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Abstract

Background: We previously showed that an ultrasound-guided i.v. catheter insertion (USGIV) simulation-based mastery
learning (SBML) curriculum improves the simulated USGIV skills of paediatric anaesthesiologists. It remains unclear if
improvements in simulated USGIV skills translate to improved patient care.

Methods: A cohort study was conducted from August 2018 to August 2020 to evaluate paediatric anaesthesiologists’
USGIV performance in the operating theatre before and after they participated in the USGIV SBML curriculum. Paediatric
anaesthesiologists’ use of ultrasound for successful i.v. insertion and first-attempt i.v. insertion success rate with ul-
trasound were compared before and after training.

Results: Twenty-nine paediatric anaesthesiologists completed training. Unadjusted analysis showed a significant in-
crease in the percentage of i.v. catheters inserted with ultrasound for successful i.v. catheter insertion (9.5—14.5%;
P<0.001) and first i.v. catheter insertion attempt success with ultrasound (5.5—8.9%; P<0.001) from before to after training.
Multivariable regression analysis showed higher odds of ultrasound use for a successful i.v. catheter attempt (1.79; 95%
confidence interval [CI]: 1.11-2.90; P=0.018) and first-attempt success with ultrasound (4.11; 95% CI: 2.02—8.37; P<0.001)
after training.

Conclusions: After completing the USGIV SBML curriculum, paediatric anaesthesiologists increased their ultrasound use
for successful i.v. catheter insertion and first-attempt success rate with ultrasound for patients in the operating theatre.

Keywords: anaesthesiology/education; clinical competence; mastery learning; peripheral catheterisation; simulation
training; ultrasonography/methods
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Intravenous (i.v.) access in children is often challenging, with
first-attempt success rates reported between 39% and 73%.% >
Multiple i.v. catheter insertion attempts result in care delays
and decreased satisfaction with the patient’s care team.*®
Ultrasound-guided i.v. catheter (USGIV) insertion increases
first-attempt success rates and decreases time to
cannulation in paediatric patients with known difficult i.v.
access.®’ Yet, the uptake of this technique in the operating
theatre by anaesthesiologists has been variable.® Challenges

the operating theatre
ultrasound availability, time pressures, and provider self-
confidence and skills.” ** The lack of competent teachers
and effective training is consistently cited as a major
barrier.® 131

We previously created and evaluated a simulation-based
mastery learning (SBML) curriculum to teach USGIV skills to
paediatric anesthesiologists.’® SBML is an intense form of
competency-based learning, in which learners use deliberate

Received: 12 August 2022; Accepted: 6 October 2022

© 2022 The Author(s). Published by Elsevier Ltd on behalf of British Journal of Anaesthesia. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
For Permissions, please email: permissions@elsevier.com


mailto:hballard@luriechildrens.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjao.2022.100101&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:permissions@elsevier.com
https://doi.org/10.1016/j.bjao.2022.100101
https://doi.org/10.1016/j.bjao.2022.100101

2 | Ballard et al.

Fig 1. Demonstration of paediatric venipuncture pad for ultrasound-guided i.v. catheter insertion shown in (a) transverse orientation and

(b) longitudinal orientation.

practice on a simulator and are expected to reach a high skills
standard (minimum passing standard [MPS])*’ on a simulated
assessment before training completion.'® Those who are un-
able to meet the MPS participate in further deliberate practice
until they can be reassessed and reach the standard. Our SBML
curriculum significantly improved paediatric anaesthesiolo-
gists’ USGIV skills in a simulated environment.’® However, it
remains unknown whether these improved skills are also
associated with improvements in patient care.

The aim of the current study was to determine if paediatric
anaesthesiologists’ participation in the USGIV SBML curricu-
lum improved i.v. catheter insertion outcomes in the oper-
ating theatre setting. We hypothesised that after SBML,
paediatric anaesthesiologists would have a higher use of ul-
trasound for successful i.v. catheter insertion and a higher rate
of first-attempt success with ultrasound compared with before
the training intervention.%2°

Methods

We performed a quasi-experimental study to test the associ-
ation between anaesthesiologist participation in a USGIV
SBML curriculum and i.v. catheter insertion outcomes at a
tertiary care paediatric hospital in Chicago between August
2018 and August 2020.”! We evaluated the change in anaes-
thesiologists’ ultrasound use for successful i.v. catheter
insertion and first-attempt success rate with ultrasound in the
operating theatre before and after completion of SBML. The
Ann & Robert H. Lurie Children’s Hospital of Chicago’s Insti-
tutional Review Board approved this study, and the require-
ment for written informed consent was waived for both the
USGIV SBML training of paediatric anaesthesiologists and
electronic medical record (EMR) review of patient records.

Intervention: SBML

The USGIV SBML curriculum was delivered between August
2019 and January 2020 inclusive. The curriculum has been
described previously.'® Briefly, paediatric anaesthesiologists
first underwent a USGIV skills pre-intervention test on a pae-
diatric venipuncture pad (Simulab, Seattle, WA, USA) using
22G 45 mm B. Braun Introcan Safety® IV catheters (Bethlehem,
PA, USA) and high-frequency ultrasound probes (L25xp and

HSL25xp; SonoSite X-PORTE, Bothell, WA, USA). The 25-item
skills checklist was developed by an expert panel of eight
paediatric anaesthesiologists, two interventional radiologists,
and two interventional radiology nurse practitioners using the
modified Delphi technique. The MPS was set by the same
expert panel using the Mastery Angoff technique and was
determined to be 23 out of 25 items correct.’® Subsequently,
they participated in a 2 h session consisting of a procedural
skills video, a live demonstration of USGIV insertion, and
deliberate practice on live models for ultrasound scanning and
a simulator for ultrasound-guided dynamic needle tip posi-
tioning (Fig. 1). Finally, participants were required to meet or
exceed an MPS using the same skills in a post-intervention test
on the simulator. Participants who did not meet the MPS
engaged in more deliberate practice until they could be
retested and meet this standard. We recorded participants’
characteristics and clinical experience, including age, sex,
years in practice, and number of USGIV inserted in their career
and in the past 6 months.

All paediatric anaesthesiologists were eligible for inclusion
in the study. As reported previously, no anaesthesiologist had
received any formal training in USGIV before the intervention,
but some concepts and skills may have been acquired infor-
mally through vicarious learning.'® By January 2020, all
anaesthesiologists had completed the SBML USGIV training.

Data source

To evaluate the impact of the training on patient care, we
constructed a data set of successful i.v. catheter insertions
that occurred in the operating theatre during the study period
using data queried from the EMR (Epic, Verona, WI, USA). The
unit of analysis was i.v. catheter insertion. As such, patients
could appear multiple times (i.e. multiple rows) in the data set
if they had multiple i.v. catheter insertion sites on their body,
because they had multiple procedures during the observation
period, or both.

We also extracted data from the EMR on patient-level in-
formation, including age; sex; weight; BMI; ASA status; race/
ethnicity; history of cardiac, renal disease, and prematurity;
and inpatient or outpatient status. A history of one or more of
renal disease, cardiac disease, and prematurity was abstracted
from the International Classification of Diseases (ICD)-9 and
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ICD-10 Clinical Modification (CM) billing codes associated with
each patient’s medical record. ICD-9-CM and ICD-10-CM codes
associated with renal disease were 580—589, 753, NOO—08, P96,
Q61—-64, N10—16, and N17—-19; codes associated with congen-
ital heart disease were 745—747 and Q20—28; and codes asso-
ciated with prematurity were 765, P05, and P07.

Outcome

Only information on the successful i.v. catheter insertion
attempt was included in the EMR. For each iv. catheter
insertion, the following data were available: who inserted the
catheter, number of attempts, and ultrasound use for the
successful insertion. We defined two USGIV binary outcomes:
(i) successfuli.v. catheter insertion with ultrasound use and (ii)
successful i.v. catheter insertion at first attempt with ultra-
sound. For example, if landmark techniques failed twice and
ultrasound was used successfully on the third attempt, this
would be categorised as a successful i.v. catheter insertion
with ultrasound but not as a first-attempt success with ultra-
sound. Because of the limitations of the data, we were unable
to assess who performed prior (failed) attempts and whether
ultrasound was used for these attempts. Unsuccessful i.v.
catheter insertion attempts could have been performed by

hospital staff, trainees, or untrained or SBML-trained
anaesthesiologists.
Exposure

The exposure of interest was the USGIV SBML training status
of the anaesthesiologist at the time of successful i.v. catheter
insertion (SBML-trained vs traditionally trained). SBML-trained
anaesthesiologists were those that successfully completed the
USGIV SBML training. A successful insertion was classified as
performed by an SBML-trained anaesthesiologist if the suc-
cessful insertion occurred after the date when the anaes-
thesiologist completed training. If the same anaesthesiologist
completed the successful i.v. catheter insertion before they
participated in SBML training, the insertion was classified as
performed by a traditionally trained anaesthesiologist. At the
study institution, there are no set protocols that determine
which patients need ultrasound guidance for iv. catheter
insertion or which clinician performs i.v. access. Ultrasound
use is at the discretion of the anaesthesiologist.

Statistical analysis

We tested the association between training completion and
USGIV outcomes by comparing the use of ultrasound for suc-
cessful i.v. catheter insertion and first-attempt success with
ultrasound>'®'® for i.v. catheter insertions performed by
paediatric anaesthesiologists before (‘traditionally trained’)
and after USGIV SBML training.

To assess the association of SBML training on i.v. catheter
insertion outcomes, we performed an unadjusted analysis
comparing the number of attempts (categorised based on EMR
documentation: 1, 2—3, 4-5, and 6+), ultrasound use for the
successful attempt, first-attempt success, and patients
requiring more than three attempts between anaesthesiolo-
gists who were traditionally and SBML trained using y? tests.
In the adjusted analysis, we modelled the probability (log-
odds) of the outcome using segmented regression with
generalised estimating equations (GEEs). The GEE model uses a
‘logit’ link with an ‘exchangeable’ correlation structure for

data clustered at the anaesthesiologist level. The underlying
model using a generalised linear model expression is as fol-
lows:

8(Yyj) =Bo + B1t; + B2A; + B3t;*Ay + BX

where g(.) is the link function, Yj is the outcome for an
anaesthesiologist i at time j, t; is the time j for the i.v. insertion,
and Aj is the indicator for training status of the anaesthesi-
ologist i. The betas are the population-level parameters with Bo
as the average at time 0, B; is the slope or change of the
outcome over time had no training occurred, B, is the change
in the outcome attributable to training, and B3 is for the
interaction between time and training status referring to any
changes in the association of the training with the outcome
over time. BX are the parameters and values for all other
covariates adjusted for in the model.

The model assessed the impact of the training using a binary
term for exposure (insertion before or after completion of
training), a linear term of time in months (time zero is August 1,
2018), and an interaction between the exposure and time term.
The interaction term allowed testing for any time-changing
associations between the training and the outcome. The
model also adjusted for selected patient characteristics believed
to affecti.v. catheter insertion success based upon our previous
work and literature search: age (categorical), sex (binary),
weight (categorical), race and ethnicity (categorical), inpatient
status (binary), and having comorbidities (binary for kidney
disease, cardiac disease, and prematurity).>*>%?>?? Given the
time and time—training interaction terms in the model, we
calculated and plotted the odds of successful insertion with
ultrasound use and first attempt with ultrasound at different
time periods, had all i.v. catheter insertions been performed by
SBML-trained anaesthesiologists to the odds that all i.v. cath-
eter insertions been performed by traditionally trained anaes-
thesiologists. Analyses were conducted on complete data for all
confounding variables. All analyses were implemented in R
4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).
GEE was done using geepack (https://cran.r-project.org/web/
packages/geepack/geepack.pdf) and marginal probabilities us-
ing emmeans (https://cran.r-project.org/web/packages/
emmeans/emmeans.pdf).

Sample size justification

Previous exploratory analyses of our EMRs have shown that
there are roughly 1000 i.v. catheters inserted in the operating
theatre every month, with anaesthesiologists inserting at least
35% of them. With 350 i.v. catheter insertions every month, an
estimated 6300 i.v. catheters would be inserted in 18 months.
Based on historic data before initiating the curriculum in 2018,
we estimated that at least 5% of successful i.v. catheter in-
sertions were performed with ultrasound. A %2 power analysis
showed that a total sample size of 5900 was needed to achieve
a power of 0.90 (alpha 0.05) to discern an increase in ultra-
sound use for successful i.v. catheter insertion of 2% (from 5%
to 7%), reflecting a 30% increase in ultrasound use.

Results

Thirty-six paediatric anaesthesiologists were available for in-
clusion in the study; seven were excluded because they served
as proctors/instructors for the SBML curriculum. The
remaining 29 anaesthesiologists completed the training. Three
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Table 1 Paediatric anaesthesiologists’ characteristics and
experience with paediatric USGIV. IQR, inter-quartile range;
USGIV, ultrasound-guided i.v. catheter insertion.

N=29

Age (y1), n (IQR) 36 (33—42)
Female sex, n (%) 17 (58.6)
Average years of clinical practice (IQR) 9 (5—13)
Paediatric USGIVs placed in career, n (%)

Less than 5 5(17.2)

5-10 1(3.5)

10-50 13 (44.8)

More than 50 10 (34.5)
Paediatric USGIVs placed in last 6 months, n (%)

Less than 5 12 (41.4)

5-10 9 (31.0)

10-50 4(13.8)

More than 50 4 (13.8)

participants completed the SBML training as fellows and then
were subsequently included as anaesthesiologists during the
study observation period. Baseline characteristics of the
anaesthesiologists at the time of USGIV SBML training are
described in Table 1. The median anaesthesiologist age was 36
yr (inter-quartile range [IQR]: 33—42), 58.6% were female, and
the median years of clinical experience was 9 (IQR: 5—13). The
majority (79.3%) of paediatric anaesthesiologists had inserted
more than 10 USGIVs in their career, whilst most (72.4%) had
inserted fewer than 10 USGIVs in the past 6 months.

Table 2 Unadjusted clinical care outcomes of i.v. catheter in-
sertions performed by traditionally trained (pre-intervention)
and SBML-trained (post-intervention) paediatric anaesthesi-
ologists. SBML, simulation-based mastery learning.

Traditionally SBML P-value
trained, n (%) trained,
n (%)
Number of attempts: N=4728 N=4153  0.007
overall
1 3231(68.3) 2952 (71.1)
2-3 1288 (27.2) 1060 (25.5)
4-5 174 (3.7) 124 (3.0)
6+ 35 (0.7) 17 (0.4)
Missing 28 (0.6) 13 (0.3)
Number of attempts: N=448 N=604
ultrasound used
1 259 (57.8) 369 (61.1) 0.01
2-3 122 (27.2) 178 (29.5)
4-5 48 (10.7) 49 (8.1)
6+ 19 (4.2) 8 (1.3)
Overall outcomes N=4756 N=4166
Ultrasound use for 449 (9.5) 604 (14.5) <0.001

successful attempt
First-attempt success 3231 (67.9)
rate

2952 (70.9) 0.003

First-attempt success 259 (5.5) 369 (8.9) <0.001
rate with ultrasound
Patients requiring >3 209 (4.4) 141 (3.4) 0.014

attempts

There were 8881 i.v. catheter insertions during the study
period. Unadjusted patient care outcome associations with
anaesthesiologist training status are shown in Table 2. In un-
adjusted analyses, anaesthesiologists showed significantly
greater use of ultrasound for successful i.v. catheter insertion
(9.8—14.1%; P<0.001) and a higher first-attempt success rate
with ultrasound (5.1-8.5%; P<0.001) from before to after
training.

Multivariable analysis using GEE showed that the odds of
using ultrasound for successful i.v. catheter insertion was
significantly higher after the anaesthesiologist completed
training (odds ratio [OR]: 1.79; 95% confidence interval [CI]:
1.11—2.90; P=0.018; Table 3). The estimated OR of the outcome
between SBML-trained and traditionally trained anaesthesi-
ologists for selected time points is shown in Figure 1a. If all
insertions had been conducted by SBML-trained anaesthesi-
ologists since August 2018, the odds of ultrasound used in
successful attempt are significantly higher compared with the
scenario where insertions were done by traditionally trained
anaesthesiologists (Fig. 2a). Over time, however, the OR grad-
ually approaches one (null), suggesting improving skill or
increasing use of ultrasound amongst traditionally trained
anaesthesiologists (in the no SBML training scenario).

Table 3 Generalised estimating equation analysis comparing
the likelihood of ultrasound use on successful i.v. catheter
insertion attempts between SBML-trained and traditionally
trained anaesthesiologists adjusted for patient characteristics
and comorbidities (N=8881 i.v. catheter insertions). CI, confi-
dence interval; SBML, simulation-based mastery learning.
*Other includes all racial and ethnic categories less than 5% of
total (Asian/Pacific Islander, multiple races, and prefer not to
report).

Odds ratio 95% CI  P-value

Training status 1.79 1.11-2.90 0.018
(SBML trained)

Time (months) 1.02 0.99—1.06 0.160

Time/training interaction 0.98 0.95-1.01 0.230

Age group

Child (3 to <12 yr) Reference
Neonate (0 to <1 month) 0.79
Infant (1 to <12 months) 2.09

0.63—1.00 0.050
1.13—-3.87 0.019

Toddler (1 to <3 yr) 2.46 1.76—3.45 <0.001

Teenager (>12 yr) 1.69 1.41-2.03 <0.001
Sex (male) 0.95 0.87—1.04 0.280
Weight category (kg)

20-50 Reference

0 to <10 1.06 0.85—1.32 0.590

10 to <20 1.10 0.94—1.29 0.230

>50 1.53 1.18—1.98 0.001
ASA status

1 Reference

2 1.14 1.02—1.29 0.026

3 2.64 2.07—3.36 <0.001

4or5 3.36 2.07—5.46 <0.001
Race/ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 1.42 1.19-1.71 <0.001

Hispanic 1.09 0.95-1.26 0.210

Other* 0.94 0.83—1.06 0.300

Patient factors
Presence of cardiac disease 0.84
Presence of renal disease 1.36
Presence of prematurity 0.76
Inpatient status 0.57

0.62—1.15 0.270
1.07—1.73 0.011
0.55—-1.07 0.110
0.42—-0.77 <0.001
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Fig 2. Change in odds ratios (dots) with 95% confidence intervals (dashed vertical lines) of SBML-trained vs traditionally trained anaes-
thesiologist i.v. catheter insertions over time for (a) ultrasound used in successful insertion attempt over time and (b) ultrasound used in

first successful attempt over time.

Results were also similar for the odds of using ultrasound in
first-attempt successful i.v. catheter insertions (Table 4). The
odds of this outcome were significantly higher after comple-
tion of the training (OR: 4.11; 95% CI: 2.02—8.37; P<0.001). When
accounting for training status, time, and training status—time
interaction collectively, the OR of first-attempt ultrasound use
over time between an SBML-trained vs traditionally trained
scenario showed significantly higher odds of the outcome.
However, the OR also approached one (null) over time, sug-
gesting that odds of ultrasound used in the first successful
attempt would have increased without SBML training (Fig. 2b).

Discussion

We showed that training paediatric anaesthesiologists in
USGIV using an SBML curriculum was associated with signifi-
cant improvements in ultrasound usage for successful i.v.
catheter insertion and the rate of first-attempt success with
ultrasound. Our study adds to the literature, demonstrating

that SBML results in improved patient care. To our knowledge,
this is the first study to evaluate SBML with anaesthesiologists
as participants. SBML-based training of anaesthesiologists has
potential positive implications for maintenance of certification
in anaesthesia and other continuing medical education
activities.”

Despite a long history of using simulation to improve pa-
tient safety, there are few studies in the anaesthesia literature
that have examined the effect of simulation curricula on pa-
tient care outcomes. Bisgaard and colleagues’ reviewed
simulation studies on procedures also performed in anaes-
thesia, finding that the majority of simulation studies that
reported patient care outcomes focused on central venous
catheter insertion. These studies showed a decrease in com-
plications and an increase in return on investment after
simulation-based training.”>~?” Two studies evaluated the ef-
fects of simulation training with only deliberate practice but
no MPS requirement. In the first study, Smith and colleagues?®
evaluated the learning curves of 12 anaesthesia trainees and
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Table 4 Generalised estimating equation analysis comparing
the likelihood of first-attempt success with ultrasound be-
tween SBML-trained and traditionally trained anaesthesiolo-
gists adjusted for patient characteristics and comorbidities
(N=8881 i.v. catheter insertions). CI, confidence interval;
SBML, simulation-based mastery learning; USGIV,
ultrasound-guided i.v. catheter insertion. *Other includes all
racial and ethnic categories less than 5% of total (Asian/Pacific
Islander, multiple races, and prefer not to report).

Odds ratio 95% CI  P-value

Training status 4.11 2.02—8.37 <0.001
(SBML trained)

Time (months) 1.05 1.00—1.10 0.030

Time/training interaction 0.93 0.89—0.97 0.001

Age group

Child (3 to <12 yr) Reference
Neonate (0 to <1 month) 0.73
Infant (1 to <12 months) 1.35

0.52—1.02 0.060
0.51—-3.56 0.550

Toddler (1 to <3 yr) 1.85 0.93—3.69 0.080

Teenager (>12 yr) 1.21 0.90—1.64 0.210
Sex 0.93 0.83—1.05 0.250
Weight category (kg)

20-50 Reference

0 to <10 0.96 0.63—1.45 0.830

10 to <20 1.10 0.92—1.31 0.300

>50 1.73 1.23—-2.44 0.002
ASA status

1 Reference

2 1.13 0.99—1.30 0.080

3 2.80 2.02—3.88 <0.001

4or5 3.70 1.86—7.37 <0.001
Race/ethnicity

Non-Hispanic White Reference

Non-Hispanic Black 1.18 0.95—1.46 0.140

Hispanic 1.01 0.91-1.13 0.830

Other* 0.85 0.67—1.09 0.200

Patient factors
Presence of cardiac disease 0.98
Presence of renal disease 1.32
Presence of prematurity 0.79
Inpatient status 0.48

0.65—1.48 0.930
1.02—1.70 0.034
0.49-1.25 0.310
0.31-0.74 0.001

found that 95% of fibreoptic intubations in patients were
completed within a benchmark of 2.5 min after simulation
training and deliberate practice. In the second study, Udani
and colleagues®”*® used deliberate practice to train anaes-
thesiology residents in subarachnoid block and found that the
residents scored higher on simulated checklist items after
training, but they found no difference in block success rate or
completion time on real patients.

Our study aligns with previous evidence demonstrating
that SBML is associated with improvements in patient care.
Prior studies have shown improvements in patient outcomes
after SBML for resident physicians in skills, such as thor-
acentesis, paracentesis, and central line insertion; for nurse
training in USGIV; and for patient training on ventricular assist
device self-care.?®1 73> However, to our knowledge, this is the
first study showing that SBML for anaesthesiologists was
associated with improved patient care.

The positive effects of our USGIV SBML curriculum may be
even higher if used at other institutions for two main reasons.
First, every anaesthesiologist participating in the SBML inter-
vention had prior experience performing USGIV, despite not
receiving a formalised training curriculum. In fact, approxi-
mately 25% of the anaesthesiologists who participated in our

study met or exceeded the MPS on the simulation pre-
intervention test, indicating a high baseline level of skill before
training began.'® Second, all anaesthesiologists who participated
in our study supervised paediatric anaesthesia fellows and
certified registered nurse anaesthetists who had previously
participated in the USGIV SBML curriculum.'® Because the cur-
riculum was developed over several years, the anaesthesiolo-
gists in our study may have learned vicariously from these other
SBML-trained participants as part of supervising patient care.
This may account for the findings seen in the OR of the outcome
plots for selected time points (Fig. 1). Vicarious learning from
others who have undergone SBML has previously been demon-
strated for central venous catheter insertion.*®

Our study had several limitations. First, we used a quasi-
experimental design without a ‘true’ control group, which
makes it difficult to attribute improvements in clinical out-
comes to our SBML intervention. However, we used both a time
and time/training interaction variable in our regression
modelling to account for temporal trends, and we demon-
strated that SBML training status was still associated with
significant increased odds in the use of ultrasound for suc-
cessful i.v. catheter insertion and first-attempt success rate
with ultrasound. The GEE modelling indicated that the highest
odds of successful i.v. catheter insertion with ultrasound and
first-attempt success with ultrasound were seen at the time of
training and decreased thereafter, indicating a decrease in as-
sociation of training with these outcomes. As there were no
changes to institutional i.v. catheter insertion protocol, avail-
ability of ultrasound machines, or USGIV training, we believe
that both outcomes increased over time because of an increase
in skills from vicarious learning. Second, the study was con-
ducted at a tertiary care children’s hospital, which may limit
the generalisability of our findings to other settings. Third, we
did not measure skills decay; it is possible that skills decayed
over time, as there was no further training for the anaesthesi-
ologists after completion of the USGIV SBML curriculum.
However, other studies have shown that SBML-based training
can slow skills decay.?’-*® Finally, only the method used for the
successful i.v. catheter insertion attempt was documented in
our EMR. We were unable to determine whether ultrasound or
landmark techniques were used for previous insertion at-
tempts or if other personnel made the previous unsuccessful
insertion attempts. Therefore, we had to use the overall num-
ber of attempts (whether US was used or not) as the denomi-
nator to calculate first-attempt success with ultrasound rates.
We believe that this limitation explains why our first-attempt
success rates for USGIV insertions were much lower than the
rates of 41-86% reported in the literature.****° However, our
overall first-attempt success rate of 70% (Table 3) is consistent
with previously published estimates. We believe our data
reflect real-life practice because many anaesthesiologists will
attempt landmark techniques first (because it is faster and
children are under anaesthesia) and then move to ultrasound
when unsuccessful, or they will start with ultrasound only
when patients are suspected to have difficult i.v. access.
Because the same denominator was used for i.v. catheter
insertion attempts before and after SBML-based training, we
believe that these increases in first-attempt success are valid
and reflect the actual care patients received in this setting.

In conclusion, anaesthesiologist participation in the USGIV
SBML curriculum was associated with improvements in the
use of ultrasound for successful i.v. catheter insertion and
first-attempt success rate with ultrasound. Further studies are
needed to evaluate the impact of USGIV SBML using
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concurrent controls. Our next steps are to continue to imple-
ment our SBML curriculum in anaesthesiology and study
whether improvements in patient care are sustained over
time. We also plan to expand our curriculum to paediatric
nursing on the inpatient wards.
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