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Abstract

Background Procedural skill is predicated on knowledge.
We used a previously validated test to evaluate the
impact of a web-based education program on medical
residents’ knowledge of 2 advanced medical procedures.

Methods We enrolled 210 internal medicine residents
at 3 residency programs in a randomized, controlled,
educational trial. Study participants completed a
20-item, validated online test of their knowledge of
central venous and arterial line (CVL and AL, respectively)
placement at baseline and after performing their

next 2 procedures (test 1 and test 2). Between test 1

and test 2, participants were randomized to online
educational material for CVL insertion, AL insertion, both,
or neither. The primary outcome of the study was the
difference in test scores between test 1 and test 2 by
randomization group.

Results Though residents in the baseline cohort were
confident about their knowledge of procedural
technique, their mean test scores were low (62% and 58%
in the CVL and AL tests, respectively). Baseline test score
correlated with the number of prior procedures
performed. Sixty-five residents completed all 3 CVL tests,
and 8s residents completed all 3 AL tests. Access to the
web-based procedure education was associated with a
significant improvement in scores for both the CVL test
(effect size, d = 0.25, P = .01) and AL test (d = 0.52,

P <.oo01).

Conclusions \Web-based procedure training improves
knowledge of procedures to a significantly greater extent
than performing the procedure alone. Web-based
curricula can effectively supplement other methods of
skill development.

Editor’s Note: The online version of this article contains the
survey instrument used in this study.
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Introduction

Complications following medical procedures are a
significant cause of morbidity and mortality among
hospitalized patients."> Recommended strategies to improve
procedure outcomes include standardization of procedure
training and establishment of minimum competency
standards prior to unsupervised practice. The American
Board of Internal Medicine (ABIM)? changed the
requirement for procedural competence and now requires
candidates for licensure to be competent in performing a
more limited number of procedures prior to certification.
For more advanced procedures such as placement of central
venous lines (CVL) and arterial lines (AL), the ABIM and
the Accreditation Council for Graduate Medical Education
have discontinued use of a general expectation of
procedural proficiency, instead expecting licensure
candidates to demonstrate that they know, understand, and
can explain a procedure’s indications and contraindications
and the approach to and technique of the procedure, and be
able to anticipate and manage procedural complications.
The current model of procedure training generally
involves personalized education in small groups in which
residents are instructed by their colleagues.** Rather than
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employing a standardized approach, training uses the
apprenticeship model of “see one, do one, teach one.””
Procedure training remains largely unstructured, and its
quality is rarely formally evaluated in most residency
programs.® As a result, there is substantial variation among
residents in their confidence in performing medical
procedures.”® Efforts to improve procedure training have
prompted the use of simulators and the creation of
comprehensive inpatient procedure services.””'° Both have
demonstrated an improvement in self-reported confidence
and in the case of simulation training for central venous line
insertions, resulted in a decrease in procedure related
complications.”™'" However, both methods of imparting
procedural training are resource intensive and may not be
feasible for many programs.

Learning materials available online can provide a
uniform educational content across sites, can be available
anytime and anywhere (even at the bedside), and may
provide a central mechanism to evaluate and record the
knowledge of residents. web-based teaching can be an
effective educational tool for delivering curricular content,
and the interactivity of online learning may improve
retention.'*"* Video can be efficiently incorporated into
web-based curricula and may be especially useful for
procedure skills training. The effectiveness of video on
procedural training may be due to the existence of a “mirror
neuron” function in humans, particularly important for
manipulative skills and learning.'s

The primary aim of this study was to determine whether
scores on a previously validated test of procedure-related
knowledge would improve to a greater degree following
access to a standardized web-based procedure-training
curriculum and completion of the procedure than after
performing the procedure without access to the curriculum.
The secondary aims of this study were to determine if access
to the web-based curriculum resulted in a decrease in the
number of self-reported procedure-related complications
and to determine whether such a curriculum for arterial line
and central line training was acceptable to residents.

Methods

Curriculum Development

We convened a panel of procedure-based specialists and
educators and identified procedure-related knowledge as a
key deficiency of inexperienced operators. Since many
procedures in the intensive care unit are time critical, this
knowledge deficiency limited the effectiveness of the skill
teaching that could occur at the time of the procedure.
Peer-reviewed procedure videos that were not publicly
available at the time of this study teaching central venous
line (CVL) and arterial line (AL) insertion technique were
selected based on their educational value to residents and
established content validity.'*!” Two curricular modules
incorporating a procedure-specific video (approximately

10 minutes in duration), a written summary of the
procedure, and access to selected articles describing CVL
and AL placement were made available online. Access to the
separate AL and CVL curricula was restricted by
randomization group using a secure website that was
accessed through a personalized login for each participant.
We piloted the videos and test with a small specialist
audience to refine the program and secured the funding for
implementation.

Development of a Validated Test

We utilized a previously validated test of procedural
knowledge developed by our group.'® Multiple-choice
questions were designed to test essential aspects of medical
procedures including indications, contraindications,
procedure technique, and complications and their
management. The subject of each question was addressed in
the respective curricular module. Content validity of the
examination was established by a panel of 4 critical care
specialists. Instrument validity and reliability was confirmed
by administering the test online to a series of students,
residents, and specialty clinicians, as previously reported.'®
Answers were not provided between tests.

Participants

Residents in 3 internal medicine residency programs
(Brigham and Women’s Hospital [BWH], Massachusetts
General Hospital [MGH], and North Shore Medical Center
[NSMC]) were invited to participate in the study. Residents
were beginning a critical care rotation in any 1 of 4 medical
centers in Massachusetts affiliated with Harvard Medical
School/Partners Healthcare: BWH and MGH (university
hospitals), Faulkner Hospital (community hospital affiliated
with BWH), and NSMC (community hospital). Informed
consent was obtained and the study was approved by the
Institutional Review Board at all sites.

Study Design

Participation was defined as submission of the baseline data
and completion of the baseline test. The baseline pretest
included questions on both AL and CVL technique. Baseline
data included demographic data such as sex, residency
program and track, experience with each procedure,
anticipated career path following residency training, and
self-reported confidence in placing ALs and CVLs.
Participants were stratified by level of training. Subjects
were then randomized using a random number generator to
1 of 4 groups granting access to the video and associated
text for (1) both CVL and AL procedures, (2) CVL but not
AL, (3) AL but not CVL, or (4) neither procedure
(F1IGURE). Participants were asked to complete a procedure
report and take the corresponding procedure-specific test
(CVL test 1 or AL test 1) after performing the corresponding
line insertion. Participants were asked to complete a second
procedure report and complete an additional procedure-
specific test (CVL test 2 or AL test 2) when they completed a
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107 randomized to
CVE curriculum &
received Intervention

103 randomized to
CVL control group

37 completed
Fprocedure and t

FIGURE

266 residents
contacted

56 residents
declined to participate

210 residents
enrolled

AL study.
N=210

104 randomized to
AL curriculum &
received intervention

106 randomized to
AL control group

Sprocedure anditesti

FLOWCHART OF RANDOMIZED, CONTROLLED EDUCATIONAL TRIAL. FOLLOWING COMPLETION OF FIRST ARTERIAL
OR CENTRAL LINE, SUBJECTS WERE BLOCK RANDOMIZED TO 1 OF 4 PossiBLE COMBINATIONS WITH ACCESS TO
BoTH, 1, oR NEITHER VIDEO FOR ARTERIAL LINE AND CENTRAL VENOUS LINE PLACEMENT

second procedure (F1GURE). With each procedure report,
participants also provided the duration of the procedure, the
number of attempts, and associated complications.
Procedure reports were cross-referenced with the given
medical record number to confirm that the procedures had
been performed. Completers were residents who completed
the pretest, test 1, and test 2. Residents randomized to
access the web-based curriculum were asked to rate it using
a 5-point Likert scale that comprised extremity anchors of
strongly agree and strongly disagree.

The primary outcome measure was the difference in test
scores between test 1 and test 2 on each of the 2 procedural
knowledge tests (AL and CVL), comparing participants who
had access to the educational material to those residents
who did not. Secondary outcomes included (1) the
difference in self-reported complications between residents
with access to the web-based procedural curriculum and
those without access and (2) acceptability of the web-based
educational program.

Statistical Analysis

We analyzed the data for individuals who completed the
baseline test and procedure-specific tests 1 and 2
(completers). Baseline and procedure-specific test scores were
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normalized to a percentage scale (0%—-100%). We estimated
that we would need 64 completers in each arm to
demonstrate a Cohen effect size (d) of 0.5 for an o 0of 0.05 and
a power of 0.8. Cohen’s d expresses the difference between
the means in terms of SD units, with 0.2 generally considered
a small effect, 0.5 a moderate effect, and 0.8 (and above) a
large effect.' Chi-square tests were used to examine the
univariate relationship of gender, program, anticipated
career path, and year of training among those randomized to
access procedure videos compared to those who were not, for
both ALs and CVLs. The Wilcoxon signed rank test was used
to determine if the change in knowledge scores for each
procedure was statistically significant between groups.
Repeated measures analysis of variance was used to detect
changes in score over time. Statistical analyses were
performed using SPSS 15.0 (SPSS Inc., Chicago, IL).

Results

A total of 210 residents enrolled in the study between
February and June 2006 (TABLE 1). There was no
significant difference in subject characteristics including
residency program, year of training, sex, and residency track
(categorical/preliminary/medicine-pediatrics) between those
with and without access to the online curriculum.
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TABLE 1 SUBJECT CHARACTERISTICS OF RESIDENTS
WHoO PROVIDED AT LEAST 1 PROCEDURE
REPORT (n = 210)
Subject Characteristics n (%)
Affiliate hospital Residency A 105 (50)
Residency B 91 (43)
Residency C 14 (7)
Year of training 1 m (53)
2 66 (31)
3 29 (14)
=4 4 (2)
Residency track Categorical internal 170 (81)
medicine
Medicine-pediatrics 17 (8)
Preliminary medicine 23 (11)

The most frequent time period for completing
procedures was between noon and 6:00 pm (71/150, 47% of
all reports), with procedures distributed approximately
equally among the 3 other 6-hour periods of the day; time of
procedure was similar for AL and CVL. The median
reported time to complete an AL was 15 minutes
(interquartile range 6-30 minutes), and for CVL, 30 minutes
(interquartile range 15-40 minutes). Residents reported
requiring a median of 2 passes to access the artery
(interquartile range 1-3) and a median of 2 passes to access
the central vein (interquartile range 1-3).

Residents expressed a high degree of confidence in their
ability to perform procedures with and without supervision
(TABLE 2), yet baseline scores on both knowledge tests
were low. The mean baseline scores in the initial cohort
were 58% (SD 23%) for AL insertion and 62% (SD 20%)
for the CVL test. A higher number of procedures performed
was significantly associated with a higher score on the
baseline knowledge test (data not shown). There were no

significant differences between baseline scores by gender,
residency track, training program, or year of training.

Eighty-five (40.5%) subjects completed all 3 AL tests,
and 65 (30.9%) completed all 3 CVL tests and were
included in the per-protocol analysis. Residents without
access to the online curriculum had no significant change in
test score between test 1 and test 2. Residents with access to
the online educational program improved their scores
significantly for both the AL test (from 58% to 70%,
absolute score difference 12%;d = 0.52, P < .001) and the
CVL test (from 65% to 70%, absolute score difference 5%;
d=0.25P=.01) (TABLE 3). A repeated measures
analysis of variance confirmed a significant interaction
between randomization group and time within both the AL
(P = .002) and CVL (P = .031) studies.

The overall reported success rate for each second
procedure did not differ between groups (for AL, the success
rates were 78% (28/36) and 78% (38/49) with and without
the curriculum, respectively; for CVL, the success rates were
89% (25/28) and 89% (33/37), respectively).

Residents who had access to the educational materials
rated the online curricula for AL and CVL insertion highly,
with a substantial majority indicating that they would
recommend it to their peers [97% (35/36) and 96 % (27/28),
respectively] and that the video had helped them learn 89%
(32/36) and 82% (23/28), respectively. A majority believed
that the video had helped them troubleshoot [63% (23/36)
and 53% (15/28), respectively]. A significant minority of
residents indicated that access to the curriculum had
changed the way they performed the procedure [42%
(15/36) and 29% (8/28), respectively].

Overall, 7% (15/207) of AL insertion attempts were
reportedly complicated by a hematoma. The self-reported
complication rate was higher with CVL insertion than with
AL insertion; complications included bleeding [15%
(26/169)], arterial puncture [7/169 (4%)], and catheter
malposition [5% (9/169)]. There were no significant
differences in the complication rate between residents
randomized to the online curriculum and those without
access for both AL (12 versus 11 complicated procedures;

TABLE 2 BASELINE SELF-REPORTED CONFIDENCE IN PERFORMANCE OF EACH OF THE LISTED TAsKs (n = 210)

Question Confident, n (%) Neutral, n (%) Not Confident, n (%)
Inserting an arterial line with supervision 189 (90) 13(6) 8 (4)

Inserting an arterial line without supervision 155 (74) 29 (14) 5 (12)

Supervising arterial line insertion 137 (65) 32 (15) 42 (20)

Inserting a CVL with supervision 170 (81) 21 (10) 19 (9)

Inserting a CVL without supervision 120 (57) 38 (18) 21 (10)

Supervising CVL insertion 109 (52) 38 (18) 63 (30)

Abbreviation: CVL, central venous line.
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TABLE 3 MEAN TEST SCORES FOR ARTERIAL LINE AND CENTRAL VENOUS LINE TESTS AT BASELINE AND FOLLOWING THE
PERFORMANCE OF THE NEXT 2 PROCEDURES (COMPLETERS)
Score Effect Size/

Procedure Randomization Group Pretest, % Test1, % Test 2, % Difference, % P Value
Central venous Curriculum available 64.2 65.0 70.0 5.0 0.25/.01
line (n=28)

No additional curriculum 58.6 62.1 62.9 0.8

available (n = 37)
Arterial line Curriculum available 55.4 58.4 703 1.9 0.52/<.001

(n = 36)

No additional curriculum 58.7 63.2 63.4 0.2

available (n = 49)

P = .90) and CVL (15 versus 18 complicated procedures;
P = .20) placement. However, compared with participants
who reported no complication, participants who self-
reported a complication had a significantly lower score on
the AL test (59% versus 66%; P = .047) and a lower score
on the CVL test (63% versus 68%; P = .187).

Discussion

This randomized, controlled educational study
demonstrated that residents across 3 residency programs
exhibited significant deficits in their knowledge of key
medical procedures on a validated test containing items
deemed important by a panel of critical care clinicians.
Overconfidence was widespread at baseline. However,
participants who had more experience at baseline
demonstrated greater knowledge of the procedures. In this
study, we have shown that access to an online curriculum
resulted in an improvement in the participants’ self-reported
ability to perform these procedures. Furthermore,
participants with access to the curriculum demonstrated a
modest but statistically significant improvement in
procedural knowledge compared with participants
performing the procedure without any additional
curriculum.

Randomized, controlled trials of educational
innovations are uncommon and difficult to perform but
offer the rigor necessary to answer important questions.
Prior studies have demonstrated the utility of a dedicated
“procedure-related service” and use of simulators in
medical procedure training. In a single-center study,? a 2-
week inpatient medical procedure rotation (consisting of
lectures, instructional videos and text, supervised practice
on mannequins, and direct supervision of inpatient
procedures by a faculty physician) resulted in subjective
improvement in participating residents’ comfort and self-
rated knowledge. Studies that have used more objective
outcomes, such as a decrease in procedure-related
complications, have been limited by a before-versus-after
study design and therefore lack a control group.**?

20-22
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Although proficiency standards have not yet been
established, the ABIM® expects that medical residents
demonstrate procedural knowledge regarding placement of
CVL and AL in order to be eligible for certification.
However, the number of inpatient medical procedures is
declining, and opportunities for experiential learning are
becoming more limited.?® As residents prepare themselves to
engage in supervised practice, program directors and
supervising physicians need to be confident that their
residents have the necessary knowledge to learn the
procedural technique. The curriculum described here aims to
improve residents” knowledge of procedures, a prerequisite
for skill development. The improvement in procedural
knowledge generated through access to an online curriculum
in this study suggests that video-based education is
acceptable to learners and can be effective for this purpose.
Online learning is wholly insufficient if procedural skill is the
goal, and additional methods of procedural training such as
simulation, supervision, practice, and feedback are
necessary.?” Given the attrition of procedure knowledge and
skills over time, online education may be especially useful for
maintaining and reinforcing procedural knowledge in an
immediately accessible manner when needed.

The strengths of this study include its randomized,
controlled study design that involved multiple centers and
distinct university- and community-based residency
programs. Our findings have the potential for
generalizability since the videos used in this study are
publicly available.?® Importantly, since knowledge of
procedures increases with experience, we linked completion
of the tests to the time each procedure was performed,
thereby excluding any bias associated with experiential
learning. Finally, we assessed the efficacy of the web-based
curriculum using an objective rather than subjective primary
outcome—namely an improvement in scores of a previously
validated test.'®"”

Several limitations should be considered when evaluating
the results of this experiment. Though the study was powered
to anticipate a low completion rate, the majority of
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participants completed only a single procedure report. The
low number of second-procedure reports may be attributed
to the low number of overall procedures performed by
internal medicine residents, with vascular access increasingly
obtained by emergency room staff and with residents
spending limited continuous time in critical care units as a
consequence of duty hour restrictions.?” Although we found
that participants who did not complete 2 procedures were
demographically no different than those who did, we cannot
exclude a completer bias. Open-label trials can be subject to
residual confounding that persists despite appropriate
randomization. These differences may account for the low
completion/large dropout rate in this study.

Although a testing effect could account for changes in test
performance over time, this is unlikely because a testing effect
would not account for the differences in test scores between
randomization groups, and because participants did not have
access to the answers until the entire study was completed.
We did not evaluate whether changes in procedural
knowledge were sustained over time because of practical
constraints of our residents’ procedural exposure. Residents
in both arms of the study across study sites were likely to have
received additional bedside and/or didactic teaching that was
not part of this study. Although there were no differences in
our results by study site, we cannot rule out residual
confounding due to site differences in procedural training.
Though the differences between groups achieved statistical
significance, the changes in test scores that we have
documented following access to an online curriculum were
modest. The limited effect of our online curriculum is reason
to be cautious about the role of this method as the sole means
of procedural training in residency, particularly with respect
to its role in skill development.

Though knowledge is a prerequisite for skill
development, increased procedural knowledge may not
increase procedural skill accordingly, and an assessment of
competence of procedural skill remains essential prior to the
performance of these procedures on critically ill patients.
Finally, this study does not attempt to suggest that an online
curriculum is a substitute for simulation or other training
when procedural competence is desired.!'’

Conclusion

Our study suggests that additional efforts to improve
resident knowledge of procedural techniques are justified
since overconfidence is common and the trainees in this
cohort demonstrated important knowledge gaps. Our
findings demonstrate that web-based curricula can be a
moderately effective approach to improving residents’
knowledge of procedures. When the educational goal is
increasing knowledge, our study confirms that online tools
can be an appropriate choice, but educators need to
consider the costs and time required to create video-based
curricula, since the benefit to knowledge accrual is modest.
In addition, skill development and procedural competence

would necessitate further training and practice. Additional
studies are needed to evaluate the role of online education in
long-term retention of knowledge, its utility in facilitating
the development of procedural skill, and the impact on
patient safety.
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