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INTRODUCTION

Effective training of the next generation of
anesthesiologists requires a combination
of teaching methodologies tailored to
specific learning objectives.' Educational
innovations, including modules and
simulation training, augment traditional
content delivery by providing immersive
opportunities to practice essential skills.
However, not all residency programs have
access to novel resources and facilities.?

As anesthesiology is often learned

best by scaffolding classroom learning
with clinical exposure, reflection, and
simulation, there is a continual need for
curriculum development that incorporates
diverse, practical, effective approaches to
education.

Perceptual learning refers to adaptations
made through improved interpretation

of sensory stimuli.” Pattern recognition
and cognitive expertise are developed
though perceptual learning mechanisms
as sensory associations strengthen.*
Perceptual and adaptive learning
modules (PALMs) are educational tools
that can display a series of classification
trials (single-answer multiple-choice
questions). To learners, the PALMs seem
like electronic flashcard programs, but
they include features designed to augment
pattern recognition and enhance long-
term memory.>” They incorporate 2 main
approaches:

1. To invoke and transfer perceptual
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learning to new presentations, items

are assigned to their relevant categories
(diagnoses), so when learners are
presented with a new trial, a unique
exemplar is presented.” Following answer
selection, feedback on accuracy and the
correct choice are provided.

2. To make learning efficient, category
sequencing and spacing follow the
Adaptive Response Time-based
Sequencing protocol.”!® This system is a
computer algorithm that uses learners’
individual performance to adaptively
sequence and space learning categories.’
The protocol assigns a priority score to
subsequent categories based on elapsed
time or trials, response time, and accuracy.
New examples from incorrectly classified
categories appear sooner than those from
correctly classified categories. Examples
from correct but slowly classified
categories appear sooner than correct
and rapidly classified categories. Priority
scores are updated after each trial to adjust
to the learners’ progress. A category is
retired after a predetermined number of
consecutive, correct classifications are
made within a target time, representing
“mastery”

Online PALMs have been created

to enhance proficiency in pattern
recognition-dependent domains

across medical specialties.>!'"!*

Elements of pattern recognition are
widespread in anesthesiology. Predicting

difficult intubation," performing
ultrasound-guided regional and
neuraxial anesthesia,'®"” interpreting
processed electroencephalography,'®"

and monitoring/preventing clinical
deterioration incorporate these
principles.?®?! We previously created a
PALM that displayed cardiac abnormalities
in transesophageal echocardiography
(TEE) video loops and found that first-
year anesthesiology residents exposed to
our PALM significantly improved their
accuracy and fluency in diagnosing cardiac
pathology."?

Interpreting vital sign and waveform
abnormalities are foundations of anesthetic
practice. Although life-threatening

events are associated with characteristic
waveform abnormalities,”>* these may be
difficult for novices to quickly recognize
due to inexperience. We hypothesized

that exposure to a hemodynamic monitor
PALM would enhance learners’ abilities

to identify these changes. The current
study examines the impact of an online
hemodynamic monitor PALM on the
accuracy and fluency in diagnosing clinical
abnormalities in first-year anesthesiology
residents compared with residents not
using the PALM.

MATERIALS AND METHODS

This was a prospective, randomized,
controlled trial conducted within the
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Department of Anesthesiology and
Perioperative Medicine at Ronald Reagan
University of California Los Angeles
Medical Center and the Department of
Anesthesiology and Pain Management

at the University of Texas Southwestern
Medical Center. This study was exempted
by the institutional review board at both
institutions, and the requirement for
written informed consent was waived

as this was an educational study. The 2
sites chosen for the study were the home
institutions for the study investigators.
The individuals in the study were

all first-year anesthesiology trainees

who were members of the Categorical
Anesthesiology Residency Program at
both sites. All first-year anesthesiology
trainees were contacted via email (by S.K.
at University of California Los Angeles and
B.T.R. at University of Texas Southwestern)
to invite them to participate in the study
and informed that their participation was
voluntary and would have no impact on
their residency training. All individuals
who chose to participate were included in
the study. No other eligibility criteria were
defined. Individual characteristics of the
participants were not collected. The study
was conducted from March 2021 to July
2021 and an additional cohort in March
2022 to July 2022, extending over the
month-long introductory anesthesiology
rotation completed by each trainee in
either the control or intervention group
before beginning their clinical anesthesia
years. The University of California Los
Angeles first-year residents stagger their
introductory anesthesiology rotation

in the months of March through June,
whereas those at the University of Texas
Southwestern complete their introductory
anesthesiology rotation together in June.
All the training, tests, and PALM (for the
PALM group) that were part of the study
were incorporated into each institution’s
existing introductory rotation for their
respective residents. The rotations include
each institution’s unique formal lectures
on basic hemodynamics and management
of common intraoperative problems,
exposure to simulated patient care
scenarios, and intraoperative clinical work
supervised by anesthesiology attendings
and senior residents.
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A per-protocol analysis was undertaken

as the study’s primary goal was to evaluate
the impact of the PALM at 1 month when
used as intended and when added to the
regular teaching that occurs during an
introductory clinical anesthesia rotation
in novices. For this reason, we excluded
from the final analysis those residents who
did not complete the PALM in its entirety,
those residents in the control group who
mistakenly completed parts of the PALM,
and any residents who did not complete all
the required tests.

Intervention

This study was initiated at the beginning
of the residents’ rotation, prior to the basic
hemodynamic lectures that all first-year
residents receive during their introductory
anesthesiology rotation. Using simple
randomization with computer-generated
numbers via the website https://www.
random.org, participants from each
residency program were randomized in

a 1:1 allocation ratio to 1 of 2 parallel
groups: either the experimental group that
utilized the PALM (PALM group) or the
non-PALM control group. Randomization
occurred when the residents agreed to
participate in the study. At the start of
their rotation, residents in each group
completed a hemodynamic monitoring
pretest followed by a brief tutorial training
session and then an immediate posttest
after the training session. The PALM
group completed the PALM after their
tutorial session, whereas the control
group did not complete the PALM. At

the end of their month-long rotation, the
trainees were asked to complete a delayed
test. All components of the training

and assessments were completed by the
residents at the location of their choosing
through online modules sent out by

email (by S.K). The residents were not
monitored by any member of the study
team while engaging with this online
exercise. Residents were aware of their
group assignment as those randomized to
the PALM group completed the PALM,
whereas those randomized to the control
group did not. All other study personnel
and clinical faculty involved in resident
education were blinded to the allocation
groups. Clinical faculty were not involved
in the tutorial sessions. Clinical faculty
involved in resident training did not
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receive extra instructions pertaining to this
study. The curriculum for the introductory
rotations was not altered based on this
study.

Training for both the PALM and control
groups began with a tutorial slide show
consisting of a sequence of seven slides,
each shown for 30 seconds and displaying
a dynamic hemodynamic monitor tracing
consistent with 1 of the 7 diagnoses to

be learned. The slides were accompanied
by text identifying the critical features
associated with the diagnosis and some
brief explanation of the physiology giving
rise to these features. Displays included
audio and visual alarms that mimic the
operating room environment. The 7
diagnoses used in this study included
normal, acute coronary syndrome,
anaphylaxis, hypovolemia, malignant
hyperthermia, pulmonary embolism, and
ventricular tachycardia/fibrillation. The
text for each slide is shown in Table 1. This
tutorial was the extent of the training for
the control group. For the PALM group,
the tutorial was followed immediately by
the PALM.

Hemodynamic Vital Sign Tracings

The vital signs in the hemodynamic
monitor PALM displayed changes in heart
rate, blood pressure, electrocardiogram
(ECG) tracings (leads IT and V1),
temperature, pulse rate, oxygen
saturation, and end-tidal carbon dioxide
concentration. Video recordings of vital
sign monitors were simulated using
Laerdal LLEAP and B-Line Medical
simulation software. A total of 198 such
simulations were used in this study, 42

as stimuli for the assessments (2 per
diagnosis per assessment version) and

156 (ranging from 19 to 25 for a given
diagnostic category) as stimuli for the
PALM. No 2 records were identical with
each utilizing a different set of physiologic
parameters consistent with the diagnosis.
Each presentation was 30 seconds long,
beginning with approximately 5 seconds
of a normal vital sign loop and then
changing to a set of parameters that
produced a tracing, lasting approximately
15 seconds, characteristic of the desired
diagnosis. The final frame was maintained
for approximately 10 additional seconds
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to make the total viewing time 30 seconds
for each record. The scenarios depicted

in the tracings were the same for both
institutions.

Hemodynamic Monitor PALM Metrics

For the hemodynamic monitor PALM,

a minimum of 3 intervening trials were
required before category repetition,

and category retirement required 3
consecutive, accurate classifications within
20 seconds (the target response time).

The target response time was based on
feedback from 2 anesthesiology faculty
members as well as on PALM testing

by 4 senior anesthesiology residents.
Those involved in this trial run were

part of residency leadership at UCLA.
These individuals had formal simulation
training, and the target response time

was determined by consensus. The target
response time represents a threshold value
for the speed of (accurate) recognition
desired for the trainee group.

For each problem in the PALM, trainees
were asked to classify the video tracing
into 1 of 7 categories (diagnoses) described
above and in Table 1. After selecting an
answer choice, feedback was displayed. If
no answer was chosen within 30 seconds,
the response was counted as incorrect,
and the display automatically moved to
the feedback. Feedback consisted of the
final view of the trace; an indication of
whether the trainees’ answer was correct
or incorrect; if incorrect, an indication

of the correct answer choice; and finally,

a summary of the critical features that
should have led the trainees to the correct
diagnosis (extracted from the descriptions
accompanying slides in the tutorial). If the
answer choice was correct, the response
time was also displayed. There was no
time limit to how long the participants
could view the feedback. After every
block of 12 trials, a summary feedback
slide was provided that summarized the
participants’ performance thus far.

Assessment

To assess the effectiveness of the PALM,
tests were developed to measure the
participants’ ability to identify unseen
videos of the 7 categories before the PALM
(pretest), immediately after the PALM
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(immediate posttest), and 1 month later
at the end of the anesthesiology rotation
(delayed test). These assessments were
created as straightforward computer-
based, multiple-choice tests with no
feedback (Figure 1). Problems were
presented in random order with no
enforced spacing or sequencing. Three
different versions of assessments were
developed for the tests, each consisting
of 2 examples per category of vital sign
tracings, each unique to the test as

well as different from tracings used in
the PALM. The 3 assessment versions
were balanced within each of the test
types with approximately a third of the
group completing a given version of the
assessment for each test. Each trainee
also received a different version of the
assessment for the pretest, immediate
posttest, and delayed test. The pretest,
immediate posttest, and delayed test
provided the same functionality as what
was displayed in the PALM.

Statistical Analysis

There was no a priori statistical power
calculation for this study because there
was no basis for determining the sample
size needed to see a given effect size as
prior studies in this domain had not

been performed. Two separate primary
outcomes at 1 month were analyzed:
accuracy was calculated as the percentage
of responses that were correct, and

fluency was calculated as the percentage

of responses that were both accurate and
made within the target 20-second response
time. All outcomes were decided a priori.
Differences between pretest, immediate
posttest, and delayed test performance
within each group and among categories
were assessed by correlated (paired),
2-tailed t-tests. Differences between groups
were assessed by independent, 2-tailed
t-tests. Statistical significance was accepted
at a value <.05 for all secondary outcomes.
We applied a Bonferroni correction for
multiple comparisons for our primary
outcomes, resulting in a Bonferroni-
adjusted alpha of 0.025. Effect size
(Cohen’s d) was calculated as the difference
in means divided by the pooled SD.
Confidence intervals were also calculated.
Statistical analyses were performed using
VassarStats (http://vassarstats.net/).

ORIGINAL RESEARCH

RESULTS

Of the 30 categorical trainees at the
University of California Los Angeles, 29
were included in the study (1 chose not to
participate). Of the 17 categorical trainees
at the University of Texas Southwestern, 12
were included in the study (5 chose not to
participate). Figure 2 shows the final flow
diagram for the study. As shown, there was
dropout of participants between the pretest
and delayed test.

The total number of residents randomized
was 41. Of these 41 randomized residents,
20 were randomized to the PALM group,
and 21 were randomized to the control
group. All 20 residents in the PALM group
completed the pretest, and all 21 residents
in the control group completed the pretest.
Because of voluntary attrition and data
exclusion, 17/20 residents in the PALM
group completed the immediate posttest,
and 16/21 residents in the control group
completed the immediate posttest. Because
of voluntary attrition, 10/16 residents

in the control group who completed the
immediate posttest went on to complete
the delayed test. All 17/17 residents in

the PALM group who completed the
immediate posttest went on to complete
the delayed test. Thus, the total number

of residents who completed through the
delayed test and were included in the final
analysis was 17/20 in the PALM group

and 10/21 in the control group. The total
attrition/exclusion rate for the study was
34.1% (14/41). The control group had an
attrition/exclusion rate of 52.4% (11/21),
whereas the PALM group had an exclusion
rate of 15.0% (3/20).

Residents were excluded from the study
for several reasons. Three PALM group
participants failed to complete the PALM.
Two control group participants could

not finish beyond the pretest stage due to
technical difficulties. Three control group
participants were excluded from analysis
of the immediate posttest and delayed test
because they mistakenly completed part of
the PALM following the pretest. Finally, 6
control group participants simply failed to
complete the delayed test before finishing
the rotation.

PALM and control groups showed similar
pretest performances. This analysis
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considered both participants who were
only able to complete the immediate
posttest as well as those who completed
through to the delayed test. For the
tutorial, both groups spent 3.5 minutes

on the 7-slide teaching presentation. The
PALM group spent an additional average
of 15.9 (£6.9) minutes completing the
PALM. Accuracy and fluency improved
significantly from pretest to immediate
posttest for both the PALM (accuracy,
63% * 4% vs 89% + 2%, p < .0001, d = 2.5;
fluency, 36% + 3% vs 74% + 3%, p < .0001,
d = 3.0) and control groups (accuracy,
59% + 5% vs 80% * 4%, p < .0001, d = 1.2;
fluency, 33% + 4% vs 62% + 5%, p < .0001,
d = 1.7) with large effect sizes (Figure 3).

By contrast, at the 1-month delayed
test, performance for the PALM group
remained statistically significantly better
compared with pretest values for both
accuracy (87% + 3%, p <.0001, d =2.1)
and fluency (64% * 4%, p <.0001, d =
1.9) with persistently large effect sizes,
whereas the control group scores were
not (accuracy, 67% + 6%, p =.13,d =
0.4; fluency, 45% + 6%, p = .11, d = 0.7).
(Figure 3).

Figure 4 summarizes the between-group
statistics for the PALM versus control
groups on all tests. For the delayed tests
(rightmost blue-to-yellow bar comparisons
of Figure 4), the differences between the
PALM and control groups were statistically
significantly greater with large effect sizes
(accuracy, 87% + 3% vs 67% * 6%, p =
.001, d = 1.39; fluency, 64% * 4% vs 45%

+ 6%, p =.01,d = 1.11). By contrast, there
were no statistically significant differences
between the pretests for the PALM versus
control groups for either those completing
through the posttest or those completing
through the delayed test.

Table 2 reports how many attempts were
made, both total and per (PALM group)
participant, for problems in each category
prior to retiring the category during

the PALM. Acute coronary syndrome,
anaphylaxis, and hypovolemia required
many more trials to master than the
remaining categories.

Results of an analysis of sensitivity and
specificity in category identification for
PALM versus control groups are shown
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as a function of testing phase in Table

3. The overall values for sensitivity and
specificity are also calculated along with
the within-group statistics for performance
on the posttest and delayed test relative to
the pretest. Changes for the PALM group
are statistically significant relative to the
pretest, whereas those for the control
group are significant only for the posttest
relative to the pretest.

DiscussioN

Our results demonstrate that brief
exposure to an online PALM significantly
improved both accuracy and fluency in
identifying several clinical abnormalities
using hemodynamic monitor changes

in a sample of first-year anesthesiology
residents compared with residents not
completing the PALM. Based on the effect
sizes, performance of the PALM group
improved by approximately 2 SD between
the pretest and the delayed test, whereas
the performance of the control group
improved by approximately 0.4-0.7 SD
during this period.

Residents in both groups displayed pretest
performance that was sufficient to indicate
some background understanding of the
waveform changes associated with the
diagnoses. The 3.5-minute tutorial with the
slide presentation resulted in a statistically
significant improvement in posttest
accuracy and fluency of both the groups

at 30 minutes compared with the pretest.
However, in contrast to gains on the
immediate posttest, the tutorial training
combined with training that occurred over
the course of the 1-month rotation did

not provide significant prolonged learning
gains for the control group as determined
from their performance on the delayed test
compared with the pretest. Conversely, the
PALM, combined with training during the
rotation, provided sustained learning gains
as evidenced by statistically significant
improvements in delayed test accuracy
and fluency at 1 month relative to pretest
values.

Not all diagnoses included in our study
were identified with equal proficiency. We
analyzed how many trials the 17 PALM
participants required to retire each of the
categories to determine which diagnoses
were particularly easy for them to
recognize and which were more difficult.
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Ventricular tachycardia/ventricular
fibrillation, malignant hyperthermia,

and normal were easily recognized. This
observation is not surprising given the
characteristic clues for the first 2 diagnoses
(erratic ECG tracing and markedly
elevated temperature and lack of change
from initial behaviors, respectively). The
sensitivity and specificity in identifying all
diagnoses showed significant improvement
between the pretest and posttest for

both the PALM and control groups. This
improvement was maintained after the
month of clinical training on the delayed
test only for the PALM group (Table 3).

The exact mechanism by which the
PALM augmented the residents’ learning
is unknown. It has been suggested that
pattern recognition skills produced by
perceptual learning deteriorate more
slowly than declarative learning’ as in the
common wisdom that one never forgets
how to ride a bicycle, a task that depends
heavily on perceptual motor skill learning.
If so, the PALM group may differ from the
control group not only in overall delayed
test performance but also in maintaining
stronger pattern recognition skills that
are more characteristic of expert task
performance. It is possible that the short-
term perceptual learning gains achieved
through the PALM were converted to
long-term memory through a memory
consolidation-reactivation process that
occurred following subsequent exposure
to similar material during their clinical
rotation.?>* It is also possible that early
exposure to the PALM enabled the
residents in that group to extract more
information from related experiences,

a core principle of perceptual learning
theory.®

Compared with traditional education
methods that focus on passive learning
via lecture presentations and textbook
readings, the hemodynamic monitor
PALM provides an alternative approach
to accelerate the recognition, by novice
providers, of waveform-based clinical
deterioration. As an online, self-directed
tool, the PALM allows learners to engage
in the content on their own time and
from any location with internet computer
access. Whereas it does not replicate

the hands-on experience of simulation
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training, the PALM does not require
specialized equipment (beyond a computer
or tablet), physical space, or additional
personnel to enhance the experience,
offering a novel educational option to
training programs with limited simulation
resources or low surgical volumes. The
hemodynamic monitor PALM closely
approximates a portion of the American
Board of Anesthesiology Applied
Examination that involves interpretation
of vital sign abnormalities and changes.
Integrating both PALMs and simulation-
based training could offer a more
comprehensive educational experience,
combining the sustained cognitive skill
development facilitated by PALMs with the
tactile, auditory, and procedural feedback
provided by simulation environments.

The present study expands on our previous
work on a TEE PALM in several ways."
Whereas TEE has a prominent role in the
management of cardiac surgical patients,
it has limited utility in other settings

and is not routinely used by general
anesthesiology providers. Conversely,

the data presented in the hemodynamic
monitor PALM are ubiquitous in the
operating room and critical care setting,
and the 6 pathologies included in the
present study represent common situations
associated with perioperative cardiac
arrest.”® In this manner, the results of

the current study are widely applicable.
Whereas there is no direct evidence
linking PALMs to enhanced situational
awareness in life-threatening clinical
scenarios specific to anesthesiology, the
principles of PALMs—improving pattern
recognition and adaptive learning—

have been utilized in various fields of
medical education (ECG, histopathology,
dermatology, radiology interpretation,
etc). By improving cognitive processes
that will ultimately be utilized in the
clinical setting, PALMs can indirectly
support anesthesiologists in recognizing
and responding to critical situations more
effectively.

Our study is not without limitations. We
did not collect background characteristics
on the subjects; however, pretest
performance was similar between the 2
groups. We only included 7 diagnoses in
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our study. It is possible that interpretation
of other waveform abnormalities would
not be improved by our PALM. The
additional cohort from March 2022 to
July 2022 was included to increase the
study’s sample size although we had

no specific target sample size for the
study. We did not perform an a priori or
interim power calculation because there
was no basis for determining the sample
size needed to see a given effect size as
prior studies evaluating hemodynamic
monitor interpretation performance in
residents had not been performed. The
study’s sample size was a convenience
sample in that we invited all the first-

year trainees from both programs to
participate in the study, and those who
agreed to participate were included.
Although subjects were recruited from

2 large residency training programs, the
overall sample size was small, and dropout
was present. Participation in the study
was voluntary, and the residents were
informed that they could drop out at any
time for any reason. The 3 residents in the
PALM group who did not complete the
PALM did not provide us with a reason
for their drop out. The 3 residents in the
control group who completed parts of the
PALM did so by mistake. The PALM and
all individual tests were housed on the
same study website, and the 3 residents
who mistakenly completed parts of the
PALM simply clicked on the incorrect link.
The technical problem that prevented 2
residents from finishing beyond the pretest
was the result of a temporarily broken link
on the study website. We undertook a per-
protocol analysis as our primary goal was
to evaluate the maximum potential efficacy
of the PALM at 1 month when used as
intended. For this reason, we only included
in the final analysis those residents who
strictly adhered to the study’s protocol by
completing the PALM and all required
tests. We acknowledge that the use of
per-protocol analysis is associated with
possible limitations. Specifically, the loss
of some residents and exclusion of others
reduced the study’s total sample size,
leading to wider confidence intervals and
an increased risk of type II errors.

The loss of these residents also introduced
selection bias. The total attrition/
exclusion rate for the study was 34.1%
(14/41). The control group had a much
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higher attrition/exclusion rate of 52.4%
(11/21), whereas the PALM group had an
exclusion rate of 15.0% (3/20). Although
all study participants were novice first-
year anesthesiology residents with
similar pretest scores between groups, it
is possible that the residents who left or
were excluded were different from those
who did not leave or were excluded. For
example, those residents who were more
motivated or interested in the study’s
content may have been more likely to
continue through to the delayed test. This
factor may lead to overestimation of the
impact of our PALM and limit the external
validity of our findings. We observed
statistically significant differences between
groups with large effect sizes, indicating
that the study’s power was sufficient.
Future studies with larger sample sizes
including additional residency programs
are needed to confirm our findings.
Institutional variability in introductory
anesthesia rotations and intraoperative
shadowing may have also contributed

to results as there may be differences in
clinical exposure when completing the
tests at differing months of the year. It
may also be meaningful to study if the
PALM intervention would have an impact
on the learning process if instituted

after, not before, basic hemodynamic
introductory lectures. The magnitude of
results on differences between the PALM
and control groups were confounded

by ongoing or differences in learning

that may have occurred between the
pretest and the delayed test. There was

no standardization or comparison of the
educational curriculum that the residents
received during their introductory rotation
between the pretest and delayed test.
Similarly, we did not perform a time-
matched control or active control group
as our study was designed to examine

the impact of the PALM relative to the
normal teaching that novices receive
during an introductory clinical anesthesia
rotation (ie, the standard of care). No
faculty members or others involved in
the residents’ education knew which
residents were assigned to which group.
Compared with the prior TEE study,

this study did not examine the longer
term impact (6 months to 1 year) as the
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delayed test was conducted 1 month after
PALM intervention. Finally, the PALM
group spent, on average, 15.9 minutes on
the PALM itself, representing additional
time on task compared with the control
group. We think that the difference in time
was small relative to the total learning
time on the clinical rotation and that the
differences in learning primarily relate

to the perceptual nature of the learning
occurring during the PALM. Nevertheless,
it is possible that this additional time that
the PALM group received could have also
contributed to the differences between

the groups on the delayed test. If this

small amount of additional time on task
caused such a large outcome difference at 1
month, then completing the hemodynamic
monitor PALM seems well worth the time
investment.

In conclusion, use of the hemodynamic
monitor PALM produced significant,
prolonged improvement in the accuracy
and fluency in diagnosing clinical
abnormalities by first-year anesthesiology
residents. The hemodynamic monitor
PALM can be used to enhance the
interpretation of waveform abnormalities
in novices.
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Abstract

Background: Perceptual and adaptive learning modules (PALMs) are educational
tools designed to enhance pattern recognition and long-term memory.

We evaluated the impact of a hemodynamic monitor PALM on first-year
anesthesiology residents’ performance in diagnosing clinical abnormalities via
waveform and vital sign interpretation on simulated monitors.

Methods: First-year residents were randomly assigned to a group (n = 20) that
used the hemodynamic monitor PALM or a control group (n = 21) that did

not. Both groups received a pretest that measured their accuracy and fluency
(percentage of responses that were both accurate and made within a target
response time) in hemodynamic monitoring interpretation. The PALM group then
completed the PALM and an immediate posttest within 30 minutes. The Control
group only completed an immediate posttest within 30 minutes. Both groups
received a delayed test after 1 month. Accuracy and fluency in diagnosing clinical
abnormalities at 1 month were the primary outcomes.

Results: Pretest accuracy and fluency were similar between the 2 groups. The
PALM group accuracy (mean = 87% + 3%) and fluency (mean = 64% + 4%) were
statistically significantly better than the control group accuracy (mean = 67%

+ 6%, P =.001, d = 1.39) and fluency (mean = 45% + 6%, P = .01, d = 1.11) in
diagnosing clinical abnormalities at 1 month.

Conclusions: Exposure to a hemodynamic monitor PALM significantly improved
the accuracy and fluency in diagnosing clinical abnormalities in a group of first-
year anesthesiology residents at 1 month. The hemodynamic monitor PALM can
be used to enhance the interpretation of waveform abnormalities in novices.

Keywords: Anesthesiology, education, hemodynamics, learning
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Figures

Figure 1. Sample test item. This item displays the waveform changes associated with the diagnosis of anaphylaxis.
Note the shark-tooth pattern developing on the capnogram with associated hypoxemia and hypotension.

Select the diagnosis based on the final monitor pattern R
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Figures

Figure 2. Study flow diagram. Abbreviations: PALM, perceptual and adaptive learning module.
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Figures

Figure 3. Within-group comparisons of posttest and delayed test performance vs pretest for PALM and control groups. Accuracy is
displayed in the top set of graphs, whereas fluency is displayed in the bottom set of graphs. Points represent mean percentages, and
colored error bars indicate +1 SD for each corresponding group. Accuracy and fluency improved significantly from pretest to immediate
posttest for both groups. At the delayed test, mean performance for the PALM group remained statistically significantly better compared
with pretest for both accuracy (87% + 3%, p < .0001, d = 2.1) and fluency (64% + 4%, p < .0001, d = 1.9) with persistently large effect
sizes, whereas the control group scores were not. N, = 17 for all comparisons. N = 16 for pretest to posttest comparisons. N, =

10 for pretest to delayed test comparisons. Abbreviations: PALM, perceptual and adaptive learning module.
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Figure 4. Between-group comparisons of pretest, posttest, and delayed test performance for PALM and control groups. Accuracy is
displayed in the top set of graphs, whereas fluency is displayed in the bottom set of graphs. Bar heights represent mean percentages,
and error bars indicate +1 SD. As shown in the rightmost bar comparisons, the differences on the delayed tests between the PALM
and control groups were statistically significantly greater with large effect sizes (accuracy, 87% + 3% vs 67% * 6%, p = .001, d = 1.39;
Sfluency, 64% + 4% vs 45% + 6%, p = .01, d = 1.11). Abbreviations: PALM, perceptual and adaptive learning module; AMean, difference
between PALM and control means; CI, confidence interval; d, effect size; N, number of participants.
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Table 1. Descriptions Associated With Each of the Training Sample Tracings in the Tutorial Slide Show Given to PALM and Control Groups

Diagnosis Description

Normal

All vital signs are within normal range.

Acute coronary syndrome

When cardiac ischemia occurs, you will notice ST segment changes on ECG, such as ST segment
depression or elevation. Heart rate change is variable. Ischemia results in a loss of cardiac output
resulting in hypotension and relative drop in end-tidal carbon dioxide.

Unique to this pathology is the upslope shark tooth capnogram, following increase in heart rate, and
indicating an obstructive process such as bronchospasm, which causes hypoxemia. End-tidal carbon

Anaphylaxis dioxide will be high or low, depending on severity of obstruction and ability to ventilate, and on cardiac
output. For severe bronchospasm, inability to ventilate results in flat capnogram. Anaphylaxis results in
hypotension and often compensatory sinus tachycardia.

Hypovolemia With a sudden decrease in preload and blood pressure, there is a compensatory relative tachycardia.

P End-tidal carbon dioxide is relatively decreased as well due to reduction in cardiac output.
. . Unique to this pathology is the rise in temperature and significant increase in end-tidal carbon dioxide

Malignant hyperthermia au 'SP £y ! P g ! ! 10%

from the hypermetabolic state. It is often accompanied by tachycardia and hypotension.

Pulmonary embolism

The embolism causes hypoxemia and dead space ventilation from V,/Q mismatch, reflected by

low oxygen saturation measured by pulse oximetry (Spo,) and drop in end-tidal carbon dioxide.

An obstructive lesion can cause a reduction in cardiac output and right heart strain, reflected by
hypotension, relative tachycardia, and inferior lead T wave inversions and/or right bundle branch block
on ECG.

Ventricular tachycardia/
ventricular fibrillation

The ECG shows the change to a nonperfusing heart rhythm, which is accompanied by a sudden drop
in blood pressure and loss of end-tidal carbon dioxide. Because of lack of perfusion, a reliable Spo,
reading is unobtainable.

Abbreviations: ECG, electrocardiogram; PALM, perceptual and adaptive learning module; Spo,, oxygen saturation measured by pulse oximetry; V',/Q, ventilation/

perfusion.
Table 2. Number of Attempts Necessary for PALM Group Participants to Retire Individual Categories

Category Total Attempts Average Attempts Range of Attempts
Acute coronary syndrome 132 7.8 4-15

Anaphylaxis 124 7.3 4-12

Hypovolemia 119 7.0 4-12

Malignant hyperthermia 61 3.6 3-4

Normal 61 3.6 3-4

Pulmonary embolism 73 43 3-6

Ventricular tachycardia/ventricular fibrillation 51 3.0 33

Abbreviation: PALM, perceptual and adaptive learning module.
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Table 3. Category Sensitivity and Specificity by Test Phase and Participant Group

PALM (%) Control (%)
Test category Pre Post Delayed Pre Post Delayed
Acute coronary syndrome 76.5 194.1 91.2 59.4 | 844 50.0
Anaphylaxis 265 |91.2 79.4 25.0 625 45.5
Hypovolemia 44.1 1824 82.4 43.8 1563 50.0
Malignant hyperthermia 73.5 197.1 97.1 59.4 1875 90.9
Normal 88.2 [97.1 91.2 93.8 [96.9 95.5
Pulmonary embolism 50.0 |58.8 76.5 65.6 |78.1 59.1
Ventricular tachycardia/ ventricular fibrillation | 85.3 | 100.0 94.1 81.3 [96.9 95.5
Overall 63.4 |88.7 87.4 58.9 |[80.4 67.1
P (within group) 0.02 0.01 0.01 0.19
V) V) 0, 0,
M C1 (%) 65439 |90t 54300 |(55.219)
Specificity
PALM (%) Control (%)
Test category Pre Post Delayed Pre Post Delayed
Acute coronary syndrome 99.0 |97.5 99.0 95.8 [99.0 99.2
Anaphylaxis 93.1 |98.5 98.0 93.8 [96.9 92.5
Hypovolemia 91.2 [93.6 97.5 922 (932 87.5
Malignant hyperthermia 99.0 |100.0 98.5 99.0 ]100.0 99.2
Normal 95.1 [99.5 99.5 94.8 [96.4 95.8
Pulmonary embolism 91.2 |[98.5 96.6 89.6 194.8 89.2
Ventricular tachycardia/ ventricular fibrillation | 98.5 | 100.0 99.0 99.5 1100.0 100.0
Overall 67.2 |87.7 88.2 64.6 |[80.2 63.3
P (within group) 0.04 0.03 0.01 0.85
0 0 0 0
AMn::C1(%0) st 0457 068 |L1ass

Abbreviations: CI, confidence interval; PALM, perceptual and adaptive learning module; AMean, difference between PALM and control means.
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