects of the study
followed the ethical principles for research as stated in the
Declaration of Helsinki.
2.2. Participants

We recruited 3 groups of physicians (novices, intermediates, and
experts) in relation to their competence in ultrasound-guided
peripheral intravenous access. A novice was defined as a
physician who had placed � 10 ultrasound-guided peripheral
intravenous accesses, an intermediate had placed between 10 to
25, and an expert had placed ≥ 25. All physicians were recruited
2

from the Emergency Department and the Department of
Anaesthesiology at Regional Hospital West Jutland, Herning,
Denmark and all had experience with the conventional landmark
technique. The novice group and the intermediate group
consisted of medical interns, whereas the expert group had
senior residents and specialist physicians. Power calculation was
not possible as no previous validity studies on the UGPIVA rating
scale exist. We aimed to recruit 5 participants in each of the 3
groups totalling 15 physicians for the study.
2.3. Study setting

All participants performed three ultrasound-guided peripheral
intravenous accesses on three different patients. Participating
patients were all in need of a peripheral intravenous access
because of their medical condition. The patient was placed in a
bed before the arrival of the physician. A table drawer was
prepared with the procedural items (gloves, a tourniquet, sterile
gel, alcohol swabs, an IV catheter, a fixation patch, a cotton pad,
patch, and a needles bucket). The table top itself was empty,
thereby yielding the physicians option to individualize prepara-
tion for the procedure. Before the procedure, the table was placed
near the foot end of the patient’s bed along with the ultrasound
scanner, a chair, and a trashcan. When the physician arrived to
the room he or she was asked to perform the ultrasound-guided
procedure and to place the equipment, as he or she found best.
The Edge ultrasound system with a HFL50x linear array
transducer 6–15MHz (SonoSite Inc., Bothell, WA) was used.
The physicians were filmed from three angles with 3 video

cameras during the procedures. One GoPro 3+ Black Edition
(GoPro Inc., San Mateo, CA) camera recorded from above the
patient’s arm in which the vascular access was placed and two
Canon Legria HFR506 camcorders (Canon Inc., Tokyo, Japan)
recorded the arm from each side of the patient (Fig. 1). These 3
angles enabled a total overview of the room and the physician’s



Figure 2. Screenshot during the rating of a procedure. The assessors viewed the film on the left side of the screen and simultaneously rated the performance in the
scale on the right side of the screen.
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movements. Ultrasound film clips were captured using the
DVI2USB 3.0 Epiphan USB video grabber (Epiphan System Inc.,
Ottawa, ON, Canada) connected to a MacBook (Apple Inc.,
Cupertino, CA). When the procedure was finalized, the film clips
from the 3 different angles and the corresponding ultrasound film
were all stored on an external hard drive as mpeg4 format files.

2.4. Assessment of video-recorded performance

All recordings were synchronized and placed in one split-screen
image frame, so the procedure was visible from different angles at
the same time. All post production editing was performed using
Final Cut Pro X version 10.2 (Apple Inc., Cupertino, CA) by one
author (SCP). In the final film, the overview clip and the clip
filming the patient’s arm from the left side of the patient was
always visible. The clip filming the patient’s arm from the right
side of the patient and the ultrasound clip were alternately visible
in the final film, in such a way, that the ultrasound clip was visible
when the ultrasound probe was on the patient and the other clip
was visible when the probe was not on the patient. The physician
and the patient were anonymized by blurring all faces on the film.
The final film was uploaded to a secured web-based video-rating
software [15] making it possible to view, pause and scroll in the
film while filling out the rating scale (Fig. 2). For each
performance a unique link to the video-rating software was sent
to each assessor in a random order generated by Random.org
(Randomness and Integrity Services Ltd., Dublin, Ireland).

2.5. Assessors

The 2 assessors (authors LC and KRM) are both specialists in
anaesthesiology and skilled experts in ultrasound-guided inter-
vention with each more than 10 years of experience with
peripheral ultrasound-guided intravenous access. The assessors
are not affiliated to the department or the hospital where the
physicians were recruited for the study. Initially, the 2 assessors
were instructed in how to rate all the physicians’ performances
according to the scale, and individually rated 3 pilot films. All
ratings were made using the P-UGVA rating scale. In addition, the
assessors were asked to rate the physician’s overall performance
3

in each film on a 5-point Likert scale. The pilot films showed the
performance of a novice, an expert, and an intermediate. After
the assessors had rated the test films, the authors’ met with the 2
assessors to discuss the results. Disagreements between the 2
assessors were discussed until agreement was obtained on all
elements. Within 4 following days, the assessors rated the same 3
pilot films again and their ratings were approximately alike.
Results from the pilot films are not included in the analyses.
Afterwards, assessors were allowed to rate the films starting from
September 2015 and the last film was rated in December 2015.
2.6. Evidence of validity

We used the contemporary validity framework as introduced by
Messick, which describes 5 sources of validity [13,14]:
Content, which describes the relevance of the measure to the

construct. This source of validity was ensured by developing the
P-UGVA global rating scale through a Delphi consensus
approach. The Delphi consensus technique is an anonymous
structured approach used to obtain consensus among experts
through a number of Delphi rounds.[16,17]

Response process, which is to eliminate or control potential
sources of bias. This was addressed by performing a pilot study to
detect any potential sources of bias in the data collection process.
Participants where blinded to the content of the scale they were
assessed by. All videos were anonymized before exposure to the
assessors. We trained the assessors using pilot videos.
Internal structure, which is the degree to which items

measuring similar constructs produce similar results. This
internal consistency was explored using Cronbach’s alpha.
Relations to other variables, which is how well global rating

scores correlate to other variables of proficiency such as
experience level. This part was evaluated by comparing P-UGVA
rating scale scores between the groups of predefined competence
levels. In addition, we evaluated whether the P-UGVA rating
scale scores were representative to the assessors’ general
impression by correlating the P-UGVA rating scale scores to
the corresponding overall performance scores.
Consequences, which is the social implications of obtaining a

certain score. For this part, we established a pass/fail level using
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Figure 3. Flowchart of the study progression.

Primdahl et al. Medicine (2018) 97:2 Medicine
the contrasting groups’ method. Using the pass/fail level, we
explored the consequences of this standard in terms of false
positives (% of novices that will pass) and false negatives (% of
experienced that will fail).

2.7. Data analysis and statistics

For each participant, we calculated a mean score from the 3
attempts. This approach allows for fluctuation in the perfor-
mance, which we hypothesized would be the case when we
include nonselected patient cases. Internal consistency was
explored by calculating Cronbach’s alpha. For the relations to
other variables and consequences analyses, we calculated the
mean of the scores from the assessors. Relation of P-UGVA rating
scale scores to predefined competence levels were explored using
a 1-way analysis of variance (ANOVA). Correlation between P-
UGVA rating scale scores and overall performance scores were
made using the Pearson’s correlation. Contrasting groups’
standard setting method was used to calculate a pass/fail score.
This score is identified as the intersect between distribution curves
of 2 groups of interest (novices and experts). We calculated false
positives and false negatives using the cumulative distribution
function for each curve (to the right and to the left of the point of
intersect, respectively). Because of the small numbers in
validation studies, we did sensitivity analyses, where consequen-
ces analyses were repeated after excluding participants one by
one; however, because of the large number of analyses and results
only significant changes to the direction of the results will be
noted. All statistical analyses were made using SPSS version
23.0.0.0 (IBM Corp., Armonk, NY). P-values below 0.05 were
interpret as statistical significance.
3. Results

All 15 physicians completed three P-UGVA rating scale
procedures. Scores were obtained from 42 out of the 45
(93%) performed procedures. Three films—2 from the novice
group and 1 from the expert group—were left out, because of one
missing film clip in each case. The statistical analyses were based
on scores from 13 novice performances, 15 intermediate
performances, and 14 expert performances (Fig. 3).
4

3.1. Content

The global P-UGVA rating scale was developed by presenting
Danish ultrasound experts from the specialties anesthesiology,
emergency medicine and radiology with a number of key
elements on the P-UGVA procedure. The experts determined
the importance of each key element on a 5-point Likert scale.
The key elements were modified and new key elements were
suggested until all ultrasound experts found all elements
important or extremely important and no new key elements
were suggested. Details about the Delphi study for developing
the P-UGVA rating scale is available in a previous report.[12]

The final rating scale consists of eight key elements:
preparation of utensils, ergonomics, preparation of the
ultrasound device, identification of blood vessels, anatomy,
hygiene, coordination of the needle, and completion of the
procedure (Table 1).
3.2. Response process

We did pilot investigations to address potential issues in the
response process (see details in the Methods section). After the
assessor training, the assessors were in agreement when they
rerated the pilot videos.
3.3. Internal structure

Internal consistency of the P-UGVA rating scale was excellent
and sufficiently high for certification purposes (Cronbach’s
alpha=0.91).[18]
3.4. Relations to other variables

The P-UGVA rating scale was able to discriminate between the
three groups (Fig. 4) (P= .029, one-way ANOVA). Novices
received a mean of 25.3 (SD: 6.0) points, intermediates a mean
of 30.7 (SD: 2.1) points, and experts a mean of 33.0 (SD: 2.9)
points. In a post-hoc analysis where we looked at comparisons
between the groups, this trend of increasing P-UGVA rating
scale score with proficiency level was strongest between the
novices and the experts where it reached a level of statistical



Table 1

The P-UGVA rating scale.
Preparation of utensils

Preparation of utensils before the procedure.
1

No preparation before scan.
2 3

Incomplete preparation. Unnecessary
interruptions during the procedure or
need for assistance.

4 5
Perfect preparation. Procedure
performed in a smooth workflow.

Ergonomics
Working posture including stabilization of the
transducer and the needle. Placement of the
apparatus relative to the puncture site.

1
Working posture and apparatus
positioning complicate the procedure
unnecessary.

2 3
Partial optimization of working
posture.

4 5
Perfect working posture and
positioning of the apparatus.

Preparation of the ultrasound device
Choice of transducer and transducer
orientation. Picture optimization: preset, gain,
depth, and focus

1
Incorrect selection and/or orientation
of transducer. No image optimization.

2 3
Inconsistent selection and/or
orientation of transducer. Incomplete
image optimization.

4 5
Correct selection and orientation
of transducer. Image optimization
performed systematically.

Identification of blood vessels
Distinction of arteries and veins in 2D.
Optimization of vessel filling and transducer
pressure.

1
No regards to distinction between
arteries and veins. No optimization of
vessel filling.

2 3
Insecure distinction between arteries
and veins. Incomplete optimization of
vessel filling.

4 5
Perfect distinction between
arteries and veins.
Optimization of vessel filling.

Anatomy
Recognition of anatomy and search for blood
vessel and puncture site for the procedure

1
Random approach to location.
Important structures are neglected.
Unsuitable puncture site.

2 3
Partially systematic approach to
location of vessels.

4 5
Systematic location of target
vessel. Recognition of all
important anatomy. Most suitable
puncture site.

Hygiene
Performance of the procedure according to
current guidelines for hygiene and intravascular
procedures

1
Shows no regards to hygiene.

2 3
Follows guidelines partially.

4 5
Follows guidelines.

Coordination of the needle
Control of the needle tip position and ability to
navigate the needle tip through the tissue and
into the target vessel

1
Lack of control and navigation of the
needle tip. Misses target vessel.

2 3
Insecure control and navigation of
the needle tip. Places needle in
target vessel.

4 5
Full control of the needle tip and
navigates to perfection. Places
needle in target vessel.

Completion of the procedure
Ability to complete the procedure and ensure
intravascular placing.

1
Intravascular placement is not
ensured.

2 3
Intravascular placement is ensured
partially.

4 5
Intravascular placement is
ensured correctly.

P-UGVA=Peripheral Ultrasound-Guided Venous Access.
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significance (P= .033, independent samples t test). There was a
strong correlation between the P-UGVA scores and the overall
performance scores (Fig. 4) (rho=0.87, P< .001, Pearson
correlation).
Figure 4. Left: The Peripheral Ultrasound-Guided Vascular Access (P-UGVA) rating
scores with higher competency. Circles indicate mean and the whiskers standard er
the overall performance scores. Novices are shown as green, intermediates as y

5

3.5. Consequences

We calculated a pass/fail score of 29 (Fig. 5). Using the
distribution curves, this would theoretically lead to a false
positive rate of 26.5% and a false negative rate of 8.5%.
scores in the three groups of competence differed with a trend towards higher
ror. Right: Strong correlation between the Peripheral P-UGVA rating scores and
ellow, and experts as blue. Trend is shown with a black line.

http://www.md-journal.com


Figure 5. We identified a pass/fail score of 29 using the contrasting group
method on novices and experts. Distribution of the novices is shown as green
and experts as blue. The intercept identifying a pass/fail level is shown as a
black line.

Primdahl et al. Medicine (2018) 97:2 Medicine
Sensitivity analyses suggested that one novice was particularly
talented and received a high score, and that considering that
individual as an outlier and excluding from the analyses would
not change the pass/fail score, but would lower the theoretical
false positive rate to 12.5% and false negative rate to 6.5%.

4. Discussion

Overall, we found strong evidence of validity for P-UGVA rating
scale from all 5 sources in the contemporary framework.
Alignment of content was ensured through development of the
scale using a Delphi-process on input from experts.[12] Response
process was ensured through pilot studies and training of the
assessors. Internal structure showed excellent reliability at a level
considered sufficiently high for certification (Cronbach’s
alpha>0.8).[18] The P-UGVA rating scale scores were related to
other variables, as experts significantly outperformed novices, and
scores correlated strongly with the overall performance assess-
ments. Finally, consequences of a pass/fail standardwere explored,
which suggested acceptable false positive and negative rates.
Rice et al[19] have in a previous study developed a simulation-

based assessment tool, a checklist, for the placement of
ultrasound-guided peripheral Intravenous access. A simulation
based tool permits the assessors to make standardized observa-
tions; it is however limited by not portraying a real life clinical
setting, where placement difficulties differ due to factors as the
patients’ clinical state, depth and diameter of veins, and so on.
Our study is stronger when compared to the study of Rice et al[19]

by portraying the clinical setting, and also by developing the
content of the scale through the Delphi technique. Further, we
developed a global rating scale as it is regarded superior to
checklists.[20] The P-UGVA rating scale makes it possible for the
instructor to give the performer feedback on the specific items
that the performer needs to improve. This makes the P-UGVA
rating scale a necessity in training sessions. We ensured the
6

validity of the P-UGVA rating scale by use of the contemporary
validity framework as introduced byMessick. The contemporary
framework is regarded superior to the traditional framework
when testing the quality of an assessment instrument,[13] and
therefore strengthen our study further.
This study explored validity of the P-UGVA rating scale in a

real-life clinical setting with several cameras, synchronized
ultrasound images, anonymized film clips, and multiple proce-
dures and assessors. These are strengths of this study, but can also
be considered as limitations that should be noted in relation to
local implementation of the P-UGVA rating scale. Our assessors
were able to go back or pause in the film to ensure correct
assessment. This is not possible with onsite assessment and
further complicates the issue by nonblinded assessors, which
previous studies find may significantly influence the results
because of a preconception of proficiency from factors such as the
age, sex, or the title of the evaluated physician.[21,22] Categoriza-
tion of participants into different levels based on experience was
challenging. This was somewhat in conflict with the overall
statement of the study that ultrasound learning curves are
heterogeneous and level of expertise was not based on the
number of procedures performed. However, there was large
difference in experience between the three groups and thereby
risk of misclassification was limited. The presented evaluation
required 2 assessors and 3 procedures, and studies are needed to
explore the impact on validity sources by changing the numbers
of assessors and procedures. It is practically and economically
desirable with fewest possible assessors and procedures, but this
must be balanced with an acceptable level of reliability.
In conclusion, we find evidence of validity for the P-UGVA

rating scale and provide an evidence-based standard for
proficiency in ultrasound-guided peripheral intravenous access.
Future studies will determine its final role in the training and
certification of physicians.
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