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Abstract

Background: Advanced practice providers (APPs) who care for pa-
tients with hematologic malignancies perform bone marrow aspiration
and biopsies (BMBXSs). Invasive bedside procedures are often taught
through the observational training method, which can lead to incon-
sistencies. Problem: The purpose of this project was to create and
evaluate a standardized educational curriculum incorporating simula-
tion with a task trainer for bone marrow transplant (BMT) APPs. The
project aimed to reduce BMBX incident reporting events, improve
BMBX knowledge, and increase APP self-reported confidence. Meth-
ods: Pre- and post-test surveys were utilized for knowledge assess-
ment of BMBX procedures and specimen allocation. Program delivery
occurred on five occasions to accommodate the needs of the team.
Each program was delivered over 3 hours and included an educational
Microsoft PowerPoint and three breakout sessions: BMBX kit review;
simulation on task trainer; and review of BMBX specimen collection
procedures. Knowledge assessment surveys were compared through
descriptive and statistical analysis. Results: BMBX incident reporting
events decreased from 1.92 events per month pre-implementation to
1.2 events per month post-implementation. Overall, BMBX knowledge
increased from 41.02% on pre-test surveys to 65.72% on post-test sur-
veys. Participant self-reported confidence improved by a mean differ-
ence of -1.85 based on a 5-point Likert scale, t(12) = -1.85 (p < .000],
95% confidence interval = -2.49 to -1.2). Implications: This project sug-
gests that the use of simulation with task trainers is beneficial when
paired with a standardized educational curriculum. Simulation training
for APPs who perform BMBX improves procedural knowledge, increas-
es self-reported confidence, and can reduce incident reporting events.
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ematologic malignancies encompass

acute or chronic leukemias; lympho-

mas; and plasma cell disorders. In

2023, it was estimated that approxi-
mately 184,720 people in the United States were
diagnosed with leukemia, lymphoma, or myeloma
(Leukemia & Lymphoma Society, 2023). The diag-
nosis of hematologic malignancies is often depen-
dent upon the successful performance and collec-
tion of specimens from a bone marrow aspiration
and biopsy (BMBX). Given the invasive nature of
the procedure, it is essential that the procedural-
ist perform the BMBX correctly to yield quality
specimens sufficient for diagnostic testing. The
appropriate handling and deposition of specimens
collected ensure the viability of samples received
by the hematopathologist for processing. Bone
marrow testing has become increasingly sophis-
ticated, and incorrect placement of a core biopsy
into the wrong medium or insufficient aspirate
volume will potentially delay diagnosis. The suc-
cessful completion of BMBX and accurate han-
dling of specimens may prevent the need for a re-
peat procedure.

PURPOSE AND OBJECTIVES

Bone marrow transplant (BMT) advanced prac-
tice providers (APPs) at a large academic medical
center recognized variation in BMBX technique
among their group. This BMT APP group per-
forms 98% of all BMBXs at the institution, while
the hematology fellows perform the other 2%.
Historically, BMT APPs at this institution learned
how to perform BMBXs through the observational
teaching method on patients regardless of experi-
ence. Previously, no formal educational program
or simulation training was utilized to teach APPs
how to successfully perform the procedure.

The implementation of simulation training
with Bonnie Bone Marrow Biopsy Skills Trainer
to aid in the standardization of procedure tech-
nique was used to avoid undue risk and complica-
tions with live subjects. A review of the incident
reporting system (IRS) was completed to search
for any potential bleeding or infectious compli-
cations reported following BMBXs and yielded
none. However, the IRS incidentally revealed er-
rors in specimen labeling, handling, and process-
ing reported by the laboratory staff. The IRS high-

lighted that educating APPs regarding specimen
collection and allocation was important because it
was incorrectly assumed APPs knew how to com-
plete these steps properly.

AVAILABLE KNOWLEDGE

A systematic review of the literature found that
simulation training provides an opportunity for
learners to process complex, multistep proce-
dures and practice procedural skills on manne-
quins or task trainers in low-pressure environ-
ments (Nestel et al., 2011; Von Cranach et al,,
2019). Participants in simulation training express
high levels of satisfaction, knowledge gain, and
improvement in skills (Gaubert et al., 2021; Mc-
Millan et al., 2016; Nestel et al., 2011; Von Cran-
ach et al., 2019). Most institutions still train new
providers through observational models or the
“see one, do one” teaching approach, which leads
to variability in skills and levels of confidence
(McMillan et al., 2016). Interactive standardized
teaching with simulators may reduce provider
variability; reduce the development of uninten-
tional procedural errors; enhance confidence
levels; and show statistically significant improve-
ments in competency, skill retention, and com-
plication rates (Gaubert et al., 2021; Lenchus et
al., 2011; McMillan et al., 2016; Reiss et al., 2017).
Two large quality improvement projects that as-
sessed the relationship between proceduralist
and BMBX specimen quality concluded that for-
mal BMBX education for proceduralists can be
one of the single biggest factors for overall speci-
men yield and quality (Marinelli et al., 2018; Yang
et al., 2018).

The literature lacks evidence surrounding the
use of simulation training on task trainers for BM-
BXs to enhance the proficiency of procedural skill
acquisition specifically for APPs but shows it has
been utilized and accepted within physician medi-
cal education (Reiss et al., 2017; Yap et al., 2015).
As compared to physician medical education, the
use of a task trainer is cheaper than the costs as-
sociated with training with cadavers (VanderMeu-
len et al., 2021). The use of a task trainer is asso-
ciated with the initial upfront cost to purchase
the simulator and subsequent replacement parts,
which provides a more sustainable model for on-
going training.
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The primary evaluation question was to de-
termine whether the implementation of a com-
prehensive BMBX educational program includ-
ing task trainers could achieve a 10% reduction
in BMBX incident reports between July 2021 and
March 2022. Additional outcome measures aimed
to increase BMT APP knowledge of BMBX proce-
dures including specimen allocation by 25% from
baseline and to increase self-reported procedure
confidence by training with the task trainer by an
average of 1 point on a 5-point Likert scale.

METHODS

Sample

This program evaluation (PE) project took place
at a large level 1 trauma center and academic med-
ical center in the United States. All existing BMT
APP staff, those hired prior to May 2021, and new
staff hired between May 2021 and December 2021
met inclusion criteria. Advanced practice provid-
ers hired after December 2021 were excluded, as a
complete data set would exceed the end of the data
collection period for the purposes of this project.
Participants included six nurse practitioners and
seven physician assistants. Five participants were
in their first year of APP practice, three had 1 to
3 years of experience, two had 3 to 5 years of ex-
perience, and three participants had more than 5
years of experience. Eight participants were new
hires while the remaining five were existing staff.
Of the eight new hires, two had prior experience
performing BMBXs while the remaining six were
new to the procedure.

Procedures

As part of baseline data collection, a pre-imple-
mentation survey was sent electronically to BMT
APP staff in spring 2021. The survey included a
variety of questions that captured demograph-
ics, baseline specimen collection knowledge, and
BMBX procedure knowledge. At the time of base-
line data collection, 18 of 24 (75%) BMT APPs
completed the survey. Analysis of the questions
and responses revealed knowledge gaps on nine
specific topics, including morphology, BMBX as-
pirate clot, cytogenetics/fluorescence in situ hy-
bridization, molecular next-generation sequenc-
ing (NGS), and BMBX cores; appropriate wait
time following subcutaneous lidocaine adminis-

tration; appropriate ChloraPrep cleanse and dry
time; location of tissue bank consent; and the
correct number of BMBX cores required when a
marrow is deemed inaspirable. These topics were
identified and selected as the focus for the educa-
tional curriculum, as BMT APPs answered these
questions correctly less than 66% of the time. The
baseline data collection surveys further validated
that staff would benefit from a standardized edu-
cational curriculum.

The project was created by the primary au-
thor then reviewed with BMT stakeholders. The
curriculum was all-inclusive and detailed indica-
tions for procedure; risks and complications; in-
formed consent; time-out protocol; review of the
pelvic anatomy including bony structures, mus-
culature, and surrounding vasculature; extensive
review of the BMBX kit; exhaustive step-by-step
process of procedure; aftercare for patient; and
the correct specimen allocation of material for
laboratory testing.

The use of the Bonnie Bone Marrow Biopsy
Skills Trainer was utilized for this project. This
simulation device is a task trainer specifically for
clinicians learning BMBX via the posterior iliac
approach. This task trainer includes an adult-
sized pelvis covered with a skin surface that can
be punctured for realism and can be used in prone
or side-lying positions. While the task trainer does
not provide liquid aspirate, it does allow learners
to collect a core biopsy. With the use of this task
trainer, learners are able to simulate patient posi-
tioning, palpating the correct anatomical site for
the procedure, and performing each step of the
procedure for correct specimen collection.

To accommodate the needs of the team and
the timing of new hire APP onboarding, delivery
of the program occurred on five separate occasions
during the data collection period. One week prior
to program delivery, pre-test surveys were sent
electronically to participants. The curriculum was
delivered as a 60- to 90-minute Microsoft Power-
Point including videos created by the author and
co-facilitators. Participants then engaged in three
hands-on breakout sessions: specimen sequence
with allocation, BMBX kit review, and simula-
tion of the procedure on the task trainer. Program
sessions were capped at four participants. If par-
ticipants had prior BMBX experience, they would
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start with either the specimen sequence with al-
location or simulation on the task trainer as their
first breakout session. If participants were new to
BMBX, they would start with the BMBX kit re-
view. Most participants remained at each break-
out session for 30 minutes prior to rotating to the
next. One week following program delivery, post-
test surveys were sent electronically. Weekly re-
minder emails were sent until survey completion.

Measures

Incident reporting events specific to BMBXs were
reviewed starting in January 2020. Events dating
back prior to the pandemic were felt to be impor-
tant as it was hypothesized that events increased
in 2020 as the result of reduced laboratory staff
due to SARS-CoV-2 staffing shortages. Historical-
ly, inpatient laboratory staff would handle BMBX
intraprocedural specimens at the bedside, which
allowed for the APP to focus solely on the patient
and completion of the procedure.

Additional outcome measures aimed to in-
crease BMBX knowledge by 25% over baseline fol-
lowing program implementation while also striv-
ing to increase BM'T APP self-reported confidence
by an average of 1 point on a 5-point Likert scale.
Post-test surveys included an open text box where
participants could provide additional feedback.
These outcome measures were created specifical-
ly to assess APP knowledge gain and confidence
levels with standardized training. Given that the
surveys were specific for this program, there is no
established reliability or validity to report.

Funding
The Division of Hematology (DOH) supported
the development of this project from its inception.
New hires participated in the program during
their orientation period, which is considered non-
billable time. Therefore, there was no additional
financial impact. Co-facilitators and existing staff
participated in the program on a voluntary basis.
The DOH contributed to the success of this
project by purchasing the task trainer, Bonnie
Bone Marrow Biopsy, that was used during each
program. With the initial purchase of the task
trainer, replacement right and left posterior iliac
crests were ordered. These replacement parts are
essential for the ongoing use of the task trainer

and anticipated to last for an average of 20 pro-
grams with an estimated 200 accesses.

Ethical Considerations

This PE project was approved by a University
of Colorado College of Nursing proposal review
committee on behalf of the Colorado Multiple In-
stitutional Review Board in June 2021. Confiden-
tiality of participants’ survey responses were the
primary ethical concern. Results of surveys were
analyzed, reported, and data stored in a password-
protected Microsoft Excel file on a password-pro-
tected laptop.

ANALYSIS OF DATA

BMBX Incident Reporting Events

The primary outcome measure was to reduce
BMBX incident reporting events by 10%. This out-
come was met as events decreased by 62.5% fol-
lowing program implementation with a decrease
from a baseline average of 1.92 events per month
to 1.2. The highest number of events entered dur-
ing the project cycle occurred in December 2021
and January 2022 while no events were entered
from August 2021 through November 2021. A run
chart (Figure 1) displays the number of events per
month from January 2020 through March 2022.
The PE implementation period spanned from July
2021 through March 2022. Due to the descriptive
nature of the data set, statistical tests of signifi-
cance were not measured for this outcome.

BMBX Knowledge

The second outcome measure was to improve
BMT APP BMBX knowledge by 25% over base-
line. This was met as overall BMBX knowledge
improved from a baseline of 41.02% to 67.52% on
post-test surveys. Post-test surveys showed the
largest knowledge gains included the location of
tissue bank consent in the chart, correct lidocaine
administration procedure, and the accurate tube or
container allocation for BMBX clot, core, and as-
pirate for NGS testing. Participants surveys were
individually analyzed to compare their baseline to
their knowledge gained. Some participants demon-
strated a loss of knowledge (2 of 13) while most in-
creased their knowledge with a range of -22.22% to
66.67%. Knowledge question and participant data
including variance are detailed in Tables 1 and 2.
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Figure 1. Run chart of bone marrow aspiration and biopsy-specific reporting events.

PDSA = Plan-Do-Study-Act.

Self-Reported Confidence

The third outcome measure aimed to improve
BMT APP self-reported confidence by an aver-
age of 1 point on a 5-point Likert scale. The Lik-
ert scale ranged from completely confident (1) to
not at all confident (5). This outcome was met as
self-reported confidence improved from a pre-
test mean of 3.38 (95% confidence interval [CI] =
2.71to 4.06) to a post-test mean of 1.54 (95% CI =
1.22 t0 1.85). The mean difference was -1.85 (95%
CI = -2.49 to -1.2) with a statistically significant
p <.0001. Self-reported confidence was analyzed
by paired t-test. Of note, the Likert scale on pre-
and post-test surveys was inadvertently listed as
an inverse which resulted in a mean difference
of -1.85, however, this represented an improve-
ment. This data is displayed as histograms in Fig-
ure 2.

Qualitative Data

Post-test surveys included qualitative data
questions that further supported the impact
and emphasized the importance of ongoing uti-
lization. All participants found the Microsoft
PowerPoint curriculum and simulation training
with the task trainer to be helpful in their un-
derstanding of the procedure. All participants
found the breakout sessions for review of speci-
men collection and container allocation to be
valuable. All believed participation in the pro-
gram with use of the task trainer prior to first
patient experience would enhance patient safe-
ty. Of the eight new hires, all participants felt
the program benefited them during their orien-
tation, while all 13 participants would recom-
mend the program be embedded as part of the
new hire orientation period.
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Table 1. Bone Marrow Aspiration and Biopsy Knowledge Results and Variance h

Knowledge questions Pre-program % correct Post-program % correct Variance, %

BMBX morphology 46.15 38.46 -7.69

Lidocaine administration 7.69 46.15 38.46

BMBX clot 53.85 84.61 30.76

ChloraPrep application 61.54 76.92 15.38

BMBX cytogenetic/FISH 53.85 76.92 23.07

BMBX core 23.08 69.23 46.15

BMBX NGS panel 30.77 76.92 46.15

BMBX inaspirable cores 23.08 38.46 15.38

Tissue bank consent 69.23 100.00 30.77

Note. BMBX = bone marrow aspiration and biopsy; FISH = fluorescence in situ hybridization; NGS = next-generation
Ksequencing. Y,

Post-test surveys included an open discus-
sion box for feedback. Participant A described
the program as “very organized, and the material
was easy to understand.” Participant B appreci-
ated “the review of what goes in what tube.” Par-
ticipant D commented that the program provided
“a great review of techniques,” and Participant I
mentioned it would be helpful to have “the op-
portunity to do procedures as soon as possible
following the program.” Participant M stated the
program “was extremely helpful” and thought
the program was “a great addition to the orien-
tation process.” The feedback of participants, in
addition to the quantitative data analysis, sup-

ports the ongoing use of this project for future
BMT APPs.

DISCUSSION

Although a reduction in the BMBX IRS was seen
with the implementation of this PE project, it is
unknown if these results are directly due to imple-
mentation. The entry of incident events into the
system is dependent upon individuals taking the
time to input the information. This project took
place during surges of the SARS-CoV-2 pandemic,
which may have impacted the entry of events. The
improvement in baseline knowledge was encour-
aging and suggests that further reinforcement

Table 2. Participant Knowledge Gain and Variance )
Knowledge questions Pre-program % correct Post-program % correct Variance, %
Participant 1 33.33 55.56 22.23
Participant 2 55.56 66.67 1nn
Participant 3 22.22 7778 55.56
Participant 4 66.69 44.44 -22.23
Participant 5 22.22 88.89 66.67
Participant 6 22.22 88.89 66.67
Participant 7 44.44 66.67 22.23
Participant 8 22.22 88.89 66.67
Participant 9 88.89 66.67 -22.22
Participant 10 33.33 66.67 33.34
Participant 11 7778 100.00 22.22
Participant 12 33.33 44.44 nn
@articipant 13 nn 22.22 nn Y
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Figure 2. Pre- and post-program participant self-reported confidence.

of information can be beneficial for new hires as
they continue to perform BMBXs. The improve-
ment in self-reported confidence by Likert scale
parallels the body of knowledge that was found in
the physician-based simulation training literature
(Brondfield et al., 2021; McMillan et al., 2016; Von
Cranach et al,, 2019).

Interpretation

Advanced practice providers are capable and
competent to develop protocols and educational
programs to train colleagues to successfully per-
form BMBXs (Jackson et al., 2012). The develop-
ment and implementation of a BMBX educational
program utilizing task trainers for this BMT APP

J Adv Pract Oncol
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group was beneficial. The program was most fruit-
ful for APPs new to the procedure. All participants
reported that they felt the program was impor-
tant for BMT APP education and could lead to
improved patient safety. While this was a single
institution Doctor of Nursing Practice student-
lead project, it adds to the nonexistent literature
regarding the use of simulation with task trainers
by APPs performing BMBXs.

The impact of this project was overwhelming-
ly positive. The program is now embedded in the
new hire orientation process and will continue to
be an added benefit to the overall experiential pro-
cess of this institution’s BMT APP team. The stan-
dardized curriculum is evidence-based and the
utilization of the BMBX task trainer allows learn-
ers to gain the mechanical, cognitive, and interac-
tive skills necessary for this multistep procedure
(Yap et al., 2015). While this project was nonreve-
nue generating, it does have a clinically significant
impact on the system as procedures such as BMBX
are reimbursable from the various payor mix.

Limitations

Limitations of the project include a small sam-
ple size, lack of participation from existing staff,
single-site institution, lack of generalizability,
and use of a needs-specific unvalidated tool cre-
ated specifically for this APP group. There were
no limitations related to the participation of new
hires who onboarded in 2021. The participation of
existing staff was multifactorial and impacted pri-
marily by staffing shortages during various phases
of implementation. There was no perceived bias.
The use of an unvalidated instrument specific for
this institution and APP group can be considered
an imprecision of design.

CONCLUSIONS AND IMPLICATIONS
FOR APPs

This project demonstrated that the implementa-
tion of an educational curriculum with simulation
on task trainers for APPs who perform BMBXs is
beneficial in improving self-reported confidence
and knowledge. Although cause and effect can-
not be determined with PE projects, the reduction
in BMBX incident reporting events was clinically
significant and suggests that further work in this
area is warranted.

While the planned inclusion of this program
in the new hire orientation process will promote
its longevity, it can be further utilized for the
maintenance of clinical competency. Next steps
include the addition of existing staff as co-facil-
itators to familiarize themselves with the stan-
dardized curriculum and to encourage involve-
ment in upcoming program delivery. Future
work could include asking prior participants to
retake the post-test survey to assess for knowl-
edge retention.

This work can be adapted and reproduced
at other institutions or practices where APPs
perform BMBXs. If other sites seek to measure
knowledge gain, it will be essential for project
coordinators to obtain their own unique baseline
data to guide educational curricular foci. The suc-
cessful acquisition of BMBX skills may lead to
fewer procedural-related complications and re-
duced resource utilization, therefore alleviating
future costs to the health-care system.

There is currently no existing literature that
describes the use of task trainers for the training
of APPs for the performance of BMBX. This novel
work supports and encourages the use of simula-
tion training with the use of task trainers or other
mannequins in APP models of care for the purpos-
es of procedural skill achievement and improved
self-reported confidence. When paired with evi-
dence-based instructional design, opportunities
exist to promote APP competency and elevate pa-
tient care.

Disclosure
The authors have no conflicts of interest to disclose.
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